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NOTES FOR CMOS DEVICES 

<D PRECAUTION AGAINST ESD FOR SEMICONDUCTORS 

Note: Strong electric field, when exposed to a MOS device, can cause destruction 

of the gate oxide and ultimately degrade the device operation. Steps must 

be taken to stop generation of static electricity as much as possible, and 

quickly dissipate it once, when it has occurred. Environmental control must 

be adequate. When it is dry, humidifier should be used. It is recommended 

to avoid using insulators that easily build static electricity. Semiconductor 

devices must be stored and transported in an anti-static container, static 

shielding bag or conductive material. All test and measurement tools 

including work bench and floor should be grounded. The operator should 

be grounded using wrist strap. Semiconductor devices must not be touched 

with bare hands. Similar precautions need to be taken for PW boards with 

semiconductor devices on it. 

® HANDLING 'OF UNUSED INPUT PINS FOR CMOS 

Note: No connection for CMOS device inputs can be cause of malfunction. If no 

connection is provided to the input pins, it is possible that an internal input 

level may be generated due to noise, etc., hence causing malfunction. CMOS 

device behave differently than Bipolar or NMOS devices. Input levels of 

CMOS devices must be fixed high or low by using a pull-up or pull-down 

circuitry. Each unused pin should be connected to VDD or GND with a 

resistor, if it is considered to have a possibility of being an output pin. All 

handling related to the unused pins must be judged device by device and 

related specifications governing the devices. 

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES 

Note: Power-on does not necessarily define Initial status of MOS device. Produc

tion process of MOS does not define the initial operation status of the device. 

Immediately after the power source is turned ON, the devices with reset 

function have not yet been initialized. Hence, power-on does not guarantee 

out-pin levels, I/O settings or contents of registers. Device is not initialized 

until the reset signal is received. Reset operation must be executed imme

diately after power-on for devices having reset function. 



Contents 
Selection Guide................................................................................. 1 

8 Byte DIMM .................................................................................... 15 

8 ByteDIMM Hyper Page (EDO) MC-421000FA64.................................... 17 

MC-422000FA64FB............................... 29 

MC-422000FB72 .................................... 41 

MC-422000LFB72F (3.3 V)................... 53 

MC-424000FC72.................................... 65 

MC-424000LFC72F (3.3 V)................... 77 

MC-421000AA64FA .............................. 91 

MC-421000AA64FB .............................. I03 

MC-421000AD72F ................................. I13 

MC-422000AA64 ................................... 123 

MC-422000AB72F ................................. 133 

MC-422000LAB72F (3.3 V) .................. 143 

MC-424000AB72F ................................. 153 

MC-424000AC72F ................................. 163 

MC-424000LAB72F (3.3 V) .................. 173 

MC-428000LAF72 (3.3 V) ..................... 183 

v 



4 Byte Small Outline DIMM ........................................................... 193 

4 Byte SO DIMM Fast Page I-----ri 
L...-_--' 

MC-42S1000LAD32S SERIES ............. 195 

MC-42S2000LAB32S SERIES ............. 205 

MC-42S2000LAD32S SERIES ............. 215 

MC-42S4000LAB32S SERIES ............. 225 

MC-42S4000LAC32S SERIES ............. 235 

4 Byte SIMM .................................................................................. 245 

4 Byte SIMM Hyper Page (EDO) MC-421000F32 ...................................... 247 

MC-422000F32 ...................................... 257 

MC-424000F32 ...................................... 267 

MC-428000F32 ...................................... 279 

Fast Page t-----rl 
'-------' 

MC-421000A32BA, 421000A32FA ...... 293 

MC-421000A32 ...................................... 303 

MC-422000A32BA, 422000A32FA ...... 313 

MC-422000A32 ...................................... 323 

I....-__ ...J MC-424000A32, 424000A36 SERIES ... 333 

I....-_-";"...J 
MC-428000A32, 428000A36 SERIES ... 349 

vi 



Timing Chart 1 .......................................................................................... 365 

Timing Chart 2 .......................................................................................... 381 

Timing Chart 3 .......................................................................................... 397 

Timing Chart 4 .......................................................................................... 411 

Timing Chart 5 .......................................................................................... 425 

Timing Chart 6 .......................................................................................... 435 

Timing Chart 7 .......................................................................................... 445 

Timing Chart 8 .......................................................................................... 457 

Timing Chart 9.......................................................................................... 469 

Timing Chart 10 ........................................................................................ 479 

How to Use DRAM ................................................................................... 489 

NEC Semiconductor Device Reliability/Quality Control System ............ 575 

vii 





Selection Guide 

i 

I! 
i~ 
I. 
11,' 



2 

Part Number 
168-pin 8 Byte DIMM (buffered) 

,..---------,r-Vcc 

I I - : 5.0 V + 0.25 V 
L-A: 3.3 V + 0.3 V 

MC-42 S 4000 L AB 72 F - A60 
NECCMOS'J- T 
DRAMMOD~ 
Self Refresh 

Depth in K unit ----..... 

1000: 1M 
2000: 2M 
4000:4M 

-- -1""""--

Function (2 digits) -------...1 
1 st digit: General Function 

A: Fast Page 
F: Hyper Page (BDO) 

2nd digit: Detail of Function 
A: 1K Refresh, Parity or Non parity 
B: 2K Refresh, ECC 
C: 4K Refresh, ECC 
D: 1K Refresh, ECC 

Organization -------------1 
64: x 64 
72: x 72 

Package Description (MAX. 2 digits) -------' 

1 st digit: General Description 
F: Socket type (Gold plating) 

2nd digit: Detail of Package 
-: TSOP, linch (First product) 
Alphabetical order in the same 
configuration and function 

Access Time ------------------1 
60: 60ns 
70: 70ns 
80: 80ns 



72-pin 4 Byte SO DIMM 

I I V{~A: 3.3 V + 0.3 V 

MC-42 S 1000 L AA 32 SA - A60 

NECCMOSg 
DRAM MODULE 

Self Refresh 

Depth in K unit ------' 

1000: 1M 
2000: 2M 
4000: 4M 

-- -r-- -r--

Function (2 digits) ----------' 

1 st digit: General Function 
A: Fast Page 

2nd digit: Detail of Function 
B: 2K Refresh, x 8 devices 
C: 2K Refresh, x 4 devices 
D: lK Refresh, x 16 devices 

Organization --------------' 

32: x 32 

Package Description (2 digits) _______ --J 

1 st digit: General Description 
S: Small Out-line DIMM 

2nd digit: Detail of Package 
A: Gold, 1 inch 

Access Time ----------------~ 

60: 60ns 
70: 70ns 
80: 80ns 

3 
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72-pin 4 Byte SIMM 

MC-42 2000 A 32 F - 60 

NEC CMOS __ ....... 1 

DRAM MODULE 

Depth in K unit -------' 
1000: 1M 
2000: 2M 
4000: 4M 
8000: 8M 

-- -r- -- -,...-

Function(MAX. 2 digits) -----'" 
1 st digit: Function 
A: Fast Page 
F: Hyper Page (EDO) 

2nd digit: Detail of Function 

Organization ------------' 

32: x 32 
36: x 36 

Package Description (MAX. 2 digits)------I 

1 st digit: General Description 
F: Socket type (Gold plating) 
B: Socket type (Solder coating) 

2nd digit: Detail of Package 

Access Time----------------I 

60: 60ns 
70: 70ns 
80: 80ns 



200-pin 8 Byte SDRAM DIMM 

MC-45 4AA 72F-A lOL 
NEC CMOS __ ....JI 

SDRAM MODULE 

Depth in M unit.------l 

1 : 1M 
2 :2M 
4 :4M 
8 : 8M 
16: 16M 

Function (2 digits) _____ ...J 

1st digit: Interface & Buffering 
A: L VTTL, Unbuffered 
B: LVTTL, Buffered 

2nd digit: Bank & Write mode 
A: Single bank, Word Write 
B: Single bank, Byte Write 
C: Dual bank, Word Write 
D: Dual bank, Byte Write 

Organization ------------1 
64: x 64 
72: x 72 
80: x 80 

Package Description (MAX. 2 digits) ------I 

1 st digit: General Description 
F: Socket type (Gold plating) 

2nd digit: Detail of Package 
-: First product 

L Power 

-: Normal 
L: Low Power 

L...-_ CLK Cycle Time 

10: lOns 
12: 12ns 
13 : 13ns 

'------ Vee 

A: 3.3 V + 0.3 V 
B:RFU 

5 
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168-pin 8 Byte DIMM Hyper Page (EDO) Line-up 

Access Time Refresh Supply 
Package Monolithic Device 

Organization Part Number (ns) Cycle Voltage Mounted Edge 
Page 

side connector Height Org. Pkg. Amt. 

1Mx64 MC-421000FA64FB 60, 70 Single 
1Mx16 400 mil SOJ 2 17 side 

1 K/16 ms 
Double 

2Mx64 MC-422000FA64FB 60,70 5.0± 1Mx16 400 mil SOJ 4 29 
0.5V side 

MC-422000FB72F 
Double 

41 
2Mx72 60, 70 2 K/32 ms side 1 inch 2Mx8 400 mil TSOP 9 

. ' 
MC-422000LFB72F 3.3± 53 

0.3 V 
Gold plated 

MC-424000FC72F 5.0± 65 
4Mx72 60, 70 4 K/64 ms 

0.5V Double 
4Mx4 300 mil TSOP 18 

side 
MC-424000LFC72F 3.3 ± 77 

0.3V 

MC-428LFC72F 4 K/64 ms 
3.3 ± Single 

8Mx72 60, 70 0.3V side 1.5 inch 8Mx8 400 mil TSOP 9 t 
MC-428LFF72F 8 K/64 ms 

t See NEG salesman for device availability. 



168-pin 8 Byte DIMM Fast Page Line-up 

Access Time Refresh Supply 
Package Monolithic Device 

Organization Part Number (ns) Cycle Voltage Edge 
Page 

connector Height Org. Pkg. Amt. 

MC-421000AA64FA 60,70,80 1M x4 300 mil SOJ 16 91 

1Mx64 
MC-421000AA64FB 60,70,80 1Mx 16 400 mil SOJ 4 103 

1 K/16 ms 
2Mx64 MC-422000AA64FB 60,70,80 5.0± 1Mx 16 400 mil SOJ 8 123 

0.25 V 
1Mx72 1Mx 16 400 mil TSOP 4 

ECC 
MC-421000AD72F 60,70,80 1Mx4 300 mil TSOP 2 113 

MC-422000A872F 60,70,80 Gold plated 1 inch 2Mx8 400 mil TSOP 9 133 2Mx72 
ECC 

MC-422000LAB72F 60,70,80 3.3 ± 0.3 V 2Mx8 400 mil TSOP 9 143 
21</32 ms 

MC-424000AB72F 60,70,80 5.0± 
0.25V 

4Mx4 300 mil TSOP 18 153 

4Mx72 
MC-424000LAB72F 60,70,80 3.3 ± 0.3 V 4Mx4 300 mil TSOP 18 173 

ECC 

MC-424000AC72F 60,70,80 4 K/64ms 5.0 ± 
0.25V 

4Mx4 300 mil TSOP 18 163 

8Mx72 MG-428000LAF72 50,60,70 8 Kl64 ms 3.3± 0.3 V Gold plated 1.25 inch 8Mx8 400 mil SOJ 9 183 
EGG 4 Kl64 ms 

--.! 
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144-pin 8 Byte Small Outline DIMM Hyper Page (EDO) line-up 

Access Time Refresh Bank Supply 
Mounted Device 

Organization Part Number (ns) Cycle org. Voltage Package Page 
Org. Pkg. Amt. 

MC-421 LFA64SA 1 1</16 ms 1 400 mil TSOP 4 

1Mx64 60,70 1Mx16 

MC-42S1 LFA64SA 11</128 ms 1 400 mil TSOP 4 
See NEG 

21</16 ms 
144-pin SOD salesman 

MC-422LFB64SA 1 3.3 ± 0.3V 
Gold plated 

400 mil TSOP 8 for device 
2Mx32 60,70 2Mx8 availability. 

MC-42S2LFB64SA 21</128 ms 1 400 mil TSOP 8 

4Mx32 MC-424LFC64SA 60,70 41</64 ms 1 4Mx16 400 mil TSOP 16 
--_ .. _ .. - -----_ .. - -



72-pin 4 Byte Small Outline DIMM Fast Page Line-up 

Access lime Refresh Bank Supply 
Monolithic Device 

Organization Part Number (ns) Cycle org. Voltage Package Page 
Org. Pkg. Amt. 

1Mx32 MC-42S 1 000LAD32SA 60,70,80 1 K/128 ms 1 1Mx 16 400 millSOP 2 195 

MC-42S2000LAB32SA 2 K/128 ms 1 2Mx8 400 millSOP 4 205 
2M x32 60,70,80 

MC-42S2000LAD32SA 1 K/128 ms 2 3.3 ± 0.3 V 
72-pin SOD 

1M x 16 400 millSOP 4 215 Gold plated 

MC-42S4000LAB32SA 2 2M x8 400 mil lSOP 8 225 
4Mx32 60,70,80 2 K/128 ms 

MC-42S4000LAC32SA 1 4Mx4 300 millSOP 8 235 

<0 
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72-pin 4 Byte SIMM Hyper Page (EDO) Line-up 

Access Time Refresh Supply 
Package Monolithic Device 

Organization Part Number (ns) Cycle Voltage Mounted Edge 
Page 

side connector Height Org. Pkg. Amt. 

MC-421000F32BA Single SIC 
1Mx32 60,70 side 1Mx 16 400 mil SOJ 2 247 

MC-421000F32FA G/P 
1 1</16 ms 

MC-422000F32BA Double SIC 
2Mx32 60,70 side 1Mx 16 400 mil SOJ 4 257 

MC-422000F32FA 5.0 ± G/P 
0.5V 1 inch 

MC-424000F32B Single SIC 
4Mx32 60,70 side 4Mx4 300 mil SOJ 8 267 

MC-424000F32F G/P 
21</32 ms 

MC-428000F32B Double SIC 
8Mx32 60, 70 side 4Mx4 300 mil SOJ 16 279 

MC-428000F32F G/P 

SIC: Solder Coated, G/P: Gold Plated 
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72-pin 4 Byte SIMM Fast Page Line-up (x 32) 

Access Time Refresh 
Organization Part Number (ns) Cycle 

MC-421000A32B 
60,70,80 

MC-421000A32F 
1Mx32 

MC-421000A32BA 
60,70,80 

MC-421000A32FA 
1 1</16 ms 

MC-422000A32B 
60,70,80 

MC-422000A32F 
2Mx32 

MC-422000A32BA 
60,70,80 

MC-422000A32FA 

MC-424000A32B 
4Mx32 60,70,80 

MC-424000A32F 
21</32 ms 

MC-428000A32B 
8Mx32 60,70,80 

MC-428000A32F 

Supply 
Package 

Voltage Mounted Edge 
side connector 

Single SIC 
side G/P 

Single SIC 
side G/P 

Double SIC 
side G/P 

5.0 ± 
0.5V Double SIC 

side G/P 

Single SIC 
side G/P 

Double SIC 
side G/P 

- -

Monolithic Device 
Page 

Height Org. Pkg. AmI. 

1Mx4 300 mil SOJ 8 303 
I 

I 400 mil SOJ 2 293 1Mx 16 
! 

1Mx4 300 mil SOJ 16 323 I 

1 inch , 

1Mx 16 400 mil SOJ 4 313 

4Mx4 300 mil SOJ 8 333 

4Mx4 300 mil SOJ 16 349 

-- - -- -- - -- -- J.....-- - ---

SIC: Solder Coated, G/P: Gold Plated 



..... 
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72-pin 4 Byte SIMMFast Page line-up (x 36) 

Refresh Supply 
Package Monolithic Device 

Access Time 
Page Organization Part Number (ns) Cycle Voltage Mounted Edge Height 

side connector (inch) Org. Pkg. Amt. 

MC-424000A36BJ Single SIC 4Mx4 300 mil SOJ 8 
333 side 1.25 4Mx1 300 mil SOJ 4 MC-424000A36F J G/P 

4Mx36 60,70,80 
SIC MC-424000A36BE 5.0 ± Double 4Mx4 300mil SOJ 8 

2K/32 ms 0.5V side 1.0 4Mx1 300mil SOJ 4 
333 

MC-4240ooA36FE G/P 

MC-428000A36BJ Double SIC 4Mx4 300 mil SOJ 16 
8Mx36 60,70,80 side 1.25 4Mx1 300 mil SOJ 8 

349 
MC-428000A36FJ G/P 

SIC: Solder Coated, G/P: Gold Plated 



200-pin SDRAM DIMM (buffered) Line-up 

Min.Cycle Supply 
Package Monolithic Device 

Organization Part Number Bank Page 
Org. time Voltage Edge 

(ns) connector Height Org. Amt. 

Unbuffered 2Mx72 MC-452AA72F 1 29.2mm 2Mx8 9 

2Mx72 MC-452BA72F 1 2Mx8 9 
10 (100 MHz) SeeNEC 

2Mx80 MC-452BA80F 1 2Mx8 10 salesman 3.3 ± Gold 
12(83 MHz) 

0.3V plated for device 
Buffered MC-454BA72F 1 38.1 mm 4Mx4 18 availability. 

4Mx72 13(77 MHz) 
MC-454BC72F 2 2Mx8 18 

4Mx80 MC-454BABOF 1 4Mx4 20 

..... 
Co) 

o_"':~'<':;=" __ .~--J:~'';'''~~< 
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168-pin SDRAM DIMM (unbuffered) Line-up 

Clock Access Time Refresh Bank Supply 
Monolithic Device 

Organization Part Number (MHz) (ns) Cycle org. Voltage Package Page 
Org. Pkg. Amt. 

1Mx64 MC-451AB64F 83 MHz 1 1Mx 16 4 

I-- L-

2Mx64 MC-452AB64F 75 MHz 1 2Mx8 8 
SeeNEC 

I-- f--- salesman 
2Mx72 MC-452AA72F 67 MHz 10 ns 21</32 ms 1 3.3 ± 0.3V Gold plated 2Mx8 400 mil TSOP 9 for device 

I-- f--- availability. 
4Mx64 MC-454AB64F 60 MHz 1 4Mx4 16 

I-- -
4Mx72 MC-454AA72F 1 4Mx4 18 

'-----~-



8 Byte DIMM 
[Hyper Page (EDD)] 
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DATA SHEET 

NEe MOS INTEGRATED CIRCUIT 

MC-421000FA64 
1 M-WORD BY 64-BIT DYNAMIC RAM MODULE 

HYPER PAGE MODE (EDO) 

Description 
The MC-421000FA64 is a 1,048,576 words by 64 bits dynamic RAM module on which 4 pieces of 16 M DRAM: 

,uPD4218165 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the surface

mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
Hyper page mode (EDO) 

1,048,576 words by 64 bits organization 

Fast access and cycle time 

Access time 
Family 

(MAX.) 

MC-421000FA64-60 60 ns 

MC-421000FA64-70 70 ns 

1,024 refresh cycles/16 ms 

Hyper page mode 
R/W cycle time 

(EDO) cycle time 
(MIN.) 

(MIN.) 

104 ns 25 ns 

124 ns 30 ns 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

Single +5.0 V ±0.25 V power supply 

Ordering Information 

Access time 
Part number 

(MAX.) 
Package 

MC-421000FA64-60 60 ns 168-pin Dual In-line Memory Module 

(Socket Type) 

MC-421000FA64-70 70 ns Edge connector: Gold plating 

Power consumption 

(MAX.) 

Active Standby 

3.68 W 336 mW 

3.47 W (CMOS level input) 

Mounted devices 

4 pieces of pPD4218165LE 

(400 mil SOJ) 

[Single side] 

The information in this document is subject to change without notice. 

Document No. M10519EJ2VODSU1 
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NEe MC-421000FA64 

Pin Configuration 

16S-pln Dual In-line Memory Module Socket Type (Edge connector: Gold plating) 

0 o 
GNO 
1/00 
1/01 
1/02 
1103 

Vo< 
V04 
V05 
1/06 
V07 

NC NC 
GNO GNO 
1/040 V08 
1/041 1/09 
11042 VOl0 
V043 von 
1/044 110 12 
Vee Vee 
V045 11013 
1/046 V014 
V047 V015 
NC NC 
GNO GNO 
NC NC 
NC NC 
Vee Vee 
NC WEi 

8m CASO 
CAS2 

NC ~ 
NC OED 

PO and 10 Table 

Pin Pin Access Time 

Name No. 60 ns 70 ns 
GNO GNO 
AI AD 
A3 A2 

PDl 79 L L 
A5 A4 
A7 A6 PD2 163 L L 
A9 A8 
NC NC PD3 eo H H 
NC NC 
Vee Vee PD4 164 L L 

125 NC NC PD5 81 H H 
126 BO NC 
127 GNO GNO PD6 165 H L 
128 NC 0E2 
129 NC RAS2 
130 CAS5 8m 131 em 
132 POE WE2 

PD7 82 H H 

PDB 166 H H 
133 Vo< Vo< 
134 NC NC IDO 63 GND GND 
135 NC NC 
136 1/048 V016 IDl 167 GND GND 
137 V049 110 17 
138 GNO GNO 
139 V050 110 18 Remark H: VOH, L: VOL 
140 V051 110 19 
141 V052 11020 
142 1/053 11021 
143 Vo< Vo< 
144 1/054 V022 
145 NC NC 
146 NC NC 
147 NC NC 
148 NC NC AO - A9, BO : Address Inputs 
149 V055 11023 
150 NC NC 1/00-1/063: Data Inputs/Outputs 
151 V056 11024 
152 GNO GNO 

RASO, RAS2 : Row Address Strobe 
153 1/057 11025 
154 1/058 11026 
155 1/059 11027 
156 1/060 11028 
157 Vo< Vo< 

CASO - CAS7: Column Address Strobe 

WEO, WE2 Write Enable 

OEO, OE2 Output Enable 
158 1/061 11029 
159 1/062 11030 PDE Presence Detect Enable 
160 V063 11031 
161 NC NC PDl - PD8 Presence Detect Pins 
162 GNO GNO 
163 P02 POl 

IDO,lDl Identity Pins 
164 PD4 P03 
165 P06 P05 
166 P08 P07 

Vee Power Supply 

GND Ground 
167 101 100 
168 Vo< Vo< NC No connection 

0 0 

18 
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Block Diagram 

RASOo-----------~ 

OED 

WED 

D1 

AD o-J>--- AD: ~O, 01 

80 o-J>--- AD: 02, OS 

A 1 - A9 o-J>--- DO - OS 

Remark DO - D3: pPD4218165 

MC-421000FA64 

RAS2o-----------~ 

OE2 

WE2 

POE~ 

D3 

POl - P08 o--------ce:]-- Vee or GNO 

100, 101 0 NC or GNO 

Vee 0 :1: • DO-OS 
Co-CS 

GNO 0 T • DO-OS 

19 
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NEe MC-421000FA64 

, Electrical Specifications 

All voltages are referenced to GND. 

After power up (Vee 2: Vee (MIN.)), wait more than 100 JJS (RAS, CAS inactive) and then, execute eight CAS before 

RAS or RAS only refresh cycles as dummy cycles to initialize internal circuit. 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage " 'Vee -1.0 to +7.0 V 

Output current 10 50 rnA 

Power dissipation ,Po 6 W 

Operating ambient temperature TA o to +70 ·C 

Storage temperature Tstg -55 to +125 ·C 

Caution Exposing the (Ievlce to stress above those liste,d in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described In the operational section of this specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.75 5.0 5.25 V 

High level input voltage V,H 2.4 Vee + 1.0 V 

Low level input voltage , V,L -1.0 +0.8 V 

Operating ambient temperature ,T. 0 70 ·C 

Capacitance (TA = 25 'c,. f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance Cl1 Ao - A9, BO 20 pF 

C12 WEO, WE2 20 

Cl3 RASO,RAS2 45 

C~ CASO- CAS7 20 

C,. OEO,OE2 20 

Data input/output capacitance CliO 1/00-1/063 20 pF 



NEe MC-421000FA64 1 ____ .....;,....;;;....;;;;~=_ ______________________________ :.:.;...;:;......:;.=..:...;:;..;;;..;;..;~.:...;:.....;, ____ ...J:'~ 

DC Characteristics (Recommended operating conditions unless otherwise noted) 

Parameter Symbol Test Condition MIN. MAX. Unit Notes 

Operating current ICCl RAS, CAS Cycling tRAC = 60 ns 700 mA 1,2,3 
tRC = tRC IM'N.I, 10 = a mA tRAC = 70 ns 660 

Standby current IC02 RAS, CAS ~ V'H IM'N.I, 10 = a mA 68 mA 

RAS, CAS ~ Vcc - 0.2 V, 10 = a mA 64 

RAS only refresh current Icc3 RAS Cycling, CAS ~ V'H IM'N.I tRAC = 60 ns 700 mA 1,2,3,4 
tRC = tRC IM'N.I, 10 = 0 mA 

tRAC = 70 ns 660 

Operating current Icc. RAS " VIL IMAX.I, CAS Cycling tRAC = 60 ns 500 mA 1,2,5 

(Hyper page mode (EDOll tHPC = tHPC IM'N.I, 10 = a mA 
tRAC = 70 ns 460 

CAS before RAS Icc5 RAS Cycling tRAC = 60 ns 700 mA 1,2 

refresh current 
tRC = tRC (MIN.), 10 _ 0 mA 

tRAC = 70 ns 660 

I nput leakage current I'ILI V, = a to 5.25 V RAS -10 +10 p.A 

All other pins not under test = 0 V 
others -5 +1 

Output leakage current 10 ILl Vo = a to 5.25 V -10 +10 p.A 

Output is disabled (Hi-Zl 

High level output voltage VOH 10 = -2.5 mA 2.4 V 

Low level output voltage VOL 10 = +2.1 mA 0.4 V 

Notes 1. Icc1, Icc3, Icc4 and Icc5 depend on cycle rates (tAC and tHPC). 

2. Specified values are obtained with outputs unloaded. 

3. Icc1 and Icc3 are measured assuming that address can be changed once or less during RAS S VIL(MAX.) 
and CAS;:: VIH (MIN.). 

4. Icc3 is measured assuming that all column address inputs are held at either high or low. 

5. Icc4 is measured assuming that all column address inputs are switched only once during each hyper 
page (EDO)cycle. 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) 

AC Characteristics Test Conditions 

(1) Input timing specification (2) Output timing specification 

VIH (MIN.) =2.4 V ----------------r-1 
Vll (MAX.) = 0.8 V .---------.d- i i L 

I I I I 

VOH (MIN.) = 2.4 V ---------_---t }-
VOL (MAX.) = 0.4 V------~'-____ ___' 

~: :4 ... : : .. 
IT = 2 ns IT = 2 ns 

(3) Output load condition 

Vee 

I/O ---+---4 

Common to Read, Write, Read Modify Write Cycle 

tRAe = 60 ns tRAe = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

Read / Write Cycle Time tRe 104 - 124 - ns 

RAS Precharge Time tRP 40 - 50 - ns 

CAS Precharge Time tCPN 10 - 10 - ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 ns 

CAS Pulse Width teAs 10 10,000 12 10,000 ns 

RAS Hold Time tRSH 15 - 17 - ns 

CAS Hold Time tesH 40 - 50 - ns 

RAS to CAS Delay Time tRCo 14 45 14 52 ns 1 

RAS to Column Address Delay Time tRAD 12 30 12 35 ns 1 

CAS to RAS Precharge Time tCRP 10 - 10 - ns 2 

Row Address Setup Time tASR 5 - 5 - ns 

Row Address l;iold Time tRAH 10 - 10 - ns 

Column Address Setup Time lAse 0 - 0 - ns 

Column Address Hold Time teAH 10 - 12 - ns 

OE Lead Time Referenced to RAS tOES 0 - 0 - ns 

CAS to Data Setup Time teLZ 0 - 0 - ns 

OE to Data Setup Time tOLZ 0 - 0 - ns 

OE to Data Delay Time tOED 13 - 15 - ns 

Transition Time (Rise and Fall) tT 1 50 1 50 ns 

Refresh Time tREF - 16 - 16 ms 
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Notes 1. For read cycles, access time is defined as follows: 

I nput Conditions Access Time Access Time from RAS 

tRAD s tRAD (MAX.) and tACO :5 tRCO (MAX.) tRAC (MAX.) tRAC (MAX.) 

tRAD> tRAD (MAX.) and tACO :5 tRCO (MAX.) tAA (MAX.) tAAD + tAA (MAX.) 

tACO> tRCO (MAX.) tCAC (MAX.) tACO + tCAC (MAX.) 

tRAD (MAX.) and tRCD (MAX.) are specified as reference points only; they are not restrictive operating parameters. 

They are used to determine which access time (tRAC, tAA or tCAC) is to be used for finding out when output 

data will be available. Therefore, the input conditions tRAD ~ tRAD (MAX.) and tRCD ~ tRCD (MAX.) will not cause 

any operation problems. 

2. tCRP (MIN.) requirement is applied to RAS, CAS cycles. 

Read Cycle 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

Access Time from RAS tRAC - 60 - 70 ns 1 

Access Time from CAS tcAC - 20 - 23 ns 1 

Access Time from Column Address tAA - 35 - 40 ns 1 

Access Time from OE tOEA - 20 - 23 ns 

Column Address Lead Time Referenced to RAS tRAL 30 - 35 - ns 

Read Command Setup Time tRCS 0 - 0 - ns 

Read Command Hold Time Referenced to RAS tRRH 0 - 0 - ns 2 

Read Command Hold Time Referenced to CAS tACH 0 - 0 - ns 2 

Output Buffer Turn-off Delay Time from OE toEZ 0 13 0 15 ns 3 

CAS Hold Time to OE tCHa 5 - 5 - ns 

Notes 1. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tAAD'$ tRAD (MAX.) and tACO :5 tACO (MAX.) tRAC (MAX.) tRAC (MAX.) 

tRAD> tRAD (MAX.) and tRCO :5 tRCO (MAX.) tAA (MAX.) tAAD + tAA (MAX.) 

tACO> tRCO (MAX.) tCAC (MAX.) tACO + tCAC (MAX.) 

tRAD (MAX.) and tRCD (MAX.) are specified as reference points only; they are not restrictive operating parameters. 

They are used to determine which access time (tRAG, tAA or tGAG) is to be used for finding out when output 

data will be available. Therefore, the input conditions tRAD ~ tRAD (MAX.) and tRCD ~ tACO (MAX.) will not cause 

any operation problems. 

2. Either tRGH (MIN.) or tRRH (MIN.) should be met in read cycles. 

3. tOEZ(MAX.) defines the time when the output achieves the condition of Hi-Z and is not referenced to VOH or 

VOL. 
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Write Cycle 
.. 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

WE Hold Time Referenced to CAS tWCH 10 - 10 - ns 1 

WE Pulse Width twp 10 - 10 - ns 1 

WE Lead Time Referenced to RAS tRWl 15 - 17 - ns 

WE Lead Time Referenced to CAS tCWL 10 - 12 - ns 

WE Setup Time twcs 0 - 0 - ns 2 

OE Hold Time tOEH 0 - 0 - ns 

Data-in Setup Time tDS 0 - 0 - ns 3 

Data-in Hold Time tDH 10 - 10 - ns 3 

Notes 1. tWP(MIN.) is applied to late write cycles or read modify write cycles. In early write cycles, tWCH (MIN.) should 

be met. 

2. If twcs ~ twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 

cycle. 

3. tDS (MIN.) and tDH (MIN.) are referenced to the CAS falling edge in early write cycles. In late write cycles and 

read modify write cycles, they are referenced to the WE falling edge. 

Read Modify Write Cycle 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol Unit Note 

MIN. MAX. MIN. MAX. 

Read ModifyWrite Cycle Time tRWC 148 - 172 - ns 

RAS to WE Delay Time tRWD 87 - 99 - ns 1 

CAS to WE Delay Time tCWD 32 - 37 - ns 1 

Column Address to WE Delay Time tAWD 52 - 59 - ns 1 

Note 1. If twcs ~ twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire cycle. 

If tRWD ~ tRWD (MIN.), tCWD ~ tCWD (MIN.), tAWD ~ tAWD (MIN.) and tcPWD ~ tcPWD (MIN.), the cycle is a read modify write 

cycle and the data out will contain data read from the selected cell. If neither of the above conditions is 

met, the state of the data out is indeterminate. 
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Hyper Page Mode (EDO) 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

Read / Write Cycle Time tHPC 25 - 30 - ns 1 

RAS Pulse Width tRASP 60 125,000 70 125,00C ns 

CAS Pulse Width tHCAS 10 10,000 12 10,000 ns 

CAS Precharge Time tep 10 - 10 - ns 

Access Time from CAS Precharge tAep - 40 - 45 ns 

CAS Precharge to WE Delay Time tcpwo 52 - 59 - ns 2 

RAS Hold Time from CAS Precharge tRHCP 40 - 45 - ns 

Read Modify Write Cycle Time tHPRWC 66 - 75 - ns 

Data Output Hold Time tDHC 5 - 5 - ns 

OE to CAS Hold Time tOCH 5 - 5 - ns 4 

OE Precharge Time tOEP 5 - 5 - ns 

Output Buffer Turn-off Delay from WE tWEZ 0 13 0 15 ns 3,4 

WE Pulse Width twpz 10 - 10 - ns 4 

Output Buffer Turn-off Delay from RAS tOFR a 13 0 15 ns 3,4 

Output Buffer Turn-off Delay from CAS tOFC a 13 0 15 ns 3,4 

Notes 1. tHPC (MIN.) is applied to CAS access. 

2. If twcs ? twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 

cycle. If tRWD? tRWD (MIN.), leWD? !cWO (MIN.), !AWD ? tAWD (MIN.) and !cPWD? tCPWD (MIN.), the cycle is a read modify 

write cycle and the data out will contain data read from the selected cell. If neither of the above conditions 

is met, the state of the data out is indeterminate. 

3. tOFc (MAX.), tOFR (MAX.) and tWEz (MAX.) define the time when the output achieves the conditions of Hi-Z and is 

not referenced to VOH or VOL. 

4. To make I/0s to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE, OE as follows. The effective 

specification depends on state of each signal. 

(1) Both RAS and CAS are inactive (at the end of the read cycle) 

WE: inactive, OE: active 

tOFC is effective when RAS is inactivated before CAS is inactivated. 

tOFR is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are active or either RAS or CAS is active (in read cycle) 

WE, OE: inactive ...... tOEZ is effective. 

(3) Both RAS and CAS are inactive or RAS is active and CAS is inactive (at the end of read cycle) 

WE, OE: active and either tRRH or tRCH must be met ...... twEZ and twpz are effective. 

(4) WE: inactive (in read cycle) 

CAS: inactive, OE: active ...... tCHO is effective. 

CAS, OE: active ...... tOCH is effective. 

I 
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Refresh Cycle 

IRAe = 60 ns IRAe = 70 ns 
Parameler Symbol Unil Nole 

MIN. MAX. MIN. MAX. 

CAS Selup Time leSR 10 - 10 - ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 - 10 - ns 

RAS Precharge CAS Hold Time IRPC 5 - 5 - ns 

WE Hold Time (Hidden Refresh Cycle) tWHR 15 - 15 - ns 

26 



Timing Chart 
Please refer to Timing Chart 1, page 365. 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 
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detail of ® part detail of ® part 
ITEM MILLIMETERS INCHES 

A 133.35±0.13 5,25±0.006 

D2 B 11.43 0.450 
C 36,83 1.450 
0 6.35 0.250 
01 2.0 0.079 
02 3.125 0.1230 
E 54,61 2.150 

G 6,35 0.250 
H 1.27 (T.P.) 0.05 (T,P.) 

8.89 0.350 

X 23,495 0.925 
K 42.18 1.661 
L 17.78 0.7000 
M 25.4±0.13 1.000±0.006 
N 9.0 MAX. 0.355 MAX. 

P 1.0 0.039 
Q R2.0 RO.079 

R 4.0±0.1 0.157~g:gg~ 
s ¢J3.0 ¢J0.118 
T 1.27±0.1 0.05±0.004 
U 4.0 MIN. 0.157 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.0±0.05 0.039~g:g8~ 
X 2.54±0.10 0.100±0.004 
Y 3.0 MIN. 0.118 MIN. 

Z 3.0 MIN. 0.118 MIN. 

M168S.S0AS 
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2 M-WORD BY 64-BIT DYNAMIC RAM MODULE 
HYPER PAGE MODE 

----------------------------------------------------------------------------------------------1 

Description 
The MC-422000FA64FB is a 1,048,576 words by 64 bits dynamic RAM module on which 8 pieces of 16 M 

DRAM: IlPD4218165 are assembled. 
This module provides high density and large quantities of memory in a small space without utilizing the 

surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
Hyper page mode (EDO) 

• 2,096,152 words by 64 bits organization 

Fast access and cycle time 

Access time RNI cycle time Hyper page 
Family (MAX.) (MIN.) mode cycle Time 

(MIN.) 

MC-422000FA64-60 60 ns 104 ns 25 ns 

MC-422000FA64-70 70 ns 124 ns 30 ns 

• 1,024 refresh cycles/16 ms 

• CAS before RAS refresh, ,RAS only refresh, Hidden refresh 

• 168-pin dual,in-line memory module (Pin pitch = 1.27 mm) 

Single +5.0 V ±0.25 V power supply 

Ordering Information 

Part number Access time 
Package 

(MAX.) 

MC-422000FA64FB-60 60 ns 16B-pin Dual In-line Memory Module 
(Socket Type) 

MC·422000FA64FB· 70 70 ns Edge connector: Gold plating 

Power consumption 
(MAX.) 

Active Standby 

3.73W 357mW 

3.52W (CMOS level input) 

Mounted devices 

B pieces of "PD421B165LE 

(400 mil SOJ) 

(Single side] 

The Information In this document Is subJ.ct to change without notlc •. 

Document No, M10559EJ1VODSU1 

4 , 
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Pin Configuration 

168'pin Dual In·line Memory Module Socket Type (Edge connector: Gold plating) 

0 o 
GND GND 
V032 VOO 
V033 VOl 
V034 V02 
V035 V03 
Vee Vee 
V03B V04 
V037 V05 
V036 VOB 
V039 V07 

NC NC 
GND GND 
V040 V08 
V041 V09 
V042 VO 10 
V043 VO 11 
V044 VO 12 
Vee Vee 
V045 VO 13 
V04B VO 14 
1/047 VO 15 
NC NC 
GND GND 
NC NC 
NC NC 
Vee Vee 
NC \l\TEli 

PO and 10 Table 
CAST EASii 
CAS3 em 
NC R7iSli 
NC OEO 
GND GND 

Pin Pin Access Time 

Name No. 60 ns' 70 ns 
AI AO 
A3 A2 P01 79 H H 
A5 A4 
A7 AB P02 163 L L 
A9 AS 
NC NC 
NC NC 

P03 80 H H 
Vee Vee P04 164 L L 

125 NC NC P05 81 H H 
126 BO NC 
127 GND GND 
12B NC 00 P06 165 H L 
129 NC RAS2 
130 CAS!) ~ 
131 U>S1 CASlj 
132 rot wt2 

P07 82 H H 

P08 166 H H 
133 Vee Vee 
134 NC NC 100 83 GNO GNO 
135 NC NC 
136 V04B VO 16 
137 V049 VO 17 

101 167 GNO GNO 
136 GND GND 
139 V050 VO 18 
140 V051 VO 19 

Remark H: VOH, L :VOL 
141 VO 52 V020 
142 V053 VO 21 
143 Vee Vee 
144 V054 VO 22 
145 NC NC 
146 NC NC 
147 NC NC 
14B NC NC 
149 V055 VO 23 
150 NC NC 

AO - A9, BO : Address Inputs 
I/O 0 - I/O 63 : Data In puts/Outputs 

151 V056 VO 24 
152 GND GND RASO - RAS2: Row Address Strobe 
153 V057 V025 
154 V05B V026 CASO - CAS7: Column Address Strobe 
155 V059 V027 
156 VOBO V028 
157 Vee Vee 
158 V061 V029 
159 V062 V030 

WEO, WE2 Write Enable 
OEO,OE2 Output Enable 

POE Presence Detect Enable 
160 V063 V031 
161 NC NC P01 - P08 Presence Detect Pins 
162 GND GND 
163 P02 POI 100,101 Identity Pins 
164 PD4 P03 
165 P06 P05 Vc~ Power Supply 
166 P08 P07 
167 IDI IDO 

GNO Ground 
168 Vee Vee 

0 
NC No connection 

0 
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Block Diagram 

AASOo---------~ 

AASlO-----------~------------~ 

OEO 

WEO 

AO o--t>-- AO : DO, 01, 04, 05 

80 o--t>-- AO : 02, O:l, 06, 07 

Al-A9o--t>-- 00-07 

Remark DO - 07 : J.tP04218165 

LCAS 
VOl 

V02 
V03 

V04 

V05 

V06 
V07 

1/08 

UCAS 

1/016 

1/015 

1/014 

1/013 

1/012 

1/011 

1/010 

1/09 

D4 

LCAS RAS WE DE 
1/01 

1/02 
V03 

1/04 

1/05 

1/06 

1/07 

I/oe 
UCAS 

1/016 

1/015 

1/014 

1/013 

1/012 

VOll 

VOla 
1/09 

D5 

AAS2 0-----------, 

AAS30-----------~------------_, 

OE2 

WE2 

POE~ 

PD1-poe~ VccorGNO 

IDa, 101 0 NC or GNO 

Vee 0>---:::1:..--.... 0(}-07 

T C(}-C7. 0(}-07 GNOO 

LCAS 
VOl 

V02 

V03 

V04 

V05 

V06 
V07 

voe 
UCAS 

V016 

V015 

V014 

V013 

V012 

VOll 

V010 

V09 

De 

LCAS AAS WE DE 
VOl 

V02 
~03 

V04 

V05 

V06 

V07 

V08 
UCAS 

V016 

V015 

V014 

V013 

V012 

V011 

VOla 

V09 

D7 

31 

:t 

I" 

I. 
I 



32 

NEe MC-422000FA64FB 

Electrical Specifications Not •• 1. 2 

Absolute Maximum Retings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vet; -1.0 to +7.0 V 

Output current 10 50 mA 

Power dissipation PD 6 W 

Operating ambient temperature TA o to +70 'C 

Storage temperature T ... -65 to +125 'C 

Ceution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be operated under conditions outside the limits 
described in the operationalsaction ofthi. specification. Exposure to Absolute Maximum Rating 
conditions for extended periods may affact devica reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.75 5.0 5.25 V 

High level input voltage V,H 2.4 Vet; + 1.0 V 

Low level input voltage VIL -1.0 +0.8 V 

Operating ambient temperature TA 0 70 'C 

Capacitanca (T A = 25 ·C. f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance CI1 AO -A9. 80 20 pF 

CI2 WEO. WE2 20 

CI> RASO - RAS2 45 

Cf4 CASO - CAS7 20 

C,. OEO.OE2 20 

Data Input/Output capacitance Cva 1/00 - V063 20 pF 



NEe MC-422000FA64FB 
------------------------------------------------------------~--~~~--------------~,.~ 

DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition 

RAS. CAS Cycling tRAc=60 ns 
Operating current Icc, tRC = tRC(MIN.1 

10 = 0 mA 
tRAc=70 ns 

RAS. CAS ~ VIH (MIN.I. 10 = 0 mA 

Standby current Icc2 
RAS. CAS ~ Vcc - 0.2 V. 10 = 0 mA 

RAS Cycling 
tRAc=60 ns 

CAS ~ VIH (MIN.1 
RAS only refresh current Icca tAc = tRC (MIN.1 

10 = 0 mA tRAc=70 ns 

RAS ;:;;; VIL (MA)(.I 
tRAc=60 ns 

Operating current 
IcC4 

CAS Cycling 
(Hyper page mode) tHPC = tHPC (MIN.1 

10 = 0 mA 
tRAc=70 ns 

CAS before RAS 
RAS Cycling tRAc=60 ns 

refresh current Iccs tRC = tRC (MIN.1 

10'= 0 mA 
tRAc=70 ns 

Input leakage current II (LI 
VI = 0 to 6.6 V I RAS 
all other pins not under test = 0 V I others 

Output leakage current 10(LI Vo = Oto 5.5 V 

Output is disabled (Hi·Z) 

High level outputvoltageLo1i\ VOH 10=-2.5 mA 

level output voltage VOL 10= +2.1 mA 

Notes 1. 

2. 

icc'. IeC3. Icc4, Iccs depend on cycle rates (tRC and tHPC). 

Specified values are obtained with outputs unloaded. 

MIN. MAX. 

710 

670 

76· 

68 

710 

670 

610 

470 

710 

670 

-10 +10 

-6 +1 

-10 +10 

2.4 

0.4 

Unit Notes 

mA 1.2.3 

mA 

mA 1.2.3,4 

mA 1.2.6 

mA 1.2 

JJA 

JJA 

V 

V 

3. Icc, and Icc3 are measured assuming that address can be changed once or less during RAS ~ 

VIL(MAX.I and CAS ~ VIH(MIN.). 

4. 
5. 

Icea is measured assuming that all column address inputs are held at either high or low. 

Icc4 is measured assuming that all column address inputs are switched only once during each hyper 

page cycle. 
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AC Characteristics (Recommended Operating Conditions unl ... otherwi .. noted) 

AC Characteristics Test Conditions 

(1) Input timing specification (2) Output timing specification 

V,H (MIN.) = 2.4 V---------~-----' , , , 
VIL (MAX) = 0.8 V.------------ I ! i I 

I I I I 

.. : i.. II! l--

VOH (MIN.) = 2.4 V------_-_-.-_-.-.-t : ...... 
VOL (MAX.) - 0.4 V------------\\. _____ ..JI 

tr= 2 ns IT= 2 ns 

(3) Loading conditions are 100 pF + 1 TTL. 

Common to R .. d, Write Cycle 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

Read I Write Cycle Time tRC 104 - 124 - ns 

RAS Precharge Time tRP 40 - 50 - ns 

CAS Precharge Time tCPN 10 - 10 - ns 

RAS Pulse Width tRAS 60 10000 70 10000 ns 

CAS Pulse Width tCAs 10 10000 12 10000 ns 

RAS Hold Time tRSH 10 - 12 - ns 

CAS Hold Time tCSH 40 - 50 - ns 

RAS to CAS Delay Time tRCO 14 45 14 52 ns 1 

RAS to Column Address Delay TIme tRAO, 12 30 12 35 ns 1 

CAS to RAS Precharge Time tCRP 5 - 5 - ns 2 

Row Address Setup Time WR 5 - 5 - ns 

Row Address Hold Time tRAH 10 - 10 - ns 

Column Address Setup Time IAsc 0 - 0 - ns 

Column Address Hold Time tCAH 10 - 12 - ns 

OE Lead Time Referenced to RAS tOES 0 - 0 - ns 

CAS to Data Setup Time tCLl 0 - 0 - ns 

OE to Data Setup Time tOll 0 - 0 - ns 

OE to Data Delay TIme tOED 13 - 15 - ns 

Masked Byte Write Hold Time Referenced to RAS tMRH 0 - 0 - ns 

Transition Time (Rise and Falll tT 1 50 1 50 ns 

Refresh Time tREF - 16 - 16 ms 
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Note. 1. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAD:S tRAD (MAX.) and tRCD:S tRCD (MAX.) tRAC (MAlt) tRAC (MAX.I 

tRAD> tRAD (MAX.I and tRCD:S tRCD (MAX.I tAA (MAlt) tRAD + tAA (MAX.I 

tRCD > tRCD (MAltI tCAC (MAltI tRCD + teAc (MAlt) 

tRADlMAX.) and tRCD(MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tRAC, tAA or tCAC) is to be used for finding 

out when output data will be available. Therefore, the input conditions tRAD ;e; tRAD(MAX.) and tRCD ;e; 
tRCD(MAX.) will not cause any operation problems. ----

2. tCRP(MIN.) requirement is applied to RAS, CAS cycles. 

Read Cycle 

tRAC = 60 ns 
Parameter Symbol 

tRAC = 70 ns 
Unit Notes 

MIN. MAX. MIN. MAX. 

Access Time from RAS tRAC - 60 - 70 ns 1 

Access Time from CAS tCAC - 20 - 23 ns 1 

Access Time from Column Address tAA - 35 - 40 ns 1 

Access Time from OE tOEA - 20 - 23 ns 

Column Address Lead Time Referenced to RAS tRAl 30 - 35 - ns 

Read Command Setup Time tRCS 0 - 0 - ns 

Read Command Hold Time Referenced to RAS tRRH 0 - 0 - ns 2 

Read Command Hold Time Referenced to CAS tRCH 0 - 0 - ns 2 

Output buffer Turn-off Delay Time from OE tOEZ 0 13 0 15 ns 3 

CAS Hold Time to OE tCHO 5 - 5 - ns 

Notes 1. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAD;:;; tRAD (MAX.) and tRCD;:;; t.RCD (MAX.) tRAC (MAlt) tRAC (MAlt) 

tRAD > tRAD (MAX.) and tRCD;:;; tRCD (MAX.) tAA(MAlt) tRAD + tAA (MAlt) 

tRCD > tRCD (MAlt) tCAC (MAX.) tRCD + tCAC (MAlt) 

tRAD(MAX.) and tRCD(MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tRAC, tAA or tCAC) is to be used for finding 

out when output data will be available. Therefore, the input conditions tRAD ;e; tRAD(MAlt) and tRCD ;e; 
t'lCD(MAX.) will not cause any operation problems. 

2. Either tRCH(MIN.1 or tRRH(MIN.) should be met in read cycles. 

3. tOEZ(MAX.) defines the time when the output achieves the condition of Hi-Z and is not refernced VOH or 

Val. 
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Write Cycle 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol 

MIN. MAX. MIN. MAX. 
Unit Notes 

WE Hold Time Referenced to CAS twCH 10 - 10 - ns 1 

WE Pulse Width twP 10 - 10 - ns 1 

WE Lead Time Referenced to. RAS tRWl 15 - 17 - ns 

WE Lead Time Referenced to CAS tCWl 10 - 12 - ns 

WE Setup Time twcs 0 - 0 - ns 2 

OE Hold Time tOEH 0 - 0 - ns 

Data-in Setup Time tos 0 - 0 - ns 3 

Data-in Hold Time tOH 10 - 10 - ns 3 

Not.. 1. tWP(MIN.1 is applied to late write cycles or read modify write cycles. In early write cycles, twCH(MIN.1 

should be met. 

2. If twcs !1:; tWCS(MIN.I, the cycle is an early write cycle and the data out will remain Hi-Z through the 

entire cycle. 

3. tDS(MIN.1 and tDH(MIN.1 are referenced to the CAS falling edge in early write cycles. In late write cycles 

and read modify write cycles, they are referenced to the WE falling edge. 

Read Modify Write Cycle 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol 

MIN. MAX. MIN. MAX. 
Unit Note 

Read Modify Write Cycle Time tRWC 133 - 157 - ns 

RAS to WE Delay Time tRWD 87 - 99 - ns 1 

CAS to WE Delay Time tCWD 32 - 37 - ns 1 

Column Address to WE Delay Time tAWD 52 - 59 - ns 1 

Not. 1. If twcs !1:; twCS(MIN.1 the cycle is an early write cycle and the data out will remain Hi-Z through the 

entire cycle. If tRWD !1:; tRwDlMIN.I, tCWD !1:; tCWD(MIN.I, tAwo ~ tAWO(MIN.I, and tCPWD !1:; tCPWO(MIN.I, the cycle is a 

read modify write cycle and the data out will contain data read from the selected cell. If neither of 

the above conditions is met, the state of the data out is indeterminate. 



NEe MC-422000FA64FB 

Hyper Page Mode 

tRAC = 60 ns tRAc = 70 ns 
Parameter Symbol 

MIN. MAX. MIN. MAX. 
Unit Notes 

Read I Write Cycle Time tHPC 25 - 30 - ns 1 

RAS Pulse Width tRASP 60 2500e 70 12500e ns 

CAS Pulse Width tHCAS 10 10000 12 10000 ns 

CAS Precharge Time tcp 10 - 10 - ns 

Access Time from CAS Precharge tAcp - 40 - 45 ns 

CAS Precharge to WE Delay Time tCPWD 52 - 59 - ns 2 

RAS Hold Time from CAS Precharge tRHCP 40 - 45 - ns 

Read Modify Write Cycle Time tHPRWC 66 - 75 - ns 

Data Output Hold Time tDHC 5 - 5 - ns 

OE to CAS Hold Time tacH 5 - 5 - ns 

OE Precharge Time tOEP 5 - 5 - ns 

Output Buffer Turn-off Delay from WE lwEz 0 13 0 15 ns 3.4 

WE Pulse Width twpz 10 - 10 - ns 4 

Output Buffer Turn-off Delay from RAS tOFR 0 13 0 16 ns 3.4 

Output Buffer Turn-off Delay from CAS tOFC 0 13 0 15 ns 3.4 

Notes 1. tHPC(MIN.1 is applied to access time from CAS 

2. If twcs ~ tWCS(MIN.I, the cycle is an early write cycle and the data out will remain Hi - Z through the 

entire cycle. If tRWD ~ tRWD(MIN.I, tCWD ~ tCWD(MIN.I, tAwo ~ tAWO(MIN.I, and tCPWD ~ tCPWD(MIN.I, the cycle is 

a read modify write cycle and the data out will contain data read from the selected cell. If neither of 

the above conditions is met, the state of the data out is indeterminate. 

3. tOFC(MAX.I, tOFR(MAlC.1 and lwEZ(MAX.1 define the time when the output achieves the condition of Hi-Z and 

is not referenced to VOH or VOL. 

4. To make I/Os to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE, OE as follows. The 

effective specification depends on state of each signal. 

(1) RAS, CAS: Inactive (at the end of read cycle) . 

WE : inactive, OE : active 

tOFC is effective when RAS is inactivated before CAS is inactivated. 

tOFR is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are active or either RAS or CAS is active (in read cycle) 

WE : inactive, OE : inactive .. , tOEZ is effective. 

(3) Both RAS and CAS are inactive or RAS is active and CAS is inactive 

(at the end of read cycle) 

WE,OE:active and either tRRH or tRCH must be met··· lwEz, tWPz are effective. 
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NEe MC-422000FA64FB 

Refresh c ;ycle 

tRAC = 60 ns tRAc = 70 ns 
Parameter Symbol Unit Note 

MIN. MAX. MIN. MAX. 

CAS Setup Time tCSR 6 - 6 - ns 

CAS Hold Time (m before RAS Refresh) tCHR 10 - 10 - ns 

RAS Precharge CAS Hold Time tRPC 6 - & - ns 

WE Hold Time (Hidden Refresh Cycle) twHR 16 - 16 - ns 
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Timing Chart 
Please refer to Timing Chart 1, page 365. 
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NEe MC-422000FA64FB 

Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

---A---

Y z 1NL 
R1=I. . c:::~]c?[:=]o i p~ ~ 

s .. • o~ i-T-< 
--+-+--+I-l--' _ ® E~ U JL, 

D 

detail of ® part detail of ® part 

ITEM MILLIMETERS INCHES 

A 133.35±0.13 5.25±0.006 
B 11.43 0.450 

C 36.83 1.450 
o 6.35 0.250 

01 2.0 0.079 
02 3.125 0.1230 
E 54.61 2.150 

G 6.35 0.250 
H 1.27 (T.P.) 0.05 (T.P.) 

I 8.89 0.350 

J 23.495 0.925 
K 42.18 1.661 
L 17.78 0.7000 
M 2S.4±0.13 1.000±0.006 
N 9.0 MAX. 0.355 MAX. 
P 1.0 0.039 
Q R 2.0 A 0.079 

A 4.0±0.1 0.157:8:88~ 
5 ~3.0 ;0.118 
T 1.27±0.1 0.05±0.004 
U 4.0 MIN. 0.157 MIN. 
V 0.25 MAX. 0.010 MAX. 

W 1.0±O.OS 0.039:g:88~ 

X 2.54±0.10 0.100±0.OQ4 
Y 3.0 MIN. 0.118 MIN. 
Z 3.0 MIN. 0.118 MIN. 

Ml68S-SOA7 
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DATA SHEET 

NEe MOS INTEGRATED CIRCUIT 
,'J. 
3i 

_________ M_C-_42_2_00_0_FB_7_2_, 
2 M-WORD BY 72-BIT DYNAMIC RAM MODULE 

HYPER PAGE MODE (EDO) 
! ---------------------------------------------------1 , 

Description 
The MC-422000FB72 is a 2,097,152 words by 72 bits dynamic RAM module on which 9 pieces of 16 M DRAM: 

/-LPD4217805 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the surface

mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
Hyper page mode (EDO) 

2,097,152 words by 72 bits organization 

Fast access and cycle time 

Access time 
Family 

(MAX.) 

MC-422000FB72-60 60 ns 

MC-422000FB72-70 70 ns 

2,048 refresh cycles/32 ms 

RfW cycle time Hyper page mode (EDO) 

(MIN.) cycle time (MIN.) 

104 ns 25 ns 

124 ns 30 ns 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

Single +5.0 V ±0.25 V power supply 

Ordering Information 

Part number 
Access time 

(MAX.) 
Package 

MC-422000FB72F-60 60 ns 16S-pin Dual In-line Memory Module 

(Socket Type) 
MC-422000FB72F-70 70 ns Edge connector: Gold plating 

Power consumption 

(MAX.) 

Active Standby 

5.51 W 363 mW 

5.04 W (CMOS level input) 

Mounted devices 

9 pieces of IIPD4217S05G5 

(400 mil TSOP(II» 

[Double side] 

The information in this document is subject to change without notice. 

Document No. M10549EJ2VODSU1 

i~ 
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NEe MC-422000FB72 

Pin Configuration 

168-pin Dual In-line Memory Module Socket Type (Edge connector: Gold plating) 

0 o 
GND GND 
1/036 1/00 
1/037 1/01 
1/038 1/02 
1/039 1/03 
Voo V~ 
1/040 1/04 
1/041 1/05 
1/042 1/06 
1/043 1/07 

1/044 1/08 
GND GND 
1/045 1/09 
1/046 1/010 
1/047 1/011 
1/048 1/012 
1/049 1/013 
Voo Voo 
1/050 1/014 
1/051 1/015 
1/052 1/016 
1/053 1/017 
GND GND 
NC NC 
NC NC 
Voo Voo PD and ID Table 
NC JllEll 
NC CASO 
NC ---"IC. Pin Pin Access Time 
NC RASO. 
NC OED Name No. 60 ns 70 ns 
GND GND 
A1 AD 
A3 A2 

PD1 79 H H 

AS A4 
A7 A6 PD2 163 L L 
A9 A8 
NC A10 PD3 80 L L 
NC NC 
Vco Vco PD4 164 H H 

125 NC NC 
126 60 NC 

PD5 81 H H 

127 GND Gtill 
128 NC ...QE2 PD6 165 H L 
129 NC ~ 
130 NC CAS4 PD7 82 H H 
131 ~ J/C 
132 PDE WE2 
133 Voo Vco PD8 166 L L 
134 NC NC 
135 NC NC IDa 83 GND GND 
136 1/054 1/018 
137 1/055 1/019 
138 GND GND 

ID1 167 GND GND 
139 1/056 1/020 
140 1/057 1/021 
141 1/058 1/022 

Remark H: VOH, L: VOL 

142 1/059 1/023 
143 Vco Vco 
144 1/060 1/024 
145 NC NC 
146 NC NC 
147 NC NC 
148 NC NC AO-A10,BO: Address Inputs 
149 1/061 1/025 
150 1/062 1/026 

I/O a -I/O 71: Data Inputs/Outputs 
151 1/063 1/027 
152 GND GND 

RASa, RAS2 : Row Address Strobe 
153 1/064 1/028 
154 1/065 1/029 
155 1/066 1/030 

CASO, CAS4 Column Address Strobe 

WEO, WE2 Write Enable 
156 1/067 1/031 
157 Vco Voc OEO, OE2 Output Enable 
158 1/068 1/032 
159 1/069 1/033 

PDE Presence Detect Enable 
160 1/070 1/034 
161 1/071 1/035 

PD1 - PD8 Presence Detect Pins 
162 GND GND 
163 PD2 PD1 
164 PD4 PD3 

IDO,ID1 Identity Pins 

Vee Power Supply 
165 PD6 PD5 
166 PD8 PD7 GND Ground 
167 ID1 IDO 
168 Voo Voc NC No connection 

0 0 
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Block Diagram 

RASO 

OEO 

WEO 

CASO 

1/00 

1/01 

1/02 

1/03 

1/04 

1/05 

1/06 

1/07 

1/08 

1/09 

1/010 

1/011 

1/012 

1/013 

1/014 

1/015 

1/016 

1/017 

1/018 

1/019 

1/020 

1/021 

1/022 

1/023 

1/024 

1/025 

1/026 

1/027 

1/028 

1/029 

1/030 

1/031 

1/032 

1/033 

1/034 

1/035 

1/036 

1/037 

1/038 

1/039 

o-v 
..... 
:::-o--v 

0-----

0---

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

I j 
I/O 8 CASRAS WE OE 

1/07 

1/06 

1/05 OQ 
1/04 

1/03 

1/02 

1/01 

j j j 
1/08 CASRAS WE OE 

1/07 

1/06 

1/05 01 
1/04 

1/03 

1/02 

1/01 

j j j 
1/08 CASRAS WE OE 

1/07 

1/06 

1/05 02 
1/04 

1/03 

1/02 

1/01 

! ! 
1/08 CASRAS WE OE 

1/07 

1/06 

1/05 03 
1/04 

1/03 

1/02 

1/01 

j j j 
1/0 8 CAS RAS WE OE 

1/07 

1/06 

1/05 04 
1/04 

1/03 

1/02 

1/01 

AO o---t>------ AO : 00 - 04 

80 o---t>------ AD : 05 - D8 

A1 - A10 o---t>------ DO - 08 

Remark DO - 08 : JLPD4217805 

RAS2 

OE2 

WE2 

CAS4 

1/040 

1/041 

1/042 

1/043 

1/044 

1/045 

1/046 

1/047 

1/048 

1/049 

1/050 

1/051 

1/052 

1/053 

1/054 

1/055 

1/056 

1/057 

1/058 

1/059 

1/060 

1/061 

1/062 

1/063 

1/064 

1/065 

1/066 

1/067 

1/068 

1/069 

1/070 

1/071 

.... 
I-' 

~-i> 
.... 
I-' 

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

a--
a--
a--
a--

POE <>---:t. 

MC-422000FB72 

I j 
1/01 CASRAS WE OE 

1/02 

1/03 

1/04 05 
1/05 

1/06 

1/07 

1/08 

) 1 
1/01 CASRAS WE OE 

1/02 

1/03 

1/04 06 
1/05 

1/06 

1/07 

1/08 

! ) 
1/01 CASRAS WE OE 

1/02 

1/03 

1/04 07 
1/05 

1/06 

1/07 

1/08 

! ) 
1/01 CASRAS WE OE 

1/02 

1/03 

1/04 08 
1/05 

1/06 

1/07 

1/08 

P01 - P08 0---<]- Vee or GNO 
100. 101 0 NC or GNO 

Vee 0 :L CO _ C8' 00 - 08 
GNO 0 T • 00 - 08 
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Electrical Specifications 

All voltages are referenced to GND. 

After power up (Vee ~ Vee (MIN.)), wait more than 100 J1.S (RAS, CAS inactive) and then, execute eight CAS before 

RAS or RAS only refresh cycles as dummy cycles to initialize internal circuit. 

Absolute Maximum Ratings 

Parameter Symbol Condition . Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 mA 

Power dissipation Po 11 W 

Operating ambient temperature T. o to +70 ·C 

Storage temperature TSlg -55 to +125 ·C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.75 5.0 5.25 V 

High level input voltage V,H 2.4 Vee + 1.0 V 

Low level input voltage V,L -1.0 +0.8 V 

Operating ambient temperature T. 0 70 ·C 

Capacitance (TA = 25 °c, f = 1 MHz) 

Parameter Symbol Test condition MIN. TYP. MAX. Unit 

Input capacitance C" AO - Al0, BO 20 pF 

C'2 WEO, WE2 20 

C" RASO, RAS2 50 

C'4 CASO,CAS4 20 

CI5 OEO,OE2 20 

Data input/output capacitance ClIO 1100 - 11071 20 pF 



NEe MC-422000FB72 

DC Characteristics (Recommended operating conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current Icc, RAS, CAS cycling tRAe = 60 ns 1,050 mA 1.2,3 
tRe = tRe IMIN.), 10 = 0 mA tRAe = 70 ns 960 

Standby current lee2 RAS, CAS ~ V,H IMIN.I, 10 = 0 mA 78 mA 

RAS, CAS ~ Vee - 0.2 V, 10 = 0 mA 69 

RAS only refresh current ICC3 RAS cycling, CAS ~ V,H IMIN.I tRAe = 60 ns 1,050 mA 1,2,3,4 

tRe = tRe IMIN.I, 10 = 0 mA tRAe = 70 ns 960 

Operating current Icc, RAS " VIL IMAX.), CAS cycling tRAe = 60 ns 870 mA 1,2,5 
(Hyper page mode (EDO)) tHPe = tHPC IMIN.I, 10 = 0 mA tRAe = 70 ns 780 

CAS before RAS lee5 RAS cycling tRAe = 60 ns 1,050 mA 1,2 
refresh current tRe = tRe IMIN.I, 10 = 0 mA tRAe = 70 ns 960 

Input leakage current II ILl V, = 0 to 5.25 V I RAS -10 +10 pA 

All other pins not under test = 0 V I Others -5 +1 

Output leakage current lOlL) Vo = 0 to 5.25 V -10 +10 pA 

Output is disabled (Hi-Z) 

High level output voltage VOH 10 = -5.0 mA 2.4 V 

Low level output voltage VOL 10 = +4.2 mA 0.4 V 

Notes 1. Icc1, Icc3, Icc4 and Icc5 depend on cycle rates (tRC and tHPC). 

2. Specified values are obtained with outputs unloaded. 

3. Icc1 and Icc3 are measured assuming that address can be changed once or less during RAS " V,L (MAX.) 

and CAS ~ VIH (MIN.). 

4. Icc3 is measured assuming that all column address inputs are held at either high or low. 

5. Icc. is measured assuming that all column address inputs are switched only once during each hyper 

page (EDO) cycle. 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) 

AC Characteristics Test Conditions 

(1) Input timing specification 

VIH (MIN.) = 2.4 V ----------------r-1 
VIL (MAX.) = 0.8 V .---------.d-[ [L 

1 I I I 

II: ill .. i loti 
IT = 2 ns IT = 2 ns 

(3) Output load condition 

Vee 

8200 

I/O--..---~ 

100 pF ClI 2900 

Common to Read, Write, Read Modify Write Cycle 

Parameter 

Read/Write cycle time 

RAS preeharge time 

CAS precharge time 

RAS pulse width 

CAS pulse width 

RAS hold time 

CAS hold time 

RAS to CAS delay time 

RAS to column address delay time 

CAS to RAS precharge time 

Row address setup time 

Row address hold time 

Column address setup time 

Column address hold time 

OE lead time referenced to RAS 

CAS to data setup time 

OE to data setup time 

OE to data delay time 

Transition time (rise and fall) 

Refresh time 

(2) Output timing specification 

VOH (MIN.) = 2.4 V __ nn=!- }-
VOL (MAX.) =0.4V.-----~\.. ____ __J 

tAAe = 60 ns tAAe = 70 ns 
Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

tAe 104 - 124 - ns 

tAP 40 - 50 - ns 

tePN 10 - 10 - ns 

tRAS 60 10,000 70 10,000 ns 

teAs 10 10,000 12 10,000 ns 

tASH 15 - 17 - ns 

tesH 40 - 50 - ns 

tACO 14 45 14 52 ns 1 

tAAD 12 30 12 35 ns 1 

teAP 10 - 10 - ns 2 

tASA 5 - 5 - ns 

tAAH 10 - 10 - ns 

tAse 0 - 0 - ns 

teAH 10 - 12 - ns 

tOES 0 - 0 - ns 

tell 0 - 0 - ns 

tOll 0 - 0 - ns 

tOED 13 - 15 - ns 

tT 1 50 1 50 ns 

tAEF - 32 - 32 ms 



_____ ~ __ E_«: __________________________________ M __ C_-4_2_20_0_0_F_B_7_2 _____ ~ 

Notes 1. For read cycles, access time is defined as follows: 

Input conditions Access time Access time from RAS 

tRAD $; tRAQ (MAX.) and tACO:::; tRCO (MAX.) tRAC (MAX.) tRAC (MAX.) 

tRAQ> tRAO (MAX.) and tRCo S tRCo (MAX.) tAA (MAX.) tRAQ + tAA (MAX.) 

tACO> tRCO (MAX.) tCAC (MAX.) tRCo + tCAC (MAX.) 

tRAD (MAX,) and tRCD (MAX,) are specified as reference points only; they are not restrictive operating parameters. 

They are used to determine which access time (tRAC, lAA or tCAC) is to be used for finding out when output 

data will be available. Therefore, the input conditions tRAD ~ tRAD (MAX,) and tRCD ~ tRCD (MAX,) will not cause 

any operation problems. 

2. tCRP (MIN,) requirement is applied to RAS, CAS cycles. 

Read Cycle 

tRAe = 60 ns tRAe = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

Access time from RAS tRAC - 60 - 70 ns 1 

Access time from CAS tcAC - 20 - 23 ns 1 

Access time from column address IAA - 35 - 40 ns 1 

Access time from OE tOEA - 20 - 23 ns 

Column address lead time referenced to RAS tRAL 30 - 35 - ns 

Read command setup time tRes 0 - 0 - ns 

Read command hold time referenced to RAS tRRH 0 - 0 - ns 2 

Read command hold time referenced to CAS tReH 0 - 0 - ns 2 

Output buffer turn-off delay time from OE tOEZ 0 13 0 15 ns 3 

CAS hold time to OE teHo 5 - 5 - ns 

Notes 1. For read cycles, access time is defined as follows: 

Input conditions Access time Access time from RAS 

tRAQ:::; tRAQ (MAX.) and tACO:::; tRCo (MAX.) tRAC (MAX.) tRAC (MAX.) 

tRAQ> tRAQ (MAX.) and tRCO $; tRCO (MAX.) tAA (MAX.) tRAQ + tAA (MAX.) 

tRCO> tACO (MAX.) tCAC (MAX.) tACO + tCAC (MAX.) 

tRAD (MAX,) and tRCD (MAx') are specified as reference points only; they are not restrictive operating parameters. 

They are used to determine which access time (tRAC, tM or tCAC) is to be used for finding out when output 

data will be available. Therefore, the input conditions tRAD ~ tRAD (MAX,) and tRCD ~ tRCD (MAX,) will not cause 

any operation problems. 

2. Either tRCH (MIN,) or tRRH (MIN,) should be met in read cycles. 

3. tOEZ(MAX,) defines the time when the output achieves the condition of Hi-Z and is not referenced to VOH or 

VOL. 
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NEe MC·422000FB72 

Write Cycle 

tRAe = 60 ns tRAe = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

WE hold time referenced to CAS tweH 10 - 10 - ns 1 

WE pulse width twp 10 - 10 - ns 1 

WE lead time referenced to RAS tAWl 15 - 17 - ns 

WE lead time referenced to CAS tCWL 10 - 12 - ns 

WE setup time twes a - 0 - ns 2 

OE hold time tOEH 0 - 0 - ns 

Data-in setup time tos 0 - 0 - ns 3 

Data-in hold time tOH 10 - 10 - ns 3 

Notes 1. twp (MIN.) is applied to late write cycles or read modify write cycles. In early write cycles, twCH (MIN.) should 

be met. 

2. If twcs ~ twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 

cycle. 

3. tDS (MIN.) and tDH (MIN.) are referenced to the CAS falling edge in early write cycles. In late write cycles and 

read modify write cycles, they are referenced to the WE falling edge. 

Read Modify Write Cycle 

tRAe = 60 ns tRAe = 70 ns 
Parameter Symbol Unit Note 

MIN. MAX. MIN. MAX. 

Read modify write cycle time tRwe 148 - 172 - ns 

RAS to WE delay time tRWD 87 - 99 - ns 1 

CAS to WE delay time tewo 32 - 37 - ns 1 

Column address to WE delay time tAWD 52 - 59 - ns 1 

Note 1. If twcs ~ twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire cycle. 

If tAWD ~ tAWD (MIN.), tCWD ~ tewD (MIN.), tAWD ~ tAWD (MIN.) and tepwD ~ tepwD (MIN.),the cycle is a read modify write 

cycle and the data out will contain data read from the selected cell. If neither of the above conditions is 

met, the state of the data out is indeterminate. 



___ N_E_C _________________ M_C_-_4_22_0_0_0_FB_7_2 ___ i:~ 

Hyper Page Mode (EDO) 

tRAe = 60 ns tRAe = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

Read/Write cycle time tHPC 25 - 30 - ns 1 

RAS pulse width tRASP 60 125,000 70 125,000 ns 

CAS pulse width tHCAS 10 10,000 12 10,000 ns 

CAS precharge time tep 10 - 10 - ns 

Access time from CAS precharge tACP - 40 - 45 ns 

CAS precharge to WE delay time tCPWD 52 - 59 - ns 2 

RAS hold time from CAS precharge tRHCP 40 - 45 - ns 

Read modify write cycle time tHPRWC 66 - 75 - ns 

Data output hold time tOHC 5 - 5 - ns 

OE to CAS hold time toeH 5 - 5 - ns 4 

OE precharge time tOEP 5 - 5 - ns 

Output buffer turn-off delay from WE twEZ a 13 a 15 ns 3,4 

WE pulse width twpz 10 - 10 - ns 4 

Output buffer turn-off delay from RAS tOFR a 13 0 15 ns 3,4 

Output buffer turn-off delay from CAS tOFe a 13 0 15 ns 3,4 

Notes 1. tHPC (MIN.) is applied to CAS access. 

2. If twcs ~ twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 

cycle. If tRWD ~ tRWD (MIN.), tCWD ~ tCWD (MIN.), tAWD ~ tAWD (MIN.) and \cPWD ~ tCPWD (MIN.), the cycle is a read modify 

write cycle and the data out will contain data read from the selected cell. If neither of the above conditions 

is met, the state of the data out is indeterminate. 

3. tOFC (MAX.), tOFR (MAX.) and tWEz (MAX.) define the time when the output achieves the conditions of Hi-Z and is 

not referenced to VOH or VOL. 

4. To make I/Os to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE, OE as follows. The effective 

specification depends on state of each signal. 

(1) Both RAS and CAS are inactive (at the end of the read cycle) 

WE: inactive, OE: active 

tOFC is effective when RAS is inactivated before CAS is inactivated. 

tOFR is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are active or either RAS or CAS is active (in read cycle) 

WE, OE: inactive ...... tOEz is effective. 

(3) Both RAS and CAS are inactive or RAS is active and CAS is inactive (at the end of read cycle) 

WE, OE: active and either tRRH or tRCH must be met ...... twEZ and twpz are effective. 

(4) WE: inactive (in read cycle) 

CAS: inactive, OE: active ...... tCHO is effective. 

CAS, OE: active ...... tOCH is effective. 
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NEe MC-422000FB72 

Refresh Cycle 

tRAe = 60 ns tRAG = 70 ns 
Parameter Symbol Unit Note 

MIN. MAX. MIN. MAX. 

CAS setup time tesR 10 - 10 - ns 

CAS hold time (CAS before RAS refresh) tCHR 10 - 10 - ns 

RAS precharge CAS hold time tRPC 5 - 5 - ns 

WE setup time tWSR 15 - 15 - ns 

WE hold time tWHR 15 - 15 - ns 
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Timing Chart 
Please refer to Timing Chart 2, page 381. 
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NEe MC-422000FB72 

Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

A 

- -y z- l-

II: 

~ F"D 
-

0 DD~ 0 G s r' ~ r----
(OPTIONAL HOLES) ~ ,TI111'1'rlI, ,0 , " " , 

@ 
fo- f--[8J ~ 

J 
K 

c D E 

~ 0""""111"0"""0"""""""""01110 ~ 
detail of ® part detail of ® part 

ITEM MILLIMETERS INCHES 
A 133.35±0.13 5.25±0.006 
B 11.43 0.450 

iT- C 36.83 1.450 
D 6.35 0.250 

~=H 
E 54.61 2.150 
G 6.35 0.250 
H ·1.27 (T.P.) 0.050 (T.P.) 

8.89 0.350 
23.495 0.925 

G K 42.18 1.661 
17.78 0.700 

D M 25.4 1.000 
N 4.0 MAX. 0.158 MAX. 

P 1.0 0.039 
Q R2.0 RO.079 

R 4.0±0.1 0.157~8:88~ 
s IP3.0 IPO.118 
T 1.27±0.1 0.05±0.004 
U 4.0 MIN. 0.157 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.0±0.05 0.039~8:88~ 
X 2.54 0.100 
Y 3.0 MIN. 0.118 MIN. 

Z 3.0 MIN. 0.118 MIN. 

M1685-50A6 
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DATA SHEET 

NEe MOS INTEGRATED CIRCUIT 

MC-422000LFB72F ____________________________________________________________________ 11 

3.3 V OPERATION 2 M-WORD BY 72-BIT DYNAMIC RAM MODULE 
HYPER PAGE MODE (EDO) 

------------------------------------------------------------------------------------------------~j 

Description 
The MC-422000LFB72F is a 2,097,152 words by 72 bits dynamic RAM module on which 9 pieces of 16 M DRAM: 

.uPD4217805L are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the surface

mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
Hyper page mode (EDO) 

2,097,152 words by 72 bits organization 

Fast access and cycle time 

Family Access time 

(MAX.) 

MC-422000LFB72-A60 60 ns 

MC-422000LFB72-A70 70 ns 

2,048 refresh cycles/32 ms 

R/W cycle time Hyper page mode 

(MIN.) (EDO) cycle time 

(MIN.) 

104 ns 25 ns 

124 ns 30 ns 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

Single +3.3 V ±0.3 V power supply 

Ordering Information 

Part number 
Access time 

Package 
(MAX.) 

MC-422000LFB72F-A60 60 ns 168-pin Dual In-line Memory Module 

(Socket Type) 
MC-422000LFB72F-A70 70 ns Edge connector: Gold plating 

Power consumption 

(MAX.) 

Active Standby 

3.28W 147.6 mW 
(CMOS 

2.95W level input) 

Mounted devices 

9 pieces of I'PD4217805LG5 

(400 mil TSOP(II)) 

[Double side] 

The information in this document is subject to change without notice. 

Document No. M10042EJ5VODSU1 
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NEe MC·422000LFB72F 

Pin Configuration 

168-pin Dual In-line Memory Module Socket Type (Edge connector: Gold plating) 

0 o 
GND GND 
I/O 36 1/00 
I/O 37 1101 
1/0.38 I/O 2 
1/039 1103 
Vee Vee 
1/040 1104 
1/041 1105 
1/042 1106 
11043 I/O 7 

11044 1/08 
GND GND 
11045 1109 
11046 11010 
11047 11011 
11048 I/O 12 
1/049 11013 
Vee Vee 
11050 11014 
11051 11015 
1/052 11016 
1/053 1/017 
GND GND 
NC NC 
NC NC 
Vee Vee PO and 10 Table 
NC WED 
NC CASO 
NC ~ Pin Pin Access Time 
NC RASO 
NC OED Name No. 60 ns 70 ns 
GND GND 
Al AD 
A3 A2 

PD1 79 H H 
A5 A4 
A7 A6 PD2 163 L L 
A9 A8 
NC Al0 PD3 80 L L 
NC NC 
Vee Vee PD4 164 H H 

125 NC NC PD5 81 H H 
126 BO NC 
127 GND GND PD6 165 H L 
128 NC on 
129 NC RAS2 PD? 82 H H 
130 NC CAS4 
131 NC NC 
132 Pl5l'" WE2 

PD8 166 L L 
133 Vee Vee 
134 NC NC IDO 83 GND GND 
135 NC NC 
136 11054 11018 ID1 167 GND GND 
137 1/055 11019 
138 GND GND 
139 I/O 56 I/O 20 Remark H : VOH, L: VOL 
140 1/057 11021 
141 1/058 11022 
142 11059 11023 
143 Vee Vee 
144 11060 11024 
145 NC NC 
146 NC NC 
147 NC NC 
148 NC NC AO - A10, 80 : Address Inputs 
149 11061 11025 
150 11062 1/026 

1/00 -1/0 71: Data Inputs/Outputs 
151 11063 1/027 
152 GND GND 
153 1/064 I/O 28 

RASO, RAS2 Row Address Strobe 

CASO, CAS4 : Column Address Strobe 
154 11065 11029 
155 11066 1/030 WEO, WE2 Write Enable 
156 1/067 11031 
157 Vee Vee OEO, OE2 Output Enable 
158 1/068 1/032 
159 1/069 1/033 

PDE Presence Detect Enable 
160 11070 1/034 
161 11071 I/O 35 
162 GND GND 
163 PD2 PDl 
164 PD4 PD3 

PD1 - PD8 Presence Detect Pins 

IDO,ID1 Identity Pins 

Vee Power Supply 
165 PD6 PD5 
166 PD8 PDl GND Ground 
167 IDl IDO 
168 Vee Vee NC No connection 

0 0 

54 



___ N_E_C _________________ M~C_-4=2=2...;;..OO.;;,..;O;....L...;;..F_B..;;..7.;;,..;2F~ ____ I 

Block Diagram 

I/O 0 

I/O 1 

I/O 2 
I/O 3 

1/04 

1/05-

1/06 

I/O 7 

1/08 

I/O 9 

I/O 10 

I/O 11 

I/O 12 

I/O 13 

I/O 14 

I/O 15 

I/O 16 

I/O 17 

I/O 18 

I/O 19 

I/O 20 

I/O 21 

I/O 22 
I/O 23 

I/O 24 

I/O 25 

I/O 26 

I/O 27 

I/O 28 

I/O 29 

I/O 30 

I/O 31 

I/O 32 

I/O 33 

I/O 34 

I/O 35 

I/O 36 

I/O 37 

I/O 38 

I/O 39 

r.... 

'" a--p 
r.... 

'" 
0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

0--

j 1 
I/O 8 CAS RAS WE OE 

I/O 7 

1/06 

I/O 5 DO 
1/04 

I/O 3 

I/O 2 

I/O 1 

I I 
I/O 8 CAS RAS WE OE 

I/O 7 

I/O 6 

I/O 5 01 
1/04 

I/O 3 

I/O 2 

I/O 1 

j j 
I/O 8 CAS RAS WE OE 

I/O 7 

1/06 

I/O 5 02 
1/04 

1/03 

I/O 2 

I/O 1 

j I 
I/O 8 CAS RAS WE OE 

I/O 7 

1/06 

I/O 5 03 
1/04 

I/O 3 

I/O 2 

I/O 1 

I I 
I/O 8 CAS RAS WE OE 

I/O 7 

1/06 

I/O 5 04 
1/04 

I/O 3 

I/O 2 

I/O 1 

AO 0-£>----- AO : DO - D4 

80 0-£>----- AO , D5 - D8 

A1 - A10 0-£>----- DO - D8 

Remark DO - D8 : ,uPD4217805L 

RAS2 

OE2 

WE2 

CAS4 

I/O 40 

1/041 

I/O 42 

I/O 43 

I/O 44 

I/O 45 

I/O 46 

I/O 47 

I/O 48 

I/O 49 

I/O 50 

I/O 51 

I/O 52 

I/O 53 

I/O 54 

I/O 55 

I/O 56 

I/O 57 

I/O 58 

I/O 59 

I/O 60 

1/061 

I/O 62 

I/O 63 

I/O 64 

1/065 

I/O 66 

I/O 67 

I/O 68 

1/069 

I/O 70 

I/O 71 

o--{) 
o~ 
c>-'" 
0--

0--

0--

0------

0------

0------

0--

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0--

0------

0--

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

P D E o---------:L 

j 1 
I/O 1 CAS RAS WE OE 

I/O 2 

I/O 3 

1/04 05 
I/O 5 

I/O 6 

I/O 7 

I/O 8 

j j j 
I/O 1 CAS RAS WE OE 

I/O 2 
1/03 

1/04 06 
I/O 5 

I/O 6 

I/O 7 

1/08 

I T 
I/O 1 CAS RAS WE OE 

I/O 2 

1/03 

1/04 07 
I/O 5 

1/06 

I/O 7 

1/08 

j J J 
I/O 1 CAS RAS WE OE 

I/O 2 

1/03 

1/04 08 
I/O 5 

1/06 

I/O 7 

1/08 

PD1 - PD8 o-----<J---- Vee or GND 

IDO.ID1 0 NC or GND 

Vee 0 ~ CO _ C8 ' DO - D8 
GND 0 T DO-D8 
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NEe MC·422000LFB72F 

Electrical Specifications 

All voltages are referenced to GND. 

After power up (Vec ~ VCC(MIN.)), wait more than 1 00 I.iS (RAS, CAS inactive) and then, execute eight CAS before 

RAS or RAS only refresh cycles as dummy cycles to initialize internal circuit. 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -0.5 to +4.6 V 

Supply voltage Vee -0.5 to +4.6 V 

Output current 10 20 mA 

Power dissipation PD 11 W 

Operating ambient temperature TA o to +70 'c 
Storage temperature Tstg -55 to +125 'c 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 3.0 3.3 3.6 V 

High level input voltage V,H 2.0 Vee + 0.3 V 

Low level input voltage VIL -0.3 +0.8 V 

Operating ambient temperature TA 0 70 'c 

Capacitance (TA = 25 'c, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance Cil AO-A1D, BO 20 pF 

C'2 WEO, WE2 20 

Cia RASO, RAS2 50 

C" CASO, CAS4 20 

CIS OEO,OE2 20 

Data input/output capacitance CliO 1100-11071 20 pF 



NEe MC-422000LFB72F 

DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current ICC1 RAS, CAS Cycling tRAe = 60 ns 910 rnA 1,2,3 

tRe = tRe IMIN.), 10 = 0 rnA tRAe = 70 ns 820 

Standby current ice2 RAS, CAS;" V,H IMIN.) 10 = 0 rnA 82 rnA 

RAS, CAS;" Vee - 0.2 V 10 = 0 rnA 41 

RAS' only refresh current lee3 RAS Cycling, CAS;" V,H IMIN.) tRAe = 60 ns 910 rnA 1,2,3,4 

tRe = tRe IMIN.), 10 = 0 mA tRAe = 70 ns 820 

Operating current Icc, RAS ,; VIlIMAX.), CAS Cycling tRAe = 60 tis 820 rnA 1,2,5 

(Hyper page mode (EDO)) tHPe = tHPe IMIN.), 10 = 0 rnA tRAe = 70 ns 730 

CAS before RAS Ices RAS Cycling tRAe = 60 ns 910 rnA 1,2 

refresh current tRe = tRe IMIN.), 10 = 0 rnA tRAe = 70 ns 820 

Input leakage current " IL) V, = 0 to 3.6 V I RAS -5 +5 pA 

All other pins not under test = 0 V I Others -5 +1 

Output leakage current lOlL) Vo = 0 to 3.6 V -5 +5 pA 

Output is disabled (Hi-Z) 

High level output voltage VOH 10 = -2.0 rnA 2.4 V 

Low level output voltage VOL 10 = +2.0 mA 0.4 V 

Notes 1. Icc" Icc3, Icc. and Icc5 depend on cycle rates (tRC and tHPC). 

2. Specified values are obtained with outputs unloaded. 

3. Icc, and Icc3 are measured assuming that address can be changed once or less during RAS ~ V)L(MAX.) 

and CAS ~ V)H (MIN.). 

4. Icc3 is measured assuming that all column address inputs are held at either high or low. 

5. Icc. is measured assuming that all column address inputs are switched only once during each hyper 

page (EDO) cycle. 

57 



NEe MC-422000LFB72F 

AC Characteristics (Recommended Operating Conditions unless otherwise noted) 

AC Characteristics Test Conditions 

(1) Input timing specification (2) Output timing specification 

VIH (MIN.) ; 2.0 V ---------------~. ; 

VIL (MAK) ; 0.8 V ·--------3 i . i L 
, I , I 

VOH (MIN.) ; 2.0 V ------=J\....'--____ }-.. 
VOL (MAX.); 0.8 V------~ _ 

.: :~ -: : ... 
tr;2ns tr;2ns 

(3) Output load condition. 

Vee 

1,1800 

1/0 ----'r----+ 
100 pF 

8700 

Common to Read, Write, Read Modify Write Cycle 

Parameter Symbol 
tRAe = 60 ns tRAe = 70 ns 

Unit Notes 
MIN. MAX. MIN. MAX. 

Read I Write Cycle Time tRe 104 - 124 - ns 

RAS Precharge Time tRP 40 - 50 - ns 

CAS Precharge Time tCPN 10 - 10 - ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 ns 

CAS Pulse Width teAs 10 10,000 12 10,000 ns 

RAS Hold Time tRSH 15 - 17 - ns 

CAS Hold Time tCSH 40 - 50 - ns 

RAS to CAS Delay Time tReD 14 45 14 52 ns 1 

RAS to Column Address Delay Time tRAD 12 30 12 35 ns 1 

CAS to RAS Precharge Time teRP 10 - 10 - ns 2 

Row Address Setup Time tASR 5 - 5 - ns 

Row Address Hold Time tAAH 10 - 10 - ns 

Column Address Setup Time tAse 0 - 0 - ns 

Column Address Hold Time tCAH 10 - 12 - ns 

OE Lead Time Referenced to RAS tOES 0 - 0 - ns 

CAS to Data Setup Time teLz 0 - 0 - ns 

OE to Data Setup Time tOlZ 0 - 0 - ns 

OE to Data Delay Time tOED 13 - 15 - ns 

Transition Time (Rise and Fall) IT 1 50 1 50 ns 

Refresh Time tREF - 32 - 32 ms 
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NEe MC-422000LFB72F 

Notes 1. For read cycles, access time is defined as follows: 

I nput Conditions Access Time Access Time from RAS 

tRAD:5 tRAD (MAX.) and tRCD :5 tACO (MAX_) tRAC (MAX.) tRAC (MAX.) 

tAAD> tRAQ (MAX.) and tRCD $ tRCD (MAX.) tAA (MAX.) tRAD + tAA (MAX.) 

tRCD> tRCo (MAX.) tcAC (MAX.) tACO + tCAC (MAX.) 

tRAD (MAX.) and tRCD (MAX) are specified as reference points only; they are not restrictive operating parameters. 

They are used to determine which access time (tRAC, iAA or tCAC) is to be used for finding out when output 

data will be available. Therefore, the input conditions tRAD ~ tRAD (MAX.) and tRCD ~ tRCD (MAX,) will not cause 

any operation problems. 

2. tCRP (MIN.) requirement is applied to RAS, CAS cycles. 

Read Cycle 

Parameter Symbol 
tRAC = 60 ns tRAC = 70 ns 

Unit Notes 
MIN. MAX. MIN. MAX. 

Access Time from RAS tRAC - 60 - 70 ns 1 

Access Time from CAS tCAC - 20 - 23 ns 1 

Access Time from Column Address tAA - 35 - 40 ns 1 

Access Time from OE tOEA - 20 - 23 ns 

Column Address Lead Time Referenced to RAS tRAl 30 - 35 - ns 

Read Command Setup Time tRCS 0 - 0 - ns 

Read Command Hold Time Referenced to RAS tRRH 0 - 0 - ns 2 

Read Command Hold Time Referenced to CAS tRCH 0 - 0 - ns 2 

Output Buffer Turn-off Delay Time from OE tOEZ 0 13 0 15 ns 3 

CAS Hold Time to OE tCHO 5 - 5 - ns 

Notes 1. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAQ s; tAAD (MAX.) and tRCO :5 tRCD (MAX.) tRAG (MAX.) tRAC (MAX.) 

tRAQ> tRAQ (MAX.) and tACO :5 tACO (MAX.) tAA (MAX.) tRAD + tAA (MAX.) 

tACO> tRCO (MAX.) tcAC (MAX.) tACO + tCAC (MAX.) 

tRAD (MAX.) and tRCD (MAX.) are specified as reference points only; they are not restrictive operating parameters. 

They are used to determine which access time (tRAC, tAA or tCAC) is to be used for finding out when output 

data will be available. Therefore, the input conditions tRAD ~ tRAD (MAX.) and tRCO ~ tRCD (MAX.) will not cause 

any operation problems. 

2. Either tRCH (MIN.) or tRRH (MIN.) should be met in read cycles. 

3. tOEZ(MAX.) defines the time when the output achieves the condition of Hi-Z and is not referenced to VOH or 

VOL. 
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NEe MC-422000LFB72F 

Write Cycle 

Parameter Symbol 
tRAe = 60 ns tRAe = 70 ns 

Unit Notes 
MIN. MAX. MIN. MAX. 

WE Hold Time Referenced to CAS tweH 10 - 10 - ns 1 

WE Pulse Width twe 10 - 10 - ns 1 

WE Lead Time Referenced to RAS tRwl 15 - 17 - ns 

WE Lead Time Referenced to CAS tCWl 10 - 12 - ns 

WE Setup Time twes 0 - 0 - ns 2 

OE Hold Time tOEH 0 - 0 - ns 

Data-in Setup Time tos 0 - 0 - ns 3 

Data-in Hold Time tOH 10 - 10 - ns 3 

Notes 1. twp (MIN.) is applied to late write cycles or read modify write cycles. In early write cycles, !wCH (MIN.) should 

be met. 

2. If twcs ;:: twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 

cycle. 

3. tos (MIN.) and tOH (MIN.) are referenced to the CAS falling edge in early write cycles. In late write cycles and 

read modify write cycles, they are referenced to the WE falling edge. 

Read Modify Write Cycle 

Parameter Symbol 
tRAe = 60 ns tRAe = 70 ns 

Unit Note 
MIN. MAX. MIN. MAX. 

Read Modify Write Cycle Time tRwe 148 - 172 - ns 

RAS to WE Delay Time tRWD 87 - 99 - ns 1 

CAS to WE Delay Time tewo 32 - 37 - ns 1 

Column Address to WE Delay Time tAWO 52 - 59 - ns 1 

Note 1. If twcs;:: twcs (MIN.). the cycle is an early write cycle and the data out will remain Hi-Z through the entire cycle. 

If tRWO;:: tRWD (MIN.), tCWO;:: tCWD (MIN.), tAWD;:: tAWD(MIN.) and tCPWD;:: tCPWD (MIN.), the cycle is a read modify write 

cycle and the data out will contain data read from the selected cell. If neither of the above conditions is 

met, the state of the data out is indeterminate. 



NEe MC-422000LFB72F 

Hyper Page Mode (EDO) 

Parameter Symbol 
tRAe = 60 ns tRAe = 70 ns 

Unit Notes 
MIN. MAX. MIN. MAX. 

Read I Write Cycle Time tHPC 25 - 30 - ns 1 

RAS Pulse Width tAASP 60 125,000 70 125,000 ns 

CAS Pulse Width tHCAS 10 10,000 12 10,000 ns 

CAS Precharge Time tep 10 - 10 - ns 

Access Time from CAS Precharge tACP - 40 - 45 ns 

CAS Precharge to WE Delay Time tCPWD 52 - 59 - ns 2 

RAS Hold Time from CAS Precharge tRHCP 40 - 45 - ns 

Read Modify Write Cycle Time tHPAWC 66 - 75 - ns 

Data Output Hold Time tOHC 5 - 5 - ns 

OE to CAS Hold Time tacH 5 - 5 - ns 4 

OE Precharge Time tOEP 5 - 5 - ns 

Output Buffer Turn-off Delay from WE tWEZ 0 13 0 15 ns 3,4 

WE Pulse Width twpz 10 - 10 - ns 4 

Output Buffer T urn-off delay from RAS tOFA 0 13 0 15 ns 3,4 

Output Buffer Turn-off delay from CAS tOFe 0 13 0 15 ns 3,4 

Notes 1. tHPC (MIN.) is applied to CAS access. 

2. If twcs ~ twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 

cycle. If tRWD ~ tAWD (MIN.), leWD ~ tCWD (MIN.), tAWD ~ tAWD (MIN.) and tCPwD ~ tCPWD (MIN.), the cycle is a read modify 

write cycle and the data out will contain data read from the selected cell. If neither of the above conditions 

is met, the state of the data out is indeterminate. 

3. tOFC (MAX.), tOFR (MAX.) and tWEz (MAX.) define the time when the output achieves the conditions of Hi-Z and is 

not referenced to VOH or VOL. 

4. To make 1/05 to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE, OE as follows. The effective 

specification depends on state of each signal. 

(1) Both RAS and CAS are inactive (at the end of the read cycle) 

WE: inactive, OE: active 

tOFC is effective when RAS is inactivated before CAS is inactivated. 

tOFA is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are active or either RAS or CAS is active (in read cycle) 

WE, OE: inactive ...... tOEZ is effective. 

(3) Both RAS and CAS are inactive or RAS is active and CAS is inactive (at the end of read cycle) 

WE, OE: active and either tAAH or tACH must be met ...... twEZ and twpz are effective. 

(4) WE: inactive (in read cycle) 

CAS: inactive, OE: active ...... tCHO is effective. 

CAS, OE: active ...... tOCH is effective. 
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NEe MC·422000LFB72F 

Refresh Cycle 

Para meier Symbol 
IRAe = 60 n$ IRAe = 70 n$ 

Unil Nole 
MIN. MAX. MIN. MAX. 

CAS Selup Time leSR 10 - 10 - n$ 

CAS Hold Time (CAS before RAS Refresh) leHR 10 - 10 - ns 

RAS Precharge CAS Hold Time tRPe 5 - 5 - n$ 

WE Selup Time twSR 15 - 15 - n$ 

WE Hold Time tWHR 15 - 15 - ns 
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Timing Chart 
Please refer to Timing Chart 2, page 381. 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOKET TYPE) 

- I-Y 

R1= -"0 
~'$.. mnnTI' 

S 
(OPTIONAL HOl 

I~ 
J 

-.,--I-B 

A 

-

0 O 
:"'- ,.--. 

, " " , 

l--[8J ~ 
K 

C 

MC-422000LFB72F 

z- I-

OO~ 
t;-

0 

E 

~ 0""""""'0"""0""""""""'''0'''0 ~ 
ITEM MILLIMETERS INCHES 

A 133.35±0.13 5.25±0.006 

detail of ® part detail of ® part B 11.43 0.450 
C 36.83 1.450 

D 6.35 0.250 
Dl 2.0 0.079 

D2 3.125 0.123 
E 54.61 2.150 

G 6.35 0.250 
H 1.27 (T.P.) 0.050 (T.P.) 

8.89 0.350 
23.50 0.925 

K 43.18 1.70 

X 17.78 0.700 

M 25.4±0.13 1.000±0.006 

N 4.0 MAX. 0.158 MAX. 

P 1.0 0.039 
Q R2.0 RO.079 

A 4.0±0.1 0.157~8:88~ 
s 1'>3.0 1'>0.118 
T 1.27±0.1 0.05±0.004 

U 4.0 MIN. 0.157 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.0±0.05 0.039~8:88~ 
X 2.54±0.10 0.100±0.004 
Y 3.0 MIN. 0.118 MIN. 

Z 3.0 MIN. 0.118 MIN. 
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DATA SHEET 

NEe MOS INTEGRATED CIRCUIT 

MC-424000FC72 
4 M-WORD BY 72-BIT DYNAMIC RAM MODULE 

HYPER PAGE MODE (EDO) 

Description 
The MC-424000FC72 is a 4,194,304 words by 72 bits dynamic RAM module on which 18 pieces of 16 M DRAM: 

,uPD4216405 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the surface

mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
Hyper page mode (EDO) 

4,194,304 words by 72 bits organization 

Fast access and cycle time 

Family 
Access time R/W cycle time Hyper page mode (EDO) 

(MAX.) (MIN.) cycle time (MIN.) 

MC-424000FC72-60 60 ns 104 ns 25 ns 

MC-424000FC72-70 70 ns 124 ns 30 ns 

4,096 refresh cycles/64 ms 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

Single +5.0 V ±0.25 V power supply 

Ordering Information 

Part number 
Access time 

(MAX.) 
Package 

MC-424000FC72F-60 60 ns 168-pin Dual In-line Memory Module 

(Socket Type) 
MC-424000FC72F-70 70 ns Edge connector: Gold plating 

Power consumption 

(MAX.) 

Active Standby 

8.82W 410 mW 

7.88W (CMOS level input) 

Mounted devices 

18 pieces of /lPD4216405G3 

(300 mil TSOP(II)) 

[Double side] 

The information in this document Is subject to change without notice. 

Document No. M10548EJ2VODSU1 
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NEe MC-424000FC72 

Pin Configuration 

168-pin Dualln-line Memory Module Socket Type (Edge connector: Gold plating) 

o 

PD and 10 Table 

Pin Pin Access Time 

Name No. 60 ns 70 ns 

PD1 79 H H 

PD2 163 H H 

PD3 80 l l 

PD4 164 H H 

PD5 81 H H 

PD6 165 H l 

PD7 82 H H 

PD8 166 l l 

100 83 GND GND 

101 167 GND GND 

Remark H: VOH, L: VOL 

AO-A11, 80: Address Inputs 
I/O 0 - I/O 71 : Data Inputs/Outputs 
'RASO, RAS2 : Row Address Strobe 

CASO, CAS4 : Column Address Strobe 

WEO, WE2 Write Enable 

OEO, OE2 Output Enable 

POE Presence Detect Enable 

PD1 - PD8 Presence Detect Pins 

100,101 Identity Pins 
Vee Power Supply 

GND Ground 

NC No connection 
o 



___ N--=-E",,-C~ ________________ M_C_.4_2_40_0_0_F_C_72 ___ l 

Block Diagram 

RASO 0----------, 

OEoo---t>-----1-----, 

WEoo---D~---~_, 

CASO 0---1:>-----, 

1/00 

1/01 

1/02 

1/03 

1/04 

1/05 

1/06 

1/07 

1/08 

1109 
1/010 

1/011 

1/012 

I/O 13 
1/014 

1/015 

1/016 

11017 
11018 
11019 

11020 
1/021 

11022 
11023 

1/024 
1/025 

11026 
1/027 

1/028 

1/029 

1/030 

1/031 

1/032 

1/033 

1/034 

1/035 

r---"';'=-=,,=",~""";',,,,,, 

AO o--!>---- AO : 00 - 08 

80 o--!>---- AO: 09 - 017 

A1-A11 o--!>---- 00-017 

Remark DO - 017 : IlP04216405 

RAS2 0--------------, 

OE20---t>--------1-----, 
WE20--~J~---~____, 

CAS4 o---j;>-----, 

1/036 

1/037 

1/038 

1/039 

1/040 

1/041 

1/042 

1/043 

1/044 
11045 
11046 
11047 

11048 
11049 
11050 
11051 

11052 
11053 
1/054 
11055 

11056 
11057 
11058 
1/059 

11060 
1/061 
11062 
11063 

1/064 
1/065 

1/066 
1/067 

1/068 

1/069 
1/070 

1/071 

POE~ 

P01 -P08~ VccorGNO 

100, 101 0>------ NC or GNO 

VocO 

GNOO 

::L • 00-017 

T CO-C17 00-017 
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NEe MC·424000FC72 

Electrical Specifications 

All voltages are referenced to GND. 

After power up (Vee;:, Vee (MIN.»), wait more than 100 J.lS (RAS, CAS inactive) and then, execute eight CAS before 

RAS or RAS only refresh cycles as dummy cycles to initialize internal circuit. 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND Vr -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 mA 

Power dissipation PD 20 W 

Operating ambient temperature TA o to +70 ·C 

Storage temperature TSfg -55 to + 125 ·C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described inthe operational section of this specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.75 5.0 5.25 V 

High level input voltage V,H 4 Vee + 1.0 V 

Low level input voltage Vil 1.0 +0.8 V 

Operating ambient temperature TA 0 70 ·C 

Capacitance (TA = 25 ·c, f = 1 MHz) 

Parameter Symbol Test condition MIN. TYP. MAX. Unit 

Input capacitance C" AO-A11,80 20 pF 

C'2 WEO, WE2 20 

C'3 RASO, RAS2 78 

C'4 CASO, CAS4 20 

C'5 OEO,OE2 20 

Data input/output capacitance CliO 1/00-1/071 20 pF 



NEe MC-424000FC721 
------~-------------------------.;.---.,;;.--~~--.;.;....;...----~'" 

DC Characteristics (Recommende~ Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current Iccl RAS, CAS cycling tRAC = 60 ns 1,680 mA 1,2,3 

tRC = tRC IMIN.), 10 = 0 mA tRAC = 70 ns 1,500 

Standby current Icc2 RAS, CAS" V,H IMIN.) 10 = 0 mA 96 mA 

RAS, CAS" Vcc - 0.2 V 10 = 0 mA 78 

RAS only refresh current Icc3 RAS cycling, CAS" V,H IMIN.) tRAC = 60 ns 1,680 mA 1,2,3,4 

IRc = IRc IMIN.), 10 = 0 mA tRAC = 70 ns 1,500 

Operating current Icc. RAS ,; VIL IMAX.), CAS cycling tRAC = 60 ns 1,680 mA 1,2,5 

(Hyper page mode (EDO)) tHPC = tHPC IMIN.), 10 = 0 mA tRAe = 70 ns 1,500 

CAS before RAS ICG5 RAS cycling tRAe = 60 ns 1,680 mA 1,2 

refresh current tRe = IRe IMIN.), 10 = 0 mA tRAe = 70 ns 1,500 

Input leakage current IIIL) V, = 0 to 5.25 V I RAS -10 +10 pA 

All other pins not under test = 0 V I Others -5 +1 

Output leakage current 10 ILl Vo = 0 to 5.25 V -10 +10 pA 
Output is disabled (Hi-Z) 

High level output voltage VOH 10 = -5.0 mA 2.4 V 

Low level output voltage VOL 10 = +4.2 mA 0.4 V 

Notes 1. Icel, lee3, Icc4 and Ices depend on cycle rates (tRC and tHPe). 

2. Specified values are obtained with outputs unloaded. 

3. lecl and Icc3 are measured assuming that address can be changed once or less during RAS::; VIL(MAX.) 

and CAS" VIH (MIN.). 

4. lee3 is measured assuming that ali column address inputs are held at either high or low. 

5. Icc4 is measured assuming that ali column address inputs are switched only once during each hyper 

page (EDO) cycle. 
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NEe MC-424000FC72 

AC Characteristics (Recommended Operating Conditions unless otherwise noted) 

AC Characteristics Test Conditions 

(1) I nput timing specification 

VIH(MIN.) ;2.4V---------------~ 

VIL (MAX.) ; 0.8 V ·--------3 i i L 

(3) Output load condition 

I/O---r 
100 pF-L 

CL r 

I ' I , 
I I I I 

~, :.. III: :111 

IT; 2 ns IT ; 2 ns 

Vee 

Common to Read, Write, Read Modify Write Cycle 

Parameter 

Read I Write cycle time 

RAS precharge time 

CAS precharge time 

RAS pulse width 

CAS pulse width 

RAS hold time 

CAS hold time 

RAS to CAS delay time 

RAS to column address delay time 

CAS to RAS precharge time 

Row address setup time 

Row address hold time 

Column address setup time 

Column address hold time 

OE lead time referenced to RAS 

CAS to data setup time 

OE to data setup time 

OE to data delay time 

Transition time (rise and fall) 

Refresh time 

(2) Output timing specification 

VOH (MIN.) ; 2.4 V ------=J }-
VOL (MAX.) ; 0.4 V------~'_ ____ __J 

tRAe; 60 ns tRAe; 70 ns 
Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

tRe 104 - 124 - ns 

tRP 40 - 50 - ns 

tCPN 10 - 10 - ns 

tRAS 60 10,000 70 10,000 ns 

teAs 10 10,000 12 10,000 ns 

tRSH 15 - 17 - ns 

tesH 40 - 50 - ns 

tRCO 14 45 14 52 ns 1 

tRAD 12 30 12 35 ns 1 

teRP 10 - 10 - ns 2 

IASR 5 - 5 - ns 

tRAH 10 - 10 - ns 

lAse a - 0 - ns 

teAH 10 - 12 - ns 

tOES 0 - 0 - ns 

tell 0 - 0 - ns 

tOll a - 0 - ns 

tOED 13 - 15 - ns 

IT 1 50 1 50 ns 

tREF - 64 - 64 ms 



NEe MC-424000FC72 I" 
------~~~~----------------------------------------------~~----~~~-----------

Notes 1. For read cycles, access time is defined as follows: 

Input conditions Access time Access time from RAS 

tRAQ::; tRAQ (MAX.) and tACO .$ tRCD (MAX.) tRAC (MAX.) tRAC (MAX.) 

tRAQ> tRAQ (MAX,J and tRCO ::; tRCO (MAX.) tAA (MAX.) tRAD + tAA (MAX.) 

tRCO> tRCO (MAX.) tCAC (MAX.) tACO + tCAC (MAX.) 

tRAD (MAX.) and tRCD (MAX.) are specified as reference points only; they are not restrictive operating parameters. 

They are used to determine which access time (tRAC, lAA or tCAC) is to be used for finding out when output 

data will be available. Therefore, the input conditions tRAD 2! tRAD (MAX.) and tRCD 2! tRCO (MAX.) will not cause 

any operation problems. 

2. tCRP (MIN.) requirement is applied to RAS, CAS cycles. 

Read Cycle 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

Access time from RAS tRAC - 60 - 70 ns 1 

Access time from CAS tCAC - 20 - 23 ns 1 

Access time from column address lAA - 35 - 40 ns 1 

Access time from OE tOEA - 20 - 23 ns 

Column address lead time referenced to RAS tRAl 30 - 35 - ns 

Read command setup time tRCS 0 - 0 - ns 

Read command hold time referenced to RAS tRRH 0 - 0 - ns 2 

Read command hold time referenced to CAS tACH 0 - 0 - ns 2 

Output buffer turn-off delay time from OE tOEZ 0 13 0 15 ns 3 

CAS hold time to OE tCHO 5 - 5 - ns 

Notes 1. For read cycles, access time is defined as follows: 

Input conditions Access time Access time from RAS 

tRAQ.$ tRAQ (MAX.) and tRCD ::; tRCO (MAX.) tRAC IMAX.) tRAC (MAx') 

tRAD> tRAQ (MAX,J and tRCO ::; tRCo (MAX.) tM IMAX.) tRAQ + tAA (MAX.) 

tACO> tACO (MAX.) tCAC IMAX.) tRCD + tCAC (MAX.) 

tRAD (MAX.) and tRCD (MAX.) are specified as reference points only; they are not restrictive operating parameters. 

They are used to determine which access time (tRAC, lAA or tCAC) is to be used for finding out when output 

data will be available. Therefore, the input conditions tRAD 2! tRAD (MAX.) and tRCD 2! tRCD (MAX.) will not cause 

any operation problems. 

2. Either tRCH (MIN.) or tRRH (MIN.) should be met in read cycles. 

3. tOEZ(MAX.) defines the time when the output achieves the condition of Hi-Z and is not referenced to VOH or 

VOL. 

I, 
I 

71 



72 

NEe MC-424000FC72 

Write Cycle 

tRAe = 60 ns tRAe = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

WE hold time referenced to CAS tweH 10 - 10 - ns 1 

WE pulse widlh Iwp 10 - 10 - ns 1 

WE lead lime referenced to RAS tRWL 15 - 17 - ns 

WE lead lime referenced 10 CAS tCWL 10 - 12 - ns 

WE selup lime twcs 0 - 0 - ns 2 

OE hold lime tOEH 0 - 0 - ns 

. Dala-in selup lime IDS 0 - 0 - ns 3 

Dala-in hold lime IDH 10 - 10 - ns 3 

Notes 1. twp (MIN.) is applied to late write cycles or read modify write cycles. In early write cycles, twCH (MIN.) should 

be met. 

2. If twcs '" twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 

cycle. 

3. tDS (MIN.) and tDH (MIN.) are referenced to the CAS falling edge in early write cycles. In late write cycles and 

read modify write cycles, they are referenced to the WE falling edge. 

Read Modify Write Cycle 

IRAe = 60 ns IRAe = 70 ns 
Parameter Symbol Unil Note 

MIN. MAX. MIN. MAX. 

Read modify wrile cycle lime IRwe 148 - 172 - ns 

RAS 10 WE delay lime tRWD 87 - 99 - ns 1 

CAS to WE delay time leWD 32 - 37 - ns 1 

Column address to WE delay lime IAWD 52 - 59 - ns 1 

Note 1. If twcs '" twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire cycle. 

If tRWD '" tRwD (MIN.), tCWD '" !cwo (MIN.), lAWD '" tAWD (MIN.) and tCPWD '" tCPWD (MIN.), the cycle is a read modify write 

cycle and the data out will contain data read from the selected cell. If neither of the above conditions is 

met, the state of the data out is indeterminate. 



j 
NEe MC-424000FC72 I 

------------------------------------------------------------------------------------------------------------~, 

Hyper Page Mode (EDO) 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

Read I Write cycle time tHPC 25 - 30 - ns 1 

RAS pulse width tRASP 60 125,000 70 125,000 ns 

CAS pulse width tHCAS 10 10,000 12 10,000 ns 

CAS precharge time tcp 10 - 10 - ns 

Access time from CAS precharge IAcp - 40 - 45 ns 

CAS precharge to WE delay time tcpwo 52 - 59 - ns 2 

RAS hold time from CAS precharge tRHCP 40 - 45 - ns 

Read modify write cycle time tHPRWC 66 - 75 - ns 

Data output hold time tOHC 5 - 5 - ns 

OE to CAS hold time tOCH 5 - 5 - ns 4 

OE precharge time tOEP 5 - 5 - ns 

Output buffer turn-off delay from WE twEZ 0 13 0 15 ns 3,4 

WE pulse width twpz 10 - 10 - ns 4 

Output buffer turn-off delay from RAS tOFR 0 13 0 15 ns 3,4 

Output buffer turn-off delay from CAS tOFC 0 13 0 15 ns 3,4 

Notes 1. tHPC (MIN.) is applied to CAS access. 

2. If twcs ~ twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 

cycle. If tRWD ~ tRWD (MIN.), tCWD ~ tCWD(MIN.), tAWD ~ tAWD(MIN.) and tCPWD ~ tCPWD(MIN.), the cycle is a read modify 

write cycle and the data out will contain data read from the selected cell. If neither of the above conditions 

is met, the state of the data out is indeterminate. 

3. tOFC (MAX.), tOFR (MAX.) and tWEZ (MAX.) define the time when the output achieves the conditions of Hi-Z and is 

not referenced to VOH or VOL. 

4. To make I/0s to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE, OE as follows. The effective 

specification depends on state of each signal. 

(1) Both RAS and CAS are inactive (at the end of the read cycle) 

WE: inactive, OE: active 

tOFC is effective when RAS is inactivated before CAS is inactivated. 

tOFR is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are active or either RAS or CAS is active (in read cycle) 

WE, OE: inactive ...... tOEZ is effective. 

(3) Both RAS and CAS are inactive or RAS is active and CAS is inactive (at the end of read cycle) 

WE, OE: active and either tRRH or tRCH must be met ...... tWEZ and twpz are effective. 

(4) WE: inactive (in read cycle) 

CAS: inactive, OE: active ...... tCHO is effective. 

CAS, OE: active ...... tacH is effective. 

~ 
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Refresh Cycle 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol Unit Note 

MIN. MAX. MIN. MAX. 

CAS setup time tCSR 10 - 10 - ns 

CAS hold time (CAS before RAS refresh) tCHR 10 - 10 - ns 

RAS precharge CAS hold time tRPC 5 - 5 - ns 

WE setup time tWSR 15 - 15 - ns 

WE hold time tWHR 15 - 15 - ns 
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Timing Chart 
Please refer to Timing Chart 2, page 381. 
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NEe MC-424000FC72 

Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

A 

s 
(OPTIONAL HOLES) 

J-+~---H~--~K~--~ 

B G C D E 

detail of ® part detail of @ part 
ITEM MILLI",ETERS INCHES 

A 133.35±0.13 5.25±0.006 
W B 11.43 0.450 

11 C 36.83 1.450 

~x -ru-
0 6.35 0.250 
E 54.61 2.150 

G 6.35 0.250 
H 1.27 (T.P.) 0.050 (T.P.) 

D 8.89 0.350 
23.495 0.925 

D K 42.18 1.661 

L 17.78 0.700 

M 25.4 1.000 
N 4.0 MAX. 0.158 MAX. 
P 1.0 0.039 
Q R2.0 RO.079 

R 4.0±0.1 0.157:8:88~ 
s 913.0 910.118 
T 1.27±0.1 0.05±0.004 

U 4.0 MIN. 0.157 MIN. 
V 0.25 MAX. 0.010 MAX. 

W 1.0±0.05 0.039±0.002 
X 2.54 MIN. 0.100 MIN. 

Y 3.0 MIN. 0.118 MIN. 
Z 3.0 MIN. 0.118 MIN. 

M1688-S0A2 
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DATA SHEET 

NEe MOS INTEGRATED CIRCUIT 

MC-424000LFC72F 
--------------------------------, 

3.3 V OPERATION 4 M-WORD BY 72-BIT DYNAMIC RAM MODULE 
HYPER PAGE MODE (EDO) 

f --------------------------!\ 

Description 
The MC-424000LFC72F is a 4, 194,304 words by 72 bits dynamic RAM module on which 18 pieces of 16 M DRAM: 

/lPD4216405L are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the surface

mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
Hyper page mode (EDO) 

4,194,304 words by 72 bits organization 

Fast access and cycle time 

Access time R/W cycle time Hyper page mode (EDO) 
Family 

(MAX.) (MIN.) cycle time (MIN.) 

MC-424000LFC72-A60 60 ns 104 ns 25 ns 

MC-424000LFC72-A 70 70 ns 124 ns 30 ns 

4,096 refresh cycles/64 ms 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

Single +3.3 V ±D.3 V power supply 

Ordering Information 

Part number 
Access time 

Package 
(MAX.) 

MC-424000LFC72F-A60 60 ns 168-pin Dual In-line Memory Module 

(Socket Type) 
MC-424000LFC72F-A70 70 ns Edge connector: Gold plating 

Power consumption 

(MAX.) 

Active Standby 

5.87W 180mW 

5.22 W (CMOS level input) 

Mounted devices 

18 pieces of /lPD4216405LG3 

(300 mil TSOP(II)) 

[Double side] 

The Information In this document Is subject to change without notice. 

Document No. M10043EJ5VODSU1 

i 
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Pin Configuration 

16S-pin Dual In-line Memory Module Socket Type (Edge connector: Gold plating) 

0 o 
GNO GNO 
1/036 1/0'0 
1/037 1/01 
1/038 1/02 
1/039 1/03 
V'" V'" 
1/040 1/04 
1/041 1/05 
1/042 1/060---
1/043 1/07 

1/044 1/08 
GNO GND 
1/045 1/09 
1/046 1/010 
1/047 1/011 
1/048 1/012 
1/049 1/013 
Vee Vee 
1/050 1/014 
1/051 1/015 
1/052 1/016 
1/053 1/017 
GND GNO 
NC NC 
NC NC 
Vee Vee PD and ID Table 
NC WEO 
NC CASO 
NC ~ Pin Pin Access Time 
NC RASQ 
NC OEO Name No. 60 ns 70 ns 
GND GNO 
Al AO 
A3 A2 

PD1 79 H H 
A5 A4 
A7 A6 PD2 163 H H 
A9 A8 
All Al0 PD3 80 L L 
NC NC 
Vee Vee PD4 164 H H 

125 NC NC PD5 81 H H 
126 BO NC 
127 GND GND PD6 165 H L 
128 NC ~ 
129 NC RAS2 
130 NC CAS4 

PD7 82 H H 
131 ~ JiQ 
132 POE WE2 PD8 166 L L 
133 V", V", 
134 NC NC IDO 83 GND GND 
135 NC NC 
136 1/054 1/018 ID1 167 GND GND 
137 ----01/055 1/019 
138 GNO GND 
139 1/056 1/020 
140 1/057 1/021 

Remark H : VOH, L: VOL 

141 1/058 1/022 
142 1/059 1/023 
143 V", V", 
144 1/060 1/024 
145 NC NC 
146 NC NC 
147 NC NC 
148 NC NC AO - A11, BO : Address Inputs 
149 1/061 1/025 
150 ° 1/062 1/026 1100 -I/O 71: Data Inputs/Outputs 
151 1/063 1/027 
152 GND GND RASO, RAS2 : Row Address Strobe 
153 1/064 1/028 
154 1/065 1/029 

CASO, CAS4 Column Address Strobe 
155 1/066 1/030 
156 1/067 1/031 
157 V", Vee 
158 1/068, 1/032 
159 1/069 1/033 

WEO, WE2 Write Enable 

OEO, OE2 Output Enable 

PDE Presence Detect Enable 
160 1/070 1/034 
161 1/071 1/0350 PD1 - PDB Presence Detect Pins 
162 GND GND 
163 PD2 PD1 

IDO, 101 Identity Pins 
164 PD4 PD3 
165 PD6 PD5 
166 PD8 PD7 

Vee Power Supply 

GND Ground 
167 IDl IDO 
168 V", V", NC No connection 

0 0 
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Block Diagram 

RASO 0-------___, 

OEOO---r.~---~---. 

WEOO--~;~---~___, 

CASO O-----{;~--_, 

1/00 

1/01 

1/02 

1/03 

1/04 

1/05 

1/06 

1/07 

1/08 

1/09 

1/010 

1/011 

I/O 12 
1/013 

1/014 

1/015 

I/O 16 
1/017 

1/018 

1/019 

1/020 

1/021 

1/022 

1/023 

1/024 

1/025 

1/026 
1/027 

1/028 

1/029 
1/030 
1/031 

1/032 

1/033 

1/034 

1/035 

r-----",~~~~ 

AO o-J>---- AO : DO - 08 

80 o-J>---- AO : 09 - 017 

A1-A11o-J>---- 00-017 

Remark DO - 017 : /-lPD4216405L 

RAS20-------___, 

OE20---r.~---~---. 

WE20--~~---~--, 

CAS4 o----C~--_, 

1/036 

1/037 

1/038 

1/039 

1/040 

1/041 
1/042 

1/043 

1/044 
1/045 

1/046 

1/047 

1/048 

1/049 

1/050 

1/051 

1/052 

1/053 

1/054 

1/055 

1/056 
1/057 
1/058 

1/059 

1/060 

1/061 

1/062 

1/063 

1/064 

1/065 

1/066 

1/067 

1/068 

1/069 

1/070 

1/071 

POE~ 

.---.",;"=-=,~~....,,;,,..., 

P01- P08 ~ VccorGNO 

100, 101 0 NC or GNO 

Vee O--::t:~--. 00-017 

-rCo-C1? 00-017 GNOO 

:1 
1 
! 

:f: 

I 
I, 
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Electrical Specifications 

All voltages are referenced to GND. 

After power up (Vcc ~ Vcc (MIN.»), wait more than 100 /lS (RAS, CAS inactive) and then, execute eight CAS before 

RAS or RAS only refresh cycles as dummy cycles to initialize internal circuit. 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -0.5 to +4.6 V 

Supply voltage Vee -0.5 to +4.6 V 

Output current 10 20 mA 

Power dissipation Po 20 W 

Operating ambient temperature TA o to +70 °C 

Storage temperature Tstg -55 to +125 °C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposureto Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 3.0 3.3 3.6 V 

High level input voltage V,H 2.0 Vee + 0.3 V 

Low level input voltage Vil -0.3 +0.8 V 

Operating ambient temperature TA 0 70 °C 

Capacitance (TA = 25 °C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance Cil AO-All,80 20 pF 

C'2 WEO, WE2 20 

CI, RASO, RAS2 78 

C" CASO,CAS4 20 

CIS OEO,OE2 20 

Data input/output capacitance CliO 1/00-1/071 20 pF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current Icc, RAS, CAS Cycling tRAe = 60 ns 1,450 mA 1,2,3 

tRC = tRe (MIN.), 10 = 0 mA tRAe = 70 ns 1,270 

Standby current ICC2 RAS, CAS", V,H (MIN.) 10 = 0 mA 100 mA 

RAS, CAS", Vee - 0.2 V 10 = 0 mA 50 

RAS only refresh current ICC3 RAS Cycling, CAS", V,H (MIN.) tRAe = 60 ns 1,450 mA 1,2,3,4 

tRe = tRC (MIN.), 10 = 0 mA tRAe = 70 ns 1,270 

Operating current Icc, RAS $ Vil (MAX.), CAS Cycling tRAC = 60 ns 1,630 mA 1,2,5 

(Hyper page mode (EDO» tHPC = tHPC (MIN.), 10 = 0 mA tRAC = 70 ns 1,450 

CAS before RAS Ices RAS Cycling tRAe = 60 ns 1,450 mA 1,2 

refresh current tRC = tRe (MIN.), 10 = 0 mA tRAC = 70 ns 1,270 

Input leakage current Ii (L) V, = 0 to 3.6 V I RAS -5 +5 j1A 

All other pins not under test = 0 V I Others -5 +1 

Output leakage current 10(L) Vo = 0 to 3.6 V -5 +5 /lA 
Output is disabled (Hi-Z) 

High level output voltage VOH 10 = -2.0 rnA 2.4 V 

Low level output voltage VOL 10 = +2.0 mA 0.4 V 

Notes 1. !eCl, Icc3, Icc4 and lec5 depend on cycle rates (tAC and tHPC). 

2. Specified values are obtained with outputs unloaded. 

3. ICCl and Icc3 are measured assuming that address can be changed once or less during RAS::; V(L(MAX.) 

and CAS", V(H (M(N.). 

4. Icc3 is measured assuming that all column address inputs are held at either high or low. 

5. Icc4 is measured assuming that all column address inputs are switched only once during each hyper 

page (EDO) cycle. 

I ,~ , 

'\ 
I" 

I': 

81 



NEe MC-424000LFC72F 

AC Characteristics (Recommended Operating Conditions unless otherwise noted) 

AC Characteristics Test Conditions 

(1) Input timing specification (2) Output timing specification 

VIH (MIN.) = 2.0 V ---------------~ 

Vil (MAX.) = 0.8 V ·--------d i i L 
I I , I 
I ' , I 

VOH(MIN.) =2.0V'-----=J }-

VOL (MAX.) = 0.8 V .-----~'-_____ ..J 

II, :.. II: . ,4 

tr=2ns tr=2ns 

(3) Output load condition 

Vee 

1,180n 

I/O---~--'" 

100 pF ClI 870n 

Common to Read, Write, Read Modify Write Cycle 

tRAC ~ 60ns tRAC - 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

Read I Write Cycle Time tRC 104 - 124 - ns 

RAS Precharge Time tRP 40 - 50 - ns 

CAS Precharge Time tCPN 10 - 10 - ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 ns 

CAS Pulse Width tCAS 10 10,000 12 10,000 ns 

RAS Hold Time tRSH 15 - 17 - ns 

CAS Hold Time tCSH 40 - 50 - ns 

RAS to CAS Delay Time tRCO 14 45 14 52 ns 1 

RAS to Column Address Delay Time tRAD 12 30 12 35 ns 1 

CAS to RAS Precharge Time tCRP 10 - 10 - ns 2 

Row Address Setup Time tASR 5 - 5 - ns 

Row Address Hold Time tRAH 10 - 10 - ns 

Column Address Setup Time tASC 0 - a - ns 

Column Address Hold Time teAH 10 - 12 - ns 

OE Lead Time Referenced to RAS tOES 0 - a - ns 

CAS to Data Setup Time tell a - a - ns 

OE to Data Setup Time tOll a - 0 - ns 

OE to Data Delay Time tOEO 13 - 15 - ns 

Transition Time (Rise and Fall) IT 1 50 1 50 ns 

Refresh Time tREF - 64 - 64 ms 
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Notes 1. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAD:::;: tRAO (MAX.) and tRCO ::; tRCO (MAX.) tRAC (MAX.) tRAG (MAX.) 

tRAQ> tRAQ (MAX.) and tRCO :5 tRCO (MAX.) tAA (MAX.) tRAQ + tAA (MAX.) 

tACO> tRCO (MAX.) tcAC (MAX.) tRCo + tCAC (MAX.) 

tRAO (MAX.) and tRCO(MAX.) are specified as reference points only; they are not restrictive operating parameters. 

They are used to determine which access time (tRAC, tAA or tCAC) is to be used for finding out when output 

data will be available. Therefore, the input conditions tRAO ;:: tRAD (MAX.) and tRCD ;:: tRCO (MAX.) will not cause 

any operation problems. 

2. leRP (MIN.) requirement is applied to RAS, CAS cycles. 

Read Cycle 

tRAe = 60 ns tRAe = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

Access Time from RAS tRAC - 60 - 70 ns 1 

Access Time from CAS tcAC - 20 - 23 ns 1 

Access Time from Column Address tAA - 35 - 40 ns 1 

Access Time from OE tOEA - 20 - 23 ns 

Column Address Lead Time Referenced to RAS tRAL 30 - 35 - ns 

Read Command Setup Time iRes a - a - ns 

Read Command Hold Time Referenced to RAS tRRH a - a - ns 2 

Read Command Hold Time Referenced to CAS tACH a - a - ns 2 

Output Buffer Turn-off Delay Time from OE tOEZ a 13 a 15 ns 3 

CAS Hold Time to OE teHo 5 - 5 - ns 

Notes 1. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAQ:5 tRAQ (MAK) and tRCO :5 tACO (MAX.) tRAC (MAX.) tRAC (MAX.) 

tRAD> tRAD (MAX.) and tRCO $ tRCO (MAX.) tAA (MAX.) tRAQ + tAA (MAX.) 

tACO> tACO (MAX.) tCAC (MAX.) tRCO + teAc (MAX.) 

tRAO (MAX.) and tRCO (MAX.) are specified as reference points only; they are not restrictive operating parameters. 

They are used to determine which access time (tRAC, tAA or tCAC) is to be used for finding out when output 

data will be available. Therefore, the input conditions tRAO;:: tRAO (MAX.) and tRCO ;:: tRCO (MAX.) will not cause 

any operation problems. 

2. Either tRCH (MIN.) or tRRH (MIN.) should be met in read cycles. 

3. tOEZ(MAX.) defines the time when the output achieves the condition of Hi-Z and is not referenced to VOH or 

VOL. 
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Write Cycle 

tRAG = 60 ns tRAG = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

WE Hold Time Referenced to CAS tWGH 10 - 10 - ns 1 

WE Pulse Width twp 10 - 10 - ns 1 

WE Lead Time Referenced to RAS tRWL 15 - 17 - ns 

WE Lead Time Referenced to CAS tGWL 10 - 12 - ns 

WE Setup Time tWGS a - a - ns 2 

OE Hold Time tOEH a - a - ns 

Data-in Setup Time tDS a - a - ns 3 

Data-in Hold Time tDH 10 - 10 - ns 3 

Notes 1. twp (MIN.) is applied to late write cycles or read modify write cycles. In early write cycles, tWCH (MIN.) should 

be met. 

2. If twcs ::" twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 

cycle. 

3. tos (MIN.) and tOH (MIN.) are referenced to the CAS falling edge in early write cycles. In late write cycles and 

read modify write cycles, they are referenced to the WE falling edge. 

Read Modify Write Cycle 

tRAG = 60 ns tRAG = 70 ns 
Parameter Symbol Unit Note 

MIN. MAX. MIN. MAX. 

Read Modify Write Cycle Time tRWC 148 - 172 - ns 

RAS to WE Delay Time tRWD 87 - 99 - ns 1 

CAS to WE Delay Time tGWD 32 - 37 - ns 1 

Column Address to WE Delay Time IAWD 52 - 59 - ns 1 

Note 1. If twcs::" twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire cycle. 

If tRWD ::" tRWO (MIN.), tCWD ::" tCWD (MIN.), tAWD::" tAWD (MIN.) and tCPwD ::" tCPWD (MIN.), the cycle is a read modify write 

cycle and the data out will contain data read from the selected cell. If neither of the above conditions is 

met, the state of the data out is indeterminate. 



NEe MC-424000LFC72F 

Hyper Page Mode (EDO) 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

Read I Write Cycle Time tHPC 25 - 30 - ns 1 

RAS Pulse Width tRASP 60 125,000 70 125,000 ns 

CAS Pulse Width tHCAS 10 10,000 12 10,000 ns 

CAS Precharge Time tep 10 - 10 - ns 

Access Time from CAS Precharge IAcP - 40 - 45 ns 

CAS Precharge to WE Delay Time tCPWD 52 - 59 - ns 2 

RAS Hold Time from CAS Precharge tRHCP 40 - 45 - ns 

Read Modify Write Cycle Time tHPRWC 66 - 75 - ns 

Data Output Hold Time tOHC 5 - 5 - ns 

OE to CAS Hold Time tOCH 5 - 5 - ns 4 

OE Precharge Time tOEP 5 - 5 - ns 

Output Buffer Turn-off Delay from WE twEZ 0 13 0 15 ns 3,4 

WE Pulse Width twpz 10 - 10 - ns 4 

Output Buffer Turn-off delay from RAS tOFA 0 13 0 15 ns 3,4 

Output Buffer Turn-off delay from CAS tOFC 0 13 0 15 ns 3,4 

Notes 1. tHPC (MIN.) is applied to CAS access. 

2. If twcs ;:0, twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 

cycle. If tAWD;:o, tAWD (MIN.), tCWD;:o, \cWD (MIN.), tAWD;:o, tAWD (MIN.) and tCPWD;:o, tCPWD (MIN.), the cycle is a read modify 

write cycle and the data out will contain data read from the selected cell. If neither of the above conditions 

is met, the state of the data out is indeterminate. 

3. tOFC (MAX.), tOFR (MAX.) and tWEZ (MAX.) define the time when the output achieves the conditions of Hi-Z and is 

not referenced to VOH or VOL. 

4. To make I/0s to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE, OE as follows. The effective 

specification depends on state of each signal. 

(1) Both RAS and CAS are inactive (at the end of the read cycle) 

WE: inactive, OE: active 

tOFC is effective when RAS is inactivated before CAS is inactivated. 

tOFA is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are active or either RAS or CAS is active (in read cycle) 

WE, OE: inactive ...... tOEZ is effective. 

(3) Both RAS and CAS are inactive or RAS is active and CAS is inactive (at the end of read cycle) 

WE, OE: active and either tAAH or tACH must be met ...... twEZ and twpz are effective. 

(4) WE: inactive (in read cycle) 

CAS: inactive, OE: active ...... tCHO is effective. 

CAS, OE: active ...... tacH is effective. 
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Refresh Cycle 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol Unit Note 

MIN. MAX. MIN. MAX. 

CAS Setup Time tCSR 10 - 10 - ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 - 10 - ns 

RAS Precharge CAS Hold Time tRPe 5 - 5 - ns 

WE Setup Time tWSR 15 - 15 - ns 

WE Hold Time tWHA 15 - 15 - ns 
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Timing Chart 
Please refer to Timing Chart 2, page 381. 
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Package Drawing 

168 PIN DUAL IN·LlNE MODULE (SOCKET TYPE) 

A 

- r-Y z- r-
a: 

I~ 

[OPTION! HOt~QOOOO 0000 0 ] 
" , 0 

rt--[]] ~ 

J K 

'llLG C D E 

detail of ® part 
ITEM MILLIMETERS INCHES 

A 133.35±0.13 5.25±0.006 
W B 11.43 0.450 

tr C 36.83 1.450 

~x 
0 6.35 0.250 
E 54.61 2.150 

G 6.35 0.250 
H 1.27 (T.P.) 0.050 (T.P.) 

D 8.89 0.350 

23.495 0.925 

K 43.18 1.700 

L 17.78 0.700 
M 25.4 1.000 

N 4.0 MAX. 0.158 MAX. 
Q R2.0 RO.079 

A 4.0±0.1 0.157~8:88~ 
s ¢3.0 tpO.118 
T 1.27±0.1 0.05±0.004 

U 4.0 MIN. 0.157 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.0±0.05 0.039±0.002 

X 2.54 MIN. 0.100 MIN. 

Y 3.0 MIN. 0.118 MIN. 

Z 3.0 MIN. 0.118 MIN. 

M168S-50A3 
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DATA SHEET 

NEe MOS INTEGRATED CIRCUIT ,1 

MC-421000AA64FA :i 
----------------------------:~ 

1 M-WORD BY 64-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE 

~ -------------------------------------------,' 

Description 
The MC-421000AA64FA is a 1,048,576 words by 64 bits dynamic RAM module on which 16 pieces of 4 M 

DRAM: /lPD424400 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 

surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
1,048,576 words by 64 bits organization 

• Fast access and cycle time 

Power consumption 
Access time R/W cycle time 

Family (MAX.) (MIN.) 

MC-421000AA64-60 60 ns 110 ns 

MC·421000AA64-70 70 ns 130 ns 

MC-421000AA64-S0 SO ns 150 ns 

1,024 refresh cycles/16 ms 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

Single +5.0 V ±0.25 V power supply 

Active 

10.42 W 

S.74W 

7.90W 

The information in this document is subject to change without notice. 

Document No. IC-3557 A (Japan) 

(MAX.) 

Standby 

420mW 

(CMOS level input) 

* 

I' 
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Ordering Information 

Part number 
Access time 

Package Mounted devices 
(MAX.) 

MC-421000AA64FA-60 60 ns 168-pln Dual In-line Memory Module 16 pieces of PPD424400LA 

MC-421000AA64FA-70 70 ns (S!)Ckat Type) (300 mil SOJ) 

MC-421000AA64FA-80 80 ns Edge conneCtor: Gold plating [Double side) 
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Pin Configuration 

168-pin Dual In-line Memory Module Socket Type (Edge connector: Gold plating) 

0 o 
GND GND 
I/O 32 1/00 
1/033 1/01 
1/034 1/02 
1/035 1/03 
V" V" 
1/036 1/04 
I/O 37 1/05 
1/038 1/06 
1/039 1/07 

NC NC 
GND GND 
1/040 1/08 
1/041 1/09 
1/042 I/O 10 
1/043 1/011 
1/044 110 12 
Vee Vee 
1/045 I/O 13 
1/046 I/O 14 
1/047 1/015 
NC NC 
GND GND 
NC NC 
NC NC 
Vee Vee 

~ 
WEll 

eASli 
CA3 ~ 
NC ~ 
NC OEO 

PO and ID Table 

Pin Pin Access Time 

Name No. 60 ns 70 ns 80 ns 
GND GND 
Al AO 
A3 A2 P01 79 L L L 
AS A4 
A7 A6 P02 163 L L L 
A9 A8 
NC NC P03 80 H H H 
NC NC 
Vee Vee P04 164 L L L 

125 NC NC P05 81 L L L 
126 BO NC 
127 GND GND 
128 NC m 
129 NC ~ 
130 CAS5 CAS4 

P06 165 H L H 

P07 82 H H L 
131 ~ ~ 132 P08 166 H H H 
133 V" V", 
134 NC NC 100 83 GNO GND GND 
135 NC NC 
136 1/046 I/O 16 
137 1/049 I/O 17 

101 167 GND GND GND 

138 GND GND 
139 1/050 I/O 18 Remark .H : VOH, L: VOL 
140 1/051 I/O 19 
141 1/052 1/020 
142 1/053 1/021 
143 V" V" 
144 1/054 1/022 
145 NC NC 
146 NC NC 
147 NC NC 
148 NC NC AO -A9, BO : Address Inputs 
149 1/055 I/O 23 
150 NC NC 1/00-1/063: Data Inputs/Outputs 
151 1/056 1/024 
152 GND GND RASO, RAS2 : Row Address Strobe 
153 1/057 1/025 
154 1/056 1/026 

CASO - CAS7: Column Address Strobe 
155 1/059 1/027 
156 1/060 1/028 
157 V" Voc 
158 1/061 1/029 
159 1/062 1/030 
160 1/063 1/031 
161 NC NC 

WEO, WE2 Write Enable 
OEO,OE2 Output Enable 

POE Presence Detect Enable 
PD1 - PD8 Presence Detect Pins 

162 GND GND 
163 PD2 PDl 

100,101 Identity Pins 
164 PD4 PD3 
165 PD6 PD5 

Vee Power Supply 
166 PD8 PD7 GND Ground 
167 IDl IDO 
168 Voc Vee NC No connection 

0 0 
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Block Diagram 

RASa 0-------, 

OEOo-~~~---_+--~ 

WE a o-~~~---_+__, 

CASO o---D~-__, 

1/00 
1/01 
I/O 2 
1/03 

1/04 
I/O 5 
1/06 
1/07 

r--~~~"*~;"'1 

CAS1 o----D~-__, 

1/08 
1/09 

1/010 

I/O" 

I/O 12 
I/O 13 
1/014 
I/O 15 

I/O 16 
I/O 17 
I/O 18 
I/O 19 

I/O 20 
1/021 
I/O 22 
I/O 23 

r--~~~"*~;"'1 

CAS3 o---D~-__, 

1/024 
I/O 25 
1/026 
I/O 27 

I/O 28 
I/O 29 
1/030 
1/031 

r--~~~"*~;"'1 

AO o--J>--------- AO : DO - D7 

80 o--J>--------- AO : D8 - D15 

A 1 - A9 o--J>--------- DO - D15 

Remark DO - 015 : ,uP0424400 

MC-421000AA64FA 

RAS20------, 

OE20-~;~---_+--~ 

WE 2 o-~~~---_+__, 

CAS4 o-~~--, 

I/O 32 
I/O 33 
1/034 
I/O 35 

1/036 
I/O 37 
I/O 38 
I/O 39 

r--~~~"*~;"'1 

CAS5O---C>---, 

1/040 
1/041 
1/042 
1/043 

1/044 
1/045 
1/046 
1/047 

....----,:::!:=""":=-==--=-, 

CAS6o---f:>---, 

1/048 
1/049 
I/O 50 
1/051 

I/O 52 
I/O 53 
I/O 54 
I/O 55 

.-----,:::!:=""":=-==--=-, 

CAS7o---f:>---, 

I/O 56 
I/O 57 
I/O 58 
I/O 59 

1/060 
I/O 61 
1/062 
1/063 

r--~~~"*~;"'1 

PDE~ 

PDl - PD8 ~ Vee or GND 

IDa, IDl 0>------ NCor GND 

Vee 0>---:::1:-.----.- DO-D15 

T CO-C1 ; DO-D15 GND,O 
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Electrical Specifications Notes 1, 2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 mA 

Power dissipation Po 18 W 

Operating ambient temperature TA o to +70 'C 

Storage temperature Tot. -55 to +125 'C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.75 5.0 5.25 V 

High level input voltage V,H 2.4 Vee + 1.0 V 

Low level input voltage VIL -1.0 +0.8 V 

Operating ambient temperature TA 0 70 'C 

Capacitance ITA = 25 'C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance C" AO - A9, 80 20 

C" WEO, WE2 20 

C'3 RASO,RAS2 78 pF 

C" CASO - CAS7 20 

CIS OEO,OE2 20 

Data Input/Output capacitance Cve 1/00 -1/063 20 pF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

----
Operating current Icc, RAS, CAS Cycling tRAe = 60 ns 1,984 

tRC = tRC (MIN.) tRAe = 70 ns 1,664 mA 3,4,7 
10=OmA 

tRAe = 80 ns 1,504 

Standby current Icc, RAS, CAS ~ V'H IMIN.I 10 = 0 mA 96 
mA 

RAS, CAS ~ Vee - 0.2 V 10 = 0 mA 80 

RAS only refresh current lee3 RAS Cycling tRAe = 60 ns 1,984 

CAS ~ V,H IMIN.I tRAe = 70 ns 1,664 mA 3,4,5,7 
tRC = tRC (MIN.) 

10 = 0 mA tRAe = 80 ns 1,504 

Operating current Icc< RAS :5 VIL IMAX.I, CAS Cycling tRAe = 60 ns 1,504 

(Fast page mode) tpc = tpc (MIN.) tRAC = 70 ns 1,344 mA 3,4,6 
10 = 0 rnA 

tRAe = 80 ns 1,184 

CAS before RAS Iccs RAS Cycling tRAC = 60 ns 1,984 

refresh current tRC = tAC (MIN.) tRAC = 70 ns 1,664 mA 3,4 
10 = 0 mA 

tRAC = 80 ns 1,504 

Input leakage current 11Il) VI = 0 to 5.5 V IRAS -10 +10 

All other pins not under test = 0 V I Others -5 +1 JIA 

Output leakage current 10 ILl Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 
-10 +10 JIA 

High level output voltage VOH 10 = -5.0 mA 2.4 V 

low level output voltage VOL 10 = +4.2 mA 0.4 V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 

tRAC = 60 ns tRAC = 70 ns tRAC = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

ReadIWrite Cycle Time tRC 110 130 160 ns 

Read Modify Write Cycle Time tAWC 165 190 225 ns 

Fast Page Mode Cycle Time tpc 40 45 50 ns 

Read Modify Write Cycle Time (Fast Page Model tPRWC 80 90 100 ns 

Access Time from RAS tRAC 60 70 80 ns 10, 11 

Access Time from CAS teAc 20 25 25 ns 10, 11 

Access Time Column Address tAA 35 40 45 ns 10,11 

Access Time from CAS Precharge tACP 40 45 50 ns 11 

Access Time from OE tOEA 20 25 25 ns 11 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time telz 0 0 0 ns 11 

OE to Data Setup Time tOll 0 0 0 ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF 0 15 0 15 0 20 ns 12 

OE to Data Delay Time toeD 15 15 20 ns 

Output Buffer Turn-off Delay Time from OE tOEZ 0 15 0 15 0 20 ns 12 

OE Hold Time tOEH 0 0 0 ns 

OE Lead Time Referenced to RAS tOES 0 0 0 ns 

Transition Time (Rise and Fall) tr 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 70 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Model tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tRSH 15 20 20 ns 

CAS Pulse Width teAS 15 10,000 20 10,000 20 10,000 ns 

CAS Hold Time tCSH 60 70 80 ns 

RAS to CAS Delay Time tRCo 20 40 20 50 25 60 ns 10 

CAS to RAS Precharge Time teRP 10 10 10 ns 13 

CAS Precharge Time tCPN 10 10 10 ns 

CAS Precharge Time (Fast Page Model tcp 10 10 ·10 ns 

RAS Precharge CAS Hold Time tRPC 10 10 10 ns 

RAS Hold Time from CAS Precharge tRHCP 40 45 50 ns 

Row Address Setup Time tASR 5 5 5 ns 

Row Address Hold Time tRAH 10 10 12 ns 

Column Address Setup Time tASC 0 0 0 ns 

Column Address Hold Time tCAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAL 30 35 40 ns 

Read Command Setup Time tRCS 0 0 0 ns 

Read Command Hold Time Referenced to RAS tRRH 0 0 10 ns 14 

Read Command Hold Time Referenced to CAS tRCH 0 0 0 ns 14 

WE Hold Time Referenced to CAS tWCH 15 15 15 ns 15 

WE Pulse Width twp 10 10 15 ns 15 
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tRAe - 60 ns tRAe - 70 ns tRAe = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Data-in Setup Time tos 0 0 0 ns 16 

Data-in Hold Time tOH 15 15 15 ns 16 

Write Command Setup Time twes 0 0 0 ns 17 

CAS to WE Delay Time tcwo 35 40 45 ns 17 

RAS to WE Delay Time tnwo 90 100 115 ns 17 

CAS Precharge to WE Delay Time tCPWD 55 60 70 ns 17 

Column Address to WE Delay Time tAWD 55 60 70 ns 17 

WE Lead Time Referenced to RAS tRWL 20 25 25 ns 

WE Lead Time Referenced to CAS tCWL 15 15 15 ns 

CAS Setup Time (CAS before RAS Refresh) tesR 10 10 10 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 15 ns 

WE Setup Time tWSR 0 0 10 ns 

WE Hold Time tWHR 10 10 15 ns 

Refresh Time tREF 16 16 16 ms 
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Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 100 J1S and then, execute eight CAS before RAS or RAS only 

refresh cycles as dummy cycles to initialize internal circuit. 

3. Icc1, Icc3, Icc4 and Iccs depend on cycle rates (tRC and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each 

fast page cycle. 

7. Icc1 and Icc3 are measured assuming that address can be changed once or less during RAS :<; V,L 

(MAX.I and CAS ~ V,H (MIN.I. 

S. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

V,H IMIN.) = 2.4 V .----------~------i i 
, , . 

--------------, , , , 
I I I I 

V,L IMAX,) = 0.8 V 
, I I I 

~ ---+---;.-
tr = 5 ns tr = 5 ns 

(2) Output timing specification 

VOH IMIN.) = 2.4 V 

:::::::~'-------J}-VOL IMAX.) = 0.4 V 

10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAD ~ tflAD (MAX.) and tReD 5 tReD (MAX.) tRAC (MAX.) tRAC(MAX.) 

tRAD > tFlAD (MAX.) and tRCD 5 tRCD (MAX.) tAA (MAX.) tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) teAc (MAX.) tRCD + teAc (MAX.) 

tRAO (MAX.) and tRCO (MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tRAC, tAA or tCAC) is to be used for 

finding out when output data will be available. Therefore, the input conditions tRAO ~ tRAO (MAX.) 

and tRCO ~ tRCO (MAX.) will not cause any operation problems. 

11. Loading conditions are 2 TTLs and 100 pF. 

12. tOFF (MAX.) and tOEz (MAX.) define the time at which the output achieves the condition of Hi-Z and 

are not referenced to VOH or VOL. 

13. tCRP (MIN.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (MIN.) or tRRH (MIN.) should be met in read cycles. 

15. twp (MIN.) is applied to late write cycles or read modify write cycles. In early write cycles, twCH 

(MIN.) should be met. 
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16. tos (MIN.I and tOH (MIN.I are referenced to the CAS falling edge in early write cycles. In late write 

cycles and read modify cycles, they are referenced to the. WE falling edge. 

17. If twcs;:: twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the 

entire cycle. If tRWO ~ tRWO (MIN.), tcWO;:: tcwo (MIN.), tAWO ~ tAWO IMIN.) and tcPWO ~ tcPWO IMIN.I, the cycle 

is read modify write cycle and the data out will contain data read from the selected cell. If neither 

of the above conditions is met, the state of the data out is indeterminate. 



Timing Chart 
Please refer to Timing Chart 3, page 397. 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

A 

- -y z- -
a: 

VL sF' DDDDD DODD J (OPTIONAL HOLES) 
~,""" , , ,0 l I-~[KJ ~ 

I'~G C D E 

rITDDoll~"IIIII"'Ej'DtjD~ 

detail of ® part 
ITEM MILLIMETERS INCHES 

A 133.35±0.13 5.25±0.006 

-11--
B 11.43 0.450 

C 36.83 1.450 

W 
D 6.35 0.250 

E 54.61 2.150 

G 6.35 0.250 

H 1.27 (T.P.) 0.050 (T.P.) 

[BJ 8.69 0.350 

17.78 0.700 

M 25.4 1.000 

N 9.0 MAX. 0.355 MAX. 

Q A2.0 AO.079 

A 4.0±0.1 0.157 ~8:88~ 
s ¢3.0 ¢0.118 

T 1.27±0.1 0.05±0.004 

U 4.0 MIN. 0.157 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.0±0.05 0.039 ~8:88~ 
X 2.54 MIN. 0.100 MIN. 

Y 3.0 MIN. 0.118 MIN. 

Z 3.0 MIN. 0.118 MIN. 

M16S8-S0Al 
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DATA SHEET 

MOS INTEGRATED CIRCUIT 

MC-421000AA64FB 

1 M-WORD BY 64-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE 

-----------------------------------------------------------------------------------------------------------,~ ,I 

Description 
The MC-421000AA64FB is a 1,048,576 words by 64 bits dynamic RAM module on which 4 pieces of 16 M 

DRAM: ,uPD4218160 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 

surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
1,048,576 words by 64 bits organization 

• Fast access and cycle time 

Access time R/W cycle time 
Family (MAX.) (MIN.) 

MC-421000AA64-60 60 ns 110 ns 

MC-421000AA64-70 70 ns 130 ns 

MC-421000AA64-80 80 ns 150 ns 

1,024 refresh cycles/16 ms 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 

168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

Single +5.0 V ±0.25 V power supply 

Ordering Information 

Part number 
Access time 

(MAX.) 
Package 

MC-421000AA64FB-60 60 ns 168-pin Dual In-line Memory Module 

MC-421000AA64FB-70 70 ns (Socket Type) 

M C-421 000AA64FB-80 80 ns Edge connector: Gold plating 

Power consumption 

(MAX.) 

Active Standby 

3.68W 

3.47 W 
336mW 

(CMOS level input) 
3.26W 

Mounted devices 

4 pieces of ,uPD4218160LE 

(400 mil SOJ) 

[Single side] 

The information in this document is subject to change without notice. 

Document No. IC-3591 (Japan) 
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Pin Configuration 

168-pin Dual In-line Memory Module Socket Type (Edge connector: Gold plating) 

o 

PD and ID Table 

Pin Pin Access Time 

Name No. 60 ns 70 ns 80 ns 

POl 79 L L L 

PD2 163 L L L 

P03 80 H H H 

P04 164 L L L 

P05 81 L L L 

P06 165 H L H 

P07 82 H H L 

P08 166 H H H 

100 83 GNO GNO GNO 

101 167 GNO GNO GNO 

Remark H : VOH, L: VOL 
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MC-421000AA64FB ;~ 
---------------------------------------------------.~ 

1$ 

Block Diagram 

RASO 0--------, 

OEO 

WEO 

RAS WE OE 

I/O 1 

1102 

I/O 3 

I/O 4 

1105 

1106 

I/O 7 

1108 01 

I/O 16 

11015 

11014 

I/O 13 

11012 

I/O 11 

I/O 10 

I/O 9 

AO o---t>-------- AO • 00. 01 

BO o---t>-------- AO 02.03 

Al - A9 o---t>-------- DO· 03 

Remark 00 - 03 • IlP04218160 

RAS20--------, 

OE2 

WE2 

CAS6 

1101 

1102 

I/O 3 

I/O 4 

1105 

I/O 6 

I/O 16 

I/O 15 

I/O 14 

11013 

I/O 12 

RAS WE OE 

03 

POE~ 
POl -P08 Vee or GNO 

100.101 0 NC or GNO 

Vee 0 

~CO-C3: 
00-03 

GNOO 00·03 
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Electrical Specifications Notes 1, 2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0to+7.0 V 

Output current 10 50 mA 

Power dissipation Po 6 W 

Operating ambient temperature TA o to +70 ·C 

Storage temperature ~~ Tstg -55 to +125 ·C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.75 5.0 5.25 V 

High level input voltage V,H 2.4 Vee + 1.0 V 

Low level input voltage VIL -1.0 +0.8 V 

Operating ambient temperature TA 0 70 ·C 

Capacitance (TA = 25 ·C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance Cil AO - A9, 80 20 pF 

C" WEO, WE2 20 

C" RASO, RAS2 45 

C" CASO - CAS7 20 

CIS OEO,OE2 20 

Data Input/Output capacitance CliO 1/00 -1/063 20 pF 



___ N_E_C-=--__ ----'-_______ ----, ____ ---'-M_C-'--_4_2_' O-,-O:.....;O,-A_A--,6,-4....:..F_B ___ ! 
I~ 
'1' 

DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current Icel RAS, CAS Cycling tRAC = 60 ns 700 mA 3,4,7 

tRC = tRC (MIN.) tRAC = 70 ns 660 
10 = 0 mA 

tRAe = 80 ns 620 
-- --

Standby current lce2 RAS, CAS;" V,H (MIN'> 10 = 0 mA 68 mA 

RAS, CAS? Vee - 0.2 V 10 = 0 mA 64 
-

RAS only refresh current IcC3 RAS Cycling tRAe = 60 ns 700 mA 3,4,5,7 

CAS;" V,H (MIN.) tRAe = 70 ns 660 
tAC = tRC (MIN.) 

10 = 0 mA tRAe = 80 ns 620 

Operating current IcC4 RAS ,; V" (MAX.), CAS Cycling tRAC = 60 ns 420 mA 3,4,6 

(Fast page mode) tpc = tpc (MIN.) tRAe = 70 ns 380 
10 = 0 mA 

tRAC = 80 ns 340 

CAS before RAS Ices --
RAS Cycling tRAC = 60 ns 700 mA 3,4 

refresh current tAC = tRC (MIN.) tRAC = 70 ns 660 
10 = 0 mA 

tRAC = 80 ns 620 

Input leakage current I'IL) V, = 0 to 5.5 V IRAS -10 +10 pA 

All other pins not under test = 0 VJ Others -5 +1 

Output leakage current lOll) Vo = 0 to 5.5 V -10 +10 pA 

Output is disabled (Hi-Z) 

High level output voltage VaH 10 = -2.5 mA 2.4 V 

Low level output voltage VOL 10 = +2.1 mA 0.4 V 

107 



NEe MC-421000AA64FB 

AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 

tRAe = 60 ns tRAe = 70 ns tRAe - 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Read/Write Cycle Time tRe 110 130 150 ns 

Read Modify Write Cycle Time tRWC 173 195 215 ns 

Fast Page Mode Cycle Time tpe 40 45 50 ns 

Read Modify Write Cycle Time (Fast Page Mode) tPRWC 85 90 105 ns 

Access Time from RAS tRAe 60 70 80 ns 10, 11 

Access Time from CAS teAe 20 25 25 ns 10, 11 

Access Time Column Address tAA 35 40 45 ns 10, 11 

Access Time from CAS Precharge tACP 40 45 50 ns 11 

Access Time from OE tOEA 20 25 25 ns 11 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time teLZ 0 0 0 ns 11 

OE to Data Setup Time tOlZ 0 0 0 ns 11 

Output Buffer Turn·off Delay Time from CAS tOFF 0 13 0 15 0 15 ns 12 

OE to Data Delay Time toeD 13 15 15 ns 

Output Buffer Turn-off Delay Time from OE tOEZ 0 13 0 15 0 15 ns 12 

OE Hold Time tOEH 0 0 0 ns 

OE Lead Time Referenced to RAS tOES 0 0 0 ns 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 60 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tRSH 15 18 20 ns 

CAS Pulse Width teAS 15 10,000 20 10,000 20 10,000 ns 

CAS Hold Time tesH 60 70 80 ns 

RAS to CAS Delay Time tReo 20 45 20 50 25 60 ns 10 

CAS to RAS Precharge Time teRP 5 5 5 ns 13 

CAS Precharge Time tCPN 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tep 10 10 10 ns 

RAS Precharge CAS Hold Time tRPe 5 5 5 ns 

RAS Hold Time from CAS Precharge tRHCP 40 45 50 ns 

Row Address Setup Time tASR 5 5 5 ns 

Row Address Hold Time tRAH 10 10 12 ns 

Column Address Setup Time tAse 0 0 0 ns 

Column Address Hold Time teAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAl 30 35 40 ns 

Read Command Setup Time tRCS 0 0 0 ns 

Read Command Hold Time Referenced to RAS tRRH 0 0 0 ns 14 

Read Command Hold Time Referenced to CAS tRCH 0 0 0 ns 14 

WE Hold Time Referenced to CAS tWCH 10 10 15 ns 15 

WE Pulse Width twp 10 10 15 ns 15 
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tRAC = 60 ns tRAC = 70 ns tRAC = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Data-in Setup Time tos 0 0 0 ns 16 

Data-in Hold Time toH 10 15 15 ns 16 

Write Command Setup Time twcs 0 0 0 ns 17 

CAS to WE Delay Time tewD 38 40 45 ns 17 

RAS to WE Delay Time tRWO 93 105 115 ns 17 

CAS Precharge to WE Delay Time tCPWD 60 65 70 ns 17 

Column Address to WE Delay Time tAWO 58 65 70 ns 17 

WE Lead Time Referenced to RAS tRWL 25 25 25 ns 

WE Lead Time Referenced to CAS tCWl 15 15 15 ns 

CAS Setup Time (CAS before RAS Refresh) tCSR 5 5 5 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 15 ns 

WE Hold Time tWHR 15 15 15 ns 

Refresh Time tREF 16 16 16 ms 

Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 100 JlS and then, execute eight CAS before RAS or RAS only 

refresh cycles as dummy cycles to initialize internal circuit. 

3. IcCl, IcC3, Icc4 and Icc5 depend on cycle rates (tAC and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each 

fast page cycle. 

7. ICCl and Icc3 are measured assuming that address can be changed once or less during RAS ~ VIL 

(MAX.) and CAS", VIH IMIN.). 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

V,H IMINI = 2.4 V .-------.--JL------j j 
, , , ______________, I 

, , 
I I I I 

VIlIMA)(J = 0.8 V 

I I I I 

---+-+- --++-
tT = 5 ns 

(2) Output timing specification 

VOH IMIN I = 2.4 V :::::::==t'------J}-VOL IMAXI = 0.4 V 

i 
i 

i 
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10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAD ~ tRAO (MAX.) and tRCD :5 tACO (MAX.) tRAC(MAX.I tRAC (MAX.) 

tRAD > tAAD (MAX.) and tRCD :5 tRCD (MAX.) tAA IMAX.I tRAD + fAA (MAX.) 

tRCD > tACO (MAX.) teAc (MAX.) tRCD + teAc (MAX.) 

tAAO (MAX.) and tACO (MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tAAC, tAA or tCAC) is to be used for 

finding out when output data will be available. Therefore, the input conditions tAAO ~ tAAO(MAX.) 

and tACO ~ tACO (MAX.) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. tOFF (MAX.) and tOEZ (MAX.) define the time at which the output achieves the condition of Hi-Z and 

are not referenced to VOH or VOL. 

13. tCAP (M)N.) requirements should be applied to RAS/CAS cycles. 

14. Either tACH (MIN.) or tAAH (MIN.) should be met in read cycles. 

15. twp (MIN.) is applied to late write cycles or read modify write cycles. In early write cycles, tWCH 

(MIN.) should be met. 

16. tos (MIN.) and tOH (MIN.) are referenced to the CAS falling edge in early write cycles. In late write 

cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If twcs ~ twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the 

enti re cycle. If tRWO ~ tRWO (MIN.), tCWD ~ tcwo (MIN.), tAWD ~ tAWO (MIN.) and tcPWO ~ tcPWO (MIN.), the cycle 

is read modify write cycle and the data out will contain data read from the selected cell. If neither 

of the above conditions is met. the state of the data out is indeterminate. 



Timing Chart 
Please refer to Timing Chart 4, page 411. 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

A 

- -v 
R p. I [:::::~:::::~:] 0 [::::::::::::::] II 
S 

(OPTIONAL 
--------, 
HOLES) 

J 

~ 

~~"" 

®} ~~ 
K 

-8 1. C 

G 

~CI 

" , 

r--~® 

E 
1. D 

MC-421000AA64FB 

z- -
!, 

CI 

0 

~ IIDIIIIID U III"" """" """ """g"""" """, "" "", """" "III "" ~ 

detail of ® part detail of ® part 
ITEM MILLIMETERS INCHES 

A 133.35±0.13 5.25±0.006 

D2 8 11.43 0.450 

C 36.83 1.450 

0 6.35 0.250 

01 2.0 0.079 
02 3.125 0.1230 
E 54.61 2.150 

G 6.35 0,250 

H 1.27 (T.P,) 0.05 (T.P,) 

8.89 0.350 

X 23.495 0.925 

K 42.18 1.661 
L 17.78 0.7000 

M 25.4±0.13 1.000±0.006 
N 9.0 MAX. 0.355 MAX, 

P 1.0 0.039 
Q R2.0 RO.079 

R 4.0±0,1 0, 157~8:88~ 
s 1l3,0 1l0.118 

T 1.27±0.1 0.05±0,004 

U 4.0 MIN. 0.157 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.0±0,05 0,039~8:88~ 
x 2,54±0.10 0.100±0.004 

Y 3.0 MIN. 0.118 MIN. 
Z 3.0 MIN, 0,118 MIN. 

M168S-50A5 
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_________ M_C_-4_21_0_00_A_D_72_F_1 
1 M-WORD BY 72-BIT DYNAMIC RAM MODULE 

FAST PAGE MODE (ECC) 

Description 
The MC-421000AD72F is a 1,048,576 words by 72 bits dynamic RAM module on which 4 pieces of 16 M 

DRAM: ,uPD4218160 and 2 pieces of 4 M DRAM: ,uPD424400 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 

surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
1,048,576 words by 72 bits organization 

• Fast access and cycle time 

Access time R/W cycle time 
Family (MAX.) (MIN.) 

MC-421000AD72-60 60 ns 110 ns 

MC-421000AD72-70 70 ns 130 ns 

MC-421000AD72-80 80 ns 150 ns 

• 1,024 refresh cycles/16 ms 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.25 V power supply 

Ordering Information 

Part number 
Access time 

(MAX.) 
Package 

MC-421000AD72F-60 60 ns l68-pin Dual In-line Memory Module 

(Socket Type) 

MC-421000AD72F-70 70 ns Edge connector: Gold plating 

MC-421000AD72F-80 80 ns 

Power consumption 

(MAX.) 

Active Standby 

4.94 W 

4.52 W 
347 mW 

(CMOS level input) 
4.20 W 

Mounted devices 

4 pieces of JlPD42l8l60G5 

(400 mil TSOP(II)) 

and 

2 pieces of JlPD424400G3 
(300 mil TSOP(II)) 

[Double side] 

The information in this document is subject to change without notice. 

Document No. IC-3602 (Japan) 
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Pin Configuration 

168-pin Dual In-line Memory Module Socket Type (Edge connector: Gold plating) 

0 o 
GND GND 
1/036 1/00 
1/037 1/01 
I/O 38 1/02 
1/039 1/03 
V" V" 
1/040 1/04 
1/041 I/O 5 
1/042 1/06 
1/043 I/O 7 

1/044 I/O 8 
GND GND 
1/045 1/09 
1/046 1/010 
1/047 I/O 11 
1/048 I/O 12 
1/049 1/013 
Vee Vee 
1/050 I/O 14 
1/051 1/015 
1/052 1/016 
1/053 I/O 17 
GND GND 
NC NC 
NC NC 
Vee Vee 
NC wtli 

PD and ID Table 

NC CASO 
NC NC Pin Pin Access Time 
NC RASO 
NC OEO Name No. 60 ns 70 ns 80 ns 
GND GND 
Al AO 
A3 A2 

P01 79 L L L 
A5 A4 
A7 A6 P02 163 L L L 
A9 A8 
NC NC P03 80 H H H 
NC NC 
Vee Vee P04 164 L L L 

125 NC NC P05 81 L L L 
126 80 NC 
127 GNO GND P06 165 H L H 
128 NC ro 
129 NC RAS2 
130 NC CAS4 

P07 82 H H L 

131 NC NC 
132 POE WE2 

P08 166 L L L 
133 V" V" 
134 NC NC 100 83 GNO GNO GNO 
135 NC NC 
136 I/O 54 1/018 101 167 GNO GNO GNO 
137 I/O 55 I/O 19 
138 GNO GND 
139 1/056 1/020 Remark H : VOH, L: VOL 

140 1/057 1/021 
141 1/058 1/022 
142 1/059 I/O 23 
143 V" V" 
144 1/060 1/024 
145 NC NC 
146 NC NC 
147 NC NC 
148 NC NC AO - A9, BO : Address Inputs 
149 1/061 1/025 
150 1/062 I/O 26 

I/O 0 -I/O 71 : Data Inputs/Outputs ----
151 1/063 1/027 
152 GND GNO 
153 1/064 1/028 

RASO, RAS2 : Row Address Strobe 

CASO, CAS4 Column Address Strobe 
154 I/O 65 1/029 
155 1/066 1/030 WEO, WE2 Write Enable 
156 1/067 1/031 
157 V" Vee OEO,OE2 Output Enable 
158 1/068 1/032 
159 I/O 69 1/033 

POE Presence Detect Enable 
160 1/070 1/034 
161 1/071 1/0350 
162 GND GND 

P01 - P08 Presence Detect Pins 

100,101 Identity Pins 
163 PD2 PDl 
164 P04 PD3 Vee Power Supply 
165 PD6 P05 
166 P08 PD7 GNO Ground 
167 IDl 100 
168 Vee Vee NC No connection 

0 0 
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Block Diagram 

RASO 0>--------

OEO ~----+---
WEO 

DO 

01 

02 

AO 0----1>------- AO : DO - D2 

80 0----1>------- AO : D3 - D5 

A 1 - A9 0----1>------- DO - D5 

Remark DO, D1, D3, D4: ,uPD4218160 D2, D5: ,uPD424400 

RAS20>-------

OE2 

WE2 

PDE~ 
PD1 - PD8 0------<}- Vee or GND 

IDO, ID1 0 NC or GND 

Vee 0 :l: CO _ C5 • DO - D5 
GND 0 T . DO - D5 

I I, 
I
l 
.: 

Ii 
I 
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Electrical Specifications Notes 1,2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 mA 

Power dissipation Po 8 W 

Operating ambient temperature TA o to +70 'C 

Storage temperature Tstg -55 to +125 :C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposureto Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.75 5.0 5.25 V 

High level input voltage V,H 2.4 Vee + 1.0 V 

Low level input voltage Vil -1.0 +0.8 V 

Operating ambient temperature TA 0 70 'C 

Capacitance (TA = 25 'C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance CII AO - A9, 80 20 pF 

C" WEO, WE2 20 

C" RASO, RAS2 36 

C" CASO,CAS4 20 

CIS OEO,OE2 20 

Data Input/Output capacitance CliO 1/00 - 1/071 20 pF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. 

Operating current IcCl RAS, CAS Cycling tRAe = 60 ns 940 

tRC = tRC (MIN.) tRAe = 70 ns 860 
10 = 0 mA 

tRAe = 80 ns 800 

Standby current lce2 RAS, CAS;;' V." 'MIN.' 10 = 0 mA 72 
----
RAS, CAS;;' Vee - 0.2 V 10 = 0 mA 66 

RAS only refresh current lce3 RAS Cycling tRAe = 60 ns 940 

CAS ~ V," 'M'N.l tRAe = 70 ns 860 
tRC = tRC (MIN.) 

10 = 0 mA tRAe = 80 ns 800 

Operating current Ice. RAS ~ VIL'MAX.l, CAS Cycling tRAe = 60 ns 600 

(Fast page mode) tpc = tpc (MIN.) tRAe = 70 ns 540 
10 = 0 mA 

tRAe = 80 ns 480 

CAS before RAS Ice, --
RAS Cycling tRAe = 60 ns 940 

refresh current tRC = tRC (MIN.) tRAe = 70 ns 860 
10 = 0 mA 

tRAe = 80 ns 800 

Input leakage current Ii ILl V, = 0 to 5.5 V IRAS -10 +10 

All other pins not under test = 0 V I Others -5 +1 

Output leakage current 10 ,Ll Vo = 0 to 5.5 V -10 +10 

Output is disabled (Hi-Z) 

High level output voltage VOH 10 = -2.5 mA 2.4 

Low level output voltage VOL 10 = +2.1 mA 0.4 

Unit 

mA 

mA 

mA 

mA 

mA 

JIA 

JIA 

V 

V 

Notes 

3,4,7 

3,4,5,7 

3,4,6 

3, 4 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 

tRAe = 60 ns tRAe = 70 ns tRAe = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

ReadIWrite Cycle Time tRe 110 130 160 ns 

Read Modify Write Cycle Time tAWC 173 195 225 ns 

Fast Page Mode Cycle Time tpe 40 45 50 ns 

Read Modify Write Cycle Time (Fast Page Mode) tPRWC 85 90 105 ns 

Access Time from RAS tRAC 60 70 80 ns 10, 11 

Access Time from CAS tCAC 20 25 25 ns 10, 11 

Access Time Column Address tAA 35 40 45 ns 10, 11 

Access Time from CAS Precharge tACP 40 45 50 ns 11 

Access Time from OE tOEA 20 25 25 ns 11 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time telz 0 0 0 ns 11 

OE to Data Setup Time tOLZ 0 0 0 ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF 0 15 0 15 0 20 ns 12 

OE to Data Delay Time tOEO 15 15 20 ns 

Output Buffer Turn-off Delay Time from OE tOEZ 0 15 0 15 0 20 ns 12 

OE Hold Time tOEH 0 0 0 ns 

OE Lead Time Referenced to RAS tOES 0 0 0 ns 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 70 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRAS? 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tRSH 15 20 20 ns 

CAS Pulse Width teAs 15 10,000 20 10,000 20 10,000 ns 

CAS Hold Time tCSH 60 70 80 ns 

RAS to CAS Delay Time tRCO 20 45 20 50 25 60 ns 10 

CAS to RAS Precharge Time tCRP 10 10 10 ns 13 

CAS Precharge Time tCPN 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tep 10 10 10 ns 

RAS Precharge CAS Hold Time tRPe 10 10 10 ns 

RAS Hold Time from CAS Precharge tAHCP 40 45 50 ns 

Row Address Setup Time tASR 5 5 5 ns 

Row Address Hold Time tRAH 10 10 12 ns 

Column Address Setup Time tAse 0 0 0 ns 

Column Address Hold Time teAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAl 30 35 40 ns 

Read Command Setup Time tRCS 0 0 0 ns 

Read Command Hold Time Referenced to RAS tRRH 0 0 10 ns 14 

Read Command Hold Time Referenced to CAS tRCH 0 0 0 ns 14 

WE Hold Time Referenced to CAS tWCH 15 15 15 ns 15 

WE Pulse Width twp 10 10 15 ns 15 
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tRAC = 60 ns tRAC = 70 ns tRAC = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Data-in Setup Time tos 0 0 0 ns 16 

Data-in Hold Time tOH 10 15 15 ns 16 

Write Command Setup Time twcs 0 0 0 ns 17 

CAS to WE Delay Time tewD 38 40 45 ns 17 

RAS to WE Delay Time tRWD 93 105 115 ns 17 

CAS Precharge to WE Delay Time tCPWD 60 65 70 ns 17 

Column Address to WE Delay Time tAWD 58 65 70 ns 17 

WE Lead Time Referenced to RAS tAWl 25 25 25 ns 

WE Lead Time Referenced to CAS tCWL 15 15 15 ns 

CAS Setup Time (CAS before RAS Refresh) tC5R 10 10 10 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 10 ns 

WE Setup Time tWSA 10 10 10 ns 

WE Hold Time tWHR 15 15 15 ns 

Refresh Time tREF 16 16 16 ms 

Notes 
1. All voltages are referenced to GND. 

2. After power up, wait more than 100 I1s and then, execute eight CAS before RAS or RAS only 

refresh cycles as dummy cycles to initialize internal circuit. 

3. 

4. 

5. 

6. 

7. 

ICC1, IcC3, Icc4 and Icc5 depend on cycle rates (tRC and tpc). 

Specified values are obtained with outputs unloaded. 

Icc3 is measured assuming that all column address inputs are held at either high or low. 

Icc4 is measured assuming that all column address inputs are switched only once during each 

fast page cycle. 

ICCl and Icc3 are measured assuming that address can be changed once or less during RAS::: V,L 

IMAX.I and CAS ~ V,H IMIN.I. 

8. AC measurements assume IT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

V,H IMIN I = 2.4 V .. ---------~------.. , , , , , , 
I I I I ______________ I I , , 
I , I t 

V,L IMAXI = 0.8 V 
I I I I 

~ ~ 
tT = 5 ns tT = 5 ns 

(2) Output timing specification 

VOH IMIN 1= 2.4 V 

VOL IMAX I = 0.4 V 
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10. For read cycles. access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAD :5 tAAD (MAX.) and tACO :5 tACO (MAX.} tRAC IMAX.f tRAC (MAX.) 

tRAD > tRAO (MAX.) and tACO :5 tRCD {MAX.} tAAiMAX.} tRAD + tAA iMAx'} 

tRCO > tRCD (MAX.) teAc (MAX.) tRCD + teAc {MAX.} 

tRAO IMAX.! and tRCO IMAX.! are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tRAC. tAA or tCAC) is to be used for 

finding out when output data will be available. Therefore. the input conditions tRAO ~ tRAO IMAX.! 

and tRCO ~ tRCO IMAX.! will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. tOFF IMAX.! and tOEZ IMAX.I define the time at which the output achieves the condition of Hi-Z and 

are not referenced to VOH or VOL. 

13. tCRP IMIN.I requirements should be applied to RAS/CAS cycles. 

14. Either tRCH IMIN.I or tRRH IMIN.I should be met in read cycles. 

15. twp IMIN.I is applied to late write cycles or read modify write cycles. In early write cycles. tWCH IMIN.I 

should be met. 

16. tos IMIN.I and tOH IMIN.I are referenced to the CAS falling edge in early write cycles. In late write 

cycles and read modify cycles. they are referenced to the WE falling edge. 

17. Iftwcs ~ twcs IMIN.I. the cycle is an early write cycle and the data out will remain Hi-Z through the 

entire cycle. If tRWO ~ tRWO IMIN.I. tcwo ~ tcwo IMIN.I. tAWO ~ tAWO IMIN.J and tcPWO ~ tcPWO IMIN.I. the cycle 

is read modify write cycle and the data out will contain data read from the selected cell. If neither 

of the above conditions is met. the state of the data out is indeterminate. 



! ~ 

Timing Chart 
Please refer to Timing Chart 3, page 397. 

Ii 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

A 

- -y z- I-

a: 
~ 

+=-r DOD 0 oG S ....--:.; ----. 
(OPTIONAL HOLES)tG.. ~. . . .. . 

@i H-[8J M 
J 

K 

I~G c D E 

detail of ® part detail of @ part ITEM MILLIMETERS INCHES 

A 133.35±0.13 5.25±0.006 
W B 11.43 0.450 

n- c 36.83 1.450 

-ru-
0 6.35 0.250 

Uii E 54.61 2.150 
G 6.35 0.250 

H 1.27 (T.P.) 0.050 (T.P.) 

G 8.89 0.350 

23.495 0.925 

D K 42.18 1.661 

L 17.78 0.700 

M 25.4 1.000 
N 4.0 MAX. 0.158 MAX. 

P 1.0 0.039 
Q R 2.0 R 0.079 

R 4.0±0.1 0.157~8:88~ 
s ~3.0 110.118 
T 1.27±0.1 0.05±0.004 
U 4.0 MIN. 0.157 MIN. 

V 0.25 MAX. 0.010 MAX. 
W 1.0±0.05 0.039±0.002 
X 2.54 0.100 

Y 3.0 MIN. 0.118 MIN. 

Z 3.0 MIN. 0.118 MIN. 
Ml688-50A4 
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MOS INTEGRATED CIRCUIT Ii 

MC·422000AA64 :; 
-----------------------'f 

2 M-WORD BY 64-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE 

Description 
The MC-422000AA64 is a 2,097,152 words by 64 bits dynamic RAM module on which 8 pieces of 16 M DRAM: 

.uPD4218160 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the surface

mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
2,097,152 words by 64 bits organization 

• Fast access and cycle time 

Access time RfW cycle time 
Family (MAX.) (MIN.) 

MC-422000AA64-60 60 ns 110 ns 

MC-422000AA64-70 70 ns 130 ns 

MC-422000AA64-80 80 ns 150 ns 

1,024 refresh cycles/16 ms 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

Single +5.0 V ±0.25 V power supply 

Ordering Information 

Part number Access time 

(MAX.) 
Package 

MC-422000AA64FB-60 60 ns 168-pin Dual In-line Memory Module 
MC-422000AA64FB-70 70 ns (Socket Type) 

MC-422000AA64FB-80 80 ns 
Edge connector: Gold plating 

Power consumption 

(MAX.) 

Active Standby 

3.72 W 

3.51 W 
357 mW 

(CMOS level input) 
3.30W 

Mounted devices 

8 pieces of JlPD4218160LE 

(400 mil SOJ) 

[Double side] 

The information in this document Is subject to change without notice. 

Document No. Mt1088EJ3VODSU1 
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Pin Configuration 

168-pin Dual In-line Memory Module Socket Type (Edge connector: Gold plating) 

0 o 
GNO GNO 
11032 VOO 
1/033 V01 
1/034 V02 
1/035 1/03 
Voo Voo 
1/036 1/04 
1/037 1/05 
1/038 V06 
1/039 1/07 

NC NC 
GNO GNO 
1/040 1/08 
V041 1/09 
1/042 1/010 
1/043 1/011 
1/044 1/012 
Vee Vee 
11045 1/013 
1/046 1/014 
1/047 1/015 
NC NC 
GNO GNO 
NC NC 
NC NC 
Vee Vee 
~ C~ ~ 
~ CAS2 
RAS1 R~ NC EO 

PO and ID Table 

Pin Pin Access Time 

Name No. 60 ns 70 ns 80 ns 
GNO GNO 
A1 AO 
A3 A2 

PD1 79 H H H 
A5 A4 
A7 A6 PD2 163 L L L 
A9 A8 
NC NC PD3 80 H H H 
NC NC 
Vee Vee PD4 164 L L L 

125 NC NC PD5 81 l L L 
126 80 NC 
127 GNO GNO 
128 ~ 0E2 
129 RAS3 RAS2 
130 CAS5 CAS4 

PD6 165 H L H 

PD7 82 H H L 
131 CAS? ~ 132 I'm' PD8 166 H H H 
133 Voo Voo 
134 NC NC IDO 83 GND GND GND 
135 NC NC 
136 1/048 1/016 
137 V049 1/017 

ID1 167 GND GND GND 
138 GNO GNO 
139 1/050 1/018 
140 1/051 1/019 

Remark H : VOH, L: VOL 

141 1/052 1/020 
142 1/053 1/021 
143 Vee Voo 
144 11054 1/022 
145 NC NC 
146 NC NC 
147 NC NC 
148 NC NC 
149 1/055 1/023 
150 NC NC 
151 11056 1/024 
152 GNO GNO 

AD - A9, 60 : Address Inputs 

1100 -1/0 63: Data Inputs/Outputs 

RASO - RAS3: Row Address Strobe 
153 11057 V025 
154 1/058 1/026 CASO - CAS7: Column Address Strobe 
155 1/059 1/027 
156 11060 V028 WED, WE2 Write Enable 
157 Voo Voo 
158 1/061 1/029 

OED, OE2 Output Enable 
159 1/062 1/030 
160 1/063 V031 
161 NC NC 

PDE Presence Detect Enable 

PD1 - PD8 Presence Detect Pins 
162 GNO GNO 
163 P02 P01 IDO,ID1 Identity Pins 
164 P04 P03 
165 P06 P05 Vee Power Supply 
166 P08 P07 
167 101 100 GND Ground 
168 Voo Vee 

0 0 
NC No connection 
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Block Diagram 

RASO 
RAS1 
OED 
WED 

CASO 
1/00 
1/01 

1/02 

1/03 

1/04 

1/05 

1/06 

1/07 
CAS1 

1/08 

1/09 

1/010 
1/011 

1/012 
1/013 
1/014 

1/015 

CAS2 
1/016 

1/017 

1/018 

1/019 
1/020 

1/021 
1/022 

1/023 

CAS3 
1/024 
1/025 

1/026 
1/027 

1/028 

1/029 

1/030 

1/031 

LCAS RAS WE OE 

1/01 
1/02 

1/03 
1/04 

1/05 

1/06 

1107 

DO 1/08 04 
UCAS 
1/016 

1/015 

1/014 
1/013 

1/012 
1/011 

1/010 

1109 

LCAS RAS WE OE LCAS RAS WE OE 

1/01 

1/02 

1103 
1/04 
1/05 

1106 
1/07 

01 1/08 05 
UCAS 
1/016 

1/015 1/015 
1/014 1/014 
1/013 < 1/013 

1/012 

1/011 

1/010 1/010 

1/09 

AD 0---{>--------- AD : DO, D1, D4, D5 

BO 0---{>--------- AO : D2, D3, D6, D7 

A 1 - A9 0---{>--------- DO - D7 

Remark DO - D7 : J.LPD4218160 

RAS2 
RAS3 
OE2 
WE2 

CAS4 
1/032 

1/033 
1/034 

1/035 

1/036 

1/037 

1/038 

1/039 

CAS5 
1/040 

1/041 

1/042 

1/043 

1/044 
1/045 
1/046 

1/047 

CAS6 
1/048 

1/049 

1/050 

1/051 
1/052 

1/053 
1/054 

11055 
CAS7 

1/056 

1/057 
1/058 

11059 
11060 
1/061 

11062 
11063 

LCAS RAS WE OE 

1/01 

1/02 
1/03 

1/04 

1/05 

1/06 

1/07 

02 1/08 06 
UCAS 

1/016 1/016 

1/015 1/015 

1/014 1/014 

1/013 

1/012 
1/011 

1/010 
1/09 

LCAS RAS WE OE LCAS RAS WE OE 

1/01 

1/02 

1/03 

1/04 
1/05 

1/06 
1/07 

03 1/08 

UCAS 
1/016 

1/015 
1/014 
1/013 

1/012 

1/011 

1/010 

1/09 

PDE~ 

PD1 -PD8~ Vee or GND 

IDO, ID1 0 NC or GND 

Vee 0)---::1:"---' DO-D7 
""T"" CO-C7. GND 0)---__ -4--__ DO-D7 

07 

j< 
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Electrical Specifications Notes 1, 2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 rnA 

Power dissipation Po 10 W 

Operating ambient temperature TA o to +70 °C 

Storage temperature Tstg -55 to +125 °C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposureto Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.75 5.0 5.25 V 

High level input voltage V,H 2.4 Vee + 1.0 V 

Low level input voltage VIL -1.0 +0.8 V 

Operating ambient temperature TA 0 70 °C 

Capacitance (TA = 25°C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance C" AO - A9, 80 20 pF 

CI2 WEO, WE2 20 

CI3 RASO - RAS3 45 

CI4 CASO - CAS7 20 

C's OEO,OE2 20 

Data InpuVOutput capacitance CliO 1/00 - 1/063 20 pF 



___ I\I_E_C~ _______________ ....;;.;M;.;;...;C;;....-..;.;42=2:..;;.O...;..OO..;;..;.A...;;.;.A...;..6:....;4 ___ i:1 

DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current Icc, RAS, CAS Cycling tRAC = 60 ns 708 mA 3.4,7 

tRC = tRC (MIN.) tRAC = 70 ns 668 
10 = 0 mA 

tRAC = 80 ns 628 

Standby current Icc2 RAS, CAS" V,H (MIN.) 10 = 0 mA 76 mA 

RAS, CAS" Vcc - 0.2 V 10 = 0 mA 68 

RAS only refresh current Icea RAS Cycling tRAC = 60 ns 708 mA 3,4,5,7 

CAS" V,H (MIN.) tRAe = 70 ns 668 
tAG = tAC (MIN.) 

10 = 0 mA tRAe = 80 ns 628 

Operating current Icc4 RAS $ VIL (MAX.), CAS Cycling tRAe = 60 ns 428 mA 3,4,6 

(Fast page mode) tpe = tpc (MIN.) tRAe = 70 ns 388 
10 = 0 mA 

tRAC = 80 ns 348 

CAS before RAS Icc, RAS Cycling tRAC = 60 ns 708 mA 3,4 

refresh current tRC = tRe (MIN.) tRAC = 70 ns 668 
10 = 0 mA 

tRAC = 80 ns 628 

Input leakage current II (L) V, = 0 to 5.25 V IRAS -10 +10 J1A 
All other pins not under test = 0 V I Others -5 +1 

Output leakage current 10 (L) Vo = 0 to 5.25 V -10 +10 J1A 
Output is disabled (Hi-Z) 

High level output voltage VOH 10 = -2.5 mA 2.4 V 

Low level output voltage VOL 10 = +2.1 mA 0.4 V 

127 



NEe MC-422000AA64 

AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 

tRAe = 60 ns tRAe = 70 ns tRAe = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Read/Write Cycle Time tRe 110 130 150 ns 

Read Modify Write Cycle Time tRwe 173 195 215 ns 

Fast Page Mode Cycle Time tpe 40 45 50 ns 

Read Modify Write Cycle Time (Fast Page Mode) tPRWC 83 90 95 ns 

Access Time from RAS tRAC 60 70 80 ns 10,11 

Access Time from CAS teAe 20 25 25 ns 10,11 

Access Time Column Address tAA 35 40 45 ns 10,11 

Access Time from CAS Precharge tACP 40 45 50 ns 11 

Access Time from OE tOEA 20 25 25 ns 11 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time teLZ 0 0 0 ns 11 

OE to Data Setup Time tOLZ 0 0 0 ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF 0 13 0 15 0 15 ns 12 

OE to Data Delay Time tOED 13 15 15 ns 

Output Buffer Turn-off Delay Time from OE tOEl 0 13 0 15 0 15 ns 12 

OE Hold Time tOEH 0 0 0 ns 

OE Lead Time Referenced to RAS tOES 0 0 0 ns 

Transition Time (Rise and Fall) IT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 60 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tASH 20 23 25 ns 

CAS Pulse Width teAS 15 10,000 20 10,000 20 10,000 ns 

CAS Hold Time tesH 60 70 80 ns 

RAS to CAS Delay Time tACO 20 45 20 50 25 60 ns 10 

CAS to RAS Precharge Time tCRP 10 10 10 ns 13 

CAS Precharge Time tePN 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tcp 10 10 10 ns 

RAS Precharge CAS Hold Time tAPe 5 5 5 ns 

RAS Hold Time from CAS Precharge tRHCP 40 45 50 ns 

Row Address Setup Time tASR 5 5 5 ns 

Row Address Hold Time tRAH 10 10 12 ns 

Column Address Setup Time tAse 0 0 0 ns 

Column Address Hold Time teAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAl 30 35 40 ns 

Read Command Setup Time tRes 0 0 0 ns 

Read Command Hold Time Referenced to RAS tRRH 0 0 0 ns 14 

Read Command Hold Time Referenced to CAS tRCH 0 0 0 ns 14 

WE Hold Time Referenced to CAS tweH 10 10 15 ns 15 

WE Pulse Width twp 10 10 15 ns 15 
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tRAe = 60 ns tAAe = 70 ns tAAe = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Data-in Setup Time tDS 0 0 0 ns 16 

Data-in Hold Time tDH 10 15 15 ns 16 

Write Command Setup Time twes 0 0 0 ns 17 

CAS to WE Delay Time tCWD 38 40 45 ns 17 

RAS to WE Delay Time tAWD 93 105 115 ns 17 

CAS Precharge to WE Delay Time tCPWD 58 65 70 ns 17 

Column Address to WE Delay Time tAWD 58 65 70 ns 17 

WE Lead Time Referenced to RAS tRWl 25 25 25 ns 

WE Lead Time Referenced to CAS tCWl 15 15 15 ns 

CAS Setup Time (CAS before RAS Refresh) tCSR 10 10 10 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 10 ns 

WE Hold Time tWHR 15 15 15 ns 

Refresh Time tREF 16 16 16 ms 

Notes 

1. All voltages are referenced to GND. 

2. After power up (Vcc;:: VCC (MIN.)), wait more than 100 J.lS (RAS, CAS inactive) and then, execute eight 

CAS before RAS or RAS only refresh cycles as dummy cycles to initialize internal circuit. 

3. 

4. 

5. 

6. 

7. 

ICC1, IcC3, Icc4 and Icc5 depend on cycle rates (tRC and tpc). 

Specified values are obtained with outputs unloaded. 

Icc3 is measured assuming that all column address inputs are held at either high or low. 

Icc4 is measured assuming that all column address inputs are switched only once during each fast page 

cycle. 

ICCl and Icc3 are measured assuming that address can be changed once or less during RAS ::; VIL (MAX.) 

and CAS;:: VIH (MIN.). 

B. AC measurements assume IT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

V,H IMIN.I = 2.4 V .----------~------i 1 

, , , ______________, I 

, , 
I I I , 

VIL IMAlO = 0.8 V 

I I t I 

~ -++-
tr = 5 ns tr = 5 ns 

(2) Output timing specification 

VOH IMIN.I = 2.4 V 

:::::::~'----')-VOllMAlO = 0.4 V 
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10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAD '$ tRAD (MAX.) and tRCO '$ tRCO (MAX.) tRAC (MAX.) tRAC (MAX.) 

tRAO > tRAD (MAX.) and tRCO '$ tRCO (MAX.) tAA (MAX.) tAAD + tAA (MAX.) 

tACO> tRCD (MAX.) tCAC (MAX.) tReD + teAe (MAX.) 

tRAD (MAX.) and tRCD (MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tRAC, lAA or tCAC) is to be used for finding 

out when output data will be available. Therefore, the input conditions tRAD ~ tRAD (MAX.) and tRCD ~ tRCD 

(MAX.) will not cause any operation problems. 

11. Output load condition 

Vee 

1/0 ..... -_---; 

100 pF 

12. tOFF (MAX.) and tOEZ (MAX.) define the time at which the output achieves the condition of Hi-Z and are not 

referenced to VOH or VOL. 

13. tCRP (MIN.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (MIN.) or tRRH(MIN.) should be met in read cycles. 

15. twp (MIN.) is applied to late write cycles or read modify write cycles. In early write cycles, twCH (MIN.) should 

be met. 

16. tDS (MIN.) and tDH (MIN.) are referenced to the CAS falling edge in early write cycles. In late write cycles 

and read modify cycles, they are referenced to the WE falling edge. 

17. If twcs ~ twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 

cycle. If tRWD ~ tRWD (MIN.), tCWD ~ tCWD (MIN.), tAWD ~ tAWD (MIN.) and !cPWD ~ tCPWD (MIN.), the cycle is read 

modify write cycle and the data out will contain data read from the selected cell. If neither of the above 

conditions is met, the state of the data out is indeterminate. 



Timing Chart 
Please refer to Timing Chart 4, page 411. 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

A 

- I--Y Rl= -. I(:::::::::::::::::]~[:::::::::::::]~ 
~ S 

(OPTIONAL HOLES) ~~ 
!O'--.CI 

®! 4-[8] ~@ 
J K-

I- B 'L. c 'L E 

detail of ® part detail of @ part 
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It 
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CI 

0 

ITEM MILLIMETERS INCHES 
A 133.35tO.13 5.25±0.006 
B 11.43 0.450 

C 36.83 1.450 
o 6.35 0.250 

01 2.0 0.079 
02 3.125 0.1230 
E 54.61 2.150 

G 6.35 0.250 
H 1.27 (T.P.) 0.05 (T.P.) 

I 8.89 0.350 

J 23.495 0.925 

K 42.18 1.661 
L 17.78 0.7000 
M 25.4±0.13 1.000tO.006 
N 9.0 MAX. 0.355 MAX. 
P 1.0 0.039 
a R 2.0 R 0.079 

R 4.0±0.1 0.157~8:88~ 
s 113.0 110.118 
T 1.27±0.1 0.05±0.004 
U 4.0 MIN. 0.157 MIN. 
V 0.25 MAX. 0.010 MAX. 

W 1.0tO.05 0.039~8:88~ 

X 2.54±0.10 0.100±0.004 
Y 3.0 MIN. 0.118 MIN. 
Z 3.0 MIN. 0.118 MIN. 

M1688-50A7 
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MOS INTEGRATED CIRCUIT I~ 

MC·422000AB72F I~ 
----------------------------,1 

2 M-WORD BY 72-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE (ECC) 

Description 
The MC-422000AB72F is a 2,097,152 words by 72 bits dynamic RAM module on which 9 pieces of 16 M 

DRAM: IlPD4217800 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 

surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
2,097,152 words by 72 bits organization 

• Fast access and cycle time 

Power consumption 
Access time R/W cycle time (MAX.) Family (MAX.) (MIN.) 

Active Standby 

MC-422000AB72-60 60 ns 110 ns 5.53W 

MC-422000AB72-70 70 ns 130 ns 5.06W 
383mW 

(CMOS level input) 
MC-422000AB72-80 80 ns 150 ns 4.59 W 

• 2,048 refresh cycles/32 ms 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.25 V power supply 

Ordering Information 

Part number 
Access time 

(MAX.) 
Package Mounted devices 

MC-422000AB72F-60 60 ns 168-pin Dual In-line Memory Module 9 pieces of JlI'D4217800G5 

MC-422000AB72F-70 70 ns (Socket Type) (400 mil TSOP(II» 

MC-422000AB72F-80 80 ns Edge connector: Gold plating [Double side] 

The Information In thil document II subject to change without notice. 

Document No. IC-3542 (Japan) 

133 



NEe MC-422000AB72F 

Pin Configuration 

1G8-pin Dual In-line Memory Module Socket Type (Edge connector: Gold plating) 

0 o 
GND GND 
11036 1/00 
11037 1/01 
11038 1/02 
1/039 1/03 
V" V" 
1/040 1/04 
1/041 1105 
11042 1/06 
11043 1/07 

11044 1108 
GND GND 
1/045 1/09 
1/046 1/010 
1/047 1/011 
1/048 1/012 
1/049 1/013 
Vee Vee 
I/O 50 I/O 14 
11051 1/015 
11052 1/016 
1/053 1/017 
GND GND 
NC NC 
NC NC 
Vee Vee 
NC wto 

PD and ID Table 

NC CASO 
NC NC Pin Pin Access Time 
NC RASO 
NC OEO Name No. 60 ns 70 ns 80 ns 
GND GND 
Al AO 
A3 A2 PDl 79 H H H 
A5 A4 
A7 A6 PD2 163 L L L 
A9 AS 
NC Al0 PD3 80 L L L 
NC NC 
Vee Vee PD4 164 H H H 

125 NC NC PD5 81 L L L 
126 80 NC 
127 GND GND PD6 165 H L H 
128 NC 00 
129 NC RA52 
130 NC CAS4 

PD7 82 H H L 
131 NC NC 
132 PDE WE2 PD8 166 L L L 
133 V" V" 
134 NC NC IDa 83 GND GND GND 
135 NC NC 
136 1/054 1/018 IDl 167 GND GND GND 
137 1/055 1/019 
138 GND GND 
139 1/056 1/020 Remark H : VOH, L: VOL 
140 11057 1/021 
141 11058 1/022 
142 1/059 1/023 
143 V" V" 
144 1/060 1/024 
145 NC NC 
146 NC NC 
147 NC NC 
148 NC NC AO - Ala, BO : Address Inputs 
149 1/061 1/025 
150 1/062 1/026 

I/O a . I/O 71 : Data Inputs/Outputs ----151 1/063 1/027 
152 GND GND 
153 11064 1/028 

RASa, RAS2 : Row Address Strobe 

CASO, CAS4 Column Address Strobe 
154 1/065 1/029 
155 1/066 1/030 WEO, WE2 Write Enable 
156 11067 1/031 
157 V" V" 

OEO, OE2 Output Enable 
158 11068 1/032 
159 11069 1/033 

PDE Presence Detect Enable 
160 11070 1/034 
161 I/O 71 1/035 
162 GND GND 
163 PD2 PDl 
164 PD4 PD3 

POl - PD8 Presence Detect Pi ns 

IDO,IDl Identity Pins 

Vee Power Supply 
165 PD6 PD5 
166 PDS PD7 GND Ground 
167 IDl 100 
168 Vee Vee NC No connection 

0 0 
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Block Diagram 

RASO 

OEO 

WEO 

CASO 

1/00 

I/O 1 

I/O 2 

I/O 3 

I/O 4 

I/O 5 

1/06 

I/O 7 

1/08 

1/09 

I/O 10 

I/O 11 

I/O 12 

I/O 13 

I/O 14 

I/O 15 

I/O 16 

I/O 17 

I/O 18 

I/O 19 

I/O 20 

I/O 21 

I/O 22 

I/O 23 

I/O 24 

I/O 25 

I/O 26 

I/O 27 

I/O 28 

I/O 29 

I/O 30 

1/031 

I/O 32 

I/O 33 

I/O 34 

I/O 35 

I/O 36 

I/O 37 

I/O 38 

I/O 39 

u-~ 
~-p 

u-~ 

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0-------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

0------

I j 
I/O 8 CAS RAS WE OE 

I/O 7 

1/06 

I/O 5 DO 
1/04 

I/O 3 

I/O 2 

I/O 1 

I I I I 
I/O 8 CAS RAS WE OE 

I/O 7 

I/O 6 

I/O 5 01 
1/04 

1/03 

I/O 2 

I/O 1 

I I 
I/O 8 CAS RAS WE OE 

I/O 7 

1/06 

I/O 5 02 
I/O 4 

I/O 3 

I/O 2 

I/O 1 

I I I 
I/O 8 CAS RAS WE OE 

I/O 7 

1/06 

I/O 5 03 
1/04 

1/03 

I/O 2 

I/O 1 

I I 
I/O 8 CAS RAS WE OE 

I/O 7 

1/06 

I/O 5 04 
1/04 

I/O 3 

I/O 2 

I/O 1 

AO o--J>---- AO : DO - D4 

BO o--J>---- AO : D5 - D8 

A1-A10 o--{>--~ DO-D8 

Remark DO - D8 : ,uPD4217800 

RAS2 

OE2 

WE2 

CAS4 

I/O 40 

1/041 

I/O 42 

I/O 43 

I/O 44 

I/O 45 

I/O 46 

1/047 

I/O 48 

I/O 49 

1/050 

I/O 51 

I/O 52 

I/O 53 

I/O 54 

I/O 55 

I/O 56 

I/O 57 

I/O 58 

I/O 59 

1/060 

I/O 61 

I/O 62 

I/O 63 

I/O 64 

I/O 65 

I/O 66 

1/067 

1/068 

1/069 

1/070 

I/O 71 

r-., 

:::-
~ 

v 

0-----

0-----

0-----

0-----

0-----

0---

0---

0-----

0---

0---

0-----

0-----

0-----

0-----

0---

0---

0---

0-----

0-----

0---

0-----

0-----

0-----

0---

0-----

0-----

0---

0---

0-----

0---

0-------

0---

PDE~. 

I I 
I/O 1 CAS RAS WE OE 

I/O 2 

1/03 

1/04 05 
I/O 5 

1/06 

I/O 7 

1/08 

I I I I 
I/O 1 CAS RAS WE OE 

I/O 2 

I/O 3 

1/04 06 
I/O 5 

1/06 

I/O 7 

1/08 

I I 
I/O 1 CAS RAS WE OE 

I/O 2 

1/03 

1/04 07 
I/O 5 

1/06 

1/07 

1/08 

I I I 
I/O 1 CASRAS WE OE 

I/O 2 

1/03 

1/04 08 
I/O 5 

1/06 

I/O 7 

1/08 

PDl - PD8 0-----<]--- Vee or GND 

IDO. ID1 0 NC or GND 

Vee 0 :l:CO-C8 ' DO-D8 
GND 0 T DO-D8 

II 
i~ 

il 
',1 
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Electrical Specifications Notes 1, 2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output cu rrent 10 50 mA 

Power dissipation Po 11 W 

Operating ambient temperature T. o to +70 'C 

Storage temperature T,tg -55 to +125 'C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section of this specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.75 5.0 5.25 V 

High level input voltage V,H 2.4 Vee + 1.0 V 

Low level input voltage VIL -1.0 +0.8 V 

Operating ambient temperature T. 0 70 'C 

Capacitance (TA = 25 'C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance C" AO - A10, eo 20 pF 

C" WEO, WE2 20 

Cil RASO,RAS2 50 

C" CASO,CAS4 20 

CIS OEO,OE2 20 

Data Input/Output capacitance CliO 1/00 -1/071 20 pF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current Icc1 RAS, CAS Cycling tRAC = 60 ns 1,054 mA 3,4,7 

tRC = tRC (MIN.) tRAC = 70 ns 964 
10 = 0 mA 

tRAC = 80 ns 874 
----Standby current Icc, RAS, CAS", V,H (MIN.I 10 = 0 mA 82 mA 

RAS, CAS", Vcc - 0.2 V 10 = 0 mA 73 

RAS only refresh current Icc3 RAS Cycling tRAC = 60 ns 1,054 mA 3,4,5,7 

CAS", V,H (MIN.I tRAC = 70 ns 964 
tRC = tRC (MIN.) 

10 = 0 mA tRAC = 80 ns 874 

Operating current Icc. RAS " VIL (MAX.I, CAS Cycling tRAC = 60 ns 694 mA 3,4,6 

(Fast page mode) tpc = tpc (MIN.) tRAC = 70 ns 604 
10 = 0 mA 

tRAC = 80 ns 514 

CAS before RAS Icc, RAS Cycling tRAC = 60 ns 1,054 mA 3,4 

refresh current tRC = tRC (MIN.) tRAC = 70 ns 964 
10 = 0 mA 

tRAC = 80 ns 874 

Input leakage current Ii ILl V, = 0 to 5.5 V lRAS -10 +10 pA 

All other pins not under test = 0 V I Others -5 +1 

Output leakage current IOlu Va = 0 to 5.5 V -10 +10 pA 

Output is disabled (Hi-Z) 

High level output voltage VOH 10 = -5.0 mA 2.4 V 

Low level output voltage VOL 10 = +4.2 mA 0.4 V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 

tRAe" 60 ns tRAe = 70 ns tRAe = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

ReadIWrite Cycle Time tRe 110 130 150 ns 

Read Modify Write Cycle Time tRWC 173 195 215 ns 

Fast Page Mode Cycle Time tpe 40 45 50 ns 

Read Modify Write Cycle Time (Fast Page Mode) tPRWC 85 90 100 ns 

Access Time from RAS tRAC 60 70 80 ns 10, 11 

Access Time from CAS teAc 20 23 25 ns 10, 11 

Access Time Column Address tAA 35 40 45 ns 10, 11 

Access Time from CAS Precharge tACP 40 45 50 ns 11 

Access Time from OE tOEA 20 23 25 ns 11 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time telz 0 0 0 ns 11 

OE to Data Setup Time tolZ 0 0 0 ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF 0 13 0 15 0 15 ns 12 

OE to Data Delay Time tOEa 13 15 15 ns 

Output Buffer Turn-off Delay Time from OE tOEZ 0 13 0 15 0 15 ns 12 

OE Hold Time tOEH 0 0 0 ns 

OE Lead Time Referenced to RAS tOES 0 0 0 ns 

Transition Time (Rise and Fall) tT 3 50 3 , 50 3 50 ns 

RAS Precharge Time tRP 40 50 60 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tASH 15 18 20 ns 

CAS Pulse Width teAs 15 10,000 18 10,000 20 10,000 ns 

CAS Hold Time tCSH 60 70 80 ns 

RAS to CAS Delay Time tACO 20 45 20 50 25 60 ns 10 

CAS to RAS Precharge Time teAP 5 5 5 ns 13 

CAS Precharge Time tePN 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tep 10 10 10 ns 

RAS Preeharge CAS Hold Time tRPe 5 5 5 ns 

RAS Hold Time from CAS Precharge tRHCP 40 45 50 ns 

Row Address Setup Time tASA 5 5 5 ns 

Row Address Hold Time tRAH 10 10 12 ns 

Column Address Setup Time tAse ° 0 0 ns 

Column Address Hold Time teAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAL 30 35 40 ns 

Read Command Setup Time tRCS 0 0 0 ns 

Read Command Hold Time Referenced to RAS tARH 0 0 0 ns 14 

Read Command Hold Time Referenced to CAS tReH 0 ° 0 ns 14 

WE Hold Time Referenced to CAS tweH 10 10 15 ns 15 

WE Pulse Width twp 10 10 15 ns 15 
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f, 

tRAe = 60 ns tRAe = 70 ns tRAe = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Data-in Setup Time tos 0 0 0 ns 16 

Data-in Hold Time tOH 10 15 15 ns 16 

Write Command Setup Time twes 0 0 0 ns 17 

CAS to WE Delay Time tewD 38 43 45 ns 17 

RAS to WE Delay Time tRWD 93 105 115 ns 17 

CAS Precharge to WE Delay Time tCPWD 58 65 70 ns 17 

Column Address to WE Delay Time tAWD 58 65 70 ns 17 

WE Lead Time Referenced to RAS tRWL 25 25 25 ns 

WE Lead Time Referenced to CAS tCWL 15 15 15 ns 

CAS Setup Time (CAS before RAS Refresh) tesR 5 5 5 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 10 ns 

WE Setup Time tWSR 10 10 10 ns 

WE Hold Time tWHR 15 15 15 ns 

Refresh Time tREF 32 32 32 ms 

Notes 

1. Ali voltages are referenced to GND. 

2. After power up, wait more than 100 fJS and then, execute eight CAS before RAS or RAS only 

refresh cycles as dummy cycles to initialize internal circuit. 

3. IcCl, Icc3, Icc4 and Iccs depend on cycle rates (tRC and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that ali column address inputs are held at either high or low. 

6. Icc4 is measured assuming that ali column address inputs are switched only once during each 

fast page cycle. 

7. IcCl and Icc3 are measured assuming that address can be changed once or less during RAS::; VIL 

IMAX.1 and CAS <= VIH IMIN.I. 

8. AC measurements assume IT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

V,H IMIN.) = 2.4 V ·----------~------ii 
______________ I I , , 

I I I I 

VIL IMAX.) = 0.8 V 
I I I , 

--+f---+- --+f---+-
tT = 5 ns tT = 5 ns 

(2) Output timing specification 

VOH (MIN.) = 2.4 V 

:::::::~'-------'}-VOL (MAX.) = 0.4 V 
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10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAD :5 tRAD (MAX.) and tRCD S tRCD (MAX.) tRAC (MAX.) tAAC (MAX.) 

tRAD > tRAD (MAX.I and tRCD S tRCD (MAX.) tAAIMAX.) tRAD + tAA (MAX.) 

tRCD > tRCD (MAX.) tCACIMAX,) tRCD + teAc (MAX.) 

tRAO (MAK) and tRCO (MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tRAC, tAA or tCAc) is to be used for 

finding out when output data will be available. Therefore, the input conditions tRAO;:: tRAO (MAX.) 

and tRCO ;:: tRCD (MAX.) will not cause any operation problems. 

11. Loading conditions are 2 TTLs and 100 pF. 

12. tOFF (MAX.) and tOEZ (MAX.) define the time at which the output achieves the condition of Hi-Z and 

are not referenced to VOH or VOL. 

13. tCRP (MINHequirements should be applied to RAS/CAS cycles. 

14. Either tACH (MIN.) or tRAH (MIN.) should be met in read cycles. 

15. tWP(MIN.) is applied to late write cycles or read modify write cycles. In early write cycles, twCH (MIN.) 

should be met. 

16. tos (MIN.) and tOH (MIN.) are referenced to the CAS falling edge in early write cycles. In late write 

cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If twcs ;:: twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the 

entire cycle. If tRWO;:: tRWO (MIN.), tCWD 2: tCWD(MIN.), tAWO;:: tAWD (MIN.) and tcPWO;:: tcPWO (MIN.), the cycle 

is read modify write cycle and the data out will contain data read from the selected cell. If neither 

of the above conditions is met, the state of the data out is indeterminate. 



Timing Chart 
Please refer to Timing Chart 3, page 397. 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

A 

- I-Y 

J~-+--++~--~K~--~ 

Il.!LG C D E 

~ Eiu""""""'jj""'''!~'''''''''''''''D''''''D ~ 

detail of ® part detail of @ part 
ITEM MILLIMETERS INCHES 

A 133.35±0.13 5.25±0.006 
W B 11.43 0.450 

1t C 36.83 1.450 

~t± -ru-
0 6.35 0.250 
E 54.61 2.150 

G 6.35 0.250 
H 1.27 (T.P.) 0.050 (T.P.) 

G 8.89 0.350 
23.495 0.925 

D K 42.18 1.661 
L 17.78 0.700 
M 25.4 1.000 
N 4.0 MAX. 0.158 MAX. 
P 1.0 0.039 
Q R2.0 RO.079 

R 4.0±0.1 0.157~g:gg~ 
s 4'3.0 4'0.118 
T 1.27±0.1 0.05tO.004 

u 4.0 MIN. 0.157 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.0tO.05 0.039 ~g:g8~ 
X 2.54 0.100 
Y 3.0 MIN. 0.118 MIN. 
Z 3.0 MIN. 0.118 MIN. 

M168S-50A8 

142 



NEe 
DATA SHEET 

MOS INTEGRATED CIRCUIT 

MC-422000LAB72F 
:\1. 
,~ 
I~ 

il 
Ii 

--------------------------------------------------------------------------------------------~ 

3.3 V OPERATION 2 M-WORD BY 72-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE (ECC) " 

!,~ 
! 

'~ 
----------------i' 

Description 
The MC-422000LAB72(is a 2.097.152 words by 72 bits dynamic RAM module on which 9 pieces of 16 M 

DRAM: ,uPD4217800L are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 

surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
2.097.152 words by 72 bits organization 

• Fast access and cycle time 

Access time R/W cycle time 
Family (MAX.) (MIN.) 

MC-422000LAB72-A60 60 ns 110 ns 

MC-422000LAB72-A70 70 ns 130 ns 

MC-422000LAB72-ASO SO ns 150 ns 

2.048 refresh cycles/32 ms 

• CAS before RAS refresh. RAS only refresh. Hidden refresh 

168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

Single +3.3 V ±0.3 V power supply 

Ordering Information 

Part number 
Access time 

(MAX.) 
Package 

MC-422000LAB72F-A60 60 ns 16S-pin Dual In-line Memory Module 

MC-422000LAB72F-A70 70 ns (Socket Type) 

MC-422000LAB72F-ASO 80 ns 
Edge connector: Gold plating 

Power consumption 
(MAX.) 

Active Standby 

3.2S W 

2.95 W 
147.6 mW 

(CMOS level input) 
2.63 W 

Mounted devices 

9 pieces of !,PD4217S00LG5 

(400 mil TSOP(II)) 

[Double side] 

The information in this document is subject to change without notice. 

Document No. M10343EJ5VODSU1 

~ 
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Pin Configuration 

168-pin Dual In-line Memory Module Socket Type (Edge connector: Gold plating) 

0 o 
GND GND 
1/036 1/00 
1/037 I/O 1 
1/038 1/02 
1/039 1/03 
Vee Vee 
1/040 1/04 
1/041 1/05 
1/042 1/06 
I/O 43 1/07 

1/044 1/08 
GND GND 
1/045 1/09 
1/046 1/010 
1/047 1/011 
1/048 1/012 
1/049 1/013 
Vee Vee 
1/050 1/014 
I/O 51 1/015 
1/052 1/016 
1/053 I/O 170 
GND GND 
NC NC 
NC NC 
Vee Vee 
NC wtil 

PD and ID Table 

NC CASO 
NC NC Pin Pin Access Time 
NC RASO 
NC OEO Name No. 60 ns 70 ns 80 ns 
GND GND 
Al AO 
A3 A2 POl 79 H H H 
A5 A4 
A7 A6 P02 163 L L L 
A9 A8 
NC Al0 P03 80 L L L 
NC NC 
Vee Vee P04 164 H H H 

125 NC NC P05 81 L L L 
126 80 NC 
127 GND GND P06 165 H L H 
128 NC on 
129 NC RAS2 
130 NC CAS4 

P07 82 H H L 
131 NC NC 
132 i'i5t WE2 P08 166 L L L 
133 Vee Vee 
134 NC NC 100 83 GNO GNO GNO 
135 NC NC 
136 1/054 1/018 101. 167 GNO GNO GNO 
137 I/O 55 1/019 
138 GND GND 
139 1/056 1/020 Remark H : VOH, L: VOL 
140 I/O 57 1/021 
141 I/O 58 1/022 
142 1/059 1/023 
143 Vee Vee 
144 I/O 60 1/024 
145 NC NC 
146 NC NC 
147 NC NC 
148 NC NC AD - Al0, BO : Address Inputs 
149 1/061 1/025 
150 I/O 62 1/026 

I/O 0 -I/O 71 : Data Inputs/Outputs 
----151 I/O 63 1/027 

152 GND GND 
153 I/O 64 1/028 

RASO, RAS2 : Row Address Strobe 

CASO, CAS4 Column Address Strobe 
154 I/O 65 1/029 
155 1/066 1/030 WED, WE2 Write Enable 
156 I/O 67 1/031 
157 Vee Vee OED, OE2 Output Enable 
158 I/O 68 1/032 
159 liD 69 1/033 

POE Presence Detect Enable 
160 liD 70 1/034 
161 1/071 I/O 350 
162 GNO GND 
163 PD2 PDl 
164 P04 PD3 

POl - P08 Presence Detect Pins 
1D0,101 Identity Pins 

Vee Power Supply 
165 P06 PD5 
166 PDB PD7 GNO Ground 
167 101 IDO 
168 V~ Vee NC No connection 

0 0 
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Block Diagram 

RASO 

OEO 

WEO 

CASO 

I/O 0 

I/O 1 

I/O 2 
I/O 3 

1/04 

I/O 5 

I/O 6 

I/O 7 

I/O 8 

1/09 

I/O 10 

I/O 11 

I/O 12 

I/O 13 

I/O 14 

I/O 15 

I/O 16 

I/O 17 

I/O 18 
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I/O 20 

I/O 21 
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I/O 23 

I/O 24 

I/O 25 

I/O 26 

I/O 27 

I/O 28 

I/O 29 

I/O 30 
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I/O 32 

I/O 33 
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j I 1 
I/O 8 CAS RAS WE OE 

I/O 7 

1/06 

I/O 5 00 
I/O 4 

I/O 3 

I/O 2 

I/O 1 

I I I 
I/O 8 CAS RAS WE OE 

I/O 7 

I/O 6 

I/O 5 01 
I/O 4 

I/O 3 

I/O 2 

1/01 

J j j 
I/O 8 CAS RAS WE OE 

I/O 7 

I/O 6 

I/O 5 02 
1/04 

I/O 3 

I/O 2 

I/O 1 

j j j 
I/O 8 CAS RAS WE OE 

I/O 7 

1/06 

I/O 5 03 
I/O 4 

I/O 3 

I/O 2 

I/O 1 

I I I 
I/O 8 CAS RAS WE OE 

I/O 7 

1/06 

I/O 5 04 
1/04 

I/O 3 

I/O 2 

I/O 1 

AO 0--{>--- AO . DO - 04 

60 0--{>--- AO : 05 - 08 

Al-Al0 0--{>--- 00-08 

Remark DO - D8 : ,uPD4217800L 

RAS2 

OE2 

WE2 

CAS4 

I/O 40 

1/041 

I/O 42 

I/O 43 

I/O 44 

I/O 45 

I/O 46 

1/047 

1/048 

1/049 

I/O 50 

I/O 51 

I/O 52 

I/O 53 

I/O 54 

I/O 55 

I/O 56 

I/O 57 

I/O 58 

I/O 59 

I/O 60 

1/061 

I/O 62 

1/063 

I/O 64 

1/065 

1/066 

I/O 67 

I/O 68 

I/O 69 

I/O 70 

I/O 71 

o---p 
'" v 

o--{) 

0-------

0-------

0-------

0-------

0-------

0-------

~ 

o~-

0-------

0-------

0-------

0-------

0-------

0-

0-------

0-------

0-------

0-------

0-------

~ 

~ 

~ 

0-------
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~ 
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~ 
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~ 

~ 

PDE~ 

j I 
I/O 1 CAS RAS WE OE 

I/O 2 

1/03 

1/04 05 
I/O 5 

1/06 

I/O 7 

1/08 

j j 
I/O 1 CASRAS WE OE 

I/O 2 

1/03 

1/04 06 
I/O 5 

1/06 

I/O 7 

1/08 

j J 
I/O 1 CASRAS WE OE 

I/O 2 

I/O 3 

1/04 07 
I/O 5 

1/06 

I/O 7 

1/08 

j j 
I/O 1 CASRAS WE OE 

I/O 2 

1/03 

1/04 08 
I/O 5 

1/06 

1/07 

1/08 

POl - PD8 o----<!- Vee or GND 

100, 101 0 NC or GND 

Vee 0 ~ CO _ C8 • DO - 08 
GND 0 T . 00-08 
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Electrical Specifications Notes 1,2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -0.5 to +4.6 V 

Supply voltage Vee -0.5 to +4.6 V 

Output current 10 20 mA 

Power dissipation Po 11 W 

Operating ambient temperature TA o to +70 ·C 

Storage temperature TSlg -55 to +125 ·C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposureto Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 3.0 3.3 3.6 V 

High level input voltage V,H 2.0 Vee + 0.3 V 

Low level input voltage VIL -0.3 +0.8 V 

Operating ambient temperature TA 0 70 ·C 

Capacitance (TA = 25 ·C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance CII AO - Al0, BO 20 pF 

CI2 WEO, WE2 20 

CI3 RASO, RAS2 50 

C" CASO, CAS4 20 

CI5 OEO,OE2 20 

Data Input/Output capacitance CliO 1/00 -1/071 20 pF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current IcCl RAS, CAS Cycling tRAe = 60 ns 910 mA 3,4,7 

tRC = tRC (MIN.) tRAe = 70 ns 820 
10 = 0 mA 

tRAe = 80 ns 730 

Standby current lce2 RAS, CAS" V,H 1M IN. I 10 = 0 mA 82 mA 

RAS, CAS" Vee - 0.2 V 10 = 0 mA 41 

RAS only refresh current !ee3 RAS Cycling tRAe = 60 ns 910 mA 3,4,5,7 

CAS" V,H 'MIN.I tRAe = 70 ns 820 
tRC = tRC (MIN.) 

10 = 0 mA tRAe = 80 ns 730 

Operating current IcC4 RAS ,; VIL 'MAX.I, CAS Cycling tRAe = 60 ns 640 mA 3,4,6 

(Fast page model tpc = tpc (MIN.) tRAe = 70 ns 550 
10 = 0 mA 

tRAe = 80 ns 460 
--

CAS before RAS Ices RAS Cycling tRAe = 60 ns 910 mA 3,4 

refresh cu rrent tRC = tRC IMIN.) tRAe = 70 ns 820 
10 = 0 mA 

tRAC = 80 ns 730 

Input leakage current Ii III V, = 0 to 3.6 V I'RAS -5 +5 pA 

All other pins not under test = 0 VL Others -5 +1 

Output leakage current lOll} Va = 0 to 3.6 V -5 +5 pA 
Output is disabled (Hi-Zl 

High level output voltage VOH 10 = -2.0 mA 2.4 V 

Low level output voltage VOL 10 = +2.0 mA 0.4 V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 

tRAC = 60 ns tRAC = 70 ns tRAC = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Read/Write Cycle Time tRC 110 130 150 ns 

Read Modify Write Cycle Time tAWC 173 195 215 ns 

Fast Page Mode Cycle Time tpc 40 45 50 ns 

Read Modify Write Cycle Time (Fast Page Mode) tPRWC 85 90 100 ns 

Access Time from RAS tRAC 60 70 80 ns 10, 11 

Access Time from CAS teAc 20 23 25 ns 10, 11 

Access Time Column Address tAA 35 40 45 ns 10, 11 

Access Time from CAS Precharge tACP 40 45 50 ns 11 

Access Time from OE tOEA 20 23 25 ns 11 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time telz a 0 a ns 11 

OE to Data Setup Time tOLZ 0 a a ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF a 13 a 15 0 15 ns 12 

OE to Data Delay Time tOED 13 15 15 ns 

Output Buffer Turn-off Delay Time from OE tOEZ a 13 a 15 a 15 ns 12 

OE Hold Time tOEH a a a ns 

OE Lead Time Referenced to RAS tOES a a 0 ns 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 

RAS Precharge Time tAP 40 50 60 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 . 80 125,000 ns 

RAS Hold Time tRSH 15 18 20 ns 

CAS Pulse Width teAs 15 10,000 18 10,000 20 10,000 ns 

CAS Hold Time tCSH 60 70 80 ns 

RAS to CAS Delay Time tRCD 20 45 20 50 25 60 ns 10 

CAS to RAS Precharge Time tCRP 5 5 5 ns 13 

CAS Precharge Time tCPN 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tcp 10 10 10 ns 

RAS Precharge CAS Hold Time tRPe 5 5 5 ns 

RAS Hold Time from CAS Precharge tRHCP 40 45 50 ns 

Row Address Setup Time tASR 5 5 5 ns 

Row Address Hold Time tRAH 10 10 12 ns 

Column Address Setup Time tAse 0 0 0 ns 

Column Address Hold Time tCAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAL 30 35 40 ns 

Read Command Setup Time tACS 0 0 0 ns 

Read Command Hold Time Referenced to RAS tRRH 0 0 0 ns 14 

Read Command Hold Time Referenced to CAS tACH 0 0 0 ns 14 

WE Hold Time Referenced to CAS tWCH 10 10 15 ns 15 

WE Pulse Width twp 10 10 15 ns 15 

148 



:}} 

i ___ N_E_C-=-________________ M_C_-_42_2_0_0_0L_A_B_7_2_F ___ !~ 

tRAe = 60 ns tRAe = 70 ns tRAe = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Data-in Setup Time tos 0 0 0 ns 16 

Data-in Hold Time tOH 10 15 15 ns 16 

Write Command Setup Time twcs 0 0 0 ns 17 

CAS to WE Delay Time tcwo 38 43 45 ns 17 

RAS to WE Delay Time tRWO 93 105 115 ns 17 

CAS Precharge to WE Delay Time tcpwo 58 65 70 ns 17 

Column Address to WE Delay Time tAWD 58 65 70 ns 17 

WE Lead Time Referenced to RAS tRWL 25 25 25 ns 

WE Lead Time Referenced- to CAS tCWl 15 15 15 ns 

CAS Setup Time (CAS before RAS Refresh) tCSR 5 5 5 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 10 ns 

WE Setup Time tWSR 10 10 10 ns 

WE Hold Time tWHR 15 15 15 ns 

Refresh Time tREF 32 32 32 ms 

Notes 
1. All voltages are referenced to GND. 

2. After power up. wait more than 100 j1.S and then. execute eight CAS before RAS or RAS only 

refresh cycles as dummy cycles to initialize internal circuit. 

3. Iccl, Icc3, Icco and Iccs depend on cycle rates (tRC and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. IcC3 is measured assuming that all column address inputs are held at either high or low. 

6. Icco is measured assuming that all column address inputs are switched only once during each 

fast page cycle. 

7. Iccl and Icc3 are measured assuming that address can be changed once or less during RAS $ VIL 

IMAX.I and CAS 2: VIH IMIN.I. 

S. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

VIH (MIN] = 2.0 V -----------~------' , , , , , , , , , ' , ______________ I I , , , 
, I I , 

V,l (MAX I = 0.8 V 
, , , , 
~ ---+---+--

tT = 5 ns IT = 5 ns 

(2) Output timing specification 

VOH (MIN.! = 2.0 V 

:::::::~~)-VOllMAX I = 0.8 V 

,~ 

II 
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10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAD :5 tAAD (MAX.) and tACO :5 tACO (MAX.f tRAC (MAX.) tRAC (MAX.) 

tRAD > tRAD (MAX.) a nd tACO :5 tRCO (MAX') tAAIMAX.) tRAO + tAA {MAX.} 

tACO> tRCo (MAX.) teAc (MAX.) tAco + teAc (MAX.) 

tAAD IMAX.I and tACD IMAX.I are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tAAC, tAA or tCAC) is to be used for 

finding out when output data will be available. Therefore, the input conditions tRAD 2 tAAD IMAX.I 

and tACO 2 tRCD IMAX.I will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. tOFF IMAX.I and tOEZ IMAX.I define the time at which the output achieves the condition of Hi-Z and 

are not referenced to VOH or VOL. 

13. tCAP IMIN.I requirements should be applied to RAS/CAS cycles. 

14. Either tACH IMIN.I or tRRH IMIN.I should be met in read cycles. 

15. tWPIMIN.1 is applied to late write cycles or read modify write cycles. In early write cycles, tWCH IMIN.I 

should be met. 

16. tDS IMIN.I and tDH IMIN.I are referenced to the CAS falling edge in early write cycles. In late write 

cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If twcs 2 twcs IMIN.I, the cycle is an early write cycle and the data out will remain Hi-Z through the 

enti re cycle. If tRWD 2 tRwD IMIN.I, tcwD 2 tcwD IMIN.I, tAwD 2 tAWD IMIN.I and tCPWD 2 tCPWD IMIN.), the cycle 

is read modify write cycle and the data out will contain data read from the selected cell. If neither 

of the above conditions is met, the state of the data out is indeterminate. 



Timing Chart 
Please refer to Timing Chart 3, page 397. 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

152 

- -y 

~O 
~~ ,\Trrmf, 

S 
(OPTIONAL HOl 

I~ 
J 

h--I-B 

detail of ® part 

X 

A 

0 D 
:"'- r---

, " " , 

t--[8J ~'-® 

K 

C 

detail of ® part 

E 

MC-422000LAB72F 

z- -

OO~ 
r 

,0 

ITEM MILLIMETERS INCHES 
A 133,35±0.13 5.25±0.006 

B 11.43 0.450 

C 36.83 1.450 

D 6.35 0.250 

Dl 2.0 0.079 

D2 3.125 0.123 
E 54.61 2.150 

G 6.35 0.250 

H 1.27 (T.P.) 0.050 (T.P.) 

8.89 0.350 
23.50 0.925 

K 43.18 1.70 

17.78 0.700 

M 25.4±0.13 1.000±0.006 

N 4.0 MAX. 0.158 MAX. 

P 1.0 0.039 
Q R2.0 RO.079 

R 4.0±0.1 0.157~g:gg~ 

s </>3.0 </>0.118 

T 1,27±0.1 0.05±0.004 

U 4.0 MIN. 0.157 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.0±0.05 0.039~g:gg~ 
X 2.54±0.10 0.100±0.004 

Y 3.0 MIN. 0.118 MIN. 

Z 3.0 MIN. 0.118 MIN. 
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MOS INTEGRATED CIRCUIT 

MC-424000AB72F 
./ , 
,~ 
.~ 

1$ ______________________________________________________ i' 

4 M-WORD BY 72-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE (ECC) 

-------------------------------------,1 

Description 
The MC-424000AB72F is a 4,194,304 words by 72 bits dynamic RAM module on which 18 pieces of 16 M 

DRAM: IlPD4217400 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 

surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
4,194,304 words by 72 bits organization 

• Fast access and cycle time 

Power consumption 
Access time R/W cycle time (MAX.) Family (MAX.) (MIN.) 

Active Standby 

MC-424000AB72-60 60 ns 110 ns 10.73W 

MC-424000AB72-70 70 ns 130 ns 9.79 W 
430 mW 

(CMOS level input) 
MC-424000AB72·80 80 ns 150 ns 8.84 W 

• 2,048 refresh cycles/32 ms 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.25 V power supply 

Ordering Information 

Part number 
Access time 

(MAX.) 
Package Mounted devices 

MC-424000AB72F-60 60 ns 168-pin Dual In-line Memory Module 18 pieces of JlPD4217400G3 

MC-424000AB72F-70 70 ns (Socket Type) (300 mil TSOP(II)) 

MC-424000AB72F-80 80 ns 
Edge connector: Gold plating [Double side] 

The information in this document is subject to change without notice. 

Document No. le-359B (Japan) 
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Pin Configuration 

168-pin Dual In-line Memory Module Socket Type (Edge connector: Gold plating) 

0 o 
GND GND 
1/036 1/00 
1/037 I/O 1 
1/038 1/02 
1/039 1/03 
V" V" 
1/040 1/04 
1/041 1/05 
1/042 1/06 
1/043 1/07 

95 1/044 1/08 
96 GND GND 
97 1/045 1/09 
98 1/046 1/010 
99 1/047 1/011 

100 1/048 I/O 12 
- 101 1/049 1/013 

102 Vee Vee 
103 1/050 1/014 
104 I/O 51 I/O 15 
105 1/052 I/O 16 
106 1/053 I/O 17 
107 GND GND 
108 NC NC 
108 NC NC 
110 Vee Vee 
111 NC iNEli 

PO and 10 Table 
112 NC CASO 
113 NC NC Pin Pin Access Time 
114 NC R~ 
115 NC OEO 
116 GND GND 

Name No. 60 ns 70 ns 80 ns 
117 Al AO 
118 A3 A2 PD1 79 H H H 
119 A5 A4 
120 A7 A6 PD2 163 H H H 
121 A9 AS 
122 NC Al0 PD3 80 L L L 
123 NC NC 
124 Vee Vee PD4 164 H H H 

125 NC NC PD5 81 L L L 
126 80 NC 
127 GND GND 
128 NC 00 

PD6 165 H L H 

129 NC RAS2 
130 NC CAS4 PD7 82 H H L 
131 NC NC 
132 PDt WE2 PD8 166 L L L 
133 V" V" 
134 NC NC 100 83 GND GND GND 
135 NC NC 
136 1/054 1/018 
137 1/055 1/019 

101 167 GND GND GND 

138 GND GND 
139 1/056 1/020 Remark H : VOH, L: VOL 
140 1/057 1/021 
141 1/058 I/O 22 
142 1/059 1/023 
143 V" V" 
144 1/060 1/024 
145 NC NC 
146 NC NC 
147 NC NC 
148 NC NC AO - A10, BO : Address Inputs 
149 1/061 1/025 
150 1/062 1/026 I/O 0 - I/O 71 : Data Inputs/Outputs 
151 1/063 1/027 
152 GND GND RASO, RAS2 : Row Address Strobe 
153 1/064 1/028 
154 1/065 1/029 
155 1/066 1/030 
156 1/067 1/031 
157 V" Veo 

CASO, CAS4 Column Address Strobe 

WEO, WE2 Write Enable 

OEO,OE2 Output Enable 
158 1/068 1/032 
159 1/069 1/033 POE Presence Detect Enable 
160 I/O 70 1/034 
161 1/071 1/035 PD1 - PD8 Presence Detect Pins 
162 GND GND 
163 PD2 PDl 

100,101 Identity Pins 
164 PD4 PD3 
165 PD6 PD5 
166 PD8 PD7 

Vee Power Supply 

GND Ground 
167 IDl IDO 
169 V" V" NC No connection 

0 0 

154 



NEe 

Block Diagram 

RASO 0------, 

OEOo--C~---~--~ 

WE 0 o---t.:;~-----+----, 

CASO o---t.:;~--, 

I/O 0 
I/O 1 
I/O 2 

I/O 3 

1/04 
I/O 5 
I/O 6 
I/O 7 

I/O 8 
1/09 

I/O 10 
I/O 11 

I/O 12 
I/O 13 
I/O 14 
I/O 15 

I/O 16 
I/O 17 
I/O 18 
I/O 19 

I/O 20 
I/O 21 
I/O 22 
1/023 

1/024 
I/O 25 
I/O 26 
I/O 27 

I/O 28 
I/O 29 
I/O 30 
1/031 

1/032 
I/O 33 
1/034 
I/O 35 

r---=::!=-"";"'~"""'!',.., 

AO o------C>------ AO : DO - D8 

80 o------C>------ AO : D9 - D 17 

Al - Al0 o------C>------ DO - D17 

Remark DO - D17 : IlPD4217400 

MC-424000AB72F 

RAS20--------, 

OE2o-~~----4---. 

WE20--D~---~-, 

CAS4 o---t.:;~----, 

I/O 36 
I/O 37 
1/038 
I/O 39 

1/040 
1/041 
1/042 
1/043 

1/044 
I/O 45 
I/O 46 
I/O 47 

1/048 
1/049 
I/O 50 
I/O 51 

I/O 52 
1/053 
1/054 
I/O 55 

I/O 56 
I/O 57 
1/058 
1/059 

I/O 60 
1/061 
I/O 62 
I/O 63 

1/064 
I/O 65 
I/O 66 
I/O 67 

1/068 
1/069 
I/O 70 
I/O 71 

r---=::!=-"";"'~"""'!'"..., 

PDE~ 

PD1 - PD8 o-------<:J---- Vee or GND 

IDO. ID1 0>----- NC or GND 

Vee 0 

GNDO 

=t: . DO-D17 

TCO-C1; DO-D17 
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Electrical Specifications Notes 1. 2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 mA 

Power dissipation Po 20 W 

Operating ambient temperature TA o to +70 ·C 

Storage temperature Tstg -55 to +125 ·C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.75 5.0 5.25 V 

High level input voltage V,H 2.4 Vee + 1.0 V 

Low level input voltage VIL -1.0 +0.8 V 

Operating ambient temperature TA 0 70 ·C 

Capacitance ITA = 25 ·C. f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance C" AO - Al0, BO 20 pF 

C" WEO, WE2 20 

C" RASO, RAS2 78 

C" CASO, CAS4 20 

C's OEO,OE2 20 

Data Input/Output capacitance Cvo 1/00 - 1/071 20 pF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current Icc, RAS, CAS Cycling tRAC = 60 ns 2,044 mA 3,4,7 

tRC = tRC (MIN.) tRAC = 70 ns 1,864 
10 = 0 mA 

tRAC = 80 ns 1,684 

Standby current Icc2 RAS, CAS;' V,H IMIN.) 10 = 0 mA 100 mA 

RAS, CAS;' Vcc - 0.2 V 10 = 0 mA 82 

RAS only refresh current Icc, RAS Cycling tRAC = 60 ns 2,044 mA 3,4,5,7 

CAS;' V,H 1M IN.) tRAC = 70 ns 1,864 
tRC = tRC (MIN.) 

10 = 0 mA tRAC = 80 ns 1,684 

Operating current Icc. RAS';; V,lIMAX.I, CAS Cycling tRAC = 60 ns 1,324 mA 3,4,6 

(Fast page model tpc = tpc (MIN.) tRAC = 70 ns 1,144 
10 = 0 mA 

tRAC = 80 ns 964 

CAS before RAS Ices --
RAS Cycling tRAC = 60 ns 2,044 mA 3,4 

refresh current tRC = tRC IMIN.) tRAC = 70 ns 1,864 
10 = 0 mA 

tRAC = 80 ns 1,684 

Input leakage current II III V, = 0 to 5.5 V "RAS -10 +10 pA 

All other pins not under test = 0 V I Others -5 +1 

Output leakage current 10 ILl Vo = 0 to 5.5 V -10 +10 pA 

Output is disabled (Hi-Zl 

High level output voltage VOH 10 = -5.0 mA 2.4 V 

Low level output voltage VOL 10 = +4.2 mA 0.4 V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 

tAAe = 60 ns tRAe = 70 ns tRAe = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Read/Write Cycle Time tAe 110 130 150 ns 

Read Modify Write Cycle Time tRWC 175 195 220 ns 

Fast Page Mode Cycle Time tpe 40 45 50 ns 

Read Modify Write Cycle Time (Fast Page Mode) tPRWC 85 90 105 ns 

Access Time from RAS tRAC 60 70 80 ns 10, 11 

Access Time from CAS teAc 20 23 25 ns 10,11 

Access Time Column Address tAA 35 40 45 ns 10,11 

Access Time from CAS Precharge tACP 40 45 50 ns 11 

Access Time from OE tOEA 20 23 25 ns 11 

RAS to Column Address Delay Time tRAO 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time telz 0 0 0 ns 11 

OE to Data Setup Time tOLZ 0 0 0 ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF 0 15 0 15 0 20 ns 12 

OE to Data Delay Time tOED 15 15 20 ns 

Output Buffer Turn-off Delay Time from OE tOEZ 0 15 0 15 0 20 ns 12 

OE Hold Time tOEH 0 0 0 ns 

OE Lead Time Referenced to RAS tOES 0 0 0 ns 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 

RAS Precharge Time tAP 40 50 60 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tRSH 15 18 20 ns 

CAS Pulse Width teAs 15 10,000 18 10,000 20 10,000 ns 

CAS Hold Time tCSH 60 70 80 ns 

RAS to CAS Delay Time tRCD 20 40 20 50 25 60 ns I 10 

CAS to RAS Precharge Time teRP 5 5 5 rf; J 13 

CAS Precharge Time tCPN 10 10 10 ""r-
CAS Precharge Time (Fast Page Mode) tep 10 10 10 no::; 

RAS Precharge CAS Hold Time 5 5 5 
~--+.-

tRPe r,E -I - _. __ .. _-
RAS Hold Time from CAS Precharge tRHCP 40 45 50 ~ f'S I 

Row Address Setup Time tASR 5 5 5 
I-·~~i---

Row Address Hold Time tRAH 10 10 12 r;T~~ 
Column Address Setup Time tAse 0 0 0 -~~I= Column Address Hold Time teAH 15 15 15 

t-~~- -----
Column Address Lead Time Referenced to RAS tRAL 30 35 40 

Read Command Setup Time 
r-- --

tRCS 0 0 0 i ns I ___ 

Read Command Hold Time Referenced to RAS tRRH 0 0 0 f--~ ~2.~ 
Read Command Hold Time Referenced to CAS tACH 0 0 0 ns 14 _.-
WE Hold Time Referenced to CAS tWCH 10 10 15 ns 15 , 
WE Pulse Width twp 10 10 15 ns 15 
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tRAC = 60 ns tRAC = 70 ns tRAC = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Data-in Setup Time tos 0 0 0 ns 16 

Data-in Hold Time tOH 10 15 15 ns 16 

Write Command Setup Time twcs 0 0 0 ns 17 

CAS to WE Delay Time tcwo 40 43 50 ns 17 

RAS to WE Delay Time tRWD 95 105 120 ns 17 

CAS Precharge to WE Delay Time tcpwo 58 65 70 ns 17 

Column Address to WE Delay Time tAWD 60 65 75 ns 17 

WE Lead Time Referenced to RAS tRWL 25 25 25 ns 

WE Lead Time Referenced to CAS tCWL 15 15 15 ns 

CAS Setup Time (CAS before RAS Refresh) tCSR 5 5 5 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 10 ns 

WE Setup Time tWSA 10 10 10 ns 

WE Hold Time twHR 15 15 15 ns 

Refresh Time tREF 32 32 32 ms 

Notes 
1. All voltages are referenced to GND. 

2. After power up, wait more than 100 J.IS and then, execute eight CAS before RAS or RAS only 

refresh cycles as dummy cycles to initialize internal circuit. 

3. 

4. 

5. 

6. 

7. 

IcC1, IcC3, IcC4 and IcC5 depend on cycle rates (tAC and tpc). 

Specified values are obtained with outputs unloaded. 

IcC3 is measured assuming that all column address inputs are held at either high or low. 

Icc4 is measured assuming that all column address inputs are switched only once during each 

fast page cycle. 

Icc1 and Icc3 are measured assuming that address can be changed once or less during RAS:'> VIL 

(MAX.) and CAS;:: VIH (MIN.). 

S. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

V,H IMINI = 2.4 V .----------JrL------: i , , , , , ______________ I I , , 
I I , , 

VIL IMA'" = 0.8 V 
I I I I 

~ ~ 
tr = 5 ns tT = 5 ns 

(2) Output timing specification 

VOH IMIN.I = 2.4 V 

:::::::~'--------'}-VOL IMAXI = 0.4 V 
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10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAD .s tRAO (MAX.) and tRCo $: tRCO (MAX.) tRAC (MAX.) tRAC (MAX.) 

tRAD > tRAO (MAX.) and tRCD .s tRCD (MAX.) tAA (MAX.) tRAD + tAA (MAX.) 

tRCO > tRCD (MAX.) teAc (MAX.) tRCD + teAc (MAX.J 

tRAO (MAX.) and tRCO (MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tRAC, tAA or tCAC) is to be used for 

finding out when output data will be available. Therefore, the input conditions tRAO <: tRAO IMAX.) 

and tRCO <: tRCO (MAX.) will not cause any operation problems. 

11. Loading conditions are 2 TTLs and 100 pF. 

12. tOFF IMAX.) and tOEZ (MAX.) define the time at which the output achieves the condition of Hi-Z and 

are not referenced to VOH or VOL. 

13. tCAP (MIN.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH IMIN.) or tRRH IMIN') should be met in read cycles. 

15. twp IMIN.) is applied to late write cycles or read modify write cycles. In early write cycles, tWCH IMIN.) 

should be met. 

16. tos (MIN.) and tOH (MIN.) are referenced to the CAS falling edge in early write cycles. In late write 

cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If twcs <: twcs (M)N'), the cycle is an early write cycle and the data out will remain Hi-Z through the 

entire cycle. If tAWO <: tRWO(MIN.), tcwo <: tcwo IMIN.), tAWO <: tAWO (MIN.) and tcPWO <: tcPWO (MIN.), the cycle 

is read modify write cycle and the data out will contain data read from the selected cell. If neither 

of the above conditions is met, the state of the data out is indeterminate. 



Timing Chart 
Please refer to Timing Chart 3, page 397. 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

A 

s 
(OPTIONAL HOLES) 

J~-+--++~--~K~--~ 

C D E 

~DE],oIjIj"U~""o[j'oIJ~ 
detail of ® part detail of @ part 

ITEM MILLIMETERS INCHES 
A 133.35±0.13 5.25±0.006 

W B 11.43 0.450 

tr C 36.83 1.450 

t0JPx -&-
0 6.35 0.250 

E 54.61 2.150 

G 6.35 0.250 

H 1.27 (T.P.) 0.050 (T.P.) 

D 8.89 0.350 

23.495 0.925 
D K 42.18 1.661 

17.78 0.700 

M 25.4 1.000 
N 4.0 MAX. 0.158 MAX. 
P 1.0 0.039 

Q R2.0 RO.079 

R 4.0±0.1 0.157~8:88~ 
s tp3.0 tpO.118 

T 1.27±0.1 0.05±0.004 

U 4.0 MIN. 0.157 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.0±0.05 0.039±0.002 

X 2.54 MIN. 0.100 MIN. 
y 3.0 MIN. 0.118 MIN. 

Z 3.0 MIN. 0.118 MIN. 

M168S-50A2 
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NEe MOS INTEGRATED CIRCUIT '" 
.i 

________ M_C_-4_2_40_00_A_C_72_F_1 
4 M-WORD BY 72-BIT DYNAMIC RAM MODULE 

FAST PAGE MODE (ECC) 

Description 
The MC-424000AC72F is a 4.194.304 words by 72 bits dynamic RAM module on which 18 pieces of 16 M 

DRAM· .uPD4216400 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 

surface-mounting technology on the printed circuit board. 

Decoupiing capacitors are mounted on power supply line for noise reduction. 

Features 
4.19".304 words by 72 bits organization 

• Fast access and cycle time 

r-----_ .. _--

Access time R/W cycle time 
Family (MAX.) (MIN.) 

MC-424000AC/2·60 60 ns 110 ns 

MC-424000AC72-70 70 ns 130 ns 

MC-424000AC72-80 80 ns 150 ns -

4.096 refresh cycles/64 ms 

CAS before RAS refresh. RAS only refresh. Hidden refresh 

• 168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

Single +5.0 V ±0.25 V power supply 

Ordering Information 

Part number 
Access time 

(MAX.) 
Package 

MC-424000AC72F-60 60 ns 168-pin Dual In-line Memory Module 

MC-424000AC72F-70 70 ns (Socket Type) 

MC-424000AC72F-80 80 ns Edge connector: Gold plating 

Power consumption 

(MAX.) 

Active Standby 

8.84 W 

7.90W 
430mW 

(CMOS level input) 
6.95 W 

Mounted devices 

18 pieces of /lPD4216400G3 

I (300 mil TSOP(II)) 
[Double sidell 

The information in this document is subject to change without notice. 

Document No. IC-3549 (Japan) 
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Pin Configuration 

168-pin Dual In-line Memory Module Socket Type (Edge connector: Gold plating) 

0 o 
GNO GNO 
1/036 1/00 
1/037 I/O 1 
1/03B 1/02 
1/039 1/03 
Voc Voc 
1/040 1/04 
1/041 1/05 
1/042 1/06 
1/043 I/O 7 

1/044 I/OB 
GNO GNO 
1/045 1/09 
1/046 1/010 
110 47 1/011 
I/O 48 I/O 12 
I/O 49 1/013 
Vee Vee 
I/O 50 I/O 14 
110 51 I/O 15 
1/052 I/O 16 
1/053 I/O 17 
GNO GNO 
NC NC 
NC NC 
Vee Vee 
NC WEii 
NC CASO 
NC NC 
NC ~ 
NC OEO 

PO and 10 Table 

Pin Pin Access Time 

Name No. 60 ns 70 ns 80 ns 
GNO GNO 
Al AO 
A3 A2 PD1 79 H H H 
A5 M 
A7 A6 PD2 163 H H H 
A9 A9 
All Al0 PD3 80 L L L 
NC NC 
Vee Vee PD4 164 H H H 

125 NC NC PD5 81 L L L 
126 BO NC 
127 GNO GNO 
128 NC on PD6 165 H L H 

129 NC ~ 
130 NC CAS4 PD7 82 H H L 
131 NC NC 
132 I'U£" WE2 PD8 166 L L L 
133 Voc Voc 
134 NC NC 100 83 GND GND GND 
135 NC NC 
136 I/O 54 I/O 18 
137 1/055 I/O 19 

101 167 GND GND GND 

138 GNO GNO 
139 I/O 56 1/020 Remark H: VOH, L: VOL 
140 1/057 I/O 21 
141 I/O 56 1/022 
142 I/O 59 1/023 
143 Vee Vee 
144 I/O 60 1/024 
145 NC NC 
146 NC NC 
147 NC NC 
148 NC NC AO-A11,BO: Address Inputs 
149 I/O 61 110 25 
160 110 62 110 26 I/O 0 - I/O 71 : Data Inputs/Outputs 
151 11063 110 27 
152 GNO GNO RASO, RAS2 : Row Address Strobe 
163 1/064 11028 
154 11065 1/029 
155 1/066 1/030 
156 1/067 110 31 
157 Vee Vee 

CASO,CAS4 Column Address Strobe 

WED, WE2 Write Enable 

OEO,OE2 Output Enable 
158 1/066 1/032 
159 1/069 110 33 POE Presence Detect Enable 
160 I/O 70 11034 
161 I/O 71 11035 PD1 - PD8 Presence Detect Pins 
162 GNO GNO 
163 P02 POl 

100,101 Identity Pins 
164 P04 P03 
165 P06 P05 
166 POB P07 

Vee Power Supply 

GND Ground 
167 101 100 
168 Vee Vee NC No connection 

0 0 
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Block Diagram 

RASOo------------, 

OEOo-~~------~----~ 

WEOo-~~------~--, 

CASO o-~~----, 

1/00 
1/01 
I/O 2 
1/03 

1/04 
I/O 5 
1/06 
1/07 

1/08 
1/09 

I/O 10 
I/O 11 

I/O 12 
I/O 13 
1/014 
I/O 15 

I/O 16 
I/O 17 
I/O 18 
I/O 19 

I/O 20 
I/O 21 
I/O 22 
I/O 23 

1/024 
I/O 25 
1/026 
I/O 27 

I/O 28 
I/O 29 
1/030 
1/031 

1/032 
1/033 
1/034 
1/035 

r-----=~~_::!",...."!,,.., 

AO o--t>-- AO . DO - 08 

80 o--t>-- AO : 09 - 017 

A1-A11 o--t>-- 00-017 

Remark 00 - 017 ; /LP04216400 

MC-424000AC72F 

RAS2o---------------, 

OE2o--C~------~--------, 

WE2o--D~------~----, 

CAS4 o--C~-------, 

I/O 36 
I/O 37 
I/O 38 
1/039 

I/O 40 
1/041 
I/O 42 
1/043 

1/044 
1/045 
1/046 
1/047 

1/048 
1/049 
I/O 50 
I/O 51 

I/O 52 
I/O 53 
I/O 54 
I/O 55 

I/O 56 
1/057 

1/058 

1/059 

1/060 
1/061 

1/062 
1/063 

1/064 
1/065 

1/066 
1/067 

1/068 

1/069 
I/O 70 
1/071 

r-----=:::!=-",,!:~:_.,.;~ 

POE~ 

P01 - P08 ~ Vee orGNO 

100,101 0>--------- NC or GNO 

:::!: • 00-017 

T CD-C1? 00-017 

Vee 0 

GNOO 

'I 
'I 

: ~ 
1.1 

I: 

I 
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Electrical Specifications Notes 1. 2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 mA 

Power dissipation Po 20 W 

Operating ambient temperature T. o to +70 'C 

Storage temperature Tot. -55 to +125 'C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.75 5.0 5.25 V 

High level input voltage V,H 2.4 Vee + 1.0 V 

Low level input voltage Vil -1.0 +0.8 V 

Operating ambient temperature T. 0 70 'C 

Capacitance (TA = 25 'C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance C" AO - All. BO 20 

C" WEO. WE2 20 

C'3 RASO. RAS2 78 pF 

C" CASO.CAS4 20 

C's OEO.OE2 20 

Data Input/Output capacitance Cva 1/00 -1/071 20 pF 
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_____ ~ __ E_c:~ ______________________________ ~M~C_-4~2~4~OO~O~A~C~7=2~F ____ ~I. 
DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. 

Operating current Icc, RAS, CAS Cycling tRAC - 60 ns 1,684 

tAe = tRC IMIN.) tRAC = 70 ns 1,504 
10=OmA 

tRAC = 80 ns 1,324 

Standby current Icc2 RAS, CAS ~ V,H (MIN.I 10=OmA 100 

RAS, CAS ~ Vcc - 0.2 V 10=OmA 82 

RAS only refresh current Icc3 RAS Cycling tRAC = 60 ns 1,684 
CAS ~ V,H (MIN.I tRAC = 70 ns 1,504 
tRC = tRC (MIN.) 

10=OmA tRAC = 80 ns 1,324 

Operating current Icc. RAS ~ V,L (MAX.I, CAS Cycling tRAC = 60 ns 1,324 

(Fast page mode) tpc s tpc IMIN.) tRAC = 70 ns 1,144 
10=OmA 

tRAC = 80 ns 964 

CAS before RAS Iccs RAS Cycling tRAC = 60 ns 1,684 

refresh current tRC = tRC IMIN.) tRAC = 70 ns 1,504 
10=OmA 

tRAC = 80 ns 1.324 

Input leakage current Ii (L) V, = 0 to 5.5 V IRAS -10 +10 

All other pins not under test = 0 V I Others -5 +1 

Output leakage current 10(l) Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 
-10 +10 

High level output voltage VOH 10 - -5.0 mA 2.4 

Low level output voltage VOL 10 = +4.2 mA 0.4 

/ 
/ 

Unit 

mA 

mA 

mA 

mA 

mA 

pA 

pA 

V 

V 

Notes 

3,4,7 

3,4,5,7 

3,4,6 

3,4 
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AC Characteristics (Recommended Operating. Conditions unless.otherwise noted) Notes 8, 9 

tRAe = 60 ns tRAe = 70 ns tRAe = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

ReadiWrite Cycle Time tRe 110 130 150 ns 

Read Modify Write Cycle Time tRwe 175 195 220 ns 

Fast Page Mode Cycle Time tpe 40 45 50 ns 

Read Modify Write Cycle Time (Fast Page Mode) tPRWC 85 90 105 ns 

Access Time from RAS tRAC 60 70 80 ns 10, 11 

Access Time from CAS teAe 20 23 25 ns 10, 11 

Access Time Column Address tAA 35 40 45 ns 10, 11 

Access Time from CAS Precharge tACP 40 45 50 ns 11 

Access Time from OE tOEA 20 23 25 ns 11 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time telz 0 0 0 ns 11 

OE to Data Setup Time tOLZ 0 0 0 ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF 0 15 0 15 0 20 ns 12 

OE to Data Delay Time tOED 15 15 20 ns 

Output Buffer Turn-off Delay Time from OE tOEZ 0 15 0 15 0 20 ns 12 

OE Hold Time tOEH 0 0 0 ns 

OE lead Time Referenced to RAS tOES 0 0 0 ns 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 60 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tRSH 15 18 20 ns 

CAS Pulse Width teAS 15 10,000 18 10,000 20 10,000 ns 

CAS Hold Time tesH 60 70 80 ns 

RAS to CAS Delay Time tRCD 20 40 20 50 25 60 ns 10 

CAS to RAS Precharge Time teRP 5 5 5 ns 13 

CAS Precharge Time tCPN 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tep 10 10 10 ns 

RAS Precharge CAS Hold Time tRPe 5 5 5 ns 

RAS Hold Time from CAS Precharge tRHCP 40 45 50 ns 

Row Address Setup Time tASR 5 5 5 ns 

Row Address Hold Time tRAH 10 10 12 ns 

Column Address Setup Time tAse 0 0 0 ns 

Column Address Hold Time teAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAL 30 35 40 ns 

Read Command Setup Time tRes 0 0 0 ns 

Read Command Hold Time Referenced to RAS tRRH 0 0 0 ns 14 

Read Command Hold Time Referenced to CAS tRCH 0 0 0 ns 14 

WE Hold Time Referenced to CAS tweH 10 10 15 ns 15 

WE Pulse Width twp 10 10 15 ns 15 
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tRAC = 60 ns tRAC = 70 ns tRAC = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Data-in Setup Time tos 0 0 0 ns 16 

Data-in Hold Time tOH 10 15 15 ns 16 

Write Command Setup Time twcs 0 0 0 ns 17 

CAS to WE Delay Time tcwo 40 43 50 ns 17 

RAS to WE Delay Time tRWD 95 105 120 ns 17 

CAS Precharge to WE Delay Time tCPWD 58 65 70 ns 17 

Column Address to WE Delay Time !AWD 60 65 75 ns 17 

WE Lead Time Referenced to RAS tRWL 25 25 25 ns 

WE Lead Time Referenced to CAS tCWL 15 15 15 ns 

CAS Setup Time (CAS before RAS Refresh) tCSR 5 5 5 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 10 ns 

WE Setup Time tWSR 10 10 10 ns 

WE Hold Time tWHR 15 15 15 ns 

Refresh Time tREF 64 64 64 ms 

Notes 
1. All voltages are referenced to GND. 

2. After power up, wait more than 100 J1S and then, execute eight CAS before RAS or RAS only 

refresh cycles as dummy cycles to initialize internal circuit. 

3. \ec" \eC3, \eC4 and \ecs depend on cycle rates (tRC and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. \eC3 is measured assuming that all column address inputs are held at either high or low. 

6. icC4 is measured assuming that all column address inputs are switched only once during each 

fast page cycle. 

7. \ec, and \eC3 are measured aSS1Jming that address can be changed once or less during RAS ~ VIL 

IMAX.) and CAS ~ VIH IMIN.). 

S. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

V'H (M'N.} = 2.4 V .----------~------i i 
_____ • ____ ._._ J I , , 

I tit 
V}L'MAX.} = O.B V 

I I I I 

----tf-+- ----tf-+-
tT = 5 ns tr = 5 ns 

(2) Output timing specification 

VOH (M}N.} = 2.4 V 

:::::::~'-------')-VOL (MAX.} = 0.4 V 
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10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tAAD 'S tRAO (MAX.' and tRCO S tRCO (MAX.) tRAC(MAX.) tRAC (MAX.) 

tRAD > tRAD (MAX., and tRCO S tRCO (MAX.) tAAIMAX.J tRAD + tAA (MAX.) 

tRCO > tRCO (MAX.) teAc (MAX.) tRCo + teAc (MAX.) 

tAAO (MAX.) and tACO (MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tAAC, tAA dr tCAC) is to be used for 

finding out when output data will be available. Therefore, the input conditions tAAO ~ tAAO (MAX.) 

and tACO ~ tRCO (MAX.) will not cause any operation problems. 

11. Loading conditions are 2 TTLs and 100 pF. 

12. tOFF (MAX.) and tOEZ (MAX.) define the time at which the output achieves the condition of Hi-Z and 

are not referenced to VOH or VOL. 

13. tCAP (MIN.) requirements should be applied to RAS/CAS cycles. 

14. Either tACH (MIN.) or tAAH (MIN.) should be met in read cycles. 

15. tWP(MIN.) is applied to late write cycles or read modify write cycles. In early write cycles, twCH (MIN.) 

should be met. 

16. tos (MIN.) and tOH (MIN.) are referenced to the CAS falling edge in early write cycles. In late write 

cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If twcs ~ twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the 

entire cycle. If tAWO ~ tAWO (MIN.), tcwo ~ tCWO(MIN.), tAWO ~ tAWO (MIN.) and tcPWO ~ tcPWO (MIN.), the cycle 

is read modify write cycle and the data out will contain data read from the selected cell. If neither 

of the above conditions is met, the state of the data out is indeterminate. 



Timing Chart 
Please refer to Timing Chart 3, page 397. 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

A 

y 

S 
(OPTIONAL HOLES) 

J~~--~+---~K----~ 

B G C D E 

~DTI'[j'DtJ"U~""DIj'O'D~ 
detail of ® part detail of @ part 

ITEM MILLIMETERS INCHES 

A 133.35±0.13 5.25±0.006 
W B 11.43 '0.450 

tr C 36.83 1.450 

~~ -ru-
0 6.35 0.250 

E 54.61 2.150 

G 6.35 0.250 

H 1.27 (T.P.) 0.050 (T.P.) 

D 8.89 0.350 

23.495 0.925 
D K 42.18 1.661 

17.78 0.700 

M 25.4 1.000 

N 4.0 MAX. 0.158 MAX. 
P 1.0 0.039 
Q R2.0 RO.079 

R 4.0±0.1 0.157~8:88~ 
s 93.0 tP O.118 

T 1.27±0.1 0.05±O.004 

U 4.0 MIN. 0.157 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.0±0.05 0.039±0.002 

X 2.54 MIN. 0.100 MIN. 
y 3.0 MIN. 0.118 MIN. 

Z 3.0 MIN. 0.118 MIN. 

M168S-50A2 
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NEe r---------------------------------------------------~ 
MOS INTEGRATED CIRCUIT 

MC-424000LAB72F 
10,; 

I,) 
!::i] 

Ii 
.. ~ 

------------------------------------,' 
I' 

3.3 V OPERATION 4 M-WORD BY 72-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE (ECC) 

---------------------------------------,~ 
;! 

Description 
The MC-424000LAB72F is a 4,194,304 words by 72 bits dynamic RAM module on which 18 pieces of 16 M 

DRAM: IlPD4217400L are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 

surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
• 4,194,304 words by 72 bits organization 

• Fast access and cycle time 

Power consumption 
Access time R/W cycle time (MAX.) Family (MAX.) (MIN.) 

Active Standby 

MC-424000LAB72-A60 60 ns 110 ns 6.52W 

MC-424000LAB72-A70 70 ns 130 ns 5.S7W 
1S0mW 

(CMOS level input) 
MC-424000LAB72-ASO SO ns 150 ns 5.22W 

• 2,048 refresh cycles/32 ms 

• CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 168-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +3.3 V ±0.3 V power supply 

Ordering Information 

Part number 
Access time 

(MAX.) 
Package Mounted devices 

MC-424000LAB72F-A60 60 ns 168-pin Dual In-line Memory Module 18 pieces of "PD4217400LG3 

MC-424000LAB72F-A70 70 ns (Socket Type) (300 mil TSOPIII)) 

MC-424000LAB72F-ASO SO ns Edge connector: Gold plating [Double side) 

The Inlo'I1IIItlon In this document Is sublect to chanll. without notlc •. 

Document No. M10520EJ5VODSU1 
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Pin Configuration 

16S-pin Dual In-line Memory Module Socket Type lEdge connector: Gold plating) 

0 o 
GNO GNO 
V036 VOO 
V037 VO 1 
V036 V02 
V039 V03 
Vc< Vc< 
V040 V04 
V041 V05 
V042 V06 
V043 V07 

V044 V08 
GNO GNO 
V045 V09 
V046 VO 10 
V047 VO 11 
V048 VO 12 
V049 VO 13 
Vee Vee 
V050 VO 14 
VO 51 VO 15 
V052 VO 16 
V053 VO 17 
GNO GNO 
NC NC 
NC NC 
Vee Vee 
NC NQ 

PO and 10 Table 
NC CASO 
NC NC 
NC ~ 
NC OEO 
GNO GNO 

Pin Pin Access Time 

Name No. 60 ns 70 ns 80 ns 
Al AO 
A3 A2 POl 79 H H H 
A5 A4 
A7 A6 P02 163 H H H 
A9 AS 
NC Al0 
NC NC 

P03 80 L L L 
Vee Vee P04 164 H H H 

125 NC NC P05 81 L L L 
126 80 NC 
127 GNO GNO 
128 NC em P06 165 H L H 
129 NC MS2 
130 NC ~ P07 82 H H L 
131 NC NC 
132 ~ wei P08 166 L L L 
133 Vc< Vee 
134 NC ~g 135 NC 

100 83 GNO GNO GNO 
136 V054 VO 18 
137 V055 VO 19 

101 167 GNO GNO GNO 
136 GNO GNO 
139 V056 VO 20 
140 V057 VO 21 

Remark H: VOH, L: VOL 

141 V058 VO 22 
142 V059 VO 23 
143 Vee Vee 
144 V060 VO 24 
145 NC NC 
146 NC NC 
147 NC NC 
148 NC NC AO - Al0, BO : Address Inputs 
149 V061 V025 
150 V062 V026 1/00-1/071 : Data Inputs/Outputs 
151 V063 V027 
152 GNO GNO RASO, RAS2 : Row Address Strobe 
153 V064 V028 
154 V065 V029 

CASO, CAS4 Column Address Strobe 
155 V066 V030 
156 VOS7 V031 
157 Vc< Vc< 
158 VOS8 V032 
159 V069 V033 

WEO, WE2 Write Enable 
OEO,OE2 Output Enable 
POE Presence Detect Enable 

160 V070 V034 
161 V071 V035 
162 GNO GNO 
163 P02 POl 

POl - PD8 Presence Detect Pins 
100,101 Identity Pins 

164 PD4 P03 
165 P06 P05 
156 P08 P07 

Vee Power Supply 
GND Ground 

167 101 100 
158 Vc< Vee NC No connection 

0 0 
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NEe 

Block Diagram 

RASO 

OEO 

iNtO 
CASO 

1/00 
1/01 
1/02 
1/03 

1/04 
1/05 
1/06 
1/07 

1/08 

V09 
1/010 
1/011 

1/012 

1/013 
1/014 
I/O 15 

1/016 
1/017 
1/018 
I/O 19 

1/020 
1/021 
1/022 
1/023 

1/024 
1/025 
1/026 

1/027 

1/028 
1/029 
1/030 
1/031 

VO 32 
1/033 
1/034 
I/O 35 

AO~AO:00-08 

BO~AO.09-017 

Al-Al0~00-017 

Remark DO - 017 : IlP04217400L 

RAS2 

OE2 

WE2 

CAS4 

1/036 
1/037 
1/038 
1/039 

1/040 
1/041 

1/042 
1/043 

1/044 
1/045 
1/046 
1/047 

1/048 

1/049 
1/050 
1/051 

1/052 

1/053 
1/054 
1/055 

1/056 
1/057 
1/056 
1/059 

1/060 
1/061 
1/062 

1/063 

1/064 
1/065 
1/066 
1/067 

1/068 
1/069 
V070 

D17 

1/071 

POE~ 

POl - P08 ~ Vee or GNO 

100, 101 0>----- NC or GNO 

Vee 0 

GNOO 

::L • 0G-017 

=rCG-Cl~ 0G-017 

i , 
~ 
# 

I \ 
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Electrical Specifications Nota. 1, 2 

Absolute ~aximum Rating. 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -0.5 to +4.6 V 

Supply voltage Vee -0.5 to +4.6 V 

Output current 10 20 mA 

Power dissipation Po 20 W 

Operating ambient temperature TA o to +70 'C 

Storage temperature Tala -55 tQ +125 ·C 

Caution Expo.ing the device to .tr ... · above tho .. li.ted in Absolute Maximum Rating. could cau .. 
permanent damage. The device i. not meant to be operated under condition. outside the limits 

described in the operational.action ofthi •• pacification. Expo.ureto Ab.olute Maximum Rating 
condition. for extended period. may affect devica reliability. 

Racommended Operating Condition. 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 3.0 3.3 3.6 V 

High level input voltage V,H 2.0 Vci; + 0.3 V 

Low level input voltage V,L -0.3 +0.8 V 

Operating ambient temperature TA 0 70 ·C 

Capacitance ITA = 25 ·C, f = 1 MHzl 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance CII AO - Al0, 80 20 pF 

CI2 WEO,WE2 20 

CI3 RASO,RAS2 78 

CI4 CASO,CAS4 20 

CIl OEO,OE2 20 

Data Input/Output capacitance ClIO 1/00 -1/071 20 pF 
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If 

DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current lee. RAS, CAS Cycling tRAC = 60 ns 1,810 mA 3,4,7 

tile = tRe IMIN.) tHAe = 70 ns 1,630 
10 = 0 mA 

tRAC = 80 ns 1,450 

Standby current lea RAS, CAS :2: VIH IMIN.) 10 = 0 mA 100 mA 

RAS, CAS :2: Vee - 0.2 V 10 = 0 mA 50 

RAS only refresh current leco RAS Cycling tHAe = 60 ns 1,810 mA 3,4,6,7 

CAS :2: VIH (MIN.) t ... e = 70 ns 1,630 
toe = toe IMIN.) 
10= 0 mA t ... e = 80 ns 1,450 

Operating current Ice< RAS S VILIMAX.1, CAS Cycling t ... e = 60 ns 1,270 mA 3,4,6 

(Fast page model tl'C = tl'C IMIN.) t ... e = 70 ns 1,090 
10=OmA 

t ... e = 80 ns 910 

--CAS before RAS leco RAS Cycling t ... e = 60 ns 1,810 mA 3,4 

refresh current toe = toe IMIN.) t ... e = 70 ns 1,630 
10= 0 rnA 

t ... e = 80 ns 1,450 

Input leakage current h IL) VI = 0 to 3.6 V IRAS -5 +5 jjA 

All other pins not under test = 0 V I Others -5 +1 

Output leakage current lOlL) Vo = 0 to 3.6 V -5 +5 jjA 

Output is disabled (Hi-ZI 

High level output voltage VOH 10=-2.0 rnA 2.4 V 

Low level output voltage VOL 10 = +2.0 rnA 0.4 V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Note. 8, 9 

.. 

tllAe = 60 ns tllAe = 70 ns t ... e = 80 ns 
Unit Notes Parameter Symbol 

MIN. MAX. MIN. MAX. MIN. MAX. 

ReadlWrite Cycle TIme bIC: 110 130 150 ns 

Read Modify Write Cycle Time tRWC 175 195 220 ns 

Fast Page Mode Cycle Time tic 40 45 50 ns 

Read Modify Write Cycle TIme (Fast Page Mode) tPRWC 85 90 105 ns 

Access Time from RAS tllAe 60 70 80 ns 10,11 

Access Time from CAS tCAC 20 23 25 ns 10, 11 

Access Time Column Address w. 35 40 45 ns 10, 11 

Access Time from CAS Precharge tAtp 40 45 50 ns 11 

Access Time from OE tOEA 15 18 20 ns 11 

RAS to Column Address Delay Time tllAD 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time tCLZ 0 0 0 ns 11 

OE to Data Setup Time toLZ 0 0 0 ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF 0 15 0 15 0 20 ns 12 

OE to Data Delay Time tOED 15 15 20 ns 

Output Buffer Turn-off Delay Time from OE tOEl 0 15 0 15 0 20 ns 12 

OE Hold Time toEH 0 0 0 ns 

OE Lead Time Referenced to RAS tOE. 0 0 0 ns 

Transition Time (Rise and Fall) tr 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 60 ns 

RAS Pulse Width t .... 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 126,000 80 125,000 ns 

RAS Hold Time tRSH 16 18 20 ns 

CAS Pulse Width tCAS 15 10,000 18 10,000 20 10,000 ns 

CAS Hold Time tCSH 60 70 80 ns 

RAS to CAS Delay Time tRCD 20 40 20 50 26 60 ns 10 

CAS to RAS Precharge Time tCRP 5 5 5 ns 13 

CAS Precharge Time tePH 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tep 10 10 10 ns 

RAS Precharge CAS Hold TIme tRPC 5 5 5 ns 

RAS Hold Time from CAS Precharge tRHCP 40 45 50 ns 

Row Address Setup Time IAsR 5 5 5 ns 

Row Address Hold Time tllAH 10 10 12 ns 

Column Address Setup Time lAse 0 0 0 ns 

Column Address Hold Time tCAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAL 30 35 40 ns 

Read Command Setup Time tRCS 0 0 0 ns 

Read Command Hold Time Referenced to RAS btRH 0 0 0 ns 14 

Read Command Hold Time Referenced to CAS tRCH 0 0 0 ns 14 

WE Hold Time Referenced to CAS !weH 10 10 15 ns 15 

WE Pulse Width twP 10 10 15 ns 15 
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t .... C = 60 ns t .... C .. 70 ns 
Parameter Symbol 

t .... C = 80 ns 
Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

~ Data-in Setup Time tos 0 0 0 os 16 

Data-in Hold Time tOt< 10 15 15 os 16 

Write Command Setup Time twcs 0 0 0 os 17 

CAS to WE Delay Time tcwo 40 43 50 os 17 

RAS to WE Delay Time tRWD 95 105 120 os 17 

CAS Precharge to WE Delay Time tcrwo 58 65 70 ns 17 

Column Address to WE Delay Time lAWD 60 65 75 os 17 

WE Lead Time Referenced to RAS tRW\. 25 25 25 os 

WE Lead Time Referenced to CAS tCWI. 15 15 15 os 

CAS Setup Time (CAS before RAS Refresh) tCSII 5 5 5 os 

CAS Hold Time (CAS before RAS Refresh) tCH' 10 10 10 os 

WE Setup Time twa. 10 10 10 os· 

WE Hold Time twttR 15 15 15 os 

Refresh Time toE' 32 32 32 ms 

Not •• 

1. All voltages are referenced to GND. 
2. After power up, waitmore than 100 IlS and then, execute eight CAS before RAS or RAS only 

refresh cycles as dummy cycles to initialize internal circuit. 
3. 

4. 
5. 

6. 

7. 

Icc" Icc3, Icc4 and Iccs depeod on cycle rates (tRC and tpc): 

Specified values are obtained with outputs unloaded. 

Icc3 is measured assuming that all column address inputs are held at either high or low. 
IcC4 is measured assuming that all column address inputs are switched only once during each 
fast page cycle. 
Icc, and Icc3 are measured assuming that address can be changed once or less during ~ ~ VIL 

IMAX.I and ~ ~ VIH IMIN.I. 

8. AC measurements assume tT = 5 ns. 
9. AC Characteristics test condition 

(1) Input timing specification 

V,H IMIN.I = 2.0 V .----------~------ii, 
--------------, , , , 

, , 1 1 
VIL IMAX} = 0.8 V 

I , , I 

~ -++-
tr = 5 ns tr=5ns 

(2) Output timing specification 

VOH IMIN.} = 2.0 V 

VOlIMAX} = 0.8 V 
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10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

WO S tllAO (MAltl and tlll:O s tlll:O (MAlt1 tIlAC(MAX.1 WC(MAX.I 

tllAO > tllAO (MAlt1.and tlll:O S tlll:O (MAlti tM(MAX.I tRAD + tM (MAX.I 

tIICD > tIICD IMAlti tCAC(MAx.I tlll:O + tCAc (MAltI 

tRAD (MAX.) and tAco (MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time ItRAc, tAA or tCAC) is to be used for 

finding out when output data will be available. Therefore, the input conditions tRAo ~ tRAD (MAx.) 

and tRCD ~ tRCD (MAX.) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. tOFF (MAX.) and tOEZ (MAX.) define the time at which the output achieves the condition of Hi-Z and 

are not referenced to VOH or VOL. 

13. tCRP (MIN.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (MIN.) or tRRH (MIN.) should be met in read cycles. 

15. twP (MIN.) is applied to late write cycles or read modify write cycles. In early write cycles, twCH (MIN.) 

should be met. 

16. tDS (MIN.) and tDH (MIN.) are referenced to the CAS falling edge in early write cycles. In late write 

cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If tWCS'~ twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the 

entire cycle. If tRWD ~ tRWD (MIN.), tewD ~ tewD (MIN.), tAWD ~ tAwo (MIN.) and tCPWD ~ tCPWD (MIN.), the cycle 

is read modify write cycle and the data out will contain data read from the selected cell. If neither 

of the above conditions is met, the state of the data out is indeterminate. 



Timing Chart 
Please refer to Timing Chart 3, page 397. 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

A 

cr -+-V 

(OPTIo.!H!=~Drnrn 
+-00 

J~-+--rH--~K~---H 

Il.LG C D E 

detail of ® part 
ITEM MILLIMETERS INCHES 

A 133.35,00.13 5.25,00.006 
W B 11.43 0.450 

11 C 36.83 1.450 

~~ 
0 6.35 0.250 

E 54.61 2.150 

G 6.35 0.250 

H 1.27 (T.P.) 0.050 (T.P.) 

D 8.89 0.350 

J 23.495 0.925 

K 43.18 1.700 

.L 17.78 0.7110 

M 25.4 1.000 

N 4.0 MAX. 0.158 MAX. 
Q R2.0 RO.079 

R 4.0,00.1 0.157~:gg~ 
s ;3.0 ;0.118 

T 1.27,00.1 0.05,00.004 

U 4.0 MIN. 0.157 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.0,00.05 0.039,00.002 

X 2.54 MIN. 0.100 MIN. 

Y 3;0 MIN. 0.118 MIN. 

Z 3.0 MIN. 0.118 MIN. 

M168S.fi0A3 

182 



MOS INTEGRATED CIRCUIT NEe 
PRELIMINARY DATA SHEET 

MC-428000LAF72 

3.3 V OPERATION 8M -WORD BY 72-BIT DYNAMIC RAM MODULE 

FAST PAGE MODE (ECC) 

-------------------------------------------------------------------------~ t 
Description 
The MC-428000LAF72 is a 8 388 608 words by 72 bits dynamic RAM module on 

which 9 pieces of 64M DRAM ( J.L PD 4264800) are assembled. 
This module provide high density and large quantities of memory in a small space 

without utilizing the surface-mounting technology on the printed circuit board. 
Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
- 8 388 608 words by 72 bits organization 
- Fast access and cycle time 

Access time R/W cycle time 
Power consumption 

Family (MAX.) 
(MAX.) (MIN.) Active Standby 

MC- 428000LAF72-ASO SOns 90ns 3.SSw 

MC- 428000LAF72-A60 60ns 110ns 3.11 w 29S.2mw 

MC- 428000LAF72-A70 70ns 130ns 2.14w 
(CMOS level) 

-- CAS before RAS refresh, RAS only refresh, Hidden refresh. 

- 8 192 refresh cycles/64 ms ( RAS only refresh) --- -
4096 refresh cycles/64 ms (CAS before RAS·refresh, Hidden refresh) 

- 168-pin dual in-line memory module (pin pitch = 1.27 mm) 

- Single +3.3 V±0.3V power supply 

The information in this document is subject to change without notice. 

Document No. M10559EJ1VODSU1 
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Ordering information 

Part Number !Access time Package Mounted devices 
(MAX.) 

Me- 428000LAF72FA-ASO 50ns 1GB-pin Dual In-line 9 pieces of 

Me- 428000LAF72FA-ASO 60ns 
Memory Module uPD 4264800LE 
(Socket Type) (400mil SOJ) 

Me- 428000LAF72FA-A70 70ns Edge connector: Gold plating [Double side] 
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Pin Configuration 

o 

125 
126 
127 
12B 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
146 
149 
150 
15t 
152 
163 
164 
155 
166 
157 
166 
159 
ISO 
161 
162 
163 
164 
165 
166 
167 
166 

0 

168-pin Dual IrHine Memory Module Socket Type (Edge Connector: Gold plating) 

o 
GNO GNO 
11036 1100 
IIO~ vo t 
11036 1102 
11039 V03 
Vet: Vee 
11040 1104 
110 41 V05 
110 42 1106 
11043 V07 

11044 VOB 
GNO GNO 
11045 1109 
11046 VO 10 
110 47 VO 11 
11048 VO 12 
11048 VO 13 
Vet: Vet: 
11050 110 14 
110 51 VO 15 
11052 110 16 
11063 110 17 
GNO GNO 
NC NC 
NC NC 
Vee Vet: 
NC 9ml 
NC CAsO 
NC NC 
NC ~ 
NC m 
GNO GNO 
AI AD 
A3 A2 
AS A4 
A7 A6 
A9 AS 
All AID 
NC A12 
Vee Vee 

NC NC 
BO NC 
GNO GNO 
NC m 
NC ~ 
NC CAs4 
NC NC 
~ m 
Vee Vet: 
NC NC 
NC NC 
11064 VO lB 
1/055 VO 19 
GNO GNO 
1/066 V020 
110 57 V021 
11066 V022 
110 59 V023 
Vee Vet: 
110 SO V024 
NC NC 
NC NC 
NC NC 
NC NC 
110 61 11025 
11062 V026 
11063 V027 
GNO GNO 
11064 V02S 
110 65 V029 
11066 V030 
110 67 V031 
Vet: Vet: 
11066 V032 
1/069 V033 
I/O 70 V034 
110 71 V035 
GNO GNO 
P02 POI 
P04 P03 
P06 P05 
POS P07 
101 100 
Vee Vet: 

0 

PO and 10 Table 

Pin Pin Ae<:sess Time 

Name No. sOns SOns 70n. 

POI 79 H H H 

P02 163 L L L 

P03 SO .H H H 

P04 164 H H H 

P05 Bl L L L 

P06 165 L H L 

P07 62 L H H 

POB 166 L L L 

I DO 63 GNO GNO GNO 

101 167 GNO GNO GNO 

Note) H: VOH. L : VOL 

AO - AI2.80: Address Inputs 
I/O O-VO 71 : Dala Inputs I Outputs 
RASO.~: Row Address Strobe 
CASO.CAS4 : Column Address Strobe 

WEo.WE2 : Write Enable 
OEo.5E2 : Output Enable 

~ : Presence Detect Enable 
pOI-poe 

100.101 
Vee 
GND 

NC 

: Presence Detect Pins 

: Ident~y pins 

: Power Supply 

: Ground 
: No.connection 
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Block Diagram 

RASo------_, 
0'E0 -0------+----, 
WEO --I>---'----+--., 
CASO~>-;==;~~~~ 
1/00 

1/01 
1/02 
1/03 

1/04 
1/05 
1/06 
1/07 

V08 
1/09 

1/010 
1/011 

1/012 
11013 
1/014 
1/015 

1/016 
1/017 
1/018 
1/019 

1/020 
1/021 
1/022 
1/023 

1/024 
1/025 
1/026 
1/027 

1/028 
1/029 

1/030 
1/031 

1/032 
1/033 
1/034 
1/035 

1/036 
1/037 
1/038 
1/039 

MC-428000LAF72 

RAs2 ------., 
5E2~~--------t_--_, 

WE2 -~--_:__----t__, 

~~~==~~~~~ 
1/040 
1/041 
1/042 
V043 

V044 
1/045 
1/046 
1/047 

V048 
V049 

vose 
V051 

V052 
V053 
V054 
VOSS 

vose 
V057 
vosa 
V059 

V060 
V061 

V062 
V063 

V064 
11065 
11066 
11067 

11068 
11069 

11070 
11071 

AO o---[>---...... AO: 00 to 04 

BO -t> ... AO:05to08 

A110A12-t> ... 001008 

100 10 101 0 NC or GNO 

Pi5E---,.. 
P01 10 P08 ~Vee orGNO 

Vee .0 - ... ±t-. --......... 001008 
GND 0 T Co-ca ... 001008 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Condition Rating Unit 

Voltage on Any Pin Relative to GND VT -0.5 to +4.6 V 

Supply voltage vee -0.5 to +4.6 V 

Output current 10 20 rnA 

Power dissipation PD 11 W 

Operating temperature Topt Oto+70 'C 
Storage temperature Tstg -55 to +125 'C 

Remark Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 
permanent damage. The device in not meant to be operated under conditions outside the limits 
described in the operational sections of this specification. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (NOTES: 1 , 2) 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage vee 3.0 3.3 3.6 V 

High level input voltage VIH 2.0 Vcc+0.3 V 

Low level input voltage VIL -0.3 +0.8 V 

Ambient temperature Ta 0 70 'C 

CAPACITANCE (Ta=2SoC ,f=1 MHz) 

Parameter Symbol Test condition MIN. TYP. MAX. Unit 

C I 1 AO-AI2,BO 20 pF 

CI2 WE 0, WE2 20 pF 

Input capacitance CI3 RASO, RAS2 78 pF 

CI4 CAS 0, CAS4 20 pF 

C 15 OEO, OE2 20 pF 

Data Input! 
C I/O I/O 0 - I/O 71 20 pF Outpu t capacitance 
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DC CHARACTERISTICS 
(Recommended Operating Conditions unless· otherwise noted) 

PARAMETER SYMBOL TEST CONDmON MIN. MAX. UNIT NOTES 

-'--- 1RAc=50ns 985 RAS ,CAS Cycling 
rnA 3.4,7 Operating Current Icd IRAc=6Ons 865 

tRc=tRc (MIN.) , 10=0mA 
1RAc=70ns 775 

Standby Current 1cc2 
RAS ,CAS ~ VIII (MIN.) 82 

rnA 
RAS, CAS ~ Vcc-02V 41 

-- -- 1RAc=50ns 985 - RAS Cycling, CAS ~ VIII 
RAS onlyrefresb current 1cc3 IRAc=6Ons 865 mA 3.4,5,7 

tRc=tRc(MIN.),IO=OmA 1RAc=70ns 775 

Operating Current -- -- 1RAc=50ns 775 
1cc4 

RAS ~ VIL, CAS Cycling 
IRAC::6Ons 685 rnA 3.4,6 

(Fast Page Mode) 
tJ>C=tpC MIN. , 10=0mA 1RAc=70ns 550 

-- -- 1RAc=50ns 985 
CAS before RAS tRc=tRC(MIN.) 

rnA 3,4 lce5 IRAc=6Ons 865 
refresh current 10=0mA 1RAc=70ns 775 

VI=Oto 3.6V RAS -5 +5 
Input Leakage Current II(L) I1A 

all other pins not under test = OV others -5 +1 

Output Leakage Current 10(L) 
Outputs are disabled (Hi - Z) 

-5 +5 I1A 
VO=Oto 3.6V 

High level output voltage VOH 10=-2.0mA 2.4 V 

Low level output voltage VOL 10=+2.0mA 0.4 V 
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AC CHARACTERISTICS Notes 8,9 

(Recommended Operating Conditions unless otherwise noted) I 

,I 
'j' !RAe = sOns !RAe=6Ons !RAe = 70ns 

PARAMETER SYMBOL UNIT NOTES 

(112) 

MIN. MAX. MIN. MAX. MIN. MAX. 

Random Read or Write Cycle Tune tRC 90 - 110 - 130 - ns 
Read Modifv Write Cycle TlDle tRWC 138 - 163 - 185 - ns 
Fast PlUle Mode Cvcle Tune (Read or Write) tPC 35 - 40 - 45 - ns 

Read Modify Write Cycle Time (Fast Page Mode) tPRWC 73 - 83 - 90 - ns 

Access Tune from RAS tRAC - SO - 60 - 70 ns 10,11 

Access Tune from CAS tCAC - 18 - 20 - 23 ns 10,11 

Access Tune from Column Address tAA - 30 - 35 - 40 ns 10,11 

Access Tune from CAS Precbarge tACP - 35 - 40 - 45 ns 11 

Access Tune from OE tOEA - 18 - 20 - 23 ns 11 

RAS to Column Address Delay Tune tRAD 13 25 15 30 IS 35 ns 10 

CAS to Data Setup Tune tCLZ 0 - 0 ~ 0 - ns 11 

OE to Data SebJn Time tOLZ 0 - 0 - 0 - ns 11 

Output Buffer Tum-off Delay Tune(CAS) tOFF 0 10 0 13 0 IS ns 12 

OE to Data Delay Time tOED 15 - 13 - 15 - ns 

Output Buffer Tum-off Delay Tune(OE) tOEZ 0 10 0 13 0 15 ns 12 

OE Command Hold Time tOEH 0 - 0 - 0 - ns 
OE to RAS inactive Setup Time tOES 0 - 0 - 0 - ns 
Transition Tune ( Rise and Fall ) tT 3 50 3 SO 3 50 ns 
RAS Precharl!e Time tRP 30 - 40 - 50 - ns 

RAS Pulse Width( Random Read, Write Cycle) tRAS 50 10000 60 10000 70 10000 ns 

RAS Pulse Width ( Fast Pal!e Mode) tRASP 50 25000 1i0 25000 70 25000 ns 

RAS Hold Time tRSH 13 - 15 - 18 - ns 

CAS Pulse Width tCAS 13 10000 15 10000 18 10000 ns 

CAS Hold Time tCSH 50 - 60 - 70 - ns 

RAS to CAS Delav TlDle tRc.n Hi 32 .-2(l 45 .-2(l 50 .lIS. llI1 
CAS to RAS Precbar~e Time tCRP 5 - 5 - 5 - ns 13 

CAS Precharl!e TlDle tCPN 8 - 10 - 10 - ns 

CAS Precbarl!e Time(Fast Pa~e Model tCP 8 - 10 - 10 - ns 

RAS Precbar"e CAS Hold Time tRPC ~. - 5 - ...i - ...ns 

RAS Hold Time from CAS Precbarge tRHCP 35 - 40 - 45 - ns 

Row Address Set Un Time tASR 5 - 5 - 5 - ns 
Row Address Hold Tune tRAH 8 - 10 - 10 - ns 

Column Address Set Up Time tASC 0 - 0 - 0 - ns 

Column Address Hold Tune .tCAH ..11 - .15.. - .l.i - .lIS.. 

Column Address Lead Time Referenced to RAS tRAL 25 - 30 - 35 - ns 

Lead SetunTime IRCS ..n. - ..n. - ..n. - '.lIS.. 

Read Command Hold Tune Referenced to RAS tRRH 0 - 0 - 0 - ns 14 

Read Command Hold Time Referenced to CAS tRCH 0 - 0 - 0 - ns 14 

Write Command Hold TlDle Referenced to CAS tWCH 8 - 10 - 10 '. - ns 15 
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(212) 

!RAe = sOns !RAe = 60ns !RAe = 70ns 
PARAME'IER SYMBO iUNIT NOTES 

MIN. MAX. MIN. MAX. MIN. MAX. 

Write Comand Set-Un Time tWP 8 - 10 - 10 - ms 15 

I Data-in Seun T"tme tDS 0 - 0 - 0 - ns 16 

Data-in Hold T"tme tnH 10 - 10 - 15 - ns 16 

Write Comand Setun T"tme tWCS 0 - 0 - 0 - ns 17 

CAS to WE Delav T"tme tCWD 33 - 38 - 43 - ns 17 

RAS to WE De1av T"tme tRWD 80 - 93 - 105 - ns 17 

CAS-Precharge Delay I1JJ1e Referenced to WE (post Page Mode) tCPWD 50 - 58 - 65 - ns 17 

Column Address Delay T"tme Referenced to WE tAWD 50 - 58 - 65 - ns 17 

Write Command Lead T"tme Referenced to RAS tRWL 18 - 20 - 20 - ns 

Write Command Lead Time Referenced to CAS tCWL 18 - 20 - 20 - ns 

CAS Setup T"tme for CAS before RAS Refresh tCSR 5 - 5 - 5 - ns 

CAS Hold T"tme for CAS before ill Refresh tCHR 10 - 10 - 10 - ns 

WE Setun T"tme tWSR to - 10 - 10 - ns 

WE Hold T"tme tWHR 15 - 15 - 15 - ns 

Refresh T"tme tREF - 64 - 64 - 64 ms 

Timing Chart 
Please refer to Timing Chart 3, page 397. 
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Notes: 
1. All voltages are referenced to GND . 

2. After power up, wait more than 100 J.LS and then, execute eight CAS before RAS or RAS 

only refresh cycles as dummy cycles to initialize internal circuit. 

3. Iccl, 1CC3, 1004 and Ices depend on cycle rates (tRc and tPC ) . 

4. Specified values are obtained with outputs unloaded. 

5. 1CC3· is measured assuming that all column address inputs are held at either high or low. 

6. 1004 is measured assuming that all column address inputs are switched only once during 

each fast page cycle. 

7. ICCl and 1CC3 are measured assuming that address can be changed once or less during 

RAS!5:VIL(MAlt) and CAS~VIH(MIN.). 

8. AC measurements assume tr =5ns . 

9. AC Characteristics test condition 

(1) Input timing specification 

VlH(MIN.)_2.4V------~----, , , 
VlL (MAX.). O.8V- ....... __ ....: : 

I , I , 

~ +-w-
I • • I 

tT.5ns tr _5,.. 
(2) Output timing specification 

VOH (MIN.) - 2.4V ----------1- \- _ ... 
VOL(MAX.)_O.4V _____ ~ r 

'--__ ..J 

10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAD :iI tRAD(MAlt) and tRCD :iI tRCD(MAX.) tRAC(MAX.) tRAC(MAX.) 

tRAD > tRAD(MAX.) and tRCD :iI tRCD(MAX.) tAA(MAX.) tRAo + tAA(MAlt) 

tRCD > tRCD(MAX.) tCAC(MAX.) tRCD + tCAC(MAX.) 

tRAD(MAX.) and tRCD(MAX.) are specified as reference points only ; they are not restrictive 

operating parameters. They are used to determine which access time (tRAG. tAA or tCAC) 

is to be used for finding out when output data will be available. Therefore, the input 

conditions tRAD~tRAD(MAX.) and tRCD~tRCD(MAX.) will not cause any operation problems. 

11. Loading conditions are 1 TTLs and 100 pF. 

12. tOFF (MAlt) defines the time at which the output achieves the condition of Hi-Z and are not 

referenced to VOH or VOL. -- --
13. tCRP(MIN.) requirement should be applied to RAS I CAS cycles. 

14. Either tRCH(MIN.) or tRRH(MIN.) should be met in read cycles. 

15. lwP(MIN.) is applied to late write cycles or read modify write cycles. In early write cycles, 

twcH (MIN.) should be met. 

16. tDS(MIN.) and toH(MIN.) are referenced to the CAS falling edge in early write ~ycles. In late 

write cycles and read modify cycles, they are referenced to the WE falling edge. 

17. If twcs~twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi - Z 

through the entire. cycle. If tRWO~tRWO (MIN.), tcwo~tCWD(MlN.), tAWD~tAWO(MIN.) and tCPWD~ 

tCPWD(MIN.) , the cycle is read modify write cycle and the data out will contain data read from the 

selected cell. If neither of the above conditions is met, the state of the data out is indeterminate. 191 
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DATA SHEET 

NEe i 
'f MOS INTEGRATED CIRCUIT !~ 

_____ M_C_-4_2_S1_0_00_LA_D_32_S_S_E_RI_ES_il 
1 M-WORD BY 32-BIT DYNAMIC RAM MODULE (SO DIMM) 

FAST PAGE MODE 

Description 
The MC-42S 1000LAD32S series is a 1,048,576 words by 32 bits dynamic RAM module (Small Outline DIMM) 

on which 2 pieces of 16 M DRAM: /lPD42S18160L are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 

surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
CAS before RAS self refresh, CAS before RAS refresh, RAS only refresh, Hidden refresh 

1,048,576 words by 32 bits organization 

Fast access and cycle time 

Power consumption 
Access time R/W cycle time (MAX.) Family (MAX.) (MIN.) 

Active Standby 

MC-42S1000LAD32S-A60 60 ns 110 ns 1,080 mW 

MC-42S 1000LAD32S-A70 70 ns 130 ns 1,008 mW 
1.08 mW 

(CMOS level input) 
MC-42S 1000LAD32S-A80 80 ns 150 ns 936 mW 

1,024 refresh cycles/128 ms 

72-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +3.3 V ±0.3 V power supply 

The information in this document is subject to change without notice. 

Document No. IC-3449 (Japan) 
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Ordering Information 

Part number 
Access time 

(MAX.) 
Package Mounted devices 

MC-42S 1 000LAD32SA-A60 60 ns 72-pin Dual In-line Memory'Module 2 pieces of pPD42S18160LG5 

MC-42S 1000LAD32SA-A70 70 ns (Socket Type) (400 mil TSOP (11)) 

MC-42S 1 000LAD32SA-A80 80 ns Edge connector: Gold plating [Single side] 
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Pin Configuration 

72-pin Dual In-line Memory Module Socket Type (Edge connector: Gold plating) 

2 1/00 GNO 1 
4 1/02 1/01 3 
6 1/04 1/03 5 
8 1/06 1/05 7 

10 Vee 1/07 9 
12 AO POl 11 
14 A2 Al 13 
16 A4 A3 15 
18 A6 A5 17 
20 NC NC 19 
22 1/09 1/08 21 

s: 24 1/011 1/010 23 ct 
c;'l 26 1/013 1/012 25 (/) 

28 A7 1/014 27 N 

t C"l 

(/) 30 Vee NC 29 Q - 32 A9 A8 31 S 0 34 RAS2 NC 33 
0 0 

36 NC 1/015 35 0 0 0 > 38 !LQl1 1/016 37 ... 
40 CASO GND 39 (/) 

0 
42 CAS3 CAS2 41 ~ Co) 

N 44 RASO CASl 43 U til 46 NC NC 45 > 48 NC WE 47 
::E 

50 1/019 1/018 49 
52 1/021 1/020 51 
54 1/023 1/022 53 
56 1/024 NC 55 
58 1/026 1/025 57 
60 1/027 1/028 59 
62 1/029 Vee 61 
64 1/031 1/030 63 
66 P02 NC 65 
68 P04 P03 67 
70 P06 P05 69 
72 GNO PD7 71 

AO - A9 Address Inputs The internal connection of PO pins (P01 to P07). 

1/00 - 1/031 Oata Inputs/Outputs 

RASO,RAS2 Row Address Strobe 

CASO - CAS3 Column Address Strobe 

Pin Pin Access Time 
Name No. 60 ns 70 ns 80 ns 

WE Write Enable PD1 11 NC NC NC 

P01 - P07 Presence Oetect Pins PD2 66 GND GND GND 
Vee Power Supply PD3 67 GND GND GND 
GNO Ground PD4 68 NC NC NC 
NC No connection PD5 69 NC GND NC 

PD6 70 NC NC GND 

PD7 11 GND GND GND 
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Block Diagram 
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1/08 DO 
1/09 
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1/04 
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1/06 
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1/08 01 
1/09 
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1/012 

1/013 

1/014 

1/015 

1/016 

AO-A9 0>------. 00,01 

Vee O>---~---.... 00,01 
:= CO, Cl 

GND 0>---_______ --... _ DO, 01 

MC-42S1000LAD32S SERIES 

Remark DO, D1 : JlPD42S18160L (TSOP (m) 
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NEe MC-42S 1 OOOLAD32S SERIES 

Electrical Specifications Notes 1.2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -0.5 to +4.6 V 

Supply voltage Vee -0.5 to +4.6 V 

Output current 10 20 mA 

Power dissipation Po 2 W 

Operating ambient temperature TA o to +70 'C 

Storage temperature Tatg -55 to +125 'C 

Caution Exposing the device to stress above those .listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 3.0 3.3 3.6 V 

High level input voltage V,H 2.0 Vee + 0.3 V 

Low level input voltage VIL -0.3 +0.8 V 

Operating ambient temperature TA 0 70 'C 

Capacitance ITA = 25 ·C. f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance Cll AO - A9 29 

C12 WE 29 

C'3 RASO. RAS2 23 
pF 

C14 CASO - CAS3 17 

Data Input/Output capacitance CI/O VOO -1/031 12 pF 
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NEe MC-42S1000LAD32S SERIES 

DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current ICCI RAS, CAS Cycling tRAC a 60 ns 300 

tRC - tRC IMIN.) tAAC = 70 ns 280 mA 3,4,7 
10=OmA 

tAAC = 80 ns 260 

Standby current Icc. RAS, CAS ~ V,H IMIN.I 10=OmA 1.0 
mA 

RAS, CAS ~ VCC - 0.2 V 10= 0 mA 0.3 

RAS only refresh current Icc3 RAS Cycling tAAC = 60 ns 300 

CAS ~ V,H IMIN.I tAAC = 70 ns 280 mA 3,4,5,7 
tAC = tAC IMIN.I 
10=OmA tRAC - 80 ns 260 

Operating current Icc. RAS " V,L IMAX.I, CAS Cycling tAAC - 60 ns 180 

(Fast page mode) tpc = tpc (MIN.' tRAC = 70 ns 160 mA 3,4,6 
lo-OmA 

tRAC = 80 ns 140 

CAS before RAS Icc. --
RAS Cycling tRAC = 60 ns 300 

refresh current tRC = tRC IMIN.I tRAC = 70 ns 280 mA 3,4 
10=OmA 

tRAC - 80 ns 260 

CAS before RAS Icc6 CAS before RAS refresh: 

long refresh current tRc =125.0 /JS 

RAS, CAS: 

Vcc -0.2 V " V,H " V,H IMAX.) 

OV"V'L"0.2V tRAS " 1 JlS 360 pA 3,4 
Standby: 

RAS, CAS ~ Vcc -0.2 V 
Address: V,H or V,L 

WE:V,H 

Ip=OmA 

CAS before RAS IcC7 RAS, CAS: 
self refresh current tRASS = 5 ms 

Vcc -0.2 V " V,H " V,H IMAX.) 300 pA 4 

o V " V,L " 0.2 V 
10-OmA 

Input leakage current II ILl V,. 0 to 3.6 V 

All other pins not under test - 0 V -5 +5 pA 

Output leakage current lOlL) Vo - 0 to 3.6 V 
Output is disabled (Hi-Z) -5 +5 pA 

High level output voltage VOH 10 --2.0 mA 2.4 V 

Low level output voltage VOL 10 = +2.0 mA 0.4 V 

200 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 

tRAe = 60 ns tRAe = 70 ns tRAe = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

ReadIWrite Cycle Time tRe 110 130 150 ns 

Fast Page Mode Cycle Time tpe 40 45 50 ns 

Access Time from RAS tRAC 60 70 80 ns 10, 11 

Access Time from CAS teAc 15 20 20 ns 10, 11 

Access Time Column Address tAA 30 35 40 ns 10, 11 

Access Time from CAS Precharge tAep 35 40 45 ns 11 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time teLZ 0 0 0 ns 11 

Output Buffer Turn-off Delay Time from CAS tOfF 0 13 0 15 0 15 ns 12 

Transition Time (Rise and Fall) tr 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 60 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tRSH 15 18 20 ns 

CAS Pulse Width teAS 15 10,000 20 10,000 20 10,000 ns 

CAS Hold Time tCSH 60 70 80 ns 

RAS to CAS Delay Time tRCD 20 45 20 50 25 60 ns 10 

CAS to RAS Precharge Time teRP 5 5 5 ns 13 

CAS Precharge Time tCPN 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tep 10 10 10 ns 

RAS Precharge CAS Hold Time tRPe 5 5 5 ns 

RAS Hold Time from CAS Precharge tRHCP 35 40 45 ns 

Row Address Setup Time tASR 0 0 0 ns 

Row Address Hold Time - tRAH 10 10 12 ns 

Column Address Setup Time lAse 0 0 0 ns 

Column Address Hold Time teAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAl 30 35 40 ns 

Read Command Setup Time tRCS 0 0 0 ns 

Read Command Hold Time Referenced to RAS tRRH 0 0 0 ns 14 

Read Command Hold Time Referenced to CAS tReH 0 0 0 ns 14 

WE Hold Time Referenced to CAS tWCH 10 10 15 ns 15 

Data-in Setup Time tos 0 0 0 ns 16 

Data-in Hold Time tOH 10 15 15 ns 16 

Write Command Setup Time twes 0 0 0 ns 17 

CAS Setup Time (CAS beforeRAS Refresh) tCSR 5 5 5 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 10 ns 

RAS Pulse Width (CAS before RAS Self Refresh) tRASS 100 100 100 Ils 

RAS Precharge Time (CAS before RAS Self Refresh) tRPS 110 130 150 ns 

CAS Hold Time (CAS before RAS Self Refresh) tCHS -50 -50 -50 ns 

WE Hold Time twHR 15 15 15 ns 

Refresh Time tREF 128 128 128 ms 
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Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 100 JJS and then, execute eight CAS before RAS or RAS only 

refresh cycles as dummy cycles to initialize internal circuit. 

3. IcCl, Icc3, icc', Iccs and Icc6 depend on cycle rates (tAC and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc. is measured assuming that all column address inputs are switched only once during each 

fast page cycle. 

7. IcCl and Icc3 are measured assuming that address can be changed once or less during RAS:5 VIL 

(MAX.I and CAS <: VIH (MIN.I. 

S. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

V,H IMINJ = 2.0 V .----------~------' , , , , , , 
I , I , ______________ I I 

, , 
I I r r 

Vil IMAlO = 0.8 V 
I I I I 

~ ---+-+-
IT = 5 ns tT = 5 ns 

(2) Output timing specification 

VOH IMINJ = 2.0 V 

VOL IMAXI = 0.8 V 

10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from ftlIS 

tRAO S tRAD (MAX.) and tRCD S tRCD (MAX.) tRAC (MAX.) tRAC (MAX.) 

tRAO > tRAD (MAX.) and tRCD S tRCD (MAX.) tAAIMAX.1 tRAD + tAA (MAX.I 

tRCD > tRCD (MAX.I teAc (MAX.) tRCD + tCAC (MAX.) 

tAAO(MAX.) and tACO (MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tAAC, tAA or teAc) is to be used for 

finding out when output data will be available. Therefore, the input conditions tAAO <: tAAO (MAX.) 

and tACO <: tACO (MAX.) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. tOFF (MAX.) defines the time at which the output achieves the condition of Hi-Z and are not 

referenced to VOH or VOL. 

13. tCAP (MIN.) requirements should be applied to RAS/CAS cycles. 

14. Either tACH (MIN.) or tAAH (MIN.) should be met in read cycles. 

15. In early write cycles, twCH (MIN.) should be met. 

16. tos (MIN.) and tOH (MIN.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs <: twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the 

entire cycle. 



Timing Chart 
Please refer to Timing Chart 5, page 425. 
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Package Drawing 

72 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

A 

N 
Y Z 

Q 
0:: 

0 S i=" 0 3 (OPTIONAL HOLES) 
8 

~ ,0 

p ® :::> JL T [8] 

C 

o 

detail of ® part ITEM MILLIMETERS INCHES 

W A 59.69±0.13 2.35±0.006 

tr C 44.45 1.750 

~x 
F 8.255 0.325 

H 1.27 (T.P.) 0.050 (T.P.) 
7.62 0.300 

[8]> 2.0 0.079 

K 3.18 0.125 

L 17.78 0.700 

M 25.4 1.000 
N 2.45 MAX. 0.097 MAX. 

P R2.0 RO.079 
Q R2.0 RO.079 

R 4.0±0.1 0.157~8:88~ 
s ~1.8 ~0.071 

T 1.0±0.1 0.039~8:88~ 
u 3.18 MIN. 0.125 MIN. 
V 0.25 MAX. 0.010 MAX. 

W 1.0±0.05 0.039~8:88~ 
x 2.54 MIN. 0.100 MIN. 
Y 2.0 MIN. 0.078 MIN. 

Z 2.0 MIN. 0.078 MIN. 

M725-50A4 
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NEe MOS INTEGRATED CIRCUIT 

MC-42S2000LAB32S SERIES 

2 M-WORD BY 32-BIT DYNAMIC RAM MODULE (SO DIMM) 
FAST PAGE MODE 

Description 
The MC-42S2000LAB32S series is a 2,097,152 words by 32 bits dynamic RAM module (Small Outline DIMM) 

on which 4 pieces of 16 M DRAM: IlPD42S17800L are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 

surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
CAS before RAS self refresh, CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 2,097,152 words by 32 bits organization 

• Fast access and cycle time 

Power consumption 
Access time R/W cycle time (MAX.) Family (MAX.) (MIN.) 

Active Standby 

MC-42S2000LAB32S-A60 60 ns 110 ns 1,440 mW 

MC-42S2000LAB32S-A70 70 ns 130 ns 1,296 mW 
2.16 mW 

(CMOS level input) 
MC-42S2000LAB32S-A80 80 ns 150 ns 1,152 mW 

• 2,048 refresh cycles/128 ms 

72-pin dual in-line memory module (Pin pitch = 1.27 mm) 

• Single +3.3 V ±0.3 V power supply 

Ordering Information 

Part number 
Access time 

(MAX.) 
Package Mounted devices 

MC-42S2000LAB32SA-A60 60 ns 72-pin Dual In-line Memory Module 4 pieces of )lPD42S17800LG5 

MC-42S2000LAB32SA-A70 70 ns (Socket Type) (400 mil TSOP (II» 

MC-42S2000LAB32SA-A80 80 ns 
Edge connector: Gold plating [Single side] 

The information in this document is subject to change without notice. 

Document No. Mt0054EJ3VODSUt 

205 

I 

I 

I 
j, 



NEe MC-42S2000LAB32S SERIES 

Pin Configuration 

72-pin Dual In-line Memory Module Socket Type (Edge connector: Gold plating) 

2 1/00 GND 1 
4 1/02 1/01 3 
6 1/04 1/03 5 
8 1/06 1/05 7 

10 Vee 1/07 9 
12 AO PDl 11 
14 A2 Al 13 
16 A4 A3 15 
18 A6 A5 17 
20 NC Al0 19 
22 1/09 1/08 21 

~ 24 1/011 1/010 23 « 
0 26 1/013 1/012 25 en 
.j. 28 A7 1/014 27 N 

M 
N 30 Vee NC 29 a:l en 32 A9 A8 31 :5 N 
0 34 RAS2 NC 33 0 0 36 NC 1/015 35 0 0 0 
): 38 !LQ1l 1/016 37 N 

40 CASO GND 39 en 
til 42 CAS3 CAS2 41 N 
CAl "'" N 44 RASO CASl 43 U en 46 NC NC 45 :!: » 48 NC WE 47 

50 1/019 1/018 49 
52 1/021 1/020 51 
54 1/023 1/022 53 
56 1/024 NC 55 
58 1/026 1/025 57 
60 1/027 1/028 59 
62 1/029 Vee 61 
64 1/031 1/030 63 
66 PD2 NC 65 
68 PD4 PD3 67 
70 PD6 PD5 69 
72 GND PD7 71 

AO - A10 Address Inputs The internal connection of PD pins (PD1 to PD7). 

1/00 - 11031 Data I n puts/Outputs 

RASO,RAS2 Row Address Strobe 

CASO - CAS3 Column Address Strobe 

Pin Pin Access Time 

Name No. 60 ns 70 ns 80 ns 

WE Write Enable PDl 11 GND GND GND 

PD1 - PD7 Presence Detect Pi ns PD2 66 NC NC NC 

Vee Power Supply PD3 67 GND GND GND 
GND Ground PD4 68 NC NC NC 
NC No connection 

PD5 69 NC GND NC 

PD6 70 NC NC GND 

PD7 71 GND GND GND 
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___ N_E_C _____________ M_C_-_4_2S_2_0_0_0L_A_B_3_2S_S_E_R_IE_S __ -rl 
I, Block Diagram 

1/00 
1/01 
1/02 
1/03 
1/04 
1/05 
1/06 
1/07 

1/08 
1/09 

1/010 
1/011 
1/012 
1/013 
1/014 
1/015 

1/016 
1/017 
1/018 
1/019 
1/020 
1/021 
1/022 
1/023 

1/024 
1/025 
1/026 
1/027 
1/028 
1/029 
1/030 
1/031 

1/01 
1/02 
1/03 
1/04 
1/05 
1/06 
1/07 
1/08 

1/01 
1/02 
1/03 
1/04 
1/05 
1/06 
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1/02 
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I I , , , 
CAS RAS WE 

DO 

OE~ 

1 1 
CAS RAS WE 

01 

OE~ 

t 1 
CAS RAS WE 

02 

OE~ 

1 , 
CAS RAS WE 

03 

OE,* 

AO-A10 0>-----------...... 00-03 

Vee 0>------14>-------...... 00-03 

I CO-C3 
GNO 0>---------<>------...... 00-03 

f I 
Remark 00-03: .uP042S17800LG5 (TSOP (II)) 

!, 
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NEe MC-42S2000LAB32S SERIES 

Electrical Specifications Notes 1,2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -0.5 to +4.6 V 

Supply voltage Vee -0.5 to +4.6 V 

Output current 10 20 mA 

Power dissipation Po 4 W 

Operating ambient temperature TA o to +70 'C 

Storage temperature Tot. -55 to +125 'C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section of this specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 3.0 3.3 3.6 V 

High level input voltage V,H 2.0 Vee + 0.3 V 

Low level input voltage VIL -0.3 +0.8 V 

Operating ambient temperature TA 0 70 'C 

Capacitance ITA = 25 'C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance Cil AO - A10 35 pF 

C" WE 43 

CI3 RASO, RAS2 30 

C" CASO - CAS3 17 

Data Input/Output capacitance CliO 1/00 - 1/031 12 pF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter 

Operating current 

Standby current 

RAS only refresh current 

Operating current 

(Fast page mode) 

CAS before RAS 

refresh current 

CAS before RAS 

long refresh current 

CAS before RAS 

self refresh current 

Input leakage current 

Output leakage current 

High level output voltage 

Low level output voltage 

Symbol Test condition MIN. MAX. 

leel RAS, CAS Cycling I-tR_A_e_=_6_0_n_s+-__ -+_4_0_0~ 

Icc, 

Icc, 

lce6 

Icc, 

IIIl} 

10 Il} 

VOH 

VOL 

tRC = tRC (MIN.} 

10 = 0 mA 

RAS, CAS;" V'H ,M'N.) 

RAS, CAS 2: Vee - 0.2 V 

RAS Cycling 

CAS;" V'H 'M'N.' 
tRC = tRC (MIN.) 

10 = 0 mA 

RAS ~ V'"'MAX.}, CAS Cycling 

tpc = tpc (MIN.) 

10 = 0 mA 

RAS Cycling 

tRC = tRC (MIN.l 

10 = 0 mA 

CAS before RAS refresh: 

tRe = 62.5 JlS 

RAS, CAS: 

Vee -0.2 V ~ V'H ~ V'H 'MAX.) 

o V" V" ,,0.2 V 

Standby: -- --
RAS, CAS;" Vee -0.2 V 

Address: V'H or V," 

WE: V}H 

10 = 0 mA 

RAS, CAS: 

tRASS = 5 ms 

Vee -0.2 V ~ V'H ~ V'H 'MAX.} 

o V ~ V," " 0.2 V 
10 = 0 mA 

V, = 0 to 3.6 V 

tRAe = 70 ns 

tRAe = 80 ns 

10 = 0 mA 

10 = 0 mA 

tRAe = 60 ns 

tRAe = 70 ns 

tRAe = 80 ns 

tRAe = 60 ns 

tRAe = 70 ns 

tRAe = 80 ns 

tRAe = 60 ns 

tRAe = 70 ns 

tRAe = 80 ns 

tRAS ~ 1 JlS 

All other pins not under test = 0 V 

Vo = 0 to 3.6 V 

Output is disabled (Hi-Z) 

10 = -2.0 mA 

10 = +2.0 mA 

360 

320 

2.0 

0.6 

400 

360 

320 

280 

240 

200 

400 

360 

320 

800 

600 

-5 +5 

-5 +5 

2.4 

0.4 

Unit Notes 

mA 3,4,7 

mA 

mA 3,4,5,7 

mA 3,4,6 

mA 3,4 

3,4 

4 

V 

V 
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NEe MC-42S2000LAB32S SERrES 

AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 

tRAe = 60 ns tRAe = 70 ns t~Ae = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Read/Write Cycle Time tRe 110 130 150 ns 

Fast Page Mode Cycle Time tpe 40 45 50 ns 

Access Time from RAS tRAC 60 70 80 ns 10,11 

Access Time from CAS teAc 15 18 20 ns 10,11 

Access Time Column Address tAA 30 35 40 ns 10,11 

Access Time from CAS Precharge tACP 35 40 45 ns 11 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time telz 0 0 0 ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF 0 13 0 15 0 15 ns 12 

Transition Time (Rise and Fall) IT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 60 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tRSH 15 18 20 ns 

CAS Pulse Width teAs 15 10,000 18 10,000 20 10,000 ns 

CAS Hold Time tCSH 60 70 80 ns 

RAS to CAS Delay Time tACO 20 45 20 50 25 60 ns 10 

CAS to RAS Precharge Time teRP 5 5 5 ns 13 

CAS Precharge Time tCPN 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tep 10 10 10 ns 

RAS Precharge CAS Hold Time tAPe 5 5 5 ns 

RAS Hold Time from CAS Precharge tRHCP 35 40 45 ns 

Row Address Setup Time tASA 0 0 0 ns 

Row Address Hold Time tRAH 10 10 12 ns 

Column Address Setup Time tAse 0 0 0 ns 

Column Address Hold Time teAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAl 30 35 40 ns 

Read Command Setup Time tACS 0 0 0 ns 

Read Command Hold Time Referenced to RAS tARH 0 0 0 ns 14 

Read Command Hold Time Referenced to CAS tACH 0 0 0 ns 14 

WE Hold Time Referenced to CAS tWCH 10 10 15 ns 15 

Data-in Setup Time tos 0 0 0 ns 16 

Data-in Hold Time tOH 10 15 15 ns 16 

Write Command Setup Time twcs 0 0 0 ns 17 

CAS Setup Time (CAS before RAS Refresh) tesA 5 5 5 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 10 ns 

RAS Pulse Width (CAS before RAS Self Refresh) tRASS 100 100 100 J1S 

RAS Preeharge Time (CAS before RAS Self Refresh) tRPS 110 130 150 ns 

CAS Hold Time (CAS before RAS Self Refresh) ttHS -50 -50 -50 ns 

WE Setup Time tWSA 10 10 10 ns 

WE Hold Time tWHR 15 15 15 ns 

Refresh Time tREF 128 128 128 ms 
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NEe MC·42S2000LAB32S SERIES, 

--------------------------------------------------~--~--~-------------------------

Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 100 JJS and then, execute eight CAS before RAS or RAS only 

refresh cycles as dummy cycles to initialize internal circuit. 

3. Iccl, 1eC3, Icc4, IeC5 and IeC6 depend on cycle rates (tRC and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each 

fast page cycle. 

7. Iccl and Icc3 are measured assuming that address can be changed once or less during RAS:5 VIL 

(MAX.I and CAS ~ VIH (MIN.I. 

B. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

V,H (MIN) = 2.0 V .----------~------' , , , , , , . , , , , , ______________ I , 

, , 
I , 1 I 

V" (MAX.) = 0.8 V 
I I I I 

~ ~ 
tT = 5 ns tT = 5 ns 

(2) Output timing specification 

VOH (MIN.I = 2.0 V 

:::::::~'------J}--VOL (MAX I = 0.8 V 

10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAD :5. tRAO (MAX.) and tRCO :5. tRCO (MAX.) tRAC (MAX.) tRAC (MAX.) 

tRAD > tRAD (MAX.) and tRCO $ tRCD (MAX.) tAA (MAX.) tRAD + tAA (MAX.) 

tRCO > tACO (MAX.) teAc (MAX.) tRCO + teAc (MAX.) 

tRAO(MAX.I and tRCO(MAX.1 are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tRAC, tAA or tCAC) is to be used for 

finding out when output data will be available. Therefore, the input conditions tRAO ~ tRAO (MAX.) 

and tRCO 2 tRCO (MAX.) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. tOFF (MAX.) defines the time at which the output achieves the condition of Hi-Z and are not 

referenced to VOH or VOL. 

13. tCRP (MIN.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (MIN.) or tRRH (MIN.) should be met in read cycles. 

15. In early write cycles, twCH (MIN.) should be met. 

16. tos (MIN.) and tOH (MIN.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs ~ twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the 

entire cycle. 

I: 
I' 
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Timing Chart 
Please refer to Timing Chart 6, page 435. 
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NEe MC-42S2000LAB32S SERIES 

Package Drawing 

72PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

S 
(OPTIONAL HOLES) 
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detail of ® part 

X 

ITEM 
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C 
F 
H 
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K 

M 

N 

P 

Q 

S 

T 

u 
V 

W 
X 
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MILLIMETERS INCHES 

59.69±0.13 2.35±0.006 

44.45 1.750 

8.255 0.325 

1.27 (T.P.) 0.050 (T.P.) 

7.62 0.300 

2.03±0.13 0.080~g:gg~ 
3.175±0.13 0.125±0.006 

17.78 0.700 

25.4±0.13 1.000±0.006 

2.463 MAX. 0.097 MAX. 

R2.0 RO.079 

R2.0 RO.079 

4> 1.8 4>0.071 

1.0±0.1 0.039~8:88~ 
3.175 MIN. 0.125 MIN. 

0.25 MAX. 0.010 MAX. 

1.04±0.05 0.041±0.002 

2.54 MIN. 0.100 MIN. 

M72S-50A 1-2 
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DATA SHEET 

NEe MOS INTEGRATED CIRCUIT 

MC-42S2000LAD32S SERIES 

2 M-WORD BY 32-BIT DYNAMIC RAM MODULE (SO DIMM) 
FAST PAGE MODE 

Description 
The MC-42S2000LAD32S series is a 2,097,152 words by 32 bits dynamic RAM module (Small Outline DIMM) 

on which 4 pieces of 16 M DRAM: ,uPD42S18160L are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 

surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
CAS before RAS self refresh, CAS before RAS refresh, RAS only refresh, Hidden refresh 

2,097,152 words by 32 bits organization 

Fast access and cycle time 

Power consumption 
Access time RfI/I/ cycle time 

Family 
(MAX.) (MIN.) 

MC-42S2000LAD32S-ASO 60 ns 110 ns 

MC-42S2000LAD32S-A70 70 ns 130 ns 

MC-42S2000LAD32S-A80 80 ns 150 ns 

1,024 refresh cycles/128 ms 

72-pin dual in-line memory module (Pin pitch: 1.27 mm) 

Single +3.3 V ±0.3 V power supply 

Active 

1,083.6 mW 

1,011.6 mW 

939.6 mW 

The information in this document is subject to change without notice. 

Document No. IC-3461 (Japan) 

(MAX.) 

Standby 

2.16 mW 

(CMOS level input) 
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NEe MC-42S2000LAD32S SERIES 

Ordering Information 

Part number 
Access time 

(MAX.) 
Package Mounted devices 

MC-42S2000LAD32SA-A60 60 ns 72-pin Dual In-line Memory Module 4 pieces of ¢,D42S18160LG5 

MC-42S2000LAD32SA-A70 70 ns (Socket Type) (400 mil TSOP (11)) 

MC-42S2000LAD32SA-A80 80 ns 
Edge connector: Gold plating [Double side] 

216 



NEe MC-42S2000LAD32S SERIES 

Pin Configuration 

72-pin Dual In-line Memory Module Socket Type (Edge connector: Gold plating) 

2 1/00 GND 1 
4 1/02 1/01 3 
6 1104 1103 5 
8 1106 1/05 7 

10 Vee 1107 9 
12 AO PDl 11 
14 A2 Al 13 
16 A4 A3 15 
18 A6 A5 17 
20 NC NC 19 
22 1109 1108 21 :', 

~ 24 11011 11010 23 ~ 
c:> 26 11013 11012 25 

28 A7 1/014 27 N 

t CO) 

30 Vee NC 29 Q I. rn 32 A9 A8 31 ::3 N 
34 RAS2 RAS3 33 0 8 0 36 NC 11015 35 0 

!j; 38 1/017 11016 37 N 
40 CASO GND 39 en 

0 42 CAS3 CAS2 41 ~ Col 
N 44 RASO CASl 43 c,j en 46 NC RASl 45 ::!E l> 48 NC WE 47 

50 11019 11018 49 
52 11021 11020 51 
54 11023 11022 53 
56 1/024 NC 55 
58 11026 11025 57 
60 11027 11028 59 
62 1/029 Vee 61 
64 1/031 1/030 63 
66 PD2 NC 65 
68 PD4 PD3 67 
70 PD6 PD5 69 
72 GND PD7 71 

AO - A9 Address Inputs The internal connection of PO pins (PD1 - PD7). 

1/00 - 1/031 Data Inputs/Outputs 

RASO - RAS3 Row Address Strobe Pin Pin Access Time 

CASO - CAS3 Column Address Strobe 
Name No. 60 ns 70 ns 80 ns 

WE Write Enable P01 11 NC NC NC 

PD1 - PD7 Pr·esence Detect Pi ns P02 66 GNO GNO GNO 
Vee Power Supply P03 67 GND GND GND 
GND Ground P04 68 GND GND GND 
NC No connection 

PDS 69 NC GND NC 

P06 10 NC NC GND 

P07 71 GND GND GND 
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Block Diagram 
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MC-42S2000LAD32S SERIES 
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NEe MC-42S2000LAD32S SERIES 

Electrical Specifications Notes 1,2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -0.5 to +4.6 V 

Supply voltage Vee -0.5 to +4.6 V 

Output current 10 20 mA 

Power dissipation Po 8 W 

Operating ambient temperature T. o to +70 'C 

Storage temperature Tot. -55 to +125 'C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 3.0 3.3 3.6 V 

High level input voltage V,H 2.0 Vee + 0.3 V 

Low level input voltage V,L -0.3 +0.8 V 

Operating ambient temperature T. 0 70 'C 

Capacitance (T A = 25 ·c, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance C" AO-A9 35 

C" WE 43 

C" RASO - RAS3 
pF 

23 

C" CASO - CAS3 24 

Data Input/Output capacitance CVQ 1/00 - 1/031 19 pF 
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NEe MC-42S2000LAD32S SERIES 

DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current leel RAS, CAS Cycling tRAe = 60 ns 301 

tRC = tRC (MIN.) tRAe = 70 ns 281 mA 3,4,7 
10=OmA 

tRAe = 80 ns 261 

Standby current lee2 RAS, CAS;;' V,H (MIN.I 10=OmA 2.0 
mA 

RAS, CAS;;' Vee - 0.2 V 10=OmA 0.6 

RAS only refresh current lee3 RAS Cycling tRAe = 60 ns 301 

CAS;;' V,H IMIN.) tRAe = 70 ns 281 mA 3,4,5,7 
tRC = tRC (MIN.) 

10=OmA tRAe = 80 ns 261 

Operating current Icc. RAS S VIlIMAX.), CAS Cycling tRAe = 60 ns 181 

(Fast page mode) tpc = tpc (MIN.) tRAe = 70 ns 161 mA 3,4,6 
10=OmA 

tRAe = 80 ns 141 

CAS before RAS Ices RAS Cycling tRAe = 60 ns 301 

refresh current tRC = tRC (MIN.) tRAe = 70 ns 281 mA 3, 4 
10=OmA 

tRAe = 80 ns 261 

CAS before RAS Ices --
CAS before RAS refresh: 

long refresh current tRe = 125.0 /.IS 

RAS, CAS: 

Vee -0.2 V S V,H S V,H (MAX.) 

o V :sVIL :S0.2 V tRAS :s 1 /.Is 720 pA 3,4 

Standby: 

RAS, CAS;;' Vee -0.2 V 
Address: V,H or Vil 

WE :V,H 

10=OmA 

CAS before RAS leC7 RAS, CAS: 
self refresh current tRASS = 5 ms 

Vee -0.2 V :s V)H :s V,H IMAX.) 600 pA 4 

o V SVIl:S 0.2 V 
10=OmA 

Input leakage current II ILl V, = 0 to 3.6 V 

All other pins not under test = 0 V -5 +5 pA 

Output leakage current lOlL) Vo = 0 to 3.6 V 

Output is disabled (Hi-Z) -5 +5 pA 

High level output voltage VOH 10 = -2.0 mA 2.4 V 

Low level output voltage VOL 10 = +2.0 mA 0.4 V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8. 9 

tRAC = 60 ns tRAC = 70 ns tRAC = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Read/Write Cycle Time tRC 110 130 150 ns 

Fast Page Mode Cycle Time tpc 40 45 50 ns 

Access Time from RAS tRAC 60 70 80 ns 10, 11 

Access Time from CAS tCAC 15 20 20 ns 10, 11 

Access Time Column Address IAA 30 35 40 ns 10, 11 

Access Time from CAS Precharge IAcp 35 40 45 ns 11 

RAS to Column Address Delay Time tRAO 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time teLz 0 0 0 ns 11 

Output Buffer Turn·off Delay Time from CAS tOFF 0 13 0 15 0 15 ns 12 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 60 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10.000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tRSH 15 18 20 ns 

CAS Pulse Width teAS 15 10.000 20 10,000 20 10,000 ns 

CAS Hold Time tCSH 60 70 80 ns 

RAS to CAS Delay Time tRCO 20 45 20 50 25 60 ns 10 

CAS to RAS Precharge Time teRP 5 5 5 ns 13 

CAS Precharge Time tCPN 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tcp 10 10 10 ns 

RAS Precharge CAS Hold Time tRPe 5 5 5 ns 

RAS Hold Time from CAS Precharge tRHCP 35 40 45 ns 

Row Address Setup Time tASR 0 0 0 ns 

Row Address Hold Time tRAH 10 10 12 ns 

Column Address Setup Time tASC 0 0 0 ns 

Column Address Hold Time teAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAL 30 35 40 ns 

Read Command Setup Time tRCS 0 0 0 ns 

Read Command Hold Time Referenced to RAS tRRH 0 0 0 ns 14 

Read Command Hold Time Referenced to CAS tRCH 0 0 0 ns 14 

WE Hold Time Referenced to CAS twCH 10 10 15 ns 15 

Data·in Setup Time tos 0 0 0 ns 16 

Data·in Hold Time tOH 10 15 15 ns 16 

Write Command Setup Time twcs 0 0 0 ns 17 

CAS Setup Time (CAS before RAS Refresh) tCSR 5 5 5 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 10 ns 

RAS Pulse Width (CAS before RAS Self Refresh) tRASS 100 100 100 JJS 

RAS Precharge Time (CAS before RAS Self Refresh) tRPS 110 130 150 ns 

CAS Hold Time (CAS beforeRAS Self Refresh) tCHS -50 -50 -50 ns 

WE Hold Time twHR 15 15 15 ns 

Refresh Time tREF 128 128 128 ms 
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NEe MC-42S2000LAD32S SERIES 

Notes 

1. All voltages are referenced to GND. 

2. After power up, wait more than 100 JIS and then, execute eight CAS before RAS or RAS only 

refresh cycles as dummy cycles to initialize internal circuit. 

3. IcCl, Icc3, Icc4, Icc5 and Icc6 depend on cycle rates (tRC and tpc). 

4. Specified values are obtained with outputs unloaded. 

5. Icc3 is measured assuming that all column address inputs are held at either high or low. 

6. Icc4 is measured assuming that all column address inputs are switched only once during each 

fast page cycle. 

7. IcCl and Icc3 are measured assuming that address can be changed once or less during RAS:5 VIL 

(MAX.) and CAS ~ VIH (MIN.I. 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

V,H IMIN' = 2.0 V .----------~------' , , , , , , 
I I I I ______________, I , , 
: : : : 

VIL (MAX.( = 0.8 V 

~ --+----+--
tT = 5 ns tT = 5 ns 

(2) Output timing specification 

VOH (MIN.I = 2.0 V 

:::::::~'------'>-VOL (MAX.I = 0.8 V 

10. For read cycles, access time is defihed as follows: 

Input Conditions Access Time Access Time from RAS 

tRAO :0:; tAAD (MAX.I and tRCD :5: tRCD (MAX.I tRAC (MAX.) tRAC(MAX.) 

tRAD > tRAD (MAX.) and tRCD :5 tRCO (MAX.) tAAIMAX.) tRAO + tAA (MAX.) 

tACO> tRCD (MAX.) teAc (MAX.) tRCD + teAc (MAX.) 

tRAD (MAX.) and tRCD (MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tRAC, tAA or tCAC) is to be used for 

finding out when output data will be available. Therefore, the input conditions tRAD ~ tRAD (MAX.) 

and tRCD ~ tRCD (MAX') will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. tOFF (MAX.) defines the time at which the output achieves the condition of Hi-Z and are not 

referenced to VOH or VOL. 

13. tCRP (MIN.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (MIN.) or tRRH (MIN.) should be met in read cycles. 

15. In early write cycles, twCH IMIN.) should be met. 

16. tDS (MIN.) and tDH (MIN.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs ~ twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the 

entire cycle. 



Timing Chart 
Please refer to Timing Chart 5, page 425. 
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Package Drawing 

72 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

a:: 

~ 

p 

1=' 
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® 
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DD 
detail of ® part 

~ 
[BJ> 

Q 

o 

ITEM 
A 

C 

F 

H 

K 
L 

M 
N 

P 
Q 

R 

s 
T 

u 
V 

W 

X 

Y 
Z 

N 

MILLIMETERS INCHES 
59.S9±0.13 2.35±0.00S 

44.45 1.750 

8.255 0.325 
1.27 (T.P.) 0.050 (T.P.) 

7.S2 0.300 

2.0 0.079 

3.18 0.125 

17.78 0.700 
25.4 1.000 
3.8 MAX. 0.150 MAX. 

R2.0 RO.079 
R2.0 RO.079 

4.0±0.1 0.157~8:88~ 
\,>1.8 \,>0.071 

1.0±0.1 0.039~8:88~ 
3.18 MIN. 0.125 MIN. 

0.25 MAX. 0.010 MAX. 

1.0±0.05 0.039~8:88~ 
2.54 MIN. 0.100 MIN. 

2.0 MIN. 0.Q78 MIN. 

2.0 MIN. 0.078 MIN. 
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DATA SHEET 

NEe MOS INTEGRATED CIRCUIT 

MC-42S4000LAB32S SERIES ! 
---------------------------:~ 

4 M-WORD BY 32-BIT DYNAMIC RAM MODULE (SO DIMM) 
FAST PAGE MODE 

Description 
The MC-42S4000LAB32S series is a 4, 194,304words by 32 bits dynamic RAM module (Small Outline DIMM) 

on which 8 pieces of 16 M DRAM: /lPD42S17800L are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 

surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
CAS before RAS self refresh, CAS before RAS refresh, RAS only refresh, Hidden refresh 

4,194,304 words by 32 bits organization 

Fast access and cycle time 

Access time R/W cycle time 
Family (MAX.) (MIN.) 

MC-42S4000LAB32S-A60 60 ns 110 ns 

MC-42S4000LAB32S-A70 70 ns 130 ns 

MC-42S4000LAB32S-A80 80 ns 150 ns 

2,048 refresh cycles/128 ms 

• 72-pin dual in-line memory module (Pin pitch = 1.27 mm) 

Single +3.3 V ±0.3 V power supply 

Ordering Information 

Part number 
Access time 

(MAX.) 
Package 

MC-42S4000LAB32SA-A60 60 ns 72-pin Dual In-line Memory Module 

MC-42S4000LAB32SA-A70 70 ns (Socket Type) / 

MC-42S4000LAB32SA-A80 80 ns 
Edge connector: Gold plating / 

Power consumption 
(MAX.) 

Active Standby 

1,458 mW 

1,314 mW 
4.32 mW 

(CMOS level input) 
1,170mW 

Mounted devices 

8 pieces of JlPD42S17800LG5 

(400 mil TSOP (II)) 

[Double sidel 

The information in this document Is subject to change without notice. 

Document No. Ml0055EJ3VODSUl 

;~ , 

I ~ 
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NEe MC-42S4000LAB32S SERIES 

Pin Configuration 

72-pin Dual In-line Memory Module Socket Type (Edge conn~ctor : Gold plating) 

2 1/00 GND 1 
4 1/02 1/01 3 
6 1/04 1/03 5 
8 1/06 1/05 7 

10 Vee 1/07 9 
12 AO PDl 11 
14 A2 Al 13 
16 A4 A3 15 
18 A6 A5 17 
20 NC A10 19 
22 1/09 1/08 21 

~ 24 1/011 1/010 23 oct 
C') 26 1/013 1/012 25 II) 

./:.. 28 A7 1/014 27 N 
M 

I\) 30 Vee NC 29 10 
VI 32 A9 A8 31 S .... 
0 34 RAS2 RAS3 33 0 0 36 NC 1/015 35 0 0 0 

~ 38 !LQJl 1/016 37 "" 40 CASO GND 39 VI 
~ 42 CAS3 CAS2 41 N w "" I\) 44 RASO CAS 1 43 c.J II) 

46 NC RAS1 45 l> 
48 NC WE 47 ::1E 

50 1/019 1/018 49 
52 1/021 1/020 51 
54 1/023 1/022 53 
56 1/024 NC 55 
58 1/026 1/025 57 
60 1/027 1/028 59 
62 1/029 Vee 61 
64 1/031 1/030 63 
66 PD2 NC 65 
68 PD4 PD3 67 
70 PD6 PD5 69 
72 GND PD7 71 

AO - A 10 Address Inputs The internal connection of PO pins (P01 to P07). 

1/00 - 1/031 Data Inputs/Outputs 

RASO - RAS3 Row Address Strobe Pin Pin Access Time 

CASO - CAS3 Column Address Strobe 
Name No. 60 ns 70 ns 80 ns 

WE Write Enable PDl 11 GNO GNO GNO 

PD1 - PD7 Presence Detect Pins P02 66 NC NC NC 

Vee Power Supply P03 67 GNO GNO GNO 
GND Ground P04 68 GNO GNO GNO 
NC No connection P05 69 NC GNO NC 

P06 70 NC NC GNO 

P07 71 GNO GNO GNO 
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NEe MC-42S4000LAB32S SERIES 

Block Diagram 

1/00 
1/01 
1/02 
1/03 
1/04 
1/05 
1/06 
1/07 

CASl 

1/08 
1/09 

1/010 
1/011 
1/012 
1/013 
1/014 
1/015 

1/016 
1/017 
1/018 
1/019 
1/020 
1/021 
1/022 
1/023 

CAS3 

1/024 
1/025 
1/026 
1/027 
1/028 
1/029 
1/030 
1/031 

~ 

~ 

I 
~ ~ 

1/01 CAS RAS WE 1/01 
1/02 1/02 
1/03 1/03 
1/04 1/04 
1/05 DO 1/05 
1/06 1/06 
1/07 1/07 
1/08 

OE i1r 1/08 

~ 

• • • 1/01 CAS RAS WE 1/01 
1/02 1/02 
1/03 1/03 
1/04 

02 
1/04 

1/05 1/05 
1/06 1/06 
1/07 1/07 
1/08 

OE i1r 1/08 

I 
• • • 1/01 CAS RAS WE 1/01 

1/02 1/02 
1/03 1/03 
1/04 1/04 
1/05 

04 
1/05 

1/06 1/06 
1/07 1/07 
1/08 

OE -;t,. 1/08 

I 

• • • 1/01 CAS RAS WE 1/01 
1/02 1/02 
1/03 1/03 
1/04 1/04 
1/05 06 1/05 
1/06 1/06 
1/07 1/07 
1/08 

OE -;t,. 
1/08 

AO-A10 0>--------- 00-07 

Vee O>----:r:~---- 00-07 

:c CO-Cl 
GNO 0..------4---__ 00-07 

Remark 00-07 : JLP042S17800LG5 (TSOP (11)) 

I 
~ ~ 

CAS RAS WE 

01 

OE :,t. 
~ • CAS RAS WE 

03 

I 

OE i1r 

• • • CAS RAS WE 

05 

OE* 

~ • CAS RAS WE 

07 

OE~ 
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NEe MC-42S4000LAB32S SERIES 

Electrical Specifications Notes 1,2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -0.5 to +4.6 V 

Supply voltage Vee -0.5 to +4.6 V 

Output current 10 20 mA 

Power dissipation Po 8 W 

Operating ambient temperature TA o to +70 ·C 

Storage temperature Tstg -55 to +125 ·C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section of this specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 3.0 3.3 3.6 V 

High level input voltage V,H 2.0 Vee + 0.3 V 

Low level input voltage VIL -0.3 +0.8 V 

Operating ambient temperature TA 0 70 ·C 

Capacitance ITA = 25 ·C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance C" AO - Al0 55 pF 

CI2 WE 71 

C" RASO - RAS3 30 

c" CASO - CAS3 24 

Data Input/Output capacitance CliO 1/00 - 1/031 19 pF 
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----.:....::..:::::....:=-------------------=~:.........:.=....:...:.-=....::...::.:....:..=...:::.=..:=--=::.=..:...:.;.:::...;::..----'1. 

DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 
--

Operating current Icel RAS, CAS Cycling tRAe = 60 ns 405 mA 3,4,7 

tRC = tAC (MIN.) tRAe = 70 ns 365 
10 = 0 mA 

tRAe = 80 ns 325 

Standby current lce2 RAS, CAS", V,H (MIN.I 10=OmA 4.0 mA 

RAS, CAS", Vee - 0.2 V 10 = 0 rnA 1.2 

RAS only refresh current lce3 RAS Cycling tRAe = 60 ns 405 mA 3,4,5,7 

CAS", V,H (MIN.I tRAe = 70 ns 365 
tRC = tRC-IMIN.) 

10 = 0 rnA tRAe = 80 ns 325 

-Operating current Icc4 RAS" VIl(MAX.I, CAS Cycling tRAe = 60 ns 285 mA 3,4,6 

(Fast page model tpc = tpc (MIN.) tRAe = 70 ns 245 
10 = 0 mA 

tRAe = 80 ns 205 

CAS before RAS Icc, RAS Cycling tRAe = 60 ns 405 mA 3,4 

refresh current tRC = tRC (MIN.) tRAe = 70 ns 365 
10 = 0 rnA 

tRAe = 80 ns 325 

-- --
CAS before RAS Ices CAS before RAS refresh: tRAS ,,1 !is 1.6 mA 3,4 

long refresh current tRe =62.5 !is ----
RAS, CAS: 

Vee -0.2 V "V,H "V,H (MAX., 

o V" Vil ,,0.2 V 

Standby: 

RAS, CAS ",Vee -0.2 V 

Address: V,H or Vil 

WE :V,H 

10 = 0 rnA 

CAS before RAS lce7 RAS, CAS: 1.2 mA 4 

self refresh current tRASS = 5 rns 

Vee ~0.2 V "V,H "V,H (MAX.I 
o V "VIl ,,0.2 V 

10 = 0 rnA 

Input leakage current II ILl V, = 0 to 3.6 V -5 +5 !JA 
All other pins not under test = 0 V 

Output leakage current 10(L! Vo = 0 to 3.6 V -5 +5 !JA 
Output is disabled (Hi-Zl 

High level output voltage VOH 10 = -2.0 mA 2.4 V 

Low level output voltage VOL 10 = +2.0 mA 0.4 V 
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NEe MC·42S4000LAB32S SERIES 

AC Characteristics (Recommended Operating Conditions unless otherwise notedlNotes 8, 9 

tRAe = 60 ns tRAe = 70 ns tRAe = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Read/Write Cycle Time tRe 110 130 150 ns 

Fast Page Mode Cycle Time tpe 40 45 50 ns 

Access Time from RAS tRAC 60 70 80 ns 10, 11 

Access Time from CAS teAc 15 18 20 ns 10, 11 

Access Time Column Address tAA 30 35 40 ns 10, 1.1 

Access Time from CAS Precharge tACP 35 40 45 ns 11 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time telz 0 0 0 ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF 0 13 0 15 0 15 ns 12 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 60 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tRSH 15 18 20 ns 

CAS Pulse Width teAs 15 10,000 18 10,000 20 10,000 ns 

CAS Hold Time tCSH 60 70 80 ns 

RAS to CAS Delay Time tACO 20 45 20 50 25 60 ns 10 

CAS to RAS Precharge Time teRP 5 5 5 ns 13 

CAS Precharge Time tCPN 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tep 10 10 10 ns 

RAS Precharge CAS Hold Time tRPe 5 5 5 ns 

RAS Hold Time from CAS Precharge tRHCP 35 40 45 ns 

Row Address Setup Time tASR 0 0 0 ns 

Row Address Hold Time tRAH 10 10 12 I1S 

Column Address Setup Time tAse 0 0 0 ns 

Column Address Hold Time teAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAL 30 35 40 ns 

Read Command Setup Time tRCS 0 0 0 ns 

Read Command Hold Time Referenced to RAS tRRH 0 0 0 ns 14 

Read Command Hold Time Referenced to CAS tRCH 0 0 0 ns 14 

WE Hold Time Referenced to CAS tWCH 10 10 15 ns 15 

Data-in Setup Time tos 0 0 0 ns 16 

Data-in Hold Time tOH 10 15 15 ns 16 

Write Command Setup Time twcs 0 0 0 ns 17 

CAS Setup Time (CAS before RAS Refresh) tCSR 5 5 5 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 10 ns 

RAS Pulse Width (CAS before RAS Self Refresh) tRAS5 100 100 100 J1$ 

RAS Precharge Time (CAS before RAS Self Refresh) tRPS 110 130 150 ns 

CAS Hold Time (CAS before RAS Self Refresh) tCHS -50 -50 -50 ns 

WE Setup Time tWSR 10 10 10 ns 

WE Hold Time tWHR 15 15 15 ns 

Refresh Time tREF 128 128 128 ms 
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Notes 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

MC-42S4000LAB32S SERIES 

All voltages are referenced to GND. 

After power up, wait more than 100 Ils and then, execute eight CAS before RAS or RAS only 

refresh cycles as dummy cycles to initialize internal circuit. 

IcCl, Icc3, icC" Icc5 and Iccs depend on cycle rates (tRC and tpc). 

Specified values are obtained with outputs unloaded. 

Icc3 is measured assuming that all column address inputs are held at either high or low. 

Icc. is measured assuming that all column address inputs are switched only once during each 

fast page cycle. 

ICCl and Icc3 are measured assuming that address can be changed once or less during RAS 5 VIL 

IMAX.) and CAS ~ VIH IMIN.). 

8. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

VIH IMINi = 2.0 V , , 

VIL IMAXI = 0.8 V 

-~------
______________ Iii I 

, , 
I I I I 
, I I I 

~ --H---
tr = 5 ns IT = 5 ns 

(2) Output timing specification 

VOH IMINI = 2.0 V :::::::=\,-------,}-VOL IMAXI = 0.8 V 

10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tAAD s tRAD (MAX.) and tRCD S tRCD (MAX.) tRAC (MAX.) tRAC {MAX.} 

tRAD > tAAD (MAX.) and tACO :5 tRCD (MAX.) tAA (MAX.) tRAD + tAA (MAX.) 

tACO> tACO (MAX.) teAc (MAX.) tRCD + teAc (MAX.l 

tRADIMAX.) and tRCDIMAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tRAC, tAA or tCAC) is to be used for 

finding out when output data will be available. Therefore, the input conditions tRAD ~ tRAD (MAX,) 

and tRCD 2: tRCD (MAX.) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. tOFF (MAX.) defines the time at which the output achieves the condition of Hi-Z and are not 

referenced to VOH or VOL. 

13. tCRP (MIN.) requirements should.be applied to RAS/CAS cycles. 

14. Either tRCH (MIN.) or tRRH IMIN.) should be met in read cycles. 

15. In early write cycles, tWCH (MIN.) should be met. 

16. tDS (MIN.) and tDH (MIN,) are referenced to the CAS falling edge in early write cycles. 

17. If twcs 2: twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the 

entire cycle. 
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Timing Chart 
Please refer to Timing Chart 6, page 435. 
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NEe MC-42S4000LAB32S SERIES 

Package Drawing 

72PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

II-----' --A-----I·I 

S 
(OPTIONAL HOLES) 

K 
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DODD 
--+~-----c -----~ 

~: 1jJ..1.J..J..L.L.JL..LL.L.LL..LJ...LLJ..LL.L1.J...L.J...u..LJ..J..L.L.J...L..LLJ 0 

DODD 
detail of ® part 

x 

ITEM 
A 

C 

F 

H 

K 

M 

N 

P 
Q 

S 

T 

u 
V 

W 
X 

MILLIMETERS INCHES 
59.69±0.13 2.35±0.006 

44.45 1.750 

8.255 0.325 

1.27 (T.P.) 0.050 (T.P.) 

7.62 0.300 

2.03±0.13 0.080~8:88~ 
3.175±0.13 0.125±0.006 

17.78 0.700 

25.4±0.13 1.000±0.006 

3.81 MAX. 0.150 MAX. 

R2.0 RO.079 

R2.0 RO.079 

cpl.8 cpO.071 

1.0±0.1 0.039~8:88~ 
3.175 MIN. 0.125 MIN. 

0.25 MAX. 0.010 MAX. 

1.04±0.O5 0.041 ±0.002 

2.54 MIN. 0.100 MIN. 

M725-50A2·2 
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DATA SHEET 

NEe MOS INTEGRATED CIRCUIT 

MC-42S4000LAC32S SERIES 

4 M-WORD BY 32-BIT DYNAMIC RAM MODULE (SO DIMM) 
FAST PAGE MODE 

Description 
The MC-42S4000LAC32S series is a 4,194,304 words by 32 bits dynamic RAM module (Small Outline DIMM) 

on which 8 pieces of 16 M DRAM: JLPD42S17400LG3 (TSOP (II)) are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the 

surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
CAS before RAS self refresh, CAS before RAS refresh, RAS only refresh, Hidden refresh 

4,194,304 words by 32 bits organization 

Fast access and cycle time 

Power consumption 
Access time R/W cycle time 

Family 
(MAX.) (MIN.) 

MC-42S4000LAC32S-A60 60 ns 110 ns 

MC-42S4000LAC32S-A70 70 ns 130 ns 

MC-42S4000LAC32S-A80 80 ns 150 ns 

2,048 refresh cycles/128 ms 

72-pin dual in-line memory module (Pin pitch = 1.27 mm) 

Single +3.3 V ±0.3 V power supply 

Active 

2,880 mW 

2,592 mW 

2,304 mW 

The information in this document is subject to change without notice. 

Document No. IC'3460 (Japan) 

(MAX.) 

Standby 

4.32 mW 

(CMOS level input) 
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NEe MC-42S4000LAC32S SERIES 

Ordering Information 

Part number 
Access time 

(MAX.) 
Package Mounted devices 

MC-42S4000LAC32SA-A60 60 ns 72-pin Dual In-line Memory Module 8 pieces of pPD42S 17 400LG3 

MC-42S4000LAC32SA-A70 70 ns (Socket Type) (300 mil TSOP (II)) 

MC-42S4000LAC32SA-A80 80 ns Edge connector: Gold plating [Double side) 
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Pin Configuration 

72-pin Dual In-line Memory Module Socket Type (Edge connector: Gold plating) 

2 1/00 GND 1 
4 1/02 1/01 3 
6 1/04 1/03 5 
8 1/06 1/05 7 

10 Vee 1/07 9 
12 AO PD1 11 
14 A2 A1 13 
16 A4 A3 15 
18 A6 A5 17 
20 NC A10 19 
22 1/09 1/08 21 
24 1/011 1/010 23 

s: 26 1/013 1/012 25 ~ 
£ 

28 A7 1/014 27 N 
30 Vee NC 29 g (II 32 ~ A8 31 

§ 34 RAS2 NC 33 

~ 36 NC 1/015 35 
~ 38 ILQ.11 1/016 37 en 
0 40 CASO GND 39 ~ 
N 42 CAS3 CAS2 41 U (II 44 RASO CAS1 43 :E J> 

46 NC NC 45 

i: 

48 NC WE 47 
50 1/019 1/018 49 
52 1/021 1/020 51 
54 1/023 1/022 53 
56 1/024 NC 55 
58 1/026 1/025 57 
60 1/027 1/028 59 
62 1/029 Vee 61 
64 1/031 1/030 63 
66 PD2 NC 65 
68 PD4 PD3 67 
70 PD6 PD5 69 
72 GND PD7 71 

AO - A10 Address Inputs The internal connection of PO pins (PD1 to PD7). 

1/00 - 1/031 Data Inputs/Outputs 

RASO, RAS2 Row Address Strobe 

CASO - CAS3 Column Address Strobe 

Pin Pin Access Time 
Name No. 60 ns 70 ns 80 ns 

WE Write Enable P01 11 NC NC NC 

PD1 - PD7 Presence Detect Pins PD2 66 NC NC NC 

Vec Power Supply PD3 67 GNO GNO GNO 
GND Ground P04 68 NC NC NC 
NC No connection P05 69 NC GNO NC 

P06 70 NC NC GNO 

P07 71 GNO GNO GNO 
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NEe MC-42S4000LAC32S SERIES 

Block Diagram 

Remark 00-07: IlPD42S17400LG3 (TSOP (11) 

RASO 
CASO 

WE 
i i i 

1/00 1/01 CAS RAS WE 
1/01 1/02 
1/02 1/03 00 
1/03 1/04 

.;;:- OE 
t t t 

1/04 1/01 CAS RAS WE 
1/05 1/02 
1/06 1/03 01 
1/07 1/04 

.;;:- OE 

CASl 

1 
1/08 1/01 CAS RAS WE 
1/09 1/02 

1/010 1/03 02 
1/011 1LQ4 

.;;:- OE 
+ + + 

1/012 1/01 CAS RAS WE 
1/013 1/02 
1/014 1/03 03 
1/015 1/04 

.;;:- OE 

RAS2 
CAS2 

~ 
1/016 1/01 CAS RAS WE 
1/017 1/02 
1/018 1/03 04 
1/019 1LQ4 

.;;:- OE 
+ 

1/020 1/01 CAS RAS WE 
1/021 1/02 
1/022 1/03 05 
1/023 1LQ4 

.;;:- OE 

CAS3 
J 

1/024 1/01 CAS RAS WE 
1/025 1/02 
1/026 1/03 06 
1/027 1LQ4 

.;;:- OE 
t t t 

1/028 1/01 CAS RAS WE 
1/029 1/02 
1/030 1/03 07 
1/031 1LQ4 

.;;:- OE 

AO-Al0 0 >-------·00-07 

Vee 0 

GNOO 

~ • 00-07 
CO-C7 

T . DO-D7 
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----------------------------.:;.---''--.:..;;.~-~-'--''----'-----....,',', 

Electrical Specifications Notes 1. 2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -0.5 to +4.6 V 

Supply voltage Vee -0.5 to +4.6 V 

Output current 10 20 mA 

Power dissipation Po 8 W 

Operating ambient temperature TA o to +70 'C 

Storage temperature Tstg -55 to +125 'C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section of this specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 3.0 3.3 3.6 V 

High level input voltage V,H 2.0 Vee + 0.3 V 

Low level input voltage V,L -0.3 +0.8 V 

Operating ambient temperature TA 0 70 'C 

Capacitance ITA = 25 ·C. f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance C" AO" A10 55 

C" WE 71 

C'3 RASO. RAS2 36 
pF 

C" CASO" CAS3 19 

Data Input/Output capacitance Coo 1/00" 1/031 10 pF 

I{ 

I 

I' 
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NEe MC-42S4000LAC32S SERIES 

DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter 

Operating current 

Standby current 

RAS only refresh current 

Operating current 

(Fast page mode) 

CAS before RAS 

refresh current 

CAS before RAS 

long refresh current 

CAS before RAS 

self refresh current 

Input leakage current 

Output leakage current 

High level output voltage 

Low level output voltage 

Symbol 

leel 

icc, 

ICC3 

icc. 

iccs 

Iccs 

icc, 

II III 

10 {LI 

VOH 

VOL 

Test condition 

RAS, CAS Cycling 

tRe = tRe {MIN. I 

10=OmA 

RAS, CAS", V,H {MIN. I 

RAS, CAS", VCC - 0.2 V 

RAS Cycling 
CAS", V,H {MIN. I 
tRC = tRC (MIN.) 

10 = 0 mA 

RAS :s; VIL (MAX.), CAS Cycling 
tpc = tpc (MIN.) 

10 = 0 mA 

RAS Cycling 

tRC = tRC (MIN.) 

10=OmA 

CAS before RAS refresh: 
tRC = 62.5 /ls 

RAS, CAS: 

Vee -0.2 V s V,H S V,H {MAX.I 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 

10 = 0 mA 

10 = 0 mA 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 

tRAC = 60 ns 

tRAC = 70 ns 

tRAC = 80 ns 

tRAC = 60 ns 

tRAe = 70 ns 

tRAC = 80 ns 

o V S V,L " 0.2 V tRA' " 1 /lS 
Standby: 

RAS '" Vcc -0.2 V 
Address: V,H or V,L 

WE :V,H 

10 = 0 mA 

RAS, CAS: 

tRMS = 5 ms 

Vcc -0.2 V s V,H S V,H {MAX.I 

o V S V,L S 0.2 V 
10 = 0 mA 

V, = 0 to 3.6 V 

All other pi ns not under test = 0 V 

Vo = 0 to 3.6 V 
Output is disabled (Hi-Z) 

10 = -2.0 mA 

10. +2.0 mA 

MIN. MAX. Unit Notes 

800 

720 mA 3,4,7 

640 

4 
mA 

1.2 

800 

720 mA 3,4,5,7 

640 

560 

480 mA 3,4,6 

400 

800 

720 mA 3,4 

640 

1.6 mA 3,4 

1.2 mA 4 

-5 +5 

-5 +5 

2.4 V 

0.4 V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 

tRAC = 60 ns tRAC = 70 ns tRAC = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Read/Write Cycle Time tRC 110 130 150 ns 

Fast Page Mode Cycle Time tpc 40 45 50 ns 

Access Time from RAS tRAC 60 70 80 ns 10, 11 

Access Time from CAS tCAC 15 18 20 ns la, 11 

Access Time Column Address tM 30 35 40 ns la, 11 

Access Time from CAS Precharge tACP 35 40 45 ns 11 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time tCLZ 0 0 a ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF a 15 a 15 0 20 ns 12 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 60 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tRSH 15 18 20 ns 

CAS Pulse Width teAs 15 10,000 18 10,000 20 10,000 ns 

CAS Hold Time tCSH 60 70 80 ns 

RAS to CAS Delay Time tRCO 20 40 20 50 25 60 ns 10 

CAS to RAS Precharge Time tCRP 5 5 5 ns 13 

CAS Precharge Time tCPN 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tcp 10 10 10 ns 

RAS Precharge CAS Hold Time tRPC 5 5 5 ns 

RAS Hold Time from CAS Precharge tRHCP 35 40 45 ns 

Row Address Setup Time tASR 0 0 0 ns 

Row Address Hold Time tRAH 10 10 12 ns 

Column Address Setup Time tAse 0 0 0 ns 

Column Address Hold Time tCAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAL 30 35 40 ns 

Read Command Setup Time tRCS 0 0 0 ns 

Read Command Hold Time Referenced to RAS tRRH 0 0 0 ns 14 

Read Command Hold Time Referenced to CAS tRCH 0 0 0 ns 14 

WE Hold Time Referenced to CAS twCH 10 10 15 ns 15 

Data-in Setup Time tos 0 0 0 ns 16 

Data-in Hold Time tOH 10 15 15 ns 16 

Write Command Setup Time twcs 0 0 0 ns 17 

CAS Setup Time (CAS before RAS Refresh) tCSR 5 5 5 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 10 ns 

WE Setup Time twSR 10 10 10 ns 

WE Hold Time twHR 15 15 15 ns 

RAS Pulse Width (CAS before RAS Self Refresh) tRASS 100 100 100 /IS 

RAS Precharge Time (CAS before RAS Self Refresh) tRPS 110 130 150 ns 

CAS Hold Time (CAS before RAS Self Refresh) tCHS -50 -50 -50 ns 

Refresh Time tRE' 128 128 128 ms 
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Notes 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

All voltages are referenced to GND. 

After power up, wait more than 100 /.IS and then, execute eight CAS before RAS or RAS only 

refresh cycles as dummy cycles to initialize internal circuit. 

icc" Icc3, Icc4, Iccs and Icc6 depend on cycle rates (tRC and tpc). 

Specified values are obtained with outputs unloaded. 

Icc3 is measured assuming that all column address inputs are held at either high or low. 

Icc4 is measured assuming that all column address inputs are switched only once during each 

fast page cycle. 

Icc, and Icc3 are measured assuming that address can be changed once or less during RAS ::; VIL 

(MAX.) and CAS :<! VIH (MIN.). 

S. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

V,H IMIN.I = 2.0 V 

.''''"JlL--'"--i i , , , ______________ I I 

, , 
I I I I 

Vil IMAX.I = 0.8 V 
, I I I 

---++- -++-
tTO'.5ns IT = 5 ns 

(2) Output timing specification 

VOH IMIN.I= 2.0 V :::::::3'--------J}-VOL IMAX.I = 0.8 V 

10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAD S tRAD (MAX.l and tRCD S tRCD (MAX.) tRAC (MAX.) tRAC (MAX.) 

tRAD > tRAD (MAX., and tRCD s tRCD (MAX.) tAAIMAX,) tRAD + tAA (MAX.) 

tRCD > tRCD (MAX') teAc (MAX.) tRCD + teAc (MAX.) 

tRAD (MAX.) and tRCD IMAX.} are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tRAC, tAA or tCAC) is to be used for 

finding out when output data will be available. Therefore, the input conditions tRAD:<! tRAD (MAX.) 

and tRCD :<! tRCDIMAX.} will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. tOFF (MAX.) defines the time at which the output achieves the condition of Hi-Z and are not 

referenced to VOH or VOL. 

13. tCRP (MIN.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (MIN.) or tRRH (MIN.) should be met in read cycles. 

15. In early write cycles, twCH (MIN.) should be met. 

16. tDS (MIN.) and tDH (MIN.) are referenced to the CAS falling edge in early write cycles. 

17. Iftwcs:<! tWCS(MIN.}, the cycle is an early write cycle and the data out will remain Hi-Z through the 

entire cycle. 



Timing Chart 
Please refer to Timing Chart 6, page 435. 
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Package Drawing 

72 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

A 

z N 

Q 

p ® 

c 

o 0 

DODD 
detail of ® part ITEM MILLIMETERS INCHES 

.x 
[]]> 

A 59.69±0.13 2.35±0.006 

C 44.45 1.750 
F 8.255 0.325 

H 1.27 (T.P.) 0.050 (T.P.) 

7.62 0.300 

J 2.0 0.079 
K 3.18 0.125 

17.78 0.700 
M 25.4 1.000 
N 3.8 MAX. 0.150 MAX. 

P R2.0 RO.079 
Q R2.0 RO.079 

R 4.0±0.1 0.157~8:88~ 
s 1/>1.8 1/>0.071 

T 1.0±0.1 0.039~8:88~ 
u 3.18 MIN. 0.125 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.0±0.05 0.039~8:88~ 
X 2.54 MIN. 0.100 MIN. 
y 2.0 MIN. 0.078 MIN. 

Z 2.0 MIN. 0.078 MIN. 

M728-SOA5 
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DATA SHEET 

NEe MOS INTEGRATED CIRCUIT 

MC-421000F32 .~ 
I:~ 

---------------------------!~. 
1# 

1 M-WORD BY 32-BIT DYNAMIC RAM MODULE 
HYPER PAGE MODE (EDO) 

Description 
The MC-421000F32 is a 1,048,576 words by 32 bits dynamic RAM module on which 2 pieces of 16 M DRAM: 

IlPD4218165 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the surface

mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
Hyper page mode (EDO) 

1,048,576 words by 32 bits organization 

Fast access and cycle time 

Access time R/W cycle time Hyper page mode (EDO) Power consumption (MAX.) 
Family 

(MAX.) (MIN.) cycle time (MIN.) Active Standby 

MC-421000F32-60 60 ns 104 ns 25 ns 1,760 mW 11 mW 

MC-421000F32-70 70 ns 124 ns 30 ns 1,650 mW 
(CMOS level input) 

1,024 refresh cycles/16 ms 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

72-pin single in-line memory module (Pin pitch; 1.27 mm) 

Single +5.0 V ±0.5 V power supply 

Access time can be distinguished with characteristics of PO-pins (PDO to PD3) 

Ordering Information 

Part number 
Access time 

(MAX.) 
Package 

MC-421000F32BA-60 60 ns 72-pin Single In-line Memory Module (Socket Type) 

MC-421000F32BA-70 70 ns Edge connector: Solder coating (HAL) 

MC-421000F32FA-60 60 ns 72-pin Single In-line Memory Module (Socket Type) 

MC-421000F32FA-70 70 ns Edge connector: Gold plating 

The information in this document is subject to change without notice. 

Document No. M10438EJ2VODSU1 

Mounted devices 

2 pieces of IlPD4218165LE 

(400 mil SOJ) 

[Single side] 
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NEe MC-421000F32 

Pin Configuration 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating, Gold plating) 

GND 
/100 

1/016 
/101 

1/017 
1/02 

/1018 
1/03 

1/019 
Vee 
NC 
AD 
A1 
A2 
A3 
A4 
AS 
A6 
NC 

1/04 
1/020 
1/05 

1/021 
1/06 

1/022 
1/07 

1/023 
A7 
NC 
Vee 
A8 
A9 
NC 

RAS2 
NC 
NC 

NC 
NC 

GND 
CASO 
CAS2 
CAS3 
CAS1 
RASO 

NC 
NC 
WE 
NC 

1/08 
1/024 

1/09 
1/025 
1/010 
1/026 
1/011 
1/027 
1/012 
1/028 

Vee 
1/029 
1/013 
1/030 
1/014 
1/031 
1/015 

NC 
PDO 
PD1 
PD2 
PD3 
NC 

GND 

o 

o 

AO - A9 Address Inputs 

1/00 - 1/031 Data Inputs/Outputs 

CASO - CAS3: Column Address Strobe 

RASO, RAS2 : Row Address Strobe 

WE Write Enable 

Vee Power Supply 

GND Ground 

NC No Cc;mnection 

The internal connection of PD pins (PDO to PD3) depends on 

access time. 

Pin Pin Access Time 

Name No. 60 ns 70 ns 

PDO 67 GND GND 

PD1 68 GND GND 

PD2 69 NC GND 

PD3 70 NC NC 



NEe 

Block Diagram 

WE 
RASO 
CAS1 

CASO 

1/00 

1/01 

1/02 

1/03 

1/04 

1/05 

1/06 

1/07 

1/08 

1/09 

1/010 

1/011 

1/012 

1/013 

1/014 

1/015 

1/016 

1/017 

1/018 

1/019 

1/020 

1/021 

1/022 

1/023 

1/024 

1/025 

1/026 

1/027 

1/028 

1/029 

1/030 

1/031 

• 1 
LCAS UCAS RAS WE 

1/01 

1/02 

1/03 

1/04 

1/05 

1106 

1/07 

1/08 DO 
1/09 

1/010 

1/011 

1/012 

1/013 

1/014 

1/015 

1/016 

+ 1 
LCAS UCAS RAS WE 

1/01 

1/02 

1/03 

1104 

1/05 

1106 
1/07 

1/08 01 
1109 
1/010 

1/011 

1/012 

1/013 

11014 

1/015 

1/016 

AO-A9 o~-----. DO, D1 

vcco~-~..----. DO, D1 
-.,-- CO, C1 

GND o~---+---+----. DO, D1 

MC-421000F32 

Remark ~O, 01: IlP04218165 

OE 

OEi} 
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NEe MC-421000F32 

Electrical Specifications 

All voltages are referenced to GND. 

After power up (Vcc ~ VCC(MIN.)), wait more than 1 00 /.IS (RAS, CAS inactive) and then, execute eight CAS before 

RAS or RAS only refresh cycles as dummy cycles to initialize internal circuit. 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 mA 

Power dissipation Po 2 W 

Operating ambient temperature TA o to +70 ·C 

Storage temperature TSlg -55 to +125 ·C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.5 5.0 5.5 V 

High level input voltage V,H 2.4 Vee + 1.0 V 

Low level input voltage Vil -1.0 +0.8 V 

Operating ambient temperature TA 0 70 ·C 

Capacitance (TA = 25 ·c, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance C" AO - A9 30 pF 

C" WE 34 

C'3 RASO, RAS2 22 

C'4 CASO- CAS3 22 

Data inpuVoutput capacitance Clio 1100 - 11031 20 pF 



NEe MC·421000F32 ] 
--------~~~~~--------------------------------------------------------~~~~~~~~~~------~.~ 

DC Characteristics (Recommended operating conditions unless otherwise noted) 

Parameter Symbol Test Condition MIN. MAX. Unit Notes 

Operating current Icc1 RAS, CAS Cycling tAAe = 60 ns 320 mA 1,2,3 

tAe = tAC(MIN.), 10 = 0 mA tAAe = 70 ns 300 

Standby current ICC2 RAS, CAS" V,HIM,N.), 10 = 0 mA 4.0 mA 

RAS, CAS" Vec - 0.2 V, 10 = 0 mA 2.0 

RAS only refresh current leGa RAS Cycling, CAS" V,H,M,N.) tAAe = 60 ns 320 mA 1,2,3,4 

tAe = tAcIMIN.), 10 = 0 mA tAAC = 70 ns 300 

Operating current Icc, RAS " VIlIMAX.), CAS Cycling tAAC = 60 ns 220 mA 1.,2,5 

(Hyper page mode (EDO)) tHPe = tHPeIMIN.), 10 = 0 mA tAAe = 70 ns 200 

CAS before RAS Ices RAS Cycling tAAe = 60 n~ 320 mA 1,2 

refresh current tAe = tAeIMIN.), 10 = 0 mA tAAe = 70 ns 300 

Input leakage current h'l) V, = 0 to 5.5 V 

All other pins not under test = 0 V 

-10 +10 pA "'., 

Output leakage current lOll) Vo = 0 to 5.5 V -10 +10 pA 

Output is disabled (Hi-Z) 

High level output voltage VOH 10 = -2.5 mA 2.4 V 

Low level output voltage VOL 10 = +2.1 mA 0.4 V 

Notes 1. Icc1, Icc3, Icc4 and Icc5 depend on cycle rates (tRC and tHPC). 

2. Specified values are obtained with outputs unloaded. 

3. Icc1 and Icc3 are measured assuming that address can be changed once or less during RAS :5 V)L(MAX.I 

and CAS 2: VIH(M)N.). 

4. IcC3 is measured assuming that all column address inputs are held at either high or low. 

5. Icc4 is measured assuming that all column address inputs are switched only once during each hyper page 

(EDO) cycle. 

251 



NEe MC-421000F32 

252 

AC Characteristics (Recommended Operating Conditions unless otherwise noted) 

AC Characteristics Test Conditions 

(1) Input timing specification (2) Output timing specification 

VIH(MIN.) ; 2.4 V ---------------~. ; 

VIL(MAX) ; 0.8 V ·--------3! .! L 
VOH(MIN.); 2.4 V ------=J }-. 
VOL(MAX.) ; 0.4 V ------~\. __ _'_'___.J_ 

, I • I 
I I I I 

~-;--+: .... - .: :. 
tT;2ns tT;2ns 

(3) Output load condition 

I/O ---+----+ 

100 PFr Cl 

Common to Read, Write Cycle 

Parameler 

Read/Wrile Cycle Time 

RAS Precharge Time 

CAS Precharge Time 

RAS Pulse Widlh 

CAS Pulse Widlh 

RAS Hold Time 

CAS Hold Time 

RAS 10 CAS Delay Time 

RAS 10 Column Address Delay Time 

CAS 10 RAS Precharge Time 

Row Address Selup Time 

Row Address Hold Time 

Column Address Selup Time 

Column Address Hold Time 

CAS 10 Dala Selup Time 

Transilion Time (Rise and Fall) 

Refresh Time 

Vee 

1,6600 

5900 

Symbol 

IRe 

IRP 

tCPN 

IRAS 

leAS 

IRSH 

leSH 

IReD 

IRAD 

leRP 

tASR 

tRAH 

lAse 

teAH 

lel2 

IT 

tREF 

IRAe; 60 ns IRAe = 70 ns 
Unil Noles 

MIN. MAX. MIN. MAX. 

104 - 124 - ns 

40 - 50 - ns 

10 - 10 - ns 

60 10,000 70 10,000 ns 

10 10,000 12 10,000 ns 

10 - 12 - ns 

40 - 50 - ns 

14 45 14 52 ns 1 

12 30 12 35 ns 1 

5 - 5 - ns 2 

a - a - ns 

10 - 10 - ns 

a - a - ns 

10 - 12 - ns 

a - a - ns 

1 50 1 50 ns 

- 16 - 16 ms 
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Notes 1. For read cycles, access time is defined as follows: 

Inpul Condilions Access Time Access Time from RAS 

tRAD :5 tRAD(MAX.) and tRCO ::; tRCO(MAX.) tRAC(MAX.) tRAC(MAX.) 

tRAD > tRAD(MAX.) and tRCD :5 tRCD(MAX.) tAA(MAX.) tRAO + tAA(MAX.) 

tRCD > tRCO(MAX.) teAC(MAX.) tACO + tCAC(MAX.) 

tRAD(MAK) and tRCD(MAK) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAC, lAA or tCAC) is to be used for finding 
'out when output data will be available. Therefore, the input conditions tRAD;:: tRAD(MAX.) and tRCD;:: tRCD(MAX.) 
will not cause any operation problems. 

2. tCRP(MIN.) requirement is applied to RAS, CAS cycles. 

Read Cycle 

IRAC = 60 ns IRAC = 70 ns 
Parameler Symbol Unil Noles 

MIN. MAX. MIN. MAX. 

Access Time from RAS tRAG - 60 - 70 ns 1 

Access Time from CAS ICAC - 15 - 18 ns 1 

Access Time from Column Address tAA - 30 - 35 ns 1 

Column Address Lead Time Referenced 10 RAS tRAl 30 - 35 - ns 

Read Command Selup Time IRcs 0 - 0 - ns 

Read Command Hold Time Referenced 10 RAS tRRH 0 - 0 - ns 2 

Read Command Hold Time Referenced 10 CAS tRCH 0 - 0 - ns 2 

Notes 1. For read cycles, access time is defined as follows: 

I npul Condilions Access Time Access Time from RAS 

IRAD " IRAD(MAX.I and IRCD " IRCD(MAX.i tRAC(MAX.) tAAC(MAX.) 

IRAD > IRAD(MAX.i and IRCD " IRCD(MAX.i lAA(MAX·i tRAO + tAA(MAX.) 

tRCO > tRCD(MAX.) tCAC(MAX.) IRCD + ICAC(MAX.i 

tRAD(MAX.) and tRCD(MAX.) are specified as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAC, tAA or tCAC) is to be used for finding 
out when output data will be available. Therefore, the input conditions tRAD;:: tRAD(MAX.) and tRCD;:: tRCO(MAK) 
will not cause any operation problems. 

2. Either tRCH(MIN.) or tRRH(MIN.) should be met in read cycles. 

Write Cycle 

IRAC = 60 ns IRAC = 70 ns 
Parameter Symbol Unil Notes 

MIN. MAX. MIN. MAX. 

WE Hold Time Referenced 10 CAS tWCH 10 - 10 - ns 1 

WE Selup Time twcs 0 - 0 - ns 2 

Data-in Setup Time tDS 0 - 0 - ns 3 

Data-in Hold Time tDH 10 - 10 - ns 3 

Notes 1. In early write cycles, tWCH(MIN.) should be met. 
2. If twcs ;:: tWCS(MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 

cycle. 
3. tOS(MIN.) and tOH(MIN.) are referenced to the CAS falling edge in early write cycles. 
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Hyper Page Mode (EDO) 

tRAe = 60 ns tRAe = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

Read/Write Cycle Time tHPC 25 - 30 - ns 1 

RAS Pulse Width tRASP 60 125,000 70 125,000 ns 

CAS Pulse Width tHCAS 10 10,000 12 10,000 ns 

CAS Precharge Time tep 10 - 10 - ns 

Access Time from CAS Precharge lAep - 35 - 40 ns 

RAS Hold Time from CAS Precharge tRHCP 35 - 40 - ns 

Data Output Hold Time tOHe 5 - 5 - ns 

Output Buffer Turn-off Delay from WE tWEZ 0 13 0 15 ns 2,3 

WE Pulse Width iwPZ 10 - 10 - ns 3 

Output Buffer Turn-off Delay from RAS tOFR 0 13 0 15 ns 2,3 

Output Buffer Turn-off Delay from CAS tOFe 0 13 0 15 ns 2,3 

Notes 1. tHPC(MIN.) is applied to CAS access. 

2. tOFC(MAX.), tOFR(MAX.) and tWEZ(MAX.) define the time when the output achieves the conditions of Hi-Z and is 

not referenced to VOH or VOL. 

3. To make I/Os to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE as follows. The effective 

specification depends on state of each signal. 

(1) Both RAS and CAS are inactive (at the end of the read cycle) 

WE: inactive 

tOFC is effective when RAS is inactivated before C,liS is inactivated. 

tOFR is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are inactive or RAS is active and CAS is inactive (at the end of read cycle) 

WE: active and either tRRH or tRCH must be met ..... twEZ and twpz are effective. 

Refresh Cycle 

tRAC = 60 ns tRAe = 70 ns 
Parameter Symbol Unit Note 

MIN. MAX. MIN. MAX. 

CAS Setup Time tesR 5 - 5 - ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 - 10 - ns 

RAS Precharge CAS Hold Time tRPe 5 - 5 - ns 

WE Hold Time tWHR 15 - 15 - ns 



Timing Chart 
Please refer to Timing Chart 7, page 445. 
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Package Drawing 

72 PIN SINGLE IN-LINE MODULE (SOCKET TYPE) 

A 

rr~--=---B -~ N 
S~ [:-::::::::~~~] 

>- --W-- T 

c D E 

f ," ""',"," ","" "",,,,,,,,,; "v""""",,, ","'"'' """"" 1111 01 

detail of ® Part 
ITEM MILLIMETERS INCHES 

A 107.95±0.13 4.250±0.006 

i!- B 101.19 3.984 
C 44.45 1.750 -tWx D 6.35 0.250 

E 44.45 1.750 

G 10.16 0.400 
H 1.27 (T.P.) 0.050 (T.P.) [8]> 6.35 0.250 

2.03 0.080 
K 6.35 0.250 
M 25.4 1.000 

N 5.08 MAX. 0.200 MAX. 
P Rl.57 RO.062 

S 4>3.18 4>0.125 

T 1.27:8:68 0.050±0.004 

v 0.25 MAX. 0.010 MAX. 
W 1.04±0.05 0.041±0.002 
X 3.15 MIN. 0.124 MIN. 
Y 3.17 MIN. 0.124 MIN. 

M72B-50A46 
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~ ______ D_A_T_A __ S_H_E_E_T _____________________________ j 

MOS INTEGRATED CIRCUIT 

MC-422000F32 
2 M-WORD BY 32-BIT DYNAMIC RAM MODULE 

HYPER PAGE MODE (EDO) 

,:1 

" . . , 

,! 
,j 
:1; 

-----o-es-c-r-ip-t-io-n----------------------------------------<1 

The MC-422000F32 is a 2,097,152 words by 32 bits dynamic RAM module on which 4 pieces of 16 M DRAM: '\ 

JLPD4218165 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the surface

mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
Hyper page mode (EDO) 

2,097,152 words by 32 bits organization 

Fast access and cycle time 

Access time R/W cycle time Hyper page mode (EDO) Power consumption (MAX.) 
Family 

(MAX.) (MIN.) Cycle Time (MIN.) Active Standby 

MC-422000F32-60 60 ns 104 ns 25 ns 1,782 mW 22mW 

MC-422000F32-70 70 ns 124 ns 30 ns 1,672 mW 
(CMOS level input) 

1,024 refresh cycles/16 ms 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

72-pin single in-line memory module (Pin pitch = 1.27 mm) 

Single +5.0 V ±0.5 V power supply 

Access time can be distinguished with characteristics of PD-pins (PDO to PD3) 

Ordering Information 

Part number 
Access time 

(MAX.) 
Package 

MC-422000F32BA-60 60 ns 72-pin Single In-line Memory Module (Socket Type) 

MC-422000F32BA-70 70 ns Edge connector: Solder coating (HAL) 

MC-422000F32FA-60 60 ns 72-pin Single In-line Memory Module (Socket Type) 

MC-422000F32FA-70 70 ns Edge connector: Gold plating 

The information in this document is subject to change without notice. 

Document No. M10439EJ2VODSU1 

Mounted devices 

4 pieces of /lPD4218165LE 

(400 mil SOJ) 

[Double side] 
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Pin Configuration 

72-piriSingle In-fine Memory Module Socket Type (Edge connector: Solder coating, Gold plating) 

GND 1 o 
1/00 2 

1/016 3 
1/01 4 

1/017 5 
1/02 6 

1/018 7 
1/03 8 

1/019 9 
Vee 10 
NC 11 
AD 12 
A1 13 
A2 14 
A3 15 
A4 16 
A5 17 
A6 18 
NC 19 

1/04 20 
1/020 21 
1/05 22 

1/021 23 
1/06 24 

1/022 25 
1/07 26 

1/023 27 
A7 28 
NC 29 
Vee 30 
A8 31 
~ 32 
RAS3 33 
RAS2 34 

NC 35 
NC 36 

NC 37 
NC 38 

GND 39 
CASO 40 
CAS2 41 
CAS3 42 
CAS1 43 
RASO 44 
RAS1 45 

NC 46 
WE 47 
NC 48 

1/08 49 
1/024 50 

1/09 51 
1/025 52 
1/010 53 
1/026 54 
1/011 55 
1/027 56 
1/012 57 
1/028 58 

Vee 59 
1/029 60 
1/013 61 
1/030 62 
1/014 63 
1/031 64 
1/015·· 65 

NC 66 
POD 0- 67 
PD1 0-- 68 
PD2 69 
PD3 70 
NC 71 

GND 72 o 

AO -A9 Address Inputs 

1/00 - 1/031 Data InputslOutputs 

CASO - CAS3: Column Address Strobe 

RASa - RAS3: Row Address Strobe 

WE Write Enable 

Vcc Power Supply 

GND Ground 

NC No Connection 

The internal connection ofPD pins (PDO to PD3) depends on 

access time. 

Pin Pin Access Time 

Name No. 60 ns 70 ns 

POD 67 NC NC 

PD1 68 NC NC 

PD2 69 NC GND 

PD3 70 NC NC 
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Block Diagram 

WE 
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CAS1 

CASO 
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1 ~ ~ 
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1/07 
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1/016 
1/017 
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1/013 

1/014 

1/015 
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1/01 
1/02 
1/03 
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1/05 
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1/09 
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00 
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Remark DO - 03: ,uPD4218165 

1/01 
1/02 
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1/05 

1/06 

1/07 

1/08 02 
1/09 

1/010 

1/011 

1/012 

1/013 

1/014 

1/015 

1/016 

OE~ 
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RAS WE LCAS UCAS RAS 

1/01 

1/02 

1/03 
1/04 

1/05 

1/06 

1/07 
1/08 

1/09 

1/010 

1/011 

1/012 

1/013 

1/014 

1/015 

1/016 

OE~ 

AO - A9 0>--------. DO - D3 

Vee o>----~..,----. DO - D3 
=r CO-C3 

GND 0>-----+-+----. DO - D3 

03 
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RAS3 

WE 

OEi} 
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Electrical Specifications 

All voltages are referenced to GND. 

After power up, wait more than 100 JI13 (RAS, CAS inactive) and then, execute eight CAS before liAS or RAS only 

refresh cycles as dummy cycles to initialize internal circuit. 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 mA 

Power dissipation Po 4 W 

Operating ambient temperature TA o to +70 °C 

Storage temperature T,tg -55 to +125 °C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.5 5.0 5.5 V 

High level input voltage V,H 2.4 Vee + 1.0 V 

Low level input voltage VIL -1.0 +0.8 V 

Operating ambient temperature TA 0 70 °C 

CapaCitance (TA = 25 °C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance CII AO - A9 40 pF 

C" WE 48 

C'3 RASO - RAS3 22 

C" CASO - CAS3 29 

Data input/output capacitance CliO 1100-1/031 26 pF 
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DC Characteristics (Recommended operating conditions unless otherwise noted) 

Parameter Symbol Test Condition MIN. MAX. Unit Notes 

Operating current Iccl RAS, CAS Cycling tRAC = 60 ns 324 mA 1,2,3 

tRC = tRe(MIN.), 10 = 0 mA tRAe = 70 ns 304 

Standby current ICC2 RAS, CAS;' VIH(MIN.), 10 = 0 mA B.O mA 

RAS, CAS;' Vce - 0.2 V, 10 = 0 mA 4.0 

RAS only refresh current lee3 RAS Cycling, CAS;' VIH(MIN.) tRAC = 60 ns 324 mA 1,2,3,4 

tRe = tRC(MIN.), 10 = 0 mA tRAC = 70 ns 304 

Operating current ICC4 RAS $ VIl(MAX.), CAS Cycling tRAC = 60 ns 224 mA 1,2,5 

(Hyper page mode (EDOll tHPe = tHPC(MIN.), 10 = 0 mA tRAC = 70 ns 204 

CAS before RAS ICG5 RAS Cycling tRAe = 60 ns 324 mA 1, 2 

refresh current tRC = tRC(MIN.), 10 = 0 mA tRAe = 70 ns 304 

Input leakage current hILi V, = 0 to 5.5 V -10 +10 JlA 
All other pins not under test = 0 V 

Output leakage current 10(l) Vo = 0 to 5.5 V -10 +10 JlA 
Output is disabled (Hi-Z) 

High level output voltage VOH 10 = -2.5 mA 2.4 V 

Low level output voltage VOL 10 = +2.1 mA 0.4 V 

Notes 1. Icc" Icc3, Icc. and Iccs depend on cycle rates (tRC and tHPC). 

2. Specified values are obtained with outputs unloaded. 

3. Icc, and Icc3 are measured assuming that address can be changed once or less during RAS ::; V(L(MAX.) 

and CAS ~ V(H(M)N.). 

4. Icc3 is measured assuming that all column address inputs are held at either high or low. 

5. Icc. is measured assuming that all column address inputs are switched only once during each hyper page 

(EDO) cycle. 

I 

I 
I, 
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AC Characteristics (Recommended operating conditions unless otherwise noted) 

262 

AC Characteristics Test Conditions 

(1) Input timing specification (2) Output timing specification 

VIH(MIN.)=2.4V---------~-----' , 
, , , , 

VIL(MAX.) = 0.8 V·------------ ' ': : ' 
I I • , 
I I I t 

~~ ':,. 
IT= 2 ns IT = 2 ns 

(3) Output load condition 

110---+---4 

100 PFr CL 

Common to Read, Write Cycle 

Parameter 

Read/Write Cycle Time 

RAS Precharge Time 

CAS Precharge Time 

RAS Pulse Width 

~ Pulse Width 

RAS Hold Time 

C'Ml Hold Time 

RAS to CAS Delay Time 

RAS to Column Address Delay Time 

CAS to RAS Precharge Time 

Row Address Setup Time 

Row Address Hold Time 

Column Address Setup Time 

Column Address Hold Time 

CAS to Data Setup Time 

Transition Time (Rise and Fall) 

Refresh Time 

Vee 

1,6600 

5900 

Symbol 

tRe 

tRP 

tCPN 

tRAS 

teAs 

tASH 

tCSH 

tACO 

tRAO 

teRP 

IASR 

tRAH 

lAse 

teAH 

teLZ 

tT 

tAEF 

VOH(MIN.) = 2.4 V -h---=J }-
VOL(MAX.) = 0.4 V------~'-_____ _J_ 

tRAe = 60 ns tRAe = 70 ns 
Unit Notes 

MIN. MAX. MIN. MAX. 

104 - 124 - ns 

40 - 50 - ns 

10 - 10 - ns 

60 10,000 70 10,000 ns 

10 10,000 12 10,000 ns 

10 - 12 - ns 

40 - 50 - ns 

14 45 14 52 ns 1 

12 30 12 35 ns 1 

5 - 5 - ns 2 

0 - 0 - ns 

10 - 10 - ns 

0 - 0 - ns 

10 - 12 - ns 

0 - 0 - ns 

1 50 1 50 ns 

- 16 - 16 ms 
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Notes 1. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAQ -s; tRAD(MAX.) and tRCO s tRCD(MAX.) tRAC(MAX.) tAAC(MAX.} 

tRAQ > tRAD(MAX.) and tRCO ~ tRCD(MAX.) tAA(MAX.) tRAD + tAA(MAX.) 

tRCO > tRCD(MAX.) tCAC(MAX.) tACO + tCAC(MAX.) 

tRADIMAX.) and tRCDIMAX) are specified as (eference points only; they are not restrictive operating 
parameters. They are used to determine which access time (tRAC, tAA or tCAC) is to be used for finding 
out when output data will be available. Therefore, the input conditions tRAD;o, tRAD(MAX.) and tRCD;o, tRCD(MAX.) 

will not cause any operation problems. 
2. tCRP(MIN.) requirement is applied to RAS, CAS cycles. 

Read Cycle 

tRAG = 60 ns tRAG = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

Access Time from RAS tRAG - 60 - 70 ns 1 

Access Time from CAS tcAC - 15 - 18 ns 1 

Access Time from Column Address tM - 30 - 35 ns 1 

Column Address Lead Time Referenced to RAS tRAl 30 - 35 - ns 

Read Command Setup Time tACS a - a - ns 

Read Command Hold Time Referenced to RAS tRRH a - a - ns 2 

Read Command Hold Time Referenced to CAS tRCH a - a - ns 2 

Notes 1. For read cycles, access time is defined as follows: 

I nput Conditions Access Time Access Time from RAS 

tRAQ '5 tRAD(MAX.) and tRCO s tRCD(MAX.j tRAC(MAX.j tAAC(MAX.} 

tRAQ > tRAD(MAX.j and tACO::; tRCO(MAX.) tAA(MAX.) tRAQ + tAA(MAX.) 

tACO> tRCD(MAX.) tCAC(MAX.j tACO + tCAC(MAX.) 

tRAD(MAX.) and tRCD(MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tRAC, tAA or tCAC) is to be used for finding 
out when output data will be available. Therefore, the input conditions tRAD;o, tRAD(MAX.) and tRCD;o, tRCD(MAX.) 
will not cause any operation problems. 

2. Either tRCH(MIN.) or tRRH(MIN.) should be met in read cycles. 

Write Cycle 

tRAG = 60 ns tRAG = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

WE Hold Time Referenced to CAS tWCH 10 - 10 - ns 1 

WE Setup Time twcs a - a - ns 2 

Data-in Setup Time tos a - a - ns 3 

Data-in Hold Time tOH 10 - 10 - ns 3 

Notes 1. In early write cycles, tWCH(MIN.) should be met. 

2. If twcs ;0, tWCS(MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 
cycle. 

3. tDS(MIN.) and tDH(MIN.) are referenced to the CAS falling edge in early write cycles. 

263 

! 

i 
1

\ , 
" 

I., 
I 



264 

NEe MC-422000F32 

Hyper Page Mode (EDO) 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

Read/Write Cycle Time tHPC 25 - 30 - ns 1 

RAS Pulse Width tRASP 60 125,000 70 125,000 ns 

CAS Pulse Width tHCAS 10 10,000 12 10,000 ns 

CAS Precharge Time tep 10 - 10 - ns 

Access Time from CAS Precharge tACP - 35 - 40 ns 

RAS Hold Time from CAS Precharge tRHCP 35 - 40 - ns 

Data Output Hold Time tOHC 5 - 5 - ns 

Output Buffer Turn-off Delay from WE twEZ 0 13 0 15 ns 2,3 

WE Pulse Width twpz 10 - 10 - ns 3 

Output Buffer Turn-off Delay from RAS tOFR 0 13 0 15 ns 2,3 

Output Buffer Turn-off Delay from CAS tOFC 0 13 0 15 ns 2,3 

Notes 1. tHPC(MIN.)is applied to CAS access. 

2. tOFC(MAX.), tOFR(MAX.) and tWEZ(MAX.) define the time when the output achieves the conditions of Hi-Z and is 

not referenced to VOH or VOL. 

3. To make I/Os to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE as follows. The effective 

specification depends on state of each signal. 

(1) Both RAS and CAS are inactive (at the end of the read cycle) 

WE: inactive 

tOFC is effective when RAS is inactivated before CAS is inactivated. 

tOFR is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are inactive or RAS is active and CAS is inactive (at the end of read cycle) 

WE: active and either tRRH or tRCH must be met ..... twEz and twpz are effective. 

Refresh Cycle 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol Unit Note 

MIN. MAX. MIN. MAX. 

CAS Setup Time tCSR 5 - 5 - ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 - 10 - ns 

RAS Precharge CAS Hold Time tRPC 5 - 5 - ns 

WE Hold Time twHR 15 - 15 - ns 



Timing Chart 
Please refer to Timing Chart 7, page 445. 
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Package Drawing 

72 PIN SINGLE IN-LINE MODULE (SOCKET TYPE) 

r-----~~--------'-'A-~~-----I 

II---__ ---------'B~_~ .~ 

s [:=::~:::~:] 
" 

c D E 
.1 

detail of ® Part 

'*, 
[8]> 

ITEM MILLIMETERS INCHES 

A 107.95±0.13 4.250±0.006 

B 101.19 3.984 

C 44.45 1. 750 
D 6.35 0.250 

E 44.45 1.750 
G 10.16 ~400 

H 1.27 (T.P.) 0.050 (T.P.) 

I 6.35 0.250 

J 2.03 0.080 

K 6.35 0.250 

M 25.4 1.000 

N 9.0 MAX. 0.355 MAX. 
P R1.57 RO.062 

S 1'3.18 1'0.125 

T 1.27:,:8:68 0.050±0.004 

v 0.25 MAX. 0.010 MAX. 

W 1.04±0.05 0.041±0.002 

X 3.15 MIN. 0.124 MIN. 

Y 3.17 MIN. 0.124 MIN. 

M72B-50A45 
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MOS INTEGRATED CIRCUIT ) NEe J 
" MC-424000F32 :1 __________________________________________________________ 11 

Description 

4 M-WORD BY 32-BIT DYNAMIC RAM MODULE 
HYPER PAGE MODE (EDO) 

The MC-424000F32 is a 4,194,304 words by 32 bits dynamic RAM module on which 8 pieces of 16 M DRAM: 

/-LPD4217405 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the surface

mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
Hyper page mode (EDO) 

4,194,304 words by 32 bits organization 

Fast access and cycle time 

Access time R/W cycle time Hyper page mode (EDO) Power consumption (MAX.) 
Family 

(MAX.) (MIN.) cycle time (MIN.) 

MC-424000F32-60 60 ns 104 ns 25 ns 

MC-424000F32-70 70 ns 124 ns 30 ns 

2,048 refresh cycles/32 ms 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

72-pin single in-line memory module (Pin pitch = 1.27 mm) 

Single +5.0 V ±0.5 V power supply 

Active 

4,840 mW 

4,400 mW 

Access time can be distinguished with characteristics of PO-pins (PDO to PD3) 

The information in this document is subject to change without notice. 

Document No. M10533EJ2VODSU1 

Standby 

44mW 
(CMOS level input) 

11 
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Ordering Information 

Part number 
Access time 

(MAX.) 
Package Mounted devices 

MC-424000F32B-60 60 ns 72-pin Single In-line Memory Module (Socket Type) 8 pieces of IlPD4217405LA 

MC-424000F32B-70 70 ns Edge connector: Solder coating (HAL) (300 mil SOJ) 

MC-424000F32F-60 60 ns 72-pin Single In-line Memory Module (Socket Type) 
[Single side] 

MC-424000F32F-70 70 ns Edge connector: Gold plating 
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Pin Configuration 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating, Gold plating) 

GND 1 o 
1/00 2 

1/016 3 
1/01 4 

1/017 5 
1/02 6 

1/018 7 
1/03 8 

11019 9 
Vee 10 
NC 11 
AD 12 
A1 13 
A2 14 
A3 15 
A4 16 
A5 17 
A6 18 

A10 19 
1/04 20 

1/020 21 
1/05 22 

1/021 23 
1/06 24 

1/022 25 
1/07 26 

1/023 27 
A7 28 
NC 29 
Vee 30 
A8 31 
A9 32 
NC 33 

RAS2 34 
NC 35 
NC 36 

NC 37 
NC 38 

GND 39 
CASO 40 
CAS2 41 
CAS3 42 
CAS1 43 
RASO 44 

NC 45 
NC 46 
WE 47 
NC 48 

1/08 49 
1/024 50 

1/09 51 
1/025 52 
1/010 53 
1/026 54 
1/011 55 
1/027 56 
11012 57 
1/028 58 

Vee 59 
1/029 60 
1/013 61 
1/030 62 
1/014 63 
1/031 64 
1/015 65 

NC 66 
POD 67 
PD1 68 
PD2 69 
PD3 70 
NC 71 

GND 72 o 

AO - A10 Address Inputs 

1/00 - 1/031 Data Inputs/Outputs 

CASO - CAS3: Column Address Strobe 

RASO, RAS2 : Row Address Strobe 

WE Write Enable 

Vcc Power Supply 

GND Ground 

NC No Connection 

The internal connection of PD pins (PDO to PD3) depends on 

access time. 

Pin Pin Access Time 

Name No. 60 ns 70 ns 

POD 67 GND GND 

PD1 68 NC NC 

PD2 69 NC GND 

PD3 70 NC NC 
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Block Diagram 

RASO 
CASO 

1/00 
1/01 
1/02 
1/03 

1/04 
1/05 
1/06 
1/07 

CAS1 

1/08 
1109 

1/010 
1/011 

11012 
1/013 
1/014 
1/015 

RAS2 
CAS2 

1/016 
1/017 
1/018 
1/019 

1/020 
1/021 
1/022 
1/023 

CAS3 

1/024 
1/025 
1/026 
1/027 

1/028 
1/029 
1/030 
1/031 

" 

1/01 
1/02 
1/03 

~4 

1/01 
1/02 
1/03 
1/04 
DE 

1/01 
1/02 
1/03 

~4 

1/01 
1/02 
1/03 
1/04 
BE 

1/01 
1/02 
1/03 
1/04 
BE 

1/01 
1/02 
1/03 
1/04 
DE 

1/01 
1/02 
1/03 

_~4 

1/01 
1/02 
1/03 
1/04 
~ 

+ 
CAS RAS 

00 

• • 
CAS RAS 

01 

.. 
CAS RAS 

02 

+ ~ 

CAS RAS 
03 

+ 
CAS RAS 

04 

+ .~ 

CAS RAS 
05 

+ 
CAS RAS 

06 

• + 
CAS RAS 

07 

AO-A100~--------•• 00-07 
WE 0 • 00-07 
Vee 0 ~. DO - 07 

CO-C7 
T . 00-07 GND 0 

MC-424000F32 

Remark DO - 07: JlP04217405 
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Electrical Specifications 

All voltages are referenced to GND. 

After power up (Vcc ? VCC(MIN.»), wait more than 1 00 /lS (RAS, CAS inactive) and then, execute eight CAS before 

RAS or RAS only refresh cycles as dummy cycles to initialize internal circuit. 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 mA 

Power dissipation Po 8 W 

Operating ambient temperature T. o to +70 °C 

Storage temperature Tstg -55 to +125 °C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section of this specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.5 5.0 5.5 V 

High level input voltage V,H 2.4 Vee + 1.0 V 

Low level input voltage Vil -1.0 +0.8 V 

Operating ambient temperature T. 0 70 °C 

Capacitance (TA = 25 °C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance CI1 AO-A10 68 pF 

CI2 WE 76 

CI3 RASO,RAS2 43 

CI4 CASO - CAS3 29 

Data input/output capacitance CliO 1/00-1/031 17 pF 

I, 
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DC Characteristics (Recommended operating conditions unless otherwise noted) 

Parameter Symbol Test Condition MIN. MAX. Unit Notes 

Operating current Icc1 RAS, CAS Cycling tRAC = 60 ns 880 mA 1,2,3 

tRC = tRcIMIN.I, 10 = 0 mA tRAC = 70 ns 800 

Standby current Icc2 RAS, CAS", V,HIM,N.I, 10 = 0 mA 16 mA 

RAS, CAS", Vcc - 0.2 V, 10 = 0 mA 8 

RAS only refresh current Icc, RAS Cycling, CAS", V,HIM,N.I tRAC = 60 ns 880 mA 1,2,3,4 

tRC = tRcIMIN.I, 10 = 0 mA tRAC = 70 ns 800 

Operating current Icc, RAS S VIl(MAX.I, CAS Cycling tRAC = 60 ns 720 mA 1,2,5 

(Hyper page mode (EDO)) tHPC = tHPClMIN.I, 10 = 0 mA tRAC = 70 ns 640 

CAS before RAS ICG5 RAS Cycling tRAC. 60 ns 880 mA 1,2 

refresh current tRC = tRcIMIN.I, 10 = 0 mA tRAC = 70 ns 800 

Input leakage current IIILI V, = 0 to 5.5 V -10 +10 J.tA 
All other pins not under test = 0 V 

Output leakage current IO(LI Vo = Oto 5.5 V -10 +10 J.tA 
Output is disabled (Hi-Z) 

High level output voltage VOH 10 = -5.0 mA 2.4 V 

Low level output voltage VOL 10 = +4.2 mA 0.4 V 

Notes 1. Icc1, Icc3, Icc4 and Iccs depend on cycle rates (tRC and tHPC). 

2. Specified values are obtained with outputs unloaded. 

3. Icc1 and Icc3 are measured assuming that address can be changed once or less during RAS S VIL(MAX.) and 

CAS;:: VIH(MIN.). 

4. Icc3 is measured assuming that all column address inputs are held at either high or low. 

5. Icc4 is measured assuming that all column address inputs are switched only once during each hyper page 

(EDO) cycle. 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) 

AC Characteristics Test Conditions 

(1) Input timing specification (2) Output timing specification 

VIH(MIN.)=2.4V---------~-----' , 
, , , , 

VIL(MAX.) = 0.8 V .------------' : : ' 
, I I , 
, I I I 

~:....- .: : .. 
IT= 2 ns IT = 2 ns 

(3) Output load condition 

1/0--"--4 

100 PFr Cl 

VCC 

8200 

2900 

Common to Read, Write Cycle 

Parameter 

Read/Write Cycle Time 

RAS Precharge Time 

CAS Precharge Time 

RAS Pulse Width 

CAS Pulse Width 

RAS Hold Time 

CAS Hold Time 

RAS to CAS Delay Time 

RAS to Column Address Delay Time 

CAS to rom Precharge Time 

Row Address Setup Time 

Row Address Hold Time 

Column Address Setup Time 

Column Address Hold Time 

CAS to Data Setup Time 

Transition Time (Rise and Fall) 

Refresh Time 

Symbol 

tRC 

tRP 

tCPN 

tRAS 

tCAS 

tRSH 

tCSH 

tRCO 

tAAD 

tCRP 

tASR 

tRAH 

tAse 

tCAH 

tClZ 

IT 

tREF 

VOH(MIN.) =2.4Vuuu~~~j- }-

VOL (MAX.) =O.4V------~\.. ____ ~ 

tRAC = 60 ns tRAC = 70 ns 
Unit Notes 

MIN. MAX. MIN. MAX. 

104 - 124 - ns 

40 - 50 - ns 

10 - 10 - ns 

60 10,000 70 10,000 ns 

10 10,000 12 10,000 ns 

10 - 12 - ns 

40 - 50 - ns 

14 45 14 52 ns 1 

12 30 12 35· ns 1 

5 - 5 - ns 2 

0 - 0 - ns 

10 - 10 - ns 

0 - a - ns 

10 - 12 - ns 

a - a - ns 

1 50 1 50 ns 

- 32 - 32 ms 
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Notes 1. For read cycles, access time is defined as follows: 

Inpul Condilions Access Time Access Time from RAS 

tRAD $ tRAO(MAX.) and tACO $ tACD(MAX.j tAAC(MAK) tRAC(MAX.) 

tAAD > tRAD(MAX.) and tRCO $. tRCD(MAX.) tAA(MAX.) tRAD + tAA(MAK) 

IACD > IACDIMAX.) ICACIMAX.) tACO + tCAC(MAX.) 

tRAD(MAX.) and tRCD(MAX.) are specified as reference points only; they are not restrictive operating parameters. 

They are used to determine which access time (tRAC, tAA or tCAC) is to be used for finding out when output 

data will be available. Therefore, the input conditions tRAD ;:: tRAD(MAX.) and tRCD ;:: tRCD(MAX.) will not cause 

any operation problems. 

2. tCRP(MIN.) requirement is applied to RAS, CAS cycles. 

Read Cycle 

IAAC = 60 ns IAAC = 70 ns 
Parameler Symbol Unil Noles 

MIN. MAX. MIN. MAX. 

Access Time from RAS tRAC - 60 - 70 ns 1 

Access Time from CAS ICAC - 15 - 18 ns 1 

Access Time from Column Address IAA - 30 - 35 ns 1 

Column Address Lead Time Referenced 10 RAS tRAL 30 - 35 - ns 

Read Command Selup Time lACS 0 - 0 - ns 

Read Command Hold Time Referenced 10 RAS tRRH 0 - 0 - ns 2 

Read Command Hold Time Referenced 10 CAS tRCH 0 - 0 - ns 2 

Notes 1. For read cycles, access time is defined as follows: 

Inpul Condilions Access Time Access Time from RAS 

tRAD :5 tRAD(MAX.) and tRCO $. tRCD(MAX.) tRAC(MAX.) tRAC(MAK) 

tRAD > tAAD(MAX.) and tACO s tACD(MAX.) tAA(MAX.) tRAD + tAA(MAX.) 

tACO> tRCD(MAX.) ICACIMAX.) tRCO + tCAC(MAX.) 

tRAD(MAX.) and tRCD(MAX.) are specified as reference points only; they are not restrictive operating parameters. 

They are used to determine which access time (tRAC, tAA or tCAC) is to be used for finding out when output 

data will be available. Therefore, the input conditionstRAD ;:: tRAD(MAX.) and tRCO.;:: tRCD(MAX.) will not cause 

any operation problems. 

2. Either tRCH(MIN.) or tRRH(MIN.) should be met in read cycles. 
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Write Cycle 

tRAe = 60 ns tRAe = 70 ns 
Parameter Symbol Unit Notes 

MIN, MAX. MIN. MAX. 

WE Hold Time Referenced to CAS tWCH 10 - 10 - ns 1 

WE Setup Time twes 0 - 0 - ns 2 

Data-in Setup Time tos 0 - 0 - ns 3 

Data-in Hold Time tOH 10 - 10 - ns 3 

Notes 1. In early write cycles, tWCH(MIN,) should be met. 

2. If twcs ~ tWCS(MIN,), the cycle is an early write cycle and the data out will remain Hi-Z through the entire cycle. 

3. tOS(MIN,) and tOH(MIN,) are referenced to the CAS falling edge in early write cycles. 
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Hyper Page Mode CEDO) 

IRAC = 60 ns IRAC = 70 ns 
Parameler Symbol Unil Noles 

MIN. MAX. MIN. MAX. 

ReadlWrile Cycle Time tHPC' 25 - 30 - ns 1 

RAS Pulse Widlh tRASP 60 125,000 70 125,000 ns 

CAS Pul.se Widlh tHCAS 10 10,000 12 10,000 ns 

CAS Precharge Time Icp 10 - 10 - ns 

Access Time from CAS Precharge IACP - 35 - 40 ns 

RAS Hold Time from CAS Precharge tAHCP 35 - 40 - ns 

Dala OUlpul Hold Time IOHe 5 - 5 - ns 

OulpUI Buffer Turn-off Delay from WE tWEZ 0 13 0 15 ns 2,3 

WE Pulse Widlh Iwpz 10 - 10 - ns 3 

OUlpul Buffer Turn-off Delay from RAS IO'R 0 13 0 15 ns 2,3 

OUlpul Buffer Turn-off Delay from CAS lo,e 0 13 0 15 ns 2,3 

Notes 1. tHPC(MIN.) is applied to CAS access. 

2. tOFC(MAX.), tOFR(MAX.) and tWEZ(MAX.) define the time when the output achieves the conditions of Hi-Z and is not 

referenced to VOH or VOL. 

3. To make I/Os to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE as follows. The effective 

specification depends on state of each signal. 

(1) Both RAS and CAS are inactive (at the end of the read cycle) 

WE: inactive 

tOFC is effective when RAS is inactivated before CAS is inactivated. 

tOFR is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are inactive or RAS is active and CAS is inactive (at the end of read cycle) 

WE: active and either tRRH or tRCH must be met ..... tWEZ and twpz are effective. 

Refresh Cycle 

IRAe = 60 ns IRAe = 70 ns 
Parameler Symbol Unil Nole 

MIN. MAX. MIN. MAX. 

CAS Selup Time leSR 5 - 5 - ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 - 10 - ns 

RAS Precharge CAS Hold Time IRPe 5 - 5 - ns 

WE Selup Time twSR 10 - 10 - ns 

WE Hold Time tWHR 15 - 15 - ns 



Timing Chart 
Please refer to Timing Chart 8, page 457. 
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Package Drawing 

72 PIN SINGLE IN-LINE MODULE (SOCKET TYPE) 

A 

R 
B TI 

(9.--------+NS 0 0 0 0 0 0 0 0 J] 
® :J -Jl-T 

c D E 

lOlllllllllllllllllllllllllllllllllll; IVIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIO I 

ITEM MILLIMETERS INCHES 

detail of ® part A 107.95±0.13 4.250±0.006 

B 101.19±0.13 3.984~:gg~ 
W 

-*x C 44.45 1.750 

0 6.35 0.250 

E 44.45 1.750 

G 10.16 0.400 

H 1.27 (T.P.) 0.050 (T.P.) 

[BJ> 6.35 0.250 

2.03 0.080 

K 6.35 0.250 

M 25.4 1.000 

N 5.08 MAX. 0.200 MAX. 

P Rl.57 RO.062 

R 3.38±0.13 0.133~:gg~ 
s 4>3.18 4>0.125 

T 1.27~:68 0.050±0.004 

u 5.5 MIN. 0.216 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.04±0.05 0.041±0.002 

X 2.54 MIN. 0.100 MIN. 

M72B-50A54 
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DATA SHEET 

NEe/ MOS INTEGRATED CIRCUIT 

MC-428000F32 

Description 

8 M-WORD BY 32-BIT DYNAMIC RAM MODULE 
HYPER PAGE MODE (EDO) 

The MC-428000F32 is a 8,388,608 words by 32 bits dynamic RAM module on which 16 pieces of 16 M DRAM: 

/lP04217405 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the surface

mounting technology on the printed circuit board. 

Oecoupling capacitors are mounted on power supply line for noise reduction. 

Features 
Hyper page mode (EOO) 

8,388,608 words by 32 bits organization 

Fast access and cycle time 

Access time RIW cycle time Hyper page mode (EDO) Power consumption (MAX) 
Family 

(MAX.) (MIN.) cycle time (MIN.) 

MC-428000F32-60 60 ns 104 ns 25 ns 

MC-428000F32-70 70 ns 124 ns 30 ns 

2,048 refresh cycles/32 ms 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

72-pin single in-line memory module (Pin pitch = 1.27 mm) 

Single +5.0 V ±0.5 V power supply 

Active 

5,170mW 

4,730 mW 

Access time can be distinguished with characteristics of PO-pins (PDO to P03) 

The information in this document is subject to change without notice. 

Document No. M10534EJ2VODSU1 

Standby 

88mW 
(CMOS level input) 
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Ordering Information 

Part number 
Access time 

(MAX.) 
Package Mounted devices 

MC-428000F32B-60 60 ns 72-pin Single In-line Memory Module (Socket Type) 16 pieces of IlPD4217405LA 

MC-428000F32B-70 70 ns Edge connector: Solder coating (HAL) (300 mil SOJ) 

MC-428000F32F-60 60 ns 72-pin Single In-line Memory Module (Socket Type) 
[Double side] 

MC-428000F32F-70 70 ns Edge connector: Gold plating 
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Pin Configuration 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating, Gold plating) 

GND 1 o 
\/00 2 

\/016 3 
\/01 4 

\/017 5 
\/02 6 

1/016 7 
\/03 6 

\/019 9 
Vee 10 
NC 11 
AD 12 
A1 13 
A2 14 
A3 15 
A4 16 
A5 17 
A6 16 

A10 19 
\/04 20 

\/020 21 
\/05 22 

\/021 23 
\/06 24 

\/022 25 
\/07 26 

1/023 27 
A7 26 
NC 29 
Vee 30 
A6 31 
~ 32 
RAS3 33 
RAS2 34 

NC 35 
NC 36 

NC 37 
NC 36 

GND 39 
CASO 40 
CAS2 41 
CAS3 42 
QAS1 43 
RASO 44 
RAS1 45 

NC 46 
WE 47 
NC 46 

\/06 49 
\/024 50 

\/09 51 
\/025 52 
\/010 53 
\/026 54 
\/011 55 
\/027 56 
\/012 57 
\/028 58 

Vee 59 
\/029 60 
\/013 61 
\/030 62 
\/014 63 
\/031 64 
\/015 65 

NC 66 
PDO 67 
PD1 68 
PD2 69 
PD3 70 
NC 71 

GND 72 o 

AO - A10 Address Inputs 

1/00 - 1/031 Data Inputs/Outputs 

CASO - CAS3: Column Address Strobe 

RASO - RAS3: Row Address Strobe 

WE Write Enable 

Vcc Power Supply 

GND Ground 

NC No Connection 

The internal connection of PO pins (PDO to PD3) depends on 

access time. 

Pin Pin Access Time 

Name No. 60 ns 70 ns 

POD 67 NC NC 

PD1 68 GND GND 

PD2 69 NC GND 

PD3 70 NC NC 

281 



NEe MC-428000F32 

Block Diagram 

RASO RAS1 
CASO 

1/00 CAS RAS 1/01 
1/01 1/02 Remark 00 - 015: .uP04217405 
1/02 DO 1/03 08 
1/03 1/04 

1/04 CAS RAS 1/01 CAS RAS 
1/05 1/02 
1/06 01 1/03 09 
1/07 1/04 

OE 

CAS1 

1/08 1/01 CAS RAS 
1/09 1/02 

11010 1/03 010 
1/011 1/04 

OE 

1/012 1/01 CAS RAS 
1/013 1/02 
1/014 1/03 011 
1/015 1/04 

OE 

RAS2 RAS3 
CAS2 

1/016 CAS RAS 1/01 CAS RAS 
1/017 1/02 
1/018 04 1/03 012 
1/019 1/04 

1/020 CAS RAS 1/01 CAS RAS 
1/021 1/02 
1/022 05 1/03 013 
1/023 1/04 

OE 

CAS3 

1/024 1101 CAS RAS 
11025 1/02 
1/026 1/03 014 
1/027 1/04 

OE 

1/028 1/01 CAS RAS 
1/029 1/02 
1/030 1/03 015 
1/031 1/04 

OE 

AO-A1D 0 . DO - 015 

WEO . DO - 015 
Vee 0 ~ ... • 00-015 

GNOO TCO-C~5 00-015 
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Electrical Specifications 

All voltages are referenced to GND. 

After power up (Vee ~ Vee (MIN.)), wait more than 1 00 J.IS (RAS, CAS inactive) and then, execute eight CAS before 

RAS or RAS only refresh cycles as dummy cycles to initialize internal circuit. 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0to +7.0 V 

Output current 10 50 mA 

Power dissipation PD 16 W 

Operating ambient temperature TA o to +70 'c 

Storage temperature Tstg -55 to +125 'c 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section of this specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.5 5.0 5.5 V 

High level input voltage VIH 2.4 Vee + 1.0 V 

Low level input voltage VIL -1.0 +0.8 V 

Operating ambient temperature TA 0 70 'c 

Capacitance (TA = 25 'C, f = 1 MHz) 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Input capacitance CI1 AO - A10 121 pF 

CI2 WE 137 

CI3 RASO - RAS3 48 

CI4 CASO - CAS3 48 

Data input/output capacitance CliO 1/00 - 1/031 29 pF 
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DC Characteristics (Recommended operating conditions unless otherwise noted) 

Parameter Symbol Test Condition MIN. MAX. Unit Notes 

Operating current Iccl RAS, CAS Cycling tRAC = 60 ns 940 mA 1,2,3 

tRC = tRcIMIN.), 10 = 0 mA tRAC = 70 ns 860 

Standby current Icc2 RAS, CAS ~ V,HIM,N.), 10 = 0 mA 32 mA 

RAS, CAS ~ Vcc - 0.2 V, 10 = 0 mA 16 

RAS only refresh current IOG3 RAS Cycling, CAS ~ V,HIM,N.) tRAC = 60 ns 940 mA 1,2,3,4 

tRC = tRcIMIN.), 10 = 0 mA tRAC = 70 ns 860 

Operating current Icc, RAS :<; VIlIMAX.), CAS Cycling tRAC = 60 ns 780 mA 1,2,5 

(Hyper page mode (EDO)) tHPC = tHPCIMIN.), 10 = 0 mA tRAC = 70 ns 700 

CAS before RAS Icc5 RAS Cycling tRAC = 60 ns 940 rnA 1,2 

refresh current tRC = tRC(MIN.), 10 = 0 mA tRAC = 70 ns 860 

Input leakage current I 'lL) V, = 0 to 5.5 V -10 +10 p.A 

All other pins not under test = 0 V 

Output leakage current lOlL) Vo = Oto 5.5 V -10 +10 p.A 
Output is disabled (Hi-Z) 

High level output voltage VOH 10 = -5.0 mA 2.4 V 

Low level output voltage VOL 10= +4.2 mA 0.4 V 

Notes 1. ICC1, Icc3, Icc4 and Iccs depend on cycle rates (tAC and tHPC). 

2. Specified values are obtained with outputs unloaded. 

3. IcCl and Icc3 are measured assuming that address can be changed once or less during RAS S V(L(MAX.) and 

CAS 2: V(H(M(N.). 

4. Icc3 is measured assuming that all column address inputs are held at either high or low. 

5. Icc4 is measured assuming that all column address inputs are switched only once during each hyper page 

(EDO) cycle. 



___ N_E---"C _________________ M_C_-4_2_S_0_00_F_3_2 __ --1.:1 ••• 

AC Characteristics (Recommended operating conditions unless otherwise noted) 

AC Characteristics Test Conditions 

(1) Input timing specification (2) Output timing specification 

VIH(MIN.) =2.4V ---------~-----' , 
, , , , 

VIL(MAX.) = 0.8 V .------------ ' : : ' 
I I I , 

.: :4 .: :4 
IT = 2 ns IT = 2 ns 

(3) Output load conditions 

I/O ---.----. 

100 PF1 CL 

Vee 

8200 

2900 

Common to Read, Write Cycle 

Parameter 

Read/Write Cycle Time 

RAS Precharge Time 

CAS Precharge Time 

RAS Pulse Width 

CAS Pulse Width 

RAS Hold Time 

CAS Hold Time 

RAS to CAS Delay Time 

RAS to Column Address Delay Time 

CAS to RAS Precharge Time 

Row Address Setup Time 

Row Address Hold Time 

Column Address Setup Time 

Column Address Hold Time 

CAS to Data Setup Time 

Transition Time (Rise and Fall) 

Refresh Time 

Symbol 

tRC 

tRP 

tCPN 

tRAS 

tCAS 

tRSH 

tCSH 

tRCO 

tRAD 

tCRP 

tASR 

tRAH 

tASC 

tCAH 

tCLl 

IT 

tREF 

VOH(MIN.) = 2.4 V ------=f }-
VOL(MAX.) = 0.4 V ------~'-_____ ..J 

tRAC = 60 ns tRAC = 70 ns 
Unit Notes 

MIN. MAX. MIN. MAX, 

104 - 124 - ns 

40 - 50 - ns 

10 - 10 - ns 

60 10,000 70 10,000 ns 

10 10,000 12 10,000 ns 

10 - 12 - ns 

40 - 50 - ns 

14 45 14 52 ns 1 

12 30 12 35 ns 1 

5 - 5 - ns 2 

0 - 0 - ns 

10 - 10 - ns 

0 - 0 - ns 

10 - 12 - ns 

0 - 0 - ns 

1 50 1 50 ns 

- 32 - 32 ms 

II 
!~ 
1/ 

I. 
I' 
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Notes 1. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAQ :5 tRAD(MAX.) and tRCo :5 tRCD(MAX.) tRAC(MAX.) tRAC(MAX.j 

tRAQ > tAAD(MAX.) and tACO :5 tACD(MAX.) tAA(MAX.) tRAQ + tAA(MAX.) 

tRCD > tRCD(MAX.) tCAC(MAX.) tRCO + tCAC(MAX.) 

tRAD(MAX.) and tRCD(MAX.) are specified as reference points only; they are not restrictive operating parameters. 

They are used to determine which access time (tRAC, tAA or tCAC) is to be. used for finding out when output 

data will be available. Therefore, the input conditions tRAD ~ tRAD(MAX.) and tRCD ~ tRCD(MAX.) will not cause 

any operation problems. 

2. tCRP(MIN.) requirement is applied to RAS, CAS cycles. 

Read Cycle 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

Access Time from RAS tRAG - 60 - 70 ns 1 

Access Time from CAS tCAC - 15 - 18 ns 1 

Access Time from Column Address tAA - 30 - 35 ns 1 

Column Address Lead Time Referenced to RAS tRAL 30 - 35 - ns 

Read Command Setup Time tRCS a - a - ns 

Read Command Hold Time Referenced to RAS tRRH a - a - ns 2 

Read Command Hold Time Referenced to CAS tACH a - a - ns 2 

Notes 1. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAQ ::;; tAAD(MAX.) and tACO::;; tRCD(MAX.j tRAC(MAX.) tAAC(MAX.) 

tRAQ > tRAD(MAX.) and tRCD :5 tRCD(MAX.) tAA(MAX.) tRAQ + tAA(MAX.) 

tACO> tRCD{MAX.j tCAC(MAX.) tACO + tCAC(MAX.) 

tRAD(MAX.) and tRCD(MAX.) are specified as reference points only; they are not restrictive operating parameters. 

They are used to determine which access time (tRAC, tAA or tCAC) is to be used for finding out when output 

data will be available. Therefore, the input conditions tRAD ~ tRAD(MAX.) and tRCD ~ tRCD(MAX.) will not cause 

any operation problems. 

2. Either tRCH(MIN.) or tRRH(MIN.) should be met in read cycles. 
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Write Cycle 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

WE Hold Time Referenced to CAS tWCH 10 - 10 - ns 1 

WE Setup Time twcs a - a - ns 2 

Data-in Setup Time tos a - a - ns 3 

Data-in Hold Time tOH 10 - 10 - ns 3 

Notes 1. In early write cycles, tWCH(MIN.) should be met. 

2. If twcs ~ tWCS(MIN.), the cycle is an earlywrite cycle and the data out will remain Hi-Z through the entire cycle. 

3. tOS(MIN.) and tOH(MIN.) are referenced to the CAS falling edge in early write cycles. 

I 

I 
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Hyper Page Mode (EDO) 

tRAe = 60 ns tRAe = 70 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. 

Read/Write Cycle Time tHPe 25 - 30 - ns 1 

RAS Pulse Width tRASP 60 125,000 70 125,000 ns 

CAS Pulse Width tHCAS 10 10,000 12 10,000 ns 

CAS Precharge Time tep 10 - 10 - ns 

Access Time from CAS Precharge tAep - 35 - 40 ns 

RAS Hold Time from CAS Precharge tRHCP 35 - 40 - ns 

Data Output Hold Time tDHe 5 - 5 - ns 

Output Buffer Turn-off Delay from WE tWEZ 0 13 0 15 ns 2,3 

WE Pulse Width twpz 10 - 10 - ns 3 

Output Buffer Turn-off Delay from RAS tOFA 0 13 0 15 ns 2,3 

Output Buffer Turn-off Delay from CAS tOFe 0 13 0 15 ns 2,3 

Notes 1. tHPC(MIN.) is applied to CAS access. 

2. tOFC(MAX.), tOFR(MAX.) andtwEZ(MAX.) define the time when the output achieves the conditions of Hi-Z and is not 

referenced to VOH or VOL. 

3. To make IIOs to Hi-Z in read cycle, it is necessary to control RAS, CAS, WE as follows. The effective 

specification depends on state of each signal. 

(1) Both RAS and CAS are inactive (at the end of the read cycle) 

WE: inactive 

tOFC is effective when RAS is inactivated before CAS is inactivated. 

tOFR is effective when CAS is inactivated before RAS is inactivated. 

(2) Both RAS and CAS are inactive or RAS is active and CAS is inactive (at the end of read cycle) 

WE: active and either tRRH or tRCH must be met ..... twEZ and twpz are effective. 

Refresh Cycle 

tRAe = 60 ns tRAe = 70 ns 
Parameter Symbol Unit Note 

MIN. MAX. MIN. MAX. 

CAS Setup Time tesR 5 - 5 - ns 

CAS Hold Time (CAS before RAS Refresh) teHR 10 - 10 - ns 

RAS Precharge CAS Hold Time tAPe 5 - 5 - ns 

WE Setup Time tWSR 10 - 10 - ns 

WE Hold Time tWHR 15 - 15 - ns 



Timing Chart 
Please refer to Timing Chart 8, page 457. 
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Package Drawing 

72 PIN SINGLE IN-LINE MODULE (SOCKET TYPE) 

A 

R~~ ____________________ B ____________________ ~ 

c D E 

ITEM MILLIMETERS INCHES 

detail of ® part 
A 107.95±0.13 4.250±0.006 

B 101.19±0.13 3.984 .:8:88~ 
w c 44.45 1.750 

ilx 

D 6.35 0.250 

E 44.45 1.750 

G 10.16 0.400 

H 1.27 (T.P.) 0.050 (T.P.) 

[8]> 6.35 0.250 

2.03 0.080 

K 6.35 0.250 

M 25.4 1.000 

N 9.0 MAX. 0.355 MAX. 

P R1.57 RO.062 

R 3.38±0.13 0.133~g:8g~ 
s ¢3.18 ¢0.125 

T 1.27.:8:68 0.050±0.004 

u 5.5 MIN. 0.216 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.04±0.05 0.041±0.002 

X 2.54 MIN. 0.100 MIN. 

M72B-SOA55 
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DATA SHEET I~ 
r--------M-o-s-IN-T-E-G-R-A-r-E-o-c-IR-c-u-IT--!I: NEe :I 

MC·421000A32BA, 421000A32FAi 
-----------------------:t 

1 M-WORD BY 32-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE 

, 
---------------------------------------------------------------------------~ 

Description 
The MC-421 000A32BA, 421 000A32FA are 1,048,576 words by 32 bits dynamic RAM module on which 2 pieces 

of 16 M DRAM: IlPD4218160 are assembled. 

These modules provide high density and large quantities of memory in a small space without utilizing the surface

mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
1,048,576 words by 32 bits organization 

• Fast access and cycle time 

Access time R/W cycle time 
Family 

(MAX.) 

MC-421000A32-60 60 ns 

MC-421000A32-70 70 ns 

MC-421000A32-80 80 ns 

1,024 refresh cycles/16 ms 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

72-pin single in-line memory module (Pin pitch = 1.27 mm) 

Single +5.0 V ±0.5 V power supply 

(MIN.) 

110 ns 

130 ns 

150 ns 

Access time can be distinguished with characteristics of PD-pins (PDO to PD3) 

Power consumption 
(MAX.) 

Active Standby 

1,760 mW 
11 mW 

1,650 mW 
(CMOS level input) 

1,540 mW 

The information in this document is subject to change without notice. 

Document No. M10502EJ2VODSU1 
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NEe MC-421000A32BA, 421000A32FA 

Ordering Information 

Part number 
Access time 

(MAX.) 
Package Mounted devices 

MC-421000A328A-50 50 ns 72-pin Single In-line Memory Module 2 pieces of J1PD4218150LE 

MC-421000A328A-70 70 ns (Socket Type) (400 mil SOJ) 

MC-421000A328A-80 80 ns 
Edge connector: Solder coating (HAL) 

[Single side] 
MC-421000A32FA-50 50 ns 72-pin Single In-line Memory Module 

MC-421000A32FA-70 70 ns (Socket Type) 

MC-421000A32FA-80 
Edge connector: Gold plating 

80 ns 
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Pin Configuration 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating, Gold plating) 

GND 1 o 
1/00 2 

1/016 3 
1/01 4 

1/017 5 
1/02 6 

1/018 7 
1/03 8 

1/019 9 
Vee 10 
NC 11 
AO 12 
A1 13 
A2 14 
A3 15 
A4 16 
A5 17 
A6 18 
NC 19 

1/04 20 
1/020 21 
1/05 22 

1/021 23 
1/06 24 

1/022 25 
1/07 26 

1/023 27 
A7 28 
NC 29 
Vee 30 
A8 31 
A9 32 
NC 33 

RAS2 34 
NC 35 
NC 36 

NC 37 
NC 38 

GND 39 
CASO 40 
CAS2 41 
CAS3 42 
CAS1 43 
RASO 44 

NC 45 

~~ 46 
47 

NC 48 
1/08 49 

1/024 50 
1/09 51 

1/025 52 
1/010 53 
1/026 54 
1/011 55 
1/027 56 
1/012 57 
1/028 58 

Vee 59 
1/029 60 
1/013 61 
1/030 62 
1/014 63 
1/031 64 
1/015 65 

NC 66 
PDO 67 
PD1 68 
PD2 69 
PD3 70 
NC 71 

GND 72 o 

AO - A9 Address Inputs 

1/00 - 1/031 Data InputslOutputs 

CASO - CAS3 Column Address Strobe 

RASa, RAS2 Row Address Strobe 

WE Write Enable 

Vee Power Supply 

GND Ground 

NC No connection 

The internal connection of PO pins (PDO to PD3) 

depends on access time. 

Pin Pin Access Time 

Name No. 60 ns 70 ns 80 ns 

PDO 67 GND GND GND 

PD1 68 GND GND GND 

PD2 69 NC GND NC 

PD3 70 NC NC GND 
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Block Diagram 

WE 

RASO 

CAS1 

CASO 

I/O 0 

I/O 1 

I/O 2 

I/O 3 

I/O 4 

1/05 

I/O 6 

1/07 
I/O 8 

I/O 9 

I/O 10 

I/O 11 

I/O 12 

I/O 13 

I/O 14 

I/O 15 

RAS2 

CAS3 

CAS2 

I/O 16 

I/O 17 

I/O 18 

I/O 19 

1/020 
I/O 21 

1/022 

1/023 

I/O 24 

1/025 

1/026 

1/027 

1/028 

1/029 

I/O 30 

1/031 
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1/01 
WE Remark DO, 01: ,uPD4218160 

I/O 2 

I/O 3 

I/O 4 

1/05 

I/O 6 

I/O 7 

1/08 DO 
I/O 9 

I/O 10 

1/011 

I/O 12 

I/O 13 

I/O 14 

I/O 15 

I/O 16 

WE 

AO- AgO • 00,01 

Vee 0----:1..- ~O, 01 
GND 0 T CO, q 00,01 

OE 
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Electrical Specifications Notes 1, 2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 mA 

Power dissipation PD 2 W 

Operating ambient temperature TA o to +70 °C 

Storage temperature Tstg -55 to +125 °C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposureto Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.5 5.0 5.5 V 

High level input voltage VIH 2.4 Vee + 1.0 V 

Low level input voltage VIL -1.0 +0.8 V 

Operating ambient temperature TA 0 70 °C 

Capacitance (TA = 25 °C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

I nput capacitance CI1 AO - A9 30 

C" WE 34 
pF 

03 RASO, RAS2 22 

CI4 CASO - CAS3 22 

Data Input/Output capacitance 010 1/00 -1/031 20 pF 

j'ii 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current IGGl RAS, CAS Cycling tRAG = 60 ns 320 
tRG = tAC (MIN.) tRAG = 70 ns 300 mA 3, 4, 7 
10 = 0 mA 

tRAG = 80 ns 280 

Standby current ICC2 RAS, CAS ~ V,H (MIN.) 10 = 0 mA 4 
mA 

RAS, CAS ~ VGG - 0.2 V 10 = 0 mA 2 

RAS only refresh current lce3 RAS Cycling tRAG = 60 ns 320 
CAS ~ V,H (MIN.) 

tRAG = 70 ns 300 mA 3,4,5,7 
tAC = tAG (MIN.) 

10 = 0 mA tRAG = 80 ns 280 

Operating current ICC4 RAS " VIL (MAX.), CAS Cycling tRAG = 60 ns 180 
(Fast page mode) tpc = tpc (MIN.) tRAG = 70 ns 160 mA 3, 4, 6 

10 = 0 mA 
tRAG = 80 ns 140 

CAS before RAS IGGS RAS Cycling tRAG = 60 ns 320 
refresh current tRC = tRC (MIN.) tRAG = 70 ns 300 mA 3, 4 

10 = 0 mA 
tRAG = 80 ns 280 

Input leakage current II(L) V, = a to 5.5 V 

All other pins not under test = 0 V 
-10 +10 /1A 

Output leakage Gurrent 10(L) VO = 0 to 5.5 V 

Output is disabled (Hi-Z) 
-10 +10 /1A 

High level output voltage VOH 10 = -2.5 mA 2.4 V 

Low level output voltage VOL 10 = +2.1 mA 0.4 V 
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----------------------------------------------------------------------------------~-----------------------------, : ~! 

AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 

tRAC = 60 ns tRAe = 70 ns tRAe = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Read/Write Cycle Time tRe 110 130 150 ns 

Fast Page Mode Cycle Time tpe 40 45 50 ns 

Access Time from RAS tRAC 60 70 80 ns 10,11 

Access Time from CAS tcAe 15 20 20 ns 10,11 

Access Time Column Address tAA 30 35 40 ns 10,11 

Access Time from CAS Precharge tACP 35 40 45 ns 11 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time telZ 0 0 0 ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF 0 13 0 15 0 15 ns 12 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 60 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tRSH 15 18 20 ns 

CAS Pulse Width teAS 15 10,000 20 10,000 20 10,000 ns 

CAS Hold Time tcSH 60 70 80 ns 

RAS to CAS Delay Time tRCD 20 45 20 50 25 60 ns 10 

CAS to RAS Precharge Time teAP 5 5 5 ns 13 

CAS Precharge Time tCPN 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tep 10 10 10 ns 

RAS Precharge CAS Hold Time tRPe 5 5 5 ns 

RAS Hold Time from CAS Precharge tRHCP 35 40 45 ns 

Row Address Setup Time tASR 0 0 0 ns 

Row Address Hold Time tRAH 10 10 12 ns 

Column Address Setup Time tAse 0 0 0 ns 

Column Address Hold Time tcAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAL 30 35 40 ns 

Read Command Setup Time tRCS 0 0 0 ns 

Read Command Hold Time Referenced to RAS tRRH 0 0 0 ns 14 

Read Command Hold Time Referenced to CAS tACH 0 0 0 ns 14 

WE Hold Time Referenced to CAS tWCH 10 10 15 ns 15 

Data-in Setup Time tos 0 0 0 ns 16 

Data-in Hold Time tOH 10 15 15 ns 16 

Write Command Setup Time twcs 0 0 0 ns 17 

CAS Setup Time (CAS before RAS Refresh) tcSR 5 5 5 ns 

CAS Hold Time (CAS before RAS Refresh) tcHR 10 10 10 ns 

WE Hold Time tWHR 15 15 15 ns 

Refresh Time tREF 16 16 16 ms 
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Notes 

1. 

2. 

3. 

4. 

5. 
6. 

7. 

All voltages are referenced to GND. 

After power up, wait more than 100 fJS and then, execute eight CAS before RAS or RAS only refresh 

cycles as dummy cycles to initialize internal circuit. 

Icc1, Icc3, Icc4 and Icc5 depend on cycle rates (tRC and tpc). 

Specified values are obtained with outputs unloaded. 

Icc3 is measured assuming that all column address inputs are held at either high or low. 

Icc4 is measured assuming that all column address inputs are switched only once during each fast page 

cycle. 

Icc1 and Icc3 are measured assuming that address can be changed once or less during RAS ::; VIL (MAX.) 

and CAS <: VIH (MIN.). 

B. AC measurements assume IT ; 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

V,H (MIN.) = 2.4 V ----------~-------' , , , , , , 
I I I I ______________, I 

, , 
I I I I 

Vil (MAX.) = 0.8 V 
I , I , 

~ --+--+-
IT = 5 ns IT = 5 ns 

(2) Output timing specification 

VOH (MIN.) = 2.4 V -------~ ~ 

VOL (MAX.) = 0.4 V -------~\.. _____ ...Jf 

10. For read cycles,access time is defined as follows: 

I nput Conditions Access Time Access Time from RAS 

tRAQ :5" tRAQ (MAX.) and tRCo ::; tACO (MAX.) tRAG (MAX.) tRAC (MAX.) 

tRAO > tRAQ (MAX.) and tACO $: tACO (MAX.) tAA {MAX.} tRAQ + tAA (MAX.) 

tRCO > tRCO (MAX.) tCAC (MAX.) tACO + tCAC (MAX.) 

tRAD (MAX.) and tRCD (MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tRAC, tAA or tCAC) is to be used for finding 

out when output data will be available. Therefore, the input conditions tRAO <: tRAD (MAX.) and tRCD <: tRCD 

(MAX) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. tOFF (MAX.) defines the time at which the output achieves the condition of Hi-Z and are not referenced 

to VOH or VOL. 

13. tCRP (MIN.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (MIN.) or tRRH (M)N.) should be met in read cycles. 

15. In early write cycles, tWCH (MIN.) should be met. 

16. tDS (MIN.) and tOH (MIN.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs <: twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 

cycle. 



Timing Chart 
Please refer to Timing Chart 9, page 469. 
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Package Drawing 

72 PIN SINGLE IN·LlNE MODULE (SOCKET TYPE) 

A 

I' 
B .. I 

S 

[::::~=:::::~] ICJ~ \ 

(9j ~T \ DD_ -

" 

~ ~ >-

J 0 
c D E f IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIUIIIIIIIIIIIIIIIIIIIIIII11111111111111°1 

detail of ® Part 
ITEM MILLIMETERS INCHES 

A 107.95±0.13 4.250±0.006 

i!- S 101.19 3.984 

C 44.45 1.750 

~x D 6.35 0.250 

E 44.45 1.750 

G 10.16 0.400 

H 1.27 (T.P.) 0.050 (T.P.) 0> 6.35 0.250 

2.03 0.080 

K 6.35 0.250 

M 25.4 1.000 

N 5.08 MAX. 0.200 MAX. 
P R1.57 RO.062 

S 4>3.18 4>0.125 

T 1.27~8:68 0.O50±0.O04 

v 0.25 MAX. 0.010 MAX. 

W 1.04±0.05 0.041±O.002 

X 3.15 MIN. 0.124 MIN. 
y 3.17 MIN. 0.124 MIN. 

M72B-50A46 
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NEe Ii. 
MOS INTEGRATED CIRCUIT 

MC-421000A32 
i ,,~ 

I" 
11 

Ii 
----------------------------------------------------------------------------------------------------~~ 

1 M-WORD BY 32-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE 

Description 
The MC-421000A32 is a 1,048,576 words by 32 bits dynamic RAM module on which 8 pieces of 

4 M DRAM: /lPD424400 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the surface

mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
1,048,576 words by 32 bits organization 

• Fast access and cycle time 

Access time RIW cycle time 
Family 

(MAX.) (MIN.) 

MC-421000A32-60 60 ns 110 ns 

MC-421000A32-70 70 ns 130 ns 

MC-421000A32-80 80 ns 160 ns 

MC-421 000A32-1 0 100 ns 190 ns 

1,024 refresh cycles/16 ms 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

72-pin single in-line memory module (Pin pitch = 1.27 mm) 

Single +5.0 V ±0.5 V power supply 

Access time can be distinguished with characteristics of PO-pins (POO to P03) 

Ordering Information 

Access time 
Part number 

(MAX.) 
Package 

MC-421000A32B-60 60 ns 72-pin Single In-line Memory Module 

MC-421000A32B-70 70 ns (Socket Type) 

MC-421000A32B-80 80 ns 
Edge connector: Solder coating (HAL) 

MC-421 000A32B-1 0 100 ns 

MC-421000A32F-60 60 ns 72-pin Single In-line Memory Module 

MC-421000A32F-70 70 ns (Socket Type) 

MC-421000A32F-80 80 ns 
Edge connector: Gold plating 

MC-421 000A32F-1 0 100 ns 

Power consumption 

(MAX.) 

Active Standby 

3,960 mW 

3,520 mW 44mW 

3,520 mW (CMOS level input) 

3,520 mW 

Mounted devices 

8 pieces of IlPD424400LA 

(300 mil SOJ) 

[Single side] 

The information in this document is subject to change without notice. 

Document No. M10424EJ4VODSUl 
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Pin Configuration 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating, Gold plating) 

GND 1 o 
1/00 2 

1/016 3 
1/01 4 

1/017 5 
1/02 6 

1/018 7 
1/03 8 

1/019 9 
Vee 10 
NC 11 
AO 12 
A1 13 
A2 14 
A3 15 
A4 16 
A5 17 
A6 18 
NC 19 

1/04 20 
1/020 21 

1/05 22 
1/021 23 

1/06 24 
1/022 25 
1/07 26 

1/023 27 
A7 28 
NC 29 
Vee 30 
A8 31 
A9 32 
~ 33 
RAS2 34 

NC 35 
NC 36 

NC 37 
NC 38 

GND 39 
CASQ 40 
QAS.2 41 
~ 42 
CAS1 43 
RASO 44 

NC 45 
.NC 46 
WE 47 
NC 48 

1/08 49 
1/024 50 

1/09 51 
1/025 52 
11010 53 
1/026 54 
1/011 55 
1/027 56 
1/012 57 
1/028 58 

Vee 59 
1/029 60 
1/013 61 
1/030 62 
1/014 63 
1/031 64 
1/015 65 

NC 66 
PDO 67 
PD1 68 
PD2 69 
PD3 70 
NC 71 

GND 72 o 

AD - A9 Address Inputs 

1/00 - 1/031 Data Inputs/Outputs 

CASO - CAS3 Column Address Strobe 

RASO,RAS2 Row Address Strobe 

WE Write Enable 

Vee Power Supply 

GND Ground 

NC No connection 

The internal connection of PO pins (POD to PD3) 

depends on access time. 

Pin Pin Access Time 

Name No. 60 ns 70 ns 80 ns 100 ns 

PD~ 67 GND GND GND GND 

PD1 68 GND GND GND GND 

PD2 69 NC GND NC GND 

PD3 70 NC NC GND GND 
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------~~~~~--------------------------------------------------------~----~~~~--------~, 

Block Diagram 

RASO 
CASO 

1/00 
1/01 
1/02 
1/03 

1104 
1105 
1106 
1107 

CAS1 

1/08 
1109 

1/010 
1/011 

1/012 
11013 
1/014 
1/015 

RAS2 
CAS2 

1/016 
1/017 
11018 
1/019 

1/020 
1/021 
1/022 
1/023 

CAS3 

11024 
1/025 
1/026 
1/027 

1/028 
1/029 
1/030 
1/031 

~ 

r.. 

~ 

1/01 
1/02 
1/03 

~4 

1101 
1/02 
1/03 
1/04 
DE 

1/01 
1102 
1103 

~4 

1/01 
1102 
1/03 

~4 

1/01 
1/02 
1/03 

~4 

1/01 
1/02 
1/03 
1/04 
BE 

1/01 
1/02 
1/03 
11Q4 
DE 

1/01 
1/02 
1/03 

~4 

AO-A90~----------' 00-07 
WE 0 • 00- 07 

t 
CAS RAS 

00 

~ ~ 

CAS RAS 
01 

" CAS RAS 
02 

~ ~ 

CAS RAS 
03 

" CAS RAS 
04 

" " CAS RAS 
05 

t 
CAS RAS 

06 

t t 
CAS RAS 

07 

Vee 0 ~. 00 - 07 
CO-C7 

GNO 0 T . 00-07 

Remark DO - D7 : JL PD424400 
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NEe MC-421000A32 

Electrical Specifications Notes 1, 2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 mA 

Power dissipation Po 8 W 

Operating ambient temperature T. o to +70 °C 

Storage temperature T", -55 to +125 °C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.5 5.0 5.5 V 

High level input voltage V,H 2.4 Vee + 1.0 V 

Low level input voltage V,l -1.0 +0.8 V 

Operating ambient temperature T. 0 70 °C 

CapaCitance (TA = 25 ·C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance Cil AO-A9 68 

C,2 WE 76 
pF 

C,3 RASO,RAS2 43 

C,4 CASO - CAS3 29 

Data Input/Output capacitance CliO 1/00-1/031 17 pF 



NEe MC-421000A32 

DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current Icc1 RAS, CAS Cycling tRAC = 60 ns 720 
tAG = tRC (MIN.) tRAC = 70 ns 640 
10 = 0 mA mA 3,4,7 

tRAC = 80 ns 640 

tRAC = 100 ns 640 

Standby current ICC2 RAS, CAS;' V'H (M'N.) 10 = 0 mA 16 
mA 

RAS, CAS;' Vcc - 0.2 V 10 = 0 mA 8 

RAS only refresh current Icc3 RAS Cycling tRAC = 60 ns 720 
CAS;' V'H (M'N.) 

tRAC = 70 ns 640 
tAG = tRG (MIN.) mA 3,4,5,7 
10 = 0 mA tRAC = 80 ns 640 

tRAC = 100 ns 640 

Operating current Icc, RAS $ VIL (MAX.), CAS Cycling tRAC = 60 ns 560 

(Fast page mode) tpc = tpc (MIN.) tRAC = 70 ns 480 
10 = 0 mA mA 3,4,6 

tRAC = 80 ns 480 

tRAC = 100 ns 480 

CAS before RAS Icc5 RAS Cycling tRAC = 60 ns 720 

refresh current tRC = tRG (MIN.) tRAC = 70 ns 640 
10 = 0 mA mA 3,4 

tRAC = 80 ns 640 

tRAC = 100 ns 640 

Input leakage current II(L) V, = 0 to 5.5 V 
-10 +10 pA 

All other pins not under test = 0 V 

Output leakage current 10(L} Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) 
-10 +10 /lA 

High level output voltage VOH 10 = -5.0 mA 2.4 V 

Low level output voltage VOL 10 = +4.2 mA 0.4 V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 

IRAe = 60 ns lRAe = 70 ns IRAe = 80 ns IRAe = 100 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Read/Write Cycle Time tRe 110 130 160 190 ns 

Fast Page Mode Cycle Time tpe 40 45 50 60 ns 

Access Time from RAS tRAe 60 70 80 100 ns 10,11 

Access Time from CAS teAe 15 20 20 25 ns 10,11 

Access Time Column Address tAA 30 35 40 50 ns 10,11 

Access Time from CAS Precharge tAep 35 40 45 55 ns 11 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 17 50 ns 10 

CAS to Data Setup Time tell 0 0 0 0 ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF 0 15 0 15 0 20 0 25 ns 12 

Transition Time (Rise and Fall) IT 3 50 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 70 80 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 100 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,OO( 80 125,OOC 100 125,000 ns 

RAS Hold Time tRSH 15 20 20 25 ns 

CAS Pulse Width teAS 15 10,000 20 10,000 20 10,000 25 10,000 ns 

CAS Hold Time tCSH 60 70 80 100 ns 

RAS to CAS Delay Time tRCD 20 45 20 50 25 60 25 75 ns 10 

CAS to RAS Precharge Time tCRP 10 10 10 10 ns 13 

CAS Precharge Time tCPN 10 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tcp 10 10 10 10 ns 

RAS Precharge CAS Hold Time tRPe 10 10 10 10 ns 

RAS Hold Time from CAS Precharge tAHCP 35 40 45 55 ns 

Row Address Setup Time tASR 0 0 0 0 ns 

Row Address Hold Time tRAH 10 10 12 12 ns 

Column Address Setup Time tASC 0 0 0 0 ns 

Column Address Hold Time tCAH 15 15 15 20 ns 

Column Address Lead Time Referenced to RAS tRAL 30 35 40 50 ns 

Read Command Setup Time tRCS 0 0 0 0 ns 

Read Command Hold Time Referenced to RAS tRRH 0 0 10 10 ns 14 

Read Command Hold Time Referenced to CAS tRCH 0 0 0 0 ns 14 

WE Hold Time Referenced to CAS tWCH 15 15 15 20 ns 15 

Data-in Setup Time tDS 0 0 0 0 ns 16 

Data-in Hold Time tDH 15 15 15 20 ns 16 

Write Command Setup Time twcs 0 0 0 0 ns 17 

CAS Setup Time (CAS before RAS Refresh) tCSR 10 10 10 10 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 15 20 ns 

WE Setup Time tWSR 0 0 10 10 ns 

WE Hold Time tWHR 10 10 15 20 ns 

Refresh Time tAEF 16 16 16 16 ms 
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Notes 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

All voltages are referenced to GND. 

After power up (Vcc ~ VCC (MIN.»), wait more than 100 /lS (RAS, CAS inactive) and then, execute eight 

CAS before RAS or RAS only refresh cycles as dummy cycles Ie: initialize internal circuit. 

ICC1, Icc3, Icc4 and Iccs depend on cycle rates (tRC and tpc). 

Specified values are obtained with outputs unloaded. 

Icc3 is measured assuming that all column address inputs are held at either high or low. 

Icc4 is measured assuming that all column address inputs are switched only once during each fast page 

cycle. 

ICCl and Icc3 are measured assuming that address can be changed once or less during RAS"; V,L (MAX.) 

and CAS ~ V,H (MIN.). 

8. AC measurements assume IT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

V,H (MIN.) = 2.4 V 

•••..•••• ~ 
VIL (MAX.) = 0.8 V 

~ ~ 

IT = 5 ns IT = 5 ns 

(2) Output timing specification 

VOH (MIN.) = 2.4 V hhh--=f }-
VOL (MAX.) = 0.4 V -------~\.. _____ ..J 

10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAD :5 tRAD (MAX.) and tRCo :5 tRCO (MAX.) tRAC (MAX.) tRAG (MAX.) 

tRAD > tRAD (MAX.) and tRCo :5 tACO (MAX.) tM (MAX.) tRAD + tAA (MAX.) 

tRCO > tACO (MAX.) tCAC (MAX.) tACO + tcAe (MAX.) 

tRAD (MAX.) and tRCD (MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tRAC, tAA or tCAC) is to be used for finding 

out when output data will be available. Therefore, the input conditions tRAD ~ tRAD (MAX.) and tRCD ~ tRCD 

(MAX.) will not cause any operation problems. 

< 

309 



NEe 

310 

11. Output load condition 

I/O"--~--~ 

100 pF 

MC-421000A32 

Vee 

8200 

2900 

12. tOFF (MAX.) defines the time at which the output achieves the condition of Hi-Z and are not referenced 

to VOH or VOL. 

13. tCRP (MIN.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (MIN.) or tRRH (MIN.) should be met in read cycles. 

15. In early write cycles, tWCH (MIN.) should be met. 

16. tDS (MIN.) and tDH (MIN.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs ~ twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 

cycle. 



Timing Chart 
Please refer to Timing Chart 10, page 479. 
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Package Drawing 

[MC-421000A32B,421000A32F] 

72 PIN SINGLE IN-LINE MODULE (SOCKET TYPE) 

11---1' ---------=---: -------1·:111 
~'DDDD DODD. ~J> 

>- 4-T 
c o r II II III III II 1111111111111111111111111 v 1111111111111111111111111111111111111 0 I 

detail of ® Part 

~x 
M72B-50A21-1 

ITEM MILLIMETERS INCHES 

A 107.95±0.13 4.250±0.006 

B 101.19 3.9B4 

C 44.45 1.750 
[8J D 6.35 0.250 

E 44.45 1.750 

G 10.16 0.400 

H 1.27 (TP.i 0.050 (T.P.i 

I 6.35 0.250 

J 2.03 0.080 

K 6.35 0.250 

M 25.4 1.000 

N 5.08 MAX. 0.200 MAX. 

P R 2.0 R 0.079 

S ~3.18 ~O. 125 

T 1.27~g.68 0.050±0.004 

U 6.5 MIN. 0.255 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.04±0.05 0.041 ±0.002 

X 2.54 MIN. 0.100 MIN. 

y 3.75 MIN. 0.147 MIN. 
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NEe MOS INTEGRATED CIRCUIT 
1 

____ M_C_-4_2_20_00_A_32_B_A_, 4_2_2 0_0 0_A_32_F_A-:il 
'I 

2 M-WORD BY 32-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE 

':; 

,'< 

--------------------------------------------------------------------------------------~.~ 

Description 
The MC-422000A32BA, 422000A32FA are 2,097,152 words by 32 bits dynamic RAM module on which 4 pieces 

of 16 M DRAM: ,uPD4218160 are assembled. 

These modules provide high density and large quantities of memory in a small space without utilizing the surface

mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
2,097,152 words by 32 bits organization 

• Fast access and cycle time 

Access time R/W cycle time 
Family 

(MAX.) 

MC-422000A32-60 60 ns 

MC-422000A32-70 70 ns 

MC-422000A32-80 80 ns 

1,024 refresh cycles/16 ms 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

72-pin single in-line memory module (Pin pitch; 1.27 mm) 

Single +5.0 V ±0.5 V power supply 

(MIN.) 

110 ns 

130 ns 

150 ns 

Access time can be distinguished with characteristics of PO-pins (POD to PD3) 

Power consumption 

(MAX.) 

Active Standby 

1,782 mW 
22mW 

1,672 mW 
(CMOS level input) 

1,562 mW 

The information in this document is subject to change without notice. 

Document No. M10501EJ2VODSU1 
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Ordering Information 

Part number Access time 
Mounted devices 

(MAX.) 
Package 

MC-422000A32BA-60 60 ns 72-pin Single In-line Memory Module 4 pieces of ,uPD4218160LE 

MC-422000A32BA-70 70 ns (Socket Type) (400 mil SOJ) 

MC-422000A32BA-80 
Edge connector: Solder coating (HAL) 

80 ns [Double side] 
MC-422000A32FA-60 60 ns 72-pin Single In-line Memory Module 

MC-422000A32FA-70 70 ns (Socket Type) 

MC-422000A32FA-80 80 ns 
Edge connector: Gold plating 
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Pin Configuration 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating. Gold plating) 

GND 1 o 
1/00 2 

1/016 3 
1/01 4 

1/017 5 
1/02 6 

1/018 7 
1/03 8 

1/019 9 
Vee 10 
NC 11 
AD 12 
A1 13 
A2 14 
A3 15 
A4 16 
A5 17 
A6 18 
NC 19 

1/04 20 
1/020 21 
1/05 22 

1/021 23 
1/06 24 

1/022 25 
1/07 26 

1/023 27 
A7 28 
NC 29 
Vee 30 
A8 31 
~ 32 
RAS3 33 
RAS2 34 

NC 35 
NC 36 

NC 37 
NC 38 

GND 39 
CASO 40 
CAS2 41 
CAS3 42 
CAS1 43 
RASO 44 
RAS1 45 

NC 46 
WE 47 
NC 48 

1/08 49 
1/024 50 

1/09 51 
1/025 52 
1/010 53 
1/026 54 
1/011 55 
1/027 56 
1/012 57 
1/028 58 

Vee 59 
1/029 60 
1/013 61 
1/030 62 
1/014 63 
1/031 64 
1/015 65 

NC 66 
PDO 67 
PD1 68 
PD2 69 
PD3 70 
NC 71 

GND 72 o 

AO - A9 Address Inputs 

1/00 - 1/031 Data Inputs/Outputs 

CASO - CAS3 Column Address Strobe 

RASa - RAS3 Row Address Strobe 

WE Write Enable 

Vcc Power Supply 

GND Ground 

NC No connection 

The internal connection of PD pins (PDO to PD3) 

depends on access time. 

Pin Pin Access Time 

Name No. 60 ns 70 ns 80 ns 

PDO 67 NC NC NC 

PD1 68 NC NC NC 

PD2 69 NC GND NC 

PD3 70 NC NC GND 
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Block Diagram 

WE 

RASO 

CAS1 

CASO 

1/00 
1/01 
1/02 
1/03 
1/04 
1/05 
1/06 
1/07 
1/08 
1/09 
1/010 
1/011 
1/012 
1/013 
1/014 
1/015 

RAS2 

CAS3 

CAS2 

1/016 
11017 

1/018 
1/019 
11020 

1/021 
1/022 
11023 

11024 

1/025 
1/026 
11027 

1/028 
11029 

1/030 
11031 

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

~ 

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

0-----

1 
I I 

1/0 1 LCAS UCAS RAS WE 

1/02 
1/03 
1/04 
1/05 
1/06 
1/07 
1/08 DO 
1/09 
1/010 
1/011 
1/012 
1/013 
1/014 
1/015 
1/016 

OE r-:m-

I 
I I 

1/0 1 LCAS UCAS RAS WE 

1/02 
1/03 
1/04 
1/05 
1/06 
1/07 
1/08 
1/09 01 

1/010 
1/011 
1/012 
1/013 
1/014 
1/015 
1/016 

OE I7n-

MC-422000A32BA, 422000A32FA 

, 

RAS1 

I 1 
1101 LCAS UCAS RAS WE 

1102 

1/03 
1/04 
1/05 
1/06 
1/07 
1/08 02 
1/09 
1/010 
11011 

1/012 
1/013 
1/014 
11015 

1/016 
OE I7n-

RAS3 

i I 
1/01 LCAS UCAS RAS WE 

1/02 
1/03 
1/04 
1/05 
1/06 
1/07 
1/08 03 
1/09 
1/010 
11011 

1/012 
1/013 
11014 

1/015 
1/016 

OE I7n-
AO-A90 • 00-03 

VeeO :l:CO-C3 00-03 
GNO 0 T • 00-03 

Remark DO - D3: ,uPD4218160 
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Electrical Specifications Notes 1, 2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 mA 

Power dissipation Po 4 W 

Operating ambient temperature TA o to +70 ·C 

Storage temperature TSlg -55 to +125 ·C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthisspecification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.5 5.0 5.5 V 

High level input voltage V,H 2.4 Vee + 1.0 V 

Low level input voltage Vil -1.0 +0.8 V 

Operating ambient temperature TA 0 70 'C 

Capacitance (TA = 25 'C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance CI1 AO - A9 40 

C" WE 48 
pF 

C'3 RASO - RAS3 22 

C" CASO - CAS3 29 

Data Input/Output capacitance CliO 1/00 -1/031 26 pF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current Iccl RAS, CAS Cycling tRAC = 60 ns 324 

tRC = tRC (MIN.) tRAC = 70 ns 304 mA 3, 4, 7 
10 = a mA 

tRAC = 80 ns 284 

Standby current Icc2 RAS, CAS;> V,H IMIN.I 10 = a mA 8 
mA 

RAS, CAS;> Vcc - 0.2 V 10 = a mA 4 

RAS only refresh current ICC3 RAS Cycling tRAC = 60 ns 324 

CAS;> V,H IMIN.I tRAC = 70 ns 
tAG = tRC (MIN.) 

304 mA 3,4,5,7 

10 = a mA tRAC = 80 ns 284 

Operating current IcC4 RAS ~ VIL IMAX.I, CAS Cycling tRAC = 60 ns 184 

(Fast page mode) tpc = tpc (MIN.) tRAC = 70 ns 164 mA 3, 4, 6 
10 = a mA 

tRAC = 80 ns 144 

CAS before RAS lce5 RAS Cycling tRAC = 60 ns 324 

refresh current tAC = tAG (MIN.) tRAC = 70 ns 304 mA 3, 4 
10 = a mA 

tRAC = 80 ns 284 

Input leakage current II ILl V, = a to 5.5 V 
-10 +10 /lA 

All other pins not under test = a V 

Output leakage current 10 III Vo = a to 5.5 V 
-10 +10 !1A Output is disabled (Hi-Z) 

High level output voltage VOH 10 = -2.5 mA 2.4 V 

Low level output voltage VOL 10=+2.1 mA 0.4 V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 

tRAe = 60 ns tRAe = 70 ns tRAe = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Read/Write Cycle Time tRe 110 130 150 ns 

Fast Page Mode Cycle Time tpe 40 45 50 ns 

Access Time from RAS tRAG 60 70 80 ns 10,11 
I ~ 

Access Time from CAS tcAC 15 20 20 ns 10,11 

Access Time Column Address tAA 30 35 40 ns 10, 11 

Access Time from CAS Precharge tACP 35 40 45 ns 11 

RAS to Column Address Delay Time tRAO 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time teLz 0 0 0 ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF 0 13 0 15 0 15 ns 12 

Transition Time (Rise and Fall) IT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 60 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tRSH 15 18 20 ns 

CAS Pulse Width teAS 15 10,000 20 10,000 20 10,000 ns 

CAS Hold Time tCSH 60 70 80 ns 

RAS to CAS Delay Time tACO 20 45 20 50 25 60 ns 10 
I: 

CAS to RAS Preeharge Time teAP 5 5 5 ns 13 

CAS Precharge Time tcPN 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tep 10 10 10 ns 

RAS Precharge CAS Hold Time tAPe 5 5 5 ns 

RAS Hold Time from CAS Precharge tRHCP 35 40 45 ns 

Row Address Setup Time tASR 0 0 0 ns 

Row Address Hold Time tRAH 10 10 12 ns 

Column Address Setup Time tAse 0 0 0 ns 

Column Address Hold Time teAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAL 30 35 40 ns 

Read Command Setup Time tRes 0 0 0 ns 

Read Command Hold Time Referenced to RAS tARH 0 0 0 ns 14 

Read Command Hold Time Referenced to CAS tRCH 0 0 0 ns 14 

WE Hold Time Referenced to CAS tWCH 10 10 15 ns 15 

Data-in Setup Time tDS 0 0 0 ns 16 

Data-in Hold Time tDH 10 15 15 ns 16 

Write Command Setup Time twcs 0 0 0 ns 17 

CAS Setup Time (CAS before RAS Refresh) tesR 5 5 5 ns 

CAS Hold Time (CAS before RAS Refresh) teHR 10 10 10 ns 

WE Hold Time tWHR 15 15 15 ns 

Refresh Time tREF 16 16 16 ms 
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Notes 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

All voltages are referenced to GND. 

After power up, wait more than 100 f.lS and then, execute eight CAS before RAS or RAS only refresh 

cycles as dummy cycles to initialize internal circuit. 

ICC1, Icc3, Icc4 and Iccs depend on cycle rates (tRC and tpc). 

Specified values are obtained with outputs unloaded. 

Icc3 is measured assuming that all column address inputs are held at either high or low. 

Icc4 is measured assuming that all column address inputs are switched only once during each fast page 

cycle. 

Iccl and Icc3 are measured assuming that address can be changed once or less during RAS :s; V,L (MAX.) 

and CAS ~ V,H (MIN.). 

S. AC measurements assume tT = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

V,H IMIN.) = 2.4 V ----------fL---··--' , , , , , , , , 
! I I I ______ ________ I I 

, , 
I I I I 

Vil IMAX.) = 0.8 V 
I I , I 

~ ---++--
tT = 5 ns IT = 5 ns 

(2) Output timing specification 

VOH IMIN.) = 2.4 V --- •.•• ~ ~ 

VOL (MAX·I = 0.4 V ••••••• ~I... ___ ...-Jf 

10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAD ~ tRAQ (MAX.) and tRCD :5" tRCD (MAX.) tRAC (MAX.) tRAC (MAX,) 

tRAQ > tRAQ (MAX.) and tRCD :S tACO (MAX.) tAA (MAX.) tRAO + tAA (MAX.) 

tRCD > tRCD (MAX.) teAc (MAX.) tRCD + teAc (MAX.) 

tRAO (MAX.) and tRCO (MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tRAC, tAA or tCA~ is to be used for finding 

out when output data will be available. Therefore, the input conditions tRAO;:: tRAO (MAX.) and tRCO ~ tRCO 

(MAX.) will not cause any operation problems. 

11. Loading conditions are 1 TTL and 100 pF. 

12. tOFF (MAX.) defines the time at which the output achieves the condition of Hi-Z and are not referenced 

to VOH or VOL. 

13. tCRP (M)N.) requirements should be applied to RAg/CAS cycles. 

14. Either tRCH (MIN.) or tRRH (MIN.) should be met in read cycles. 

15. In early write cycles, tWCH (MIN.) should be met. 

16. tos (M)N.) and tOH (MIN.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs ~ twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 

cycle. 



Timing Chart 
Please refer to Timing Chart 9, page 469. 
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Package Drawing 

72 PIN SINGLE IN-LINE MODULE (SOCKET TYPE) 

A 

I. B 

'I 
s_\ 

~ [::::::::~:::::] 1CJ<e 
~l ~T '\ DO_ c-

,II ',.... , '-

~ I ~ >-

J 1[8] 
c D E 

detail of ® Part 
ITEM MILLIMETERS INCHES 

A 107.95±0.13 4.250±0.006 

+ 
*' [8]> 

B 101.19 3,984 

C 44.45 1. 750 

o 6.35 0.250 

E 44.45 1,750 

G 10.16 0.400 

H 1.27 (T.P,) 0.050 (T.P.) 

I 6.35 0,250 

J 2.03 0.080 

K 6.35 0.250 

M 25.4 1.000 

N 9.0 MAX. 0.355 MAX. 
P R 1.57 RO.062 

S 1l3.18 1l0.125 

T 1 .27~8:68 0.050±0.004 

v 0.25 MAX. 0.010 MAX. 

W 1.04±0.05 0.041±0.002 

X 3.15 MIN. 0.124 MIN. 

Y 3.17 MIN. 0.124 MIN. 

M72B-50A45 
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DATA SHEET 

NEe MOS INTEGRATED CIRCUIT 
:1: 

_______ M_C_-4_2_20_0_0_A_32_;1 

Description 

2 M-WORD BY 32-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE 

The MC-422000A32 is a 2,097,152 words by 32 bits dynamic RAM module on which 16 pieces of 

4 M DRAM: IlP0424400 are assembled. 

This module provides high density and large quantities of memory in a small space without utilizing the surface

mounting technology on the printed circuit board. 

Oecoupling capacitors are mounted on power supply line for noise reduction. 

Features 
2,097,152 words by 32 bits organization 

• Fast access and cycle time 

Access time RfW cycle time 
Family 

(MAX.) 

MC-422000A32-60 60 ns 

MC-422000A32-70 70 ns 

MC-422000A32-80 80 ns 

MC-422000A32-10 100 ns 

1,024 refresh cycles/16 ms 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

72-pin single in-line memory module (Pin pitch = 1.27 mm) 

Single +5.0 V ±0.5 V power supply 

(MIN.) 

110 ns 

130 ns 

160 ns 

190 ns 

Access time can be distinguished with characteristics of PO-pins (POO to P03) 

Power consumption 

(MAX.) 

Active Standby 

4,290 mW 

3,850 mW 88mW 

3,850 mW (CMOS level input) 

3,850 mW 

The information in this document is subject to change without notice. 

Document No. Ml0646EJ4VODSUI 
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Ordering Information 

Access time 
Part number 

(MAX.) 
Package Mounted devices 

MC-422000A32B-60 60 ns 72-pin Single In-line Memory Module 16 pieces of pPD424400LA 

MC-422000A32B-70 70 ns (Socket Type) (300 mil SOJ) 

MC-422000A32B-80 80 ns 
Edge connector: Solder coating (HAL) 

[Double side] 

MC-422000A32B-10 100 ns 

MC-422000A32F-60 60 ns 72-pin Single In-line Memory Module 

MC-422000A32F-70 70 ns (Socket Type) 

MC-422000A32F-80 80 ns 
Edge connector: Gold plating 

MC-422000A32F-10 100 ns 
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NEe MC-422000A32 

Pin Configuration 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating. Gold plating) 

GND 
1/00 

1/016 
1/01 

1/017 
1/02 

1/018 
1/03 

1/019 
Vee 
NC 
AO 
A1 
A2 
A3 
A4 
A5 
A6 
NC 

1/04 
1/020 
1/05 

1/021 
1/06 

1/022 
1/07 

1/023 
A7 
NC 
Vee 
A8 
A9 

RAS3 
RAS2 

NC 
NC 

NC 
NC 

Jill.Q 
CASO 

~ 
QAS.1 
RASa 
RAS1 

He 
WE 
NC 

1/08 
1/024 

1/09 
1/025 
1/010 
1/026 
1/011 
1/027 
1/012 
1/028 

Vee 
1/029 
1/013 
1/030 
1/014 
1/031 
1/015 

NC 
PDO 
PD1 
PD2 
PD3 
NC 

GND 

o 

o 

AO - A9 Address Inputs 

1/00 -1/031 Data Inputs/Outputs 
CAS a - CAS3 Column Address Strobe 

RASa - RAS3 Row Address Strobe 
WE Write Enable 
Vcc Power Supply 

GND Ground 

NC No connection 

The internal connection of PO pins (PDO to PD3) 

depends on access time. 

Pin Pin Access Time 
Name No. 60 ns 70 ns 80 ns 100 ns 

PD~ 67 NC NC NC NC 

PD1 68 NC NC NC NC 

PD2 69 NC GND NC GND 

PD3 70 NC NC GND GND 

I, 

t 

325 



326 

NEe 

Block Diagram 

RASO 0---------, 
CASOo-----~-~------___, 

1/00 
1/01 
1/02 
1/03 

CAS RAS 1/01 
1---1 1/02 

DO 1/03 08 

1/04 
1/05 
1106 
1/07 

01 

1/04 
E 

CAS1 o-----~-~------___, 

1/08 
1/09 

1/010 
1/011 

1/012 
1/013 
1/014 
1/015 

:ig~ CAS RAS 

1103 010 
1/04 
5E 

1/01 CAS RAS 
1/02 
1/03 011 
1/04 
OE 

RAS20-------, 
CAS20-----~-t_-----__, 

11016 
1/017 
1/018 
1/019 

11020 
11021 
1/022 
11023 

CAS RAS 

04 

CAS RAS 

05 

1/01 
1/02 
1/03 012 
1/04 
E 

1/01 CAS RAS 
1/02 
1/03 013 
1/04 
5E 

CAS30-----~-+_-----__, 

11024 
1/025 
11026 
1/027 

1/028 
11029 
1/030 
1/031 

AO - A9 0>----· DO - 015 
WEO • DO-015 
Vee 0 ~ • DO - 015 

T CO - C~5 DO _ 015 GNDO 

1/01 CAS RAS 
1/02 
1/03 014 
1/04 
OE 

1/01 CAS RAS 
1/02 
1/03 015 
1/04 
OE 

MC-422000A32 

Remark DO - 015: .uP0424400 



NEe MC-422000A32 

Electrical Specifications Notes 1, 2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 mA 

Power dissipation Po 16 W 

Operating ambient temperature TA a to +70 °C 

Storage temperature TSlg -55 to +125 °C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposureto Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage Vee 4.5 5.0 5.5 V 

High level input voltage V,H 2.4 Vee + 1.0 V 

Low level input voltage VIL -1.0 +0.8 V 

Operating ambient temperature TA 0 70 °C 

Capacitance (TA = 25 °C, f = 1 MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance CI1 AO - A9 121 

C,2 WE 137 

C,3 RASO - RAS3 
pF 

48 

C,4 CASO - CAS3 48 

Data InputJOutput capacitance CliO 1/00 - 1/031 29 pF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current Icc1 RAS, CAS Cycling tRAC = 60 ns 780 
tRC = tAG (MIN.) tRAC = 70 ns 700 
10 = a rnA rnA 3,4,7 

tRAC = 80 ns 700 

tRAC = 100 ns 700 

Standby current Icc2 RAS, CAS ~ V,H (MIN.) 10 = a rnA 32 
rnA 

RAS, CAS ~ Vcc - 0.2 V 10 = a rnA 16 

RAS only refresh current Icc3 RAS Cycling tRAC = 60 ns 780 
CAS ~ V,H (MIN.) 

tRAC = 70 ns 700 
tRC = tRC (MIN.) rnA 3,4,5,7 
10 = 0 rnA tRAC = 80 ns 700 

tRAC = 100 ns 700 

Operating current Icc4 RAS ,; Vil (MAX.), CAS Cycling tRAC = 60 ns 620 

(Fast page mode) tpc = tpc (MIN.) tRAC = 70 ns 540 
10 = a rnA rnA 3,4,6 

tRAC = 80 ns 540 

tRAC = 100 ns 540 

CAS before RAS Icc5 RAS Cycling tRAC = 60 ns 780 

refresh current tAC = tAG (MIN.) tRAC = 70 ns 700 
10 = 0 rnA rnA 3,4 

tRAC = 80 ns 700 

tRAC = 100 ns 700 

Input leakage current " (L) V, = 0 to 5.5 V 
-10 +10 !1A 

All other pins not under test = 0 V 

Output leakage current lOll) Vo = 0 to 5.5 V 
-10 +10 /lA 

Output is disabled (Hi-Z) 

High level output voltage VOH 10 = -5.0 rnA 2.4 V 

Low level output voltage VOL 10 = +4.2 rnA 0.4 V 

328 



NEe MC·422000A32 

AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 

tRAe = 60 ns tRAe = 70 ns tRAe = 80 ns tRAe = 100 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Read/Write Cycle Time tRe 110 130 160 190 ns 

Fast Page Mode Cycle Time tpe 40 45 50 60 ns 

Access Time from RAS tRAG 60 70 80 100 ns 10,11 

Access Time from CAS tCAC 15 20 20 25 ns 10,11 

Access Time Column Address tM 30 35 40 50 ns 10,11 

Access Time from CAS Precharge tACP 35 40 45 55 ns 11 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 17 50 ns 10 

CAS to Data Setup Time teLZ a a a a ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF a 15 a 15 a 20 a 25 ns 12 

Transition Time (Rise and Fall) IT 3 50 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 70 80 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 100 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 80 125,000 100 125,000 ns 

RAS Hold Time tRSH 15 20 20 25 ns 

CAS Pulse Width teAS 15 10,000 20 10,000 20 10,000 25 10,000 ns 

CAS Hold Time tCSH 60 70 80 100 ns 

RAS to CAS Delay Time tACO 20 45 20 50 25 60 25 75 ns 10 

CAS to RAS Precharge Time teRP 10 10 10 10 ns 13 

CAS Precharge Time tcPN 10 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tep 10 10 10 10 ns 

RAS Precharge CAS Hold Time tRPe 10 10 10 10 ns 

RAS Hold Time from CAS Precharge tRHCP 35 40 45 55 ns 

Row Address Setup Time tASR a a a a ns 

Row Address Hold Time tRAH 10 10 12 12 ns 

Column Address Setup Time tAse a a a a ns 

Column Address Hold Time tcAH 15 15 15 20 ns 

Column Address Lead Time Referenced to RAS tRAl 30 35 40 50 ns 

Read Command Setup Time tRes a a a a ns 

Read Command Hold Time Referenced to RAS tRRH a a 10 10 ns 14 

Read Command Hold Time Referenced to CAS tRCH a a a a ns 14 

WE Hold Time Referenced to CAS tWCH 15 15 15 20 ns 15 

Data-in Setup Time tDS a a a a ns 16 

Data-in Hold Time tDH 15 15 15 20 ns 16 

Write Command Setup Time twcs a a a a ns 17 

CAS Setup Time (CAS before RAS Refresh) tesR 10 10 10 10 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 15 20 ns 

WE Setup Time tWSR a a 10 10 ns 

WE Hold Time tWHR 10 10 15 20 ns 

Refresh Time tREF 16 16 16 16 ms 
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11. Output load condition 

1/0 ---_----. 

100 pF ell 

Vee 

820 Q 

290Q 

12. tOFF (MAX.) defines the time at which the output achieves the condition of Hi-Z and are not referenced 

to VOH or VOL. 

13. tCAP (MIN.) requirements should be applied to RAS/CAS cycles. 

14. Either tACH (MIN.) or tAAH (MIN.) should be met in read cycles. 

15. In early write cycles, tWCH (MIN.) should be met. 

16. tDS (MIN.) and tDH (MIN.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs ~ twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the entire 

cycle. 

Timing Chart 
Please refer to Timing Chart 10, page 479. 

'i 
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Package Drawing 

[MC·422000A32B, 422000A32F] 

72 PIN SINGLE IN·LlNE MODULE (SOCKET TYPE) 

1------------"'s----------1', 'I 
A 

I',· 
N 

s 

DOD DODD, 
<.!l 

J 
C D E 

°0000 
detail of ® Part 

W 

M72B-50A22-1 

ITEM MILLIMETERS INCHES 

~x 
A 107.95±0.13 4.250±0.006 

B 101.19 3.984 

C 44.45 1.750 

D 6.35 0.250 
[EJ E 44.45 1.750 

G 10.16 0.400 

H 1.27 (T.P.) 0.050 (T.P.) 

I 6.35 0.250 

J 2.03 0.080 

K 6.35 0.250 

M 25.4 1.000 

N 9.0 MAX. 0.355 MAX. 

P R 2.0 R 0.079 

S ~3.18 ~0.125 

T 1.27~g6a 0.050±0.004 

U 6.5 MIN. 0.255 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.04±0.05 0.041±0.002 

X 2.54 MIN. 0.100 MIN. 

y 3.75 MIN. 0.147 MIN. 
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DATA SHEET :1' 

NEe 
,-----------------------------------------,!.j 

MOS INTEGRATED CIRCUIT :; 

____ M_C_-4_24_0_00_A_32_, 4_2_40_0_0A_3_6 _SE_R_IE_S---1i 
4 M-WORD BY 32-BIT, 4 M-WORD BY 36-BIT DYNAMIC RAM MODULE 

FAST PAGE MODE 

Description 
The MC-424000A32 series is a 4,194,304 words by 32 bits dynamic RAM module on which 8 pieces of 

16 M DRAM: ttPD4217400 are assembled. 

The MC-424000A36 series is a 4,194,304 words by 36 bits dynamic RAM module on which 8 pieces of 

16 M DRAM: ttPD4217400 and 4 pieces of 4 M DRAM: ttPD424100 are assembled. 

These modules provide high density and large quantities of memory in a small space without utilizing the 

surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
4,194,304 words by 32 bits organization (MC-424000A32 series) 

• 4,194,304 words by 36 bits organization (MC-424000A36 series) 

Fast access and cycle time 

Power consumption 
Access time R/W cycle time 

Family 
(MAX.) (MIN.) 

MC-424000A32-60 60 ns 110 ns 

MC-424000A32-70 70 ns 130 ns 

MC-424000A32-80 80 ns 150 ns 

MC-424000A36-60 60 ns 110 ns 

MC-424000A36-70 70 ns 130 ns 

MC-424000A36-80 80 ns 150 ns 

2,048 refresh cycles/32 ms 

• 2,048 refresh cycles/16 ms (MC-424000A36 burst refesh) 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

• 72-pin single in-line memory module (Pin pitch = 1.27 mm) 

• Single +5.0 V ±0.5 V power supply 

Active 

4,840 mW 

4,400 mW 

3,960 mW 

7,480 mW 

6,600 mW 

5,940 mW 

Access time can be distinguished with characteristics of PD-pins (PDO to PD3) 

The information in this document is subject to change without notice. 

Document No. IC-3459 (Japan) 

(MAX.) 

Standby 

44mW 

(CMOS level input) 

66mW 

(CMOS level input) 
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Ordering Information 

[MC-424000A32 series] 

Part number 

MC-424000A32B-60 

MC-424000A32B-70 

MC-424000A32B-80 

MC-424000A32F-60 

MC-424000A32F-70 

MC-424000A32F-80 

[MC-424000A36 series] 

Part number 

MC-424000A36BE-60 

MC-424000A36BE-70 

MC-424000A36BE-80 

MC-424000A36FE-60 

MC-424000A36FE-70 

MC-424000A36FE-80 

MC-424000A36BJ-60 

MC-424000A36BJ-70 

MC-424000A36BJ-80 

MC-424000A36FJ-60 

MC-424000A36FJ-70 

MC-424000A36FJ-80 

Quality Grade 
Standard 

Access time 
(MAX.) 

60 ns 

70 ns 

80 ns 

60 ns 

70 ns 

80 ns 

Access time 

(MAX.) 

60 ns 

70 ns 

80 ns 

60 ns 

70 ns 

80 ns 

60 ns 

70 ns 

80 ns 

60 ns 

70 ns 

80 ns 

MC-424000A32, 424000A36 SERIES 

Package Mounted devices 

72-pin Single In-line Memory Module 8 pieces of /lPD4217 400LA 

(Socket Type) (300 mil SOJ) 

Edge connector: Solder coating (HAL) 

[Single side] 

72-pin Single In-line Memory Module 

(Socket Type) 

Edge connector: Gold plating 

Package Mounted devices 

72-pin Single In-line Memory Module 8 pieces of /lPD4217400LA 

(Socket Type) (300 mil SOJ) 

Edge connector: Solder coating (HAL) 4 pieces of /lPD4241 OOLA 

(300 mil SOJ) 

72-pin Single In-line Memory Module 

(Socket Type) [Double side] 

Edge connector: Gold plating 

72-pin Single In-line Memory Module 8 pieces of /lPD4217 400LA 

(Socket Type) (300 mil SOJ) 

Edge connector: Solder coating (HAL) 4 pieces of /lPD424100LA 

(300 mil SOJ) 

72-pin Single In-line Memory Module 
(Socket Type) [Single side] 

Edge connector: Gold plating 

Please refer to "Quality grade on NEC Semiconductor Devices" (Document number IEI-1209) published by 
NEC Corporation to know the specification of quality grade on the devices and its recommended applications. 
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Pin Configuration 

[MC-424000A32 seriesl 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating. Gold plating) 

GND 
1/00 

1/016 
1/01 

1/017 
1/02 

1/018 
1/03 

1/019 
Vee 
NC 
AO 
Al 
A2 
A3 
A4 
A5 
A6 

Al0 
1/04 

11020 
1105 

11021 
1/06 

1/022 
1/07 

11023 
A7 
NC 
Vee 
A8 
A9 
~ 
RAS2 

NC 
NC 

NC 
NC 

JillQ 
C8SQ 
CAS2 
CAS3 
CASl 
RASO 

NC 

~~ 
NC 

1/08 
1/024 

1/09 
1/025 
1/010 
1/026 
1/011 
1/027 
1/012 
1/028 

Vee 
1/029 
1/013 
1/030 
1/014 
1/031 
1/015 

NC 
PDO 
PDl 
PD2 
PD3 

NC 
GND 

o 

o 

AO - A10 Address Inputs 

1/00 - 1/031 Data Inputs/Outputs 

CASO - CAS3 Column Address Strobe 

RASO. RAS2 Row Address Strobe 

WE Write Enable 

Vee Power Supply 

GND Ground 

NC No connection 

The internal connection of PD pins (PDO to PD3) 

depends on access time. 

Pin Pin Access Time 
Name No. 60 ns 70 ns 80 ns 

PDO 67 GND GND GND 

PD1 68 NC NC NC 

PD2 69 NC GND NC 

PD3 70 NC NC GND 
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[MC-424000A36 series) 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating, Gold plating) 

GND 1 o 
1/00 2 

1/018 3 
1/01 4 

1/019 5 
1/02 6 

1/020 7 
1/03 8 

1/021 9 
Vee 10 
NC 11 
AO 12 
Al 13 
A2 14 
A3 15 
A4 16 
A5 17 
A6 18 

Al0 19 
1/04 20 

1/022 21 
1/05 22 

1/023 23 
1/06 24 

1/024 25 
1/07 26 

1/025 27 
A7 28 
NC 29 
Vee 30 
A8 31 
A9 32 
NC 33 

RAS2 34 
1/026 35 

1/08 36 

1/017 37 
1/035 38 
iiliQ 39 
~ 40 
CAS2 41 
~ 42 
~ 43 
RASO 44 

NC 45 
JiC 46 
WE 47 
NC 48 

1/09 49 
1/027 50 
1/010 51 
1/028 52 
1/011 53 
1/029 54 
1/012 55 
1/030 56 
1/013 57 
1/031 58 

Vee 59 
1/032 60 
1/014 61 
1/033 62 
1/015 63 
1/034 64 
1/016 65 

NC 66 
PDO 67 
POl 68 
PD2 69 
PD3 70 

NC 71 
GND 72 o 

AO - A10 Address Inputs 

1/00 - 1/035 Data Inputs/Outputs 

CASO - CAS3 Column Address Strobe 

RASO, RAS2 Row Address Strobe 

WE Write Enable 

Vee Power Supply 

GND Ground 

NC No connection 

The internal connection of PO pins (PDO to PD3) 

depends on access time. 

Pin Pin Access Time 
Name No. 60 ns 70 ns 80 ns 

PDO 67 GNO GND GND 

POl 68 NC NC NC 

PD2 69 NC GND NC 

PD3 70 NC NC GND 
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Block Diagram 
[MC-424000A32 series) 

RASa 
CASO 

1/00 
1/01 
1/02 
1/03 

1/04 
1/05 
1/06 
1/07 

CASl 

1/08 
1/09 

1/010 
1/011 

1/012 
1/013 
1/014 
1/015 

RAS2 
CAS2 

1/016 
1/017 
1/018 
1/019 

1/020 
1/021 
1/022 
1/023 

CAS3 

1/024 
1/025 
1/026 
1/027 

1/028 
1/029 
1/030 
1/031 

~ 

AO-Al0 0 
WEO 

Vee 0 

GNO 0 

. . 

, 
1/01 CAS RAS 
1/02 

Remark 00 - 07 : I'P04217400 

1/03 DO 
~4 

+ + 
1/01 CAS RAS 
1/02 
1/03 01 
1/04 
DE 

+ 
1/01 CAS RAS 
1/02 
1/03 02 

~4 

• • 1/01 CAS RAS 
1/02 
1/03 03 
~4 

• 1/01 CAS RAS 
1/02 
1/03 04 
~4 

+ + 
1/01 CAS RAS 
1/02 
1/03 05 
1/04 
Of 

+ 
1/01 CAS RAS 
1/02 
1/03 06 

~4 
+ + 

1/01 CAS RAS 
1/02 
1/03 07 
1/04 
DE 

00-07 
00-07 

~co-0 
00- 07 

00-07 
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[MC·424000A36 series] 

RASO 
CASO 

1(00 
1101 
1(02 
1(03 

1(04 
1/05 
1106 
1(07 

1108 
CAS1 

1109 
11010 
11011 
1(012 

1/013 
11014 
11015 
1/016 

11017 

RAS2 
CAS2 

11018 
11019 
11020 
11021 

1(022 
11023 
1(024 
1(025 

11026 
CAS3 

11027 
11028 
11029 
1(030 

11031 
11032 
11033 
11034 

11035 

~ 

~ 

;... 

~ 

~ 

1/01 
1/02 
1103 

~4 

1101 
1(02 
1/03 
1104 
DE 

t--I DIN 

DouT 

1/01 
1102 
1103 

~4 

~1/01 
1/02 
1(03 
1104 
DE 

t--I DIN 
DouT 

1(01 
1102 
1(03 

~4 

1101 
1(02 
1(03 

~4 

t--I DIN 
DouT 

1101 
1102 
1103 

~4 

1(01 
1(02 
1103 
1104 
DE 

~DIN 
DouT 

+ 
CAS 

00 

+ 
CAS 

01 

-I 
CAS 

MO 

-+ 
CAS 

02 

j 

CAS 

03 

+ 
CAS 

M1 

+ 
CAS 

04 

-, 
CAS 

05 

t 
CAS 

M2 , 
CAS 

06 

• 
CAS 

07 

+ 
CAS 

M3 

AO-A10 0----..... DO-D7, MO-M3 
WE 0 • DO - D7, MO - M3 

~ 
RAS 

+ 
RAS 

-I 
RAS 

J 
RAS 

j 

RAS 

+ 
RAS 

! 
RAS 

-, 
RAS 

t 
RAS 

t 
RAS 

• 
RAS 

+ 
RAS 

Vee 0 ~. DO - D7, MO - M3 
CO - C11 

GND o-----T-+------. DO - D7, MO - M3 

MC-424000A32, 424000A36 SERIES 

Remark DO - D7 : pPD4217400 
MO - M3: pPD424100 
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Electrical Specifications Notes 1, 2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND VT -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 mA 

Power dissipation Po MC-424000A32 8 
W 

MC-424000A36 12 

Operating temperature Topt o to +70 'C 

Storage temperature Tstg -55 to +125 'C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposure to Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol 

Supply voltage Vee 

High level input voltage V,H 

Low level input voltage VIL 

Ambient temperature T, 

Capacitance (T. = +25 'C, f = 1 MHz) 

[MC-424000A32 series] 

Parameter Symbol 

Input capacitance Cil 

C" 

C" 

C,. 

Data Input/Output capacitance CliO 

[MC-424000A36 series] 

Parameter Symbol 

Input capacitance Cil 

C" 

C" 

C,. 

Data Input/Output capacitance CliO' 

CI/02 

Condition 

Test Condition 

AO - A10 

WE 

RASO.RAS2 

CASO - CAS3 

1/00 -1/031 

Test Condition 

AO - A10 

WE 

RASO. RAS2 

CASO - CAS3 

1/00 - 1/07. 1/09 - 1/016. 

1/018 - 1/025. 1/027 - 1/034 

1/08.1/017.1/026.1/035 

MIN. TYP. MAX. Unit 

4.5 5.0 5.5 V 

2.4 Vee + 1.0 V 

-1.0 +0.8 V 

0 70 'C 

MIN. TYP. MAX. Unit 

68 

76 
pF 

43 

29 

17 pF 

MIN. TYP. MAX. Unit 

88 

104 
pF 

57 

36 

17 
pF 

22 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

[MC-424000A32 series] 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current Icc, RAS, CAS Cycling tRAe = 60 ns 880 
tRC = tAC (MIN.) tRAe = 70 ns 800 mA 3,4,7 
10 = 0 mA 

tRAe = 80 ns 720 

Standby current lee2 RAS, CAS", V,H (MIN.' 10 = 0 mA 16 
mA 

RAS, CAS", Vee - 0.2 V 10 = 0 mA 8 

RAS only refresh current lee3 RAS Cycling tRAe = 60 ns 880 
CAS", V'H (MIN.' 

tRAe = 70 ns 800 mA 3,4,5,7 
tRC = tRC (MIN.) 

10 = 0 mA tRAe = 80 ns 720 

Operating current Icc. RAS :s Vil (MAX.', CAS Cycling tRAe = 60 ns 560 

(Fast page model tpc = tpc (MIN., tRAe = 70 ns 480 mA 3,4,6 
10 = 0 mA 

tRAe = 80 ns 400 

CAS before RAS lee5 RAS Cycling tRAe = 60 ns 880 

refresh current tRC = tRC (MIN.) tRAe = 70 ns 800 mA 3, 4 
10 = 0 mA 

tRAe = 80 ns 720 

Input leakage current II III V, = 0 to 5.5 V 

All other pins not under test = 0 V 
-10 +10 pA 

Output leakage current 10 III Vo = 0 to 5.5 V 

Output is disabled (Hi-Zl 
-10 +10 pA 

High level output voltage VOH 10 = -5.0 mA 2.4 V 

Low level output voltage VOL 10 = +4.2 mA 0.4 V 
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[MC-424000A36 series] 

Parameter Symbol 

Operating current Icc, 

Standby current Icc, 

RAS only refresh current Icc3 

Operating current Icc. 

(Fast page mode) 

CAS before RAS Iccs 

refresh current 

Input leakage current II IL} 

Output leakage current 10 {L} 

High level output voltage VOH 

Low level output voltage VOL 

MC-424000A32, 424000A36 SERIES 

Test condition MIN. MAX. Unit Notes 

RAS, CAS CYCling tRAe = 60 ns 1,360 
tRC = tRC (MIN.) 

tRAe = 70 ns 
10=OmA 

1,200 mA 3,4,7 

tRAe m 80 ns 1,080 

RAS, CAS <! V,H'M,N., 10=OmA 24 
mA 

RAS, CAS <! Vee - 0.2 V 10=OmA 12 

RAS Cycling tMC = 60 ns 1,360 
CAS <! V,H'M,N., 

tRAe = 70 ns 
tRe = tRe {MIN.} 

1,200 mA 3,4,5,7 

10 = 0 mA tRAC = 80 ns 1,080 

RAS ,;; VIL {MAlt}, CAS Cycling tRAe = 60 ns 920 
tpc = tpc (MIN.) 

tRAC = 70 ns 800 mA 3,4,6 
10 = 0 mA 

tRAC = 80 ns 680 

RAS Cycling tRAC = 60 ns 1,360 
tRC = tRC (MIN.) 

tRAt - 70 ns 
10=OmA 

1,200 mA 3,4 

tRAe = 80 ns 1,080 

V, = 0 to 5.5 V 

All other pins not under test = 0 V 
-10 +10 pA 

Vo = 0 to 5.5 V 

Output is disabled (Hi-Z) -10 +10 pA 

10 = -5.0 mA 2.4 V 

10 = +4.2 mA 0.4 V 
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AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8. 9 

[MC·424000A32 series) 

tRAC - 60 ns tRAC·= 70 ns tRAC = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

Read/Write Cycle Time tRC 110 130 150 ns 

Fast Page Mode Cycle Time tpc 40 45 50 ns 

Access Time from RAS tRAC 60 70 80 ns 10. 11 

Access Time from CAS tCAC 15 18 20 ns 10, 11 

Access Time Column Address tAA 30 35 40 ns 10. 11 

Access Time from CAS Precharge tACP 35 40 45 ns 11 

RAS to Column Address Delay Time tRAo 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time tCLZ 0 0 0 ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF 0 15 0 15 0 20 ns 12 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 60 ns 

RAS Pulse Width tRAS 60 10,000 70 10.000 80 10.000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tRSH 15 18 20 ns 

CAS Pulse Width tCAS 15 10.000 18 10.000 20 10.000 ns 

CAS Hold Time tCSH 60 70 80 ns 

RAS to CAS Delay Time tRCo 20 40 20 50 25 60 ns 10 

CAS to RAS Precharge Time tCRP 5 5 5 ns 13 

CAS Precharge Time tCPN 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tcp 10 10 10 ns 

RAS Precharge CAS Hold Time tRPC 5 5 5 ns 

RAS Hold Time from CAS Precharge tRHCP 35 40 45 ns 

Row Address Setup Time tASR 0 0 0 ns 

Row Address Hold Time tRAH 10 10 12 ns 

Column Address Setup Time tAsc 0 0 0 ns 

Column Address Hold Time tCAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAL 30 35 40 ns 

Read Command Setup Time tRCS 0 0 0 ns 

Read Command Hold Time Referenced to RAS tRRH 0 0 0 ns 14 

Read Command Hold Time Referenced to CAS tRCH 0 0 0 ns 14 

WE Hold Time Referenced to CAS twCH 10 10 15 ns 15 

Data-in Setup Time tos 0 0 0 ns 16 

Data-in Hold Time toH 10 15 15 ns 16 

Write Command Setup Time twcs 0 0 0 ns 17 

CAS Setup Time (CAS before RAS Refresh) tCSR 5 5 5 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 10 ns 

WE Setup Time MsR 10 10 10 ns 

WE Hold Time twl<R 15 15 15 ns 

Refresh Time tREF 32 32 32 ms 
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[MC-424000A36 series) 

tRAe = 60 ns 
Parameter Symbol 

MIN. MAX. 

Read/Write Cycle Time tRe 110 

Fast Page Mode Cycle Time tpe 40 

Access Time from RAS tRAC 60 

Access Time from CAS teAc 15 

Access Time Column Address tAA 30 

Access Time from CAS Precharge tACP 35 

RAS to Column Address Delay Time tRAD 15 30 

CAS to Data Setup Time telz 0 

Output Buffer Turn-off Delay Time from CAS tOFF 0 15 

Transition Time (Rise and Fall) tT 3 50 

RAS Precharge Time tRP 40 

RAS Pulse Width tRAS 60 10,000 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 

RAS Hold Time tRSH 20 

CAS Pulse Width teAS 15 10,000 

CAS Hold Time tesH 60 

RAS to CAS Delay Time tRCO 20 40 

CAS to RAS Precharge Time teRP 10 

CAS Precharge Time tePN 10 

CAS Precharge Time (Fast Page Mode) tep 10 

RAS Precharge CAS Hold Time tRPe 10 

RAS Hold Time from CAS Precharge tRHCP 35 

Row Address Setup Time tASR 0 

Row Address Hold Time tRAH 10 

Column Address Setup Time tAse 0 

Column Address Hold Time teAH 15 

Column Address Lead Time Referenced to RAS tRAL 30 

Read Command Setup Time tRCS 0 

Read Command Hold Time Referenced to RAS tRRH 0 

Read Command Hold Time Referenced to CAS tRCH 0 

WE Hold Time Referenced to CAS tweH 15 

Data-in Setup Time tDS 0 

Data-in Hold Time tDH 15 

Write Command Setup Time twes 0 

CAS Setup Time (CAS before RAS Refresh) tesR 10 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 

WE Setup Time tWSR 10 

WE Hold Time tWHR 15 

Refresh Ti me I Distributed refresh tREF 32 

I Burst refresh 16 

tRAe = 70 ns 

MIN. MAX. 

130 

45 

70 

20 

35 

40 

15 35 

0 

0 15 

3 50 

50 

70 10,000 

70 125,000 

20 

20 10,000 

70 

20 50 

10 

10 

10 

10 

40 

0 

10 

0 

15 

35 

0 

0 

0 

15 

0 

15 

0 

10 

10 

10 

15 

32 

16 

tRAe = 80 ns 

MIN. MAX. 

150 

50 

80 

20 

40 

45 

17 40 

0 

0 20 

3 50 

60 

80 10,000 

80 125,000 

20 

20 10,000 

80 

25 60 

10 

10 

10 

10 

45 

0 

12 

0 

15 

40 

0 

0 

0 

15 

0 

15 

0 

10 

10 

10 

15 

32 

16 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ms 

Notes 

10, 11 

10, 11 

10, 11 

11 

10 

11 

12 

10 

13 

14 

14 

15 

16 

16 

17 
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Notes 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

All voltages are referenced to GND. 
After power up, wait more than 100 JlS and then, execute eight CAS before RAS or RAS only 

refresh cycles as dummy cycles to initialize internal circuit. 

IcCl, IcC3, IcC4 and Iccs depend on cycle rates (tAC and tpc). 

Specified values are obtained with outputs unloaded. 

IcC3 is measured assuming that all column address inputs are held at either high or low. 

IcC4 is measured assuming that all column address inputs are switched only once during each 

fast page cycle. 

IcCl and IcC3 are measured assuming that address can be changed once or less during RAS:> VIL 

(MAX.) and CAS;:: VIH (MIN.). 

8. AC measurements assume tr = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

V,H IMINI = 2.4 V ----------~------' , , , , , , , , , ______________ I I 

, , 
I , , I 

VIlIMAX.) = 0.8 V 
I , I I 

~ --++-
tr = 5 ns tr = 5 ns 

(2) Output timing specification 

VOH (MIN) = 2.4 V -------~ ~ 

VOL (MAX.I = 0.4 V -------~ .... _ ___ --If 

10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAO :5: tRAD (MAX.) and tRCD :$ tRCD (MAX.) tRAC (MAX.) tRAC (MAX.) 

tRAO > tRAD (MAX.) and tRCD :5: tRCO (MAX.) tAA (MAX.) bAD + tAA (MAX.) 

tRCO > tRCD (MAX.) tCAC (MAX.) tRCD + teAc (MAX.) 

tAAO (MAX.) and tACO (MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tAAC, tAA or tCAc) is to be used for 

finding out when output data will be available. Therefore, the input conditions tAAO;:: tAAO(MAX.) 

and tACO;:: tRCO (MAX.) will not cause any operation problems. 

11. Loading conditions are 2 TILs and 100 pF. 

12. tOFF (MAX.) defines the time at which the output achieves the condition of Hi-Z and are not 

referenced to VOH or VOL. 

13. tCAP (MIN.) requirements should be applied to RAS/CAS cycles. 

14. Either tRCH (MIN.) or tARH (MIN.) should be met in read cycles. 

15. In early write cycles, twCH (MIN.) should be met. 

16. tos (MIN.) and tOH (MIN.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs;:: twcs (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the 

entire cycle. 



Timing Chart 
Please refer to Timing Chart 10, page 479. 
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NEe MC-424000A32, 424000A36 SERIES 

Package Drawings 

[MC-424000A32B, 424000A32F] 

72 PIN SINGLE IN-LINE MODULE (SOCKET TYPE) 

A 

R 
B Tt 

(!)-.------+-&S 0 0 0 0 0 0 0 0 J] 
® ~ JLT 

c D E 

~ OIlIllIIIIIlIIllIIIIllIIlIIlIIIIllIlIIVIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIO I 

ITEM MILLIMETERS INCHES 

detail of ® part A 1 07.95±0. 13 4.250±0.006 

8 101.19±0.13 3.984~:88g 
W .x C 44.45 1.750 

D 6.35 0.250 

E 44.45 1.750 

G 10.16 Q.400 

H 1.27 (T.P.) 0.050 (T.P.) 

[8]> 6.35 0.250 

2.03 0.080 

K 6.35 0.250 

M 25.4 1.000 

N 5.08 MAX. 0.200 MAX. 

P R1.57 RO.062 

R 3.38±0.13 0.133~:88g 
s cf>3.18 cf>0.125 

T 1.27~:68 0.050±0.004 

u 5.5 MIN. 0.216 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.04±0.05 0.041±0.002 

X 2.54 MIN. 0.100 MIN. 

M72B-50A54 
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NEe MC-424000A32, 424000A36 SERIES 

[MC-424000A36BE. 424000A36FE] 

72 PIN SINGLE IN-LINE MODULE (SOCKET TYPE) 

N 

s 000000 
J 

c D E 

detail of ® part 
ITEM MILLIMETERS INCHES 

A 107.95±0.13 4.250±0.006 
W B 101.19 3.984 

-3rx 

C 44.45 1.750 

0 6.35 0.250 

E 44.45 1.750 

G 10.16 0.400 

H 1.27 (T.P.) 0.050 (T.P.) 0> 6.35 0.250 

J 2.03 0.080 

K 6.35 0.250 

M 25.4 1.000 

N 9.0 MAX. 0.355 MAX. 
P R1.57 RO.062 
S 4>3.18 4>0.125 

T 1.27:8:68 0.050±0.004 

u 5.08 MIN. 0.200 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.04±0.05 0.041±0.002 

X 3.15 MIN. 0.124 MIN. 

M72B-50A47 
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NEe MC-424000A32, 424000A36 SERIES 

[MC-424000A36BJ. 424000A36FJ) 

72 PIN SINGLE IN-LINE MODULE (SOCKET TYPE) 

A 

I. B 

'I 
s 0000000000 \ 

C::: :::::J C::: :::::J <r 
~r ~I 

\ 

" '" ' 
~ ® / 

J 0 
T 

c D E 

o o 

detail of ® part 
ITEM MILLIMETERS INCHES 

A 107.95±0.13 4.250±0.006 

1fr- B 101.19 3.984 

C 44.45 1.750 

-Upx 0 6.35 0.250 

E 44.45 1.750 

G 10.16 0.400 

H 1.27 (T.P.) 0.050 (T.P.) 

0> 6.35 0.250 

2.03 0.080 

K 6.35 0.250 
M 31.75 1.250 

N 5.08 MAX. 0.200 MAX. 

P Rl.57 RO.062 

S ~3.18 ~0.125 

T 1.27:8:68 0.050±0.004 

u 3.17 MIN. 0.124 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.04±0.05 0.041±0.002 

X 3.15 MIN. 0.124 MIN. 

M72B-50A51-1 
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DATA SHEET 

NEe MOS INTEGRATED CIRCUIT 

MC-428000A32, 428000A36 SERIES 

8 M-WORD BY 32-BIT, 8 M-WORD BY 36-BIT DYNAMIC RAM MODULE 
FAST PAGE MODE 

I 
---------------------------------------------------------------------------~ 

Description 
The MC-428000A32 series is a 8,388,608 words by 32 bits dynamic RAM module on which 16 pieces of 

16 M DRAM: J.LPD4217400 are assembled. 

The MC-428000A36 series is a 8,388,608 words by 36 bits dynamic RAM module on which 16 pieces of 

16 M DRAM: J.LPD4217400 and 8 pieces of 4 M DRAM: J.LPD424100 are assembled. 

These modules provide high density and large quantities of memory in a small space without utilizing the 

surface-mounting technology on the printed circuit board. 

Decoupling capacitors are mounted on power supply line for noise reduction. 

Features 
8,388,608 words by 32 bits organization (MC-428000A32 series) 

8,388,608 words by 36 bits organization (MC-428000A36 series) 

Fast access and cycle time 

Power consumption 
Access time R/W cycle time 

Family 
(MAX.) (MIN.) 

MC-428000A32-60 60 ns 110 ns 

MC-428000A32-70 70 ns 130 ns 

MC-42BOOOA32-BO BO ns 150 ns 

MC-42BOOOA36-60 60 ns 110 ns 

MC-42BOOOA36-70 70 ns 130 ns 

MC-42BOOOA36-BO 80 ns 150 ns 

2,048 refresh cycles/32 ms 

2,048 refresh cycles/16 ms (MC-428000A36 burst refesh) 

CAS before RAS refresh, RAS only refresh, Hidden refresh 

72-pin single in-line memory module (Pin pitch = 1.27 mm) 

Single +5.0 V ±0.5 V power supply 

Active 

5,170 mW 

4,730 mW 

4,290 mW 

7,B10 mW 

6,930 mW 

6,270 mW 

Access time can be distinguished with characteristics of PD-pins (PDO to PD3) 

The information in this document is subject to change without notice. 

Document No. IC·3455 (Japan) 

(MAX.) 

Standby 

BBmW 

(CMOS level input) 

132mW 

(CMOS level input) 
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NEe 

Ordering Information 

[MC-428000A32 series) 

Part number 

MC-42BOOOA32B-60 

MC-42BOOOA32B-70 

MC-42BOOOA32B-SO 

MC-42BOOOA32F-60 

MC-42BOOOA32F-70 

MC-42BOOOA32F-BO 

[MC-428000A36 series) 

Part number 

MC-42BOOOA36BJ-60 

MC-42BOOOA36BJ-70 

MC-42BOOOA36BJ-BO 

MC-42BOOOA36FJ-60 

MC-42S000A36FJ-70 

MC-42S000A36FJ-SO 

Quality Grade 
Standard 

Access time 

(MAX.) 

60 ns 

70 ns 

so ns 

60 ns 

70 ns 

BO ns 

Access time 

(MAX.) 

60 ns 

70 ns 

BO ns 

60 ns 

70 ns 

SO ns 

MC-428000A32, 428000A36 SERIES 

Package Mounted devices 

72-pin Single In-line Memory Module 16 pieces of pPD4217400LA 

(Socket Type) (300 mil SOJ) 

Edge connector: Solder coating (HAL) 

[Double side] 

72-pin Single In-line Memory Module 

(Socket Type) 

Edge connector: Gold plating 

Package Mounted devices 

72-pin Single In-line Memory Module 16 pieces of pPD4217400LA 

(Socket Type) (300 mil SOJ) 

Edge connector: Solder coating (HAL) B pieces of pPD424100LA 

(300 mil SOJ) 

72-pin Single In-line Memory Module 

(Socket Type) [Double side] 

Edge connector: Gold plating 

Please refer to "Quality grade on NEC Semiconductor Devices" (Document number IEI-1209) published by 
NEC Corporation to know the specification of quality grade on the devices and its recommended applications. 



NEe MC-428000A32, 428000A36 SERIES 

Pin Configurations 

[MC-428000A32 series) 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating. Gold plating) 

GND 1 
1/00 2 

1/016 3 
1/01 4 

1/017 5 
1/02 6 

1/018 7 
1/03 8 

1/019 9 
Vee 10 
NC 11 
AO 12 
Al 13 
A2 14 
A3 15 
A4 16 
A5 17 
A6 18 

Al0 19 
1/04 20 

1/020 21 
1/05 22 

1/021 23 
1/06 24 

1/022 25 
1/07 26 

1/023 27 
A7 28 
NC 29 
Vee 30 
A8 31 
A9 32 
~ 33 
RAS2 34 

NC 35 
NC 36 

NC 37 
NC 38 

GND 39 
CASQ 40 
CAS2 41 
~ 42 
CASl 43 
RASO 44 
RASl 45 

NC 46 
WE 47 
NC 48 

1/08 49 
1/024 50 

1/09 51 
1/025 52 
1/010 53 
1/026 54 
1/011 55 
1/027 56 
1/012 57 
1/028 58 

Vee 59 
1/029 60 
1/013 61 
1/030 62 
1/014 63 
1/031 64 
1/015 65 

NC 66 
PDO 67 
POl 68 
PD2 69 
PD3 70 

NC 71 
GND 72 

o 

o 

AO - A10 Address Inputs 

1/00 - 1/031 Data Inputs/Outputs 
-- --
CASO - CAS3 Column Address Strobe 

RASO - RAS3 Row Address Strobe 

WE Write Enable 

Vee Power Supply 

GND Ground 

NC No connection 

The internal connection of PO pins (PDO to PD3) 

depends on access time. 

Pin Pin Access Time 
Name No. 60 ns 70 ns 80 ns 

PDO 67 NC NC NC 

POl 68 GND GND GND 

PD2 69 NC GND NC 

PD3 70 NC NC GND 
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NEe MC-428000A32, 428000A36 SERIES 

[MC-428000A36 series) 

72-pin Single In-line Memory Module Socket Type (Edge connector: Solder coating. Gold plating) 

GND 1 o 
1/00 2 

1/018 3 
1/01 4 

1/019 5 
1/02 6 

1/020 7 
1/03 8 

1/021 9 
Vee 10 
NC 11 
AO 12 
Al 13 
A2 14 
A3 15 
A4 16 
A5 17 
A6 18 

Al0 19 
1/04 20 

1/022 21 
1/05 22 

1/023 23 
1/06 24 

1/024 25 
1/07 26 

1/025 27 
A7 28 
NC 29 
Vee 30 
A8 31 
A9 32 

RAS3 33 
RAS2 34 
1/026 35 

1/08 36 

1/017 37 
1/035 38 
GND 39 

CASO 40 

~ 41 
42 

CASl 43 
RASO 44 
RASl 45 

lie 46 
WE 47 
NC 48 

1/09 49 
1/027 50 
1/010 51 
1/028 52 
1/011 53 
1/029 54 
1/012 55 
1/030 56 
1/013 57 
1/031 58 

Vee 59 
1/032 60 
1/014 61 
1/033 62 
1/015 63 
1/034 64 
1/016 65 

NC 66 
PDO 67 
PDl 68 
PD2 69 
PD3 70 

NC 71 
GND 72 o 

AO - A 10 Address Inputs 

1/00 - 1/035 Data Inputs/Outputs 

CASO - CAS3 Column Address Strobe 

RASO - RAS3 Row Address Strobe 

WE Write Enable 

Vee Power Supply 

GND Ground 

NC No connection 

The internal connection of PO pins (PDO to PD3) 

depends on access time. 

Pin Pin Access Time 
Name No. 60 ns 70 ns 80 ns 

PDO 67 NC NC NC 

PDl 68 GND GND GND 

PD2 69 NC GND NC 

PD3 70 NC NC GND 



NEe MC-428000A32, 428000A36 SERIES 

Block Diagrams 
[MC-428000A32 series) 

RASO o-------~ 
CASOo-----~~~------_. 

1/00 
1/01 
1/02 
1/03 

1/04 
1/05 
1/06 
1/07 

CAS RAS 

01 

1/01 
1/02 
1/03 
11Q4 

1/01 
1/02 
1/03 
1/04 
6E 

08 

CAS RAS 

09 

CASlo-----~--r------_. 

1/08 
1/09 

1/010 
1/011 

1/012 
1/013 
1/014 
1/015 

RAS2 
CAS2 

1/016 
1/017 
1/018 
1/019 

1/020 
1/021 
1/022 
1/023 

1/01 CAS RAS 
1/02 
1/03 04 
1/04 
OE 

1/01 CAS RAS 
1/02 
1/03 05 
1/04 
6E 

1/01 CAS RAS 
1/02 
1/03 010 
11Q4 
OE 

1/01 CAS RAS 
1/02 
1/03 011 
1/04 
6E 

1/01 CAS RAS 
1/02 
1/03 012 
11Q4 

E 

1/01 CAS RAS 
1/02 
1/03 013 
1/04 
OE 

CAS3O--------~-+-------__. 

1/024 
1/025 
1/026 
1/027 

1/028 
1/029 
1/030 
1/031 

AD - Al0 O>---~~~ DO - 015 
WE 0 • 00-015 
Vee 0 ~ • DO - 015 

GNOO TCO-Cl: 00-015 

1/01 CAS RAS 
1/02 
1/03 014 
1/04 
OE 

1/01 CAS RAS 
1/02 
1/03 015 
1/04 
6E 

RASl 

Remark 00-015: /If'04217400 

RAS3 

!1 
:~ 

J 
I ~ 
I ~ 

!, 
I 
I' 
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NEe MC-428000A32, 428000A36 SERIES 

[MC-428000A36 series] 

RASOo-------------~ 
CASOo---------~~~------------~ 

1/035 

CAS RAS 

DO 

CAS RAS 

01 

04 

CAS RAS 

05 

07 

CAS RAS 
M3 

AD - A10 O}-------· 00 - 015, MO - M7 
WEO .00-015,MO-M7 
Vee 0 ~ • 00-015,MO-M7 

CO - C23 
GNO 0 T . 00 - 015, MO - M7 

1/01 
1/02 

CAS RAS 

08. 

CAS RAS 

09 

1/03 010 
1/04 
BE 

CAS RAS 

011 

CAS RAS 
013 

015 

DIN CAS RAS 
DouT M7 

Remark 00 - 01~: PP04217400 
MO - M7: PP0424100 

RAS3 



NEe MC-428000A32, 428000A36 SERIES 

Electrical Specifications Notes 1, 2 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Voltage on any pin relative to GND Vr -1.0 to +7.0 V 

Supply voltage Vee -1.0 to +7.0 V 

Output current 10 50 mA 

Power dissipation Po MC-428000A32 16 
W 

MC-428000A36 24 

Operating ambient temperature T. o to +70 ·C 

Storage temperature Tot. -55 to +125 ·C 

Caution Exposing the device to stress above those listed in Absolute Maximum Ratings could cause 

permanent damage. The device is not meant to be operated under conditions outside the limits 

described in the operational section ofthis specification. Exposureto Absolute Maximum Rating 

conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol 

Supply voltage Vee 

High level input voltage V,H 

Low level input voltage V,l 

Operating ambient temperature T. 

Capacitance (TA = 25 ·C, f = 1 MHz) 

[MC-428000A32 series) 

Parameter Symbol 

Input capacitance Cil 

C" 

C" 

C" 

Data Input/Output capacitance CliO 

[MC-428000A36 series] 

Parameter Symbol 

Input capacitance Cil 

C" 

C" 

C" 

Data Input/Output capacitance CI/01 

CliO' 

Condition 

Test Condition 

AO - Al0 

WE 

RASO - RAS3 

CASO - CAS3 

1/00 - 1/031 

Test Condition 

AD - Al0 

WE 

RASO - RAS3 

CASO - CAS3 

1/00 - 1/07, 1/09 - 1/016, 

1/018 - 1/025, 1/027 - 1/034 

1/08, 1/017, 1/026, 1/035 

MIN. TYP. MAX. Unit 

4.5 5.0 5.5 V 

2.4 Vee + 1.0 V 

-1.0 +0.8 V 

0 70 ·C 

MIN. TYP. MAX. Unit 

121 

137 
pF 

48 

48 

29 pF 

MIN. TYP. MAX. Unit 

161 

193 
pF 

62 

62 

29 
pF 

39 
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NEe MC-428000A32, 428000A36 SERIES 

DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

[MC-428000A32 series] 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current Icel RAS, CAS Cycling tRAe = 60 ns 940 

tAC = tAC IMIN.) tRAC = 70 ns 860 mA 3,4,7 
10 = 0 mA 

tRAe = 80 ns 780 

Standby current Icc2 RAS, CAS ~ V,H IMIN.I 10 = 0 mA 32 
mA 

RAS, CAS ~ Vcc - 0.2 V 10 = 0 mA 16 

RAS only refresh current Icc, RAS Cycling tRAC = 60 ns 940 
CAS ~ V,H IMIN.I 

tRAe = 70 ns 860 mA 3,4,5,7 
tRC = tAC (MIN.) 

10 = 0 mA tRAC = 80 ns 780 

Operating current Icc. RAS :;; VIL IMAX.I, CAS Cycling tRAe = 60 ns 620 

(Fast page model tpc = tpc ·(MIN.) 
tRAC = 70 ns 540 mA 3,4,6 

10 = 0 mA 
tRAC = 80 ns 460 

CAS before RAS Icc, RAS Cycling tRAC = 60 ns 940 

refresh current tAC = tRC (MIN.) 
tRAC = 70 ns 860 mA 3, 4 

10 = 0 mA 
tRAC = 80 ns 780 

Input leakage current 111l) V, = 0 to 5.5 V 

All other pins not under test = 0 V 
-10 +10 pA 

Output leakage current lOlL) Vo = 0 to 5.5 V 

Output is disabled (Hi-Zl 
-10 +10 pA 

High level output' voltage VOH 10 = -5.0 mA 2.4 V 

Low level output voltage VOL 10 = +4.2 mA 0.4 V 
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[MC-428000A36 series) 

:1: I· 

! 
1'1,:' 

Parameter Symbol Test condition MIN. MAX. Unit Notes 

Operating current Iccl RAS, CAS Cycling tRAC = 60 ns 1,420 

tRC = tRC (MIN.) 
tRAe = 70 ns 1,260 mA 3,4,7 

10 = 0 mA , 

tRAe = 80 ns 1,140 I 

Standby current !ee2 RAS, CAS" V,H IMIN.' 10 = 0 mA 48 
mA 

RAS, CAS" Vee - 0.2 V 10 = 0 mA 24 

RAS only refresh current IcC3 RAS Cycling tRAe = 60 ns 1,420 
CAS" V,H (MIN.' 

tRAe = 70 ns 1,260 mA 3,4,5,7 
tRC = tRC (MIN.) 

10 = 0 mA tRAe = 80 ns 1,140 

Operati ng current Icc4 RAS ,; VIL (MAX.), CAS Cycling tRAe = 60 ns 980 

(Fast page model 
tpc = tpc (MIN.) 

tRAe = 70 ns 860 mA 3,4,6 
10 = 0 mA 

tRAe = 80 ns 740 

CAS before RAS lce5 RAS Cycling tRAe = 60 ns 1,420 

refresh current 
tRC = tRC (MIN.) 

tRAe = 70 ns 1,260 mA 3,4 
10 = 0 mA 

tRAe = 80 ns 1,140 

Input leakage current h(l) V, = 0 to 5.5 V 

All other pins not under test = 0 V 
-10 +10 pA 

Output leakage current 10 ILl Vo = 0 to 5.5 V 

Output is disabled (Hi-Zl 
-10 +10 pA 

High level output voltage VOH 10 = -5.0 mA 2.4 V 

Low level output voltage VOL 10 = +4.2 mA 0.4 V 
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NEe MC-428000A32, 428000A36 SERIES 

AC Characteristics (Recommended Operating Conditions unless otherwise noted) Notes 8, 9 

[MC-428000A32 series) 

tRAC = 60 ns tRAC = 70 ns tRAC = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

ReadIWrite Cycle Time tRC 110 130 150 ns 

Fast Page Mode Cycle Time tpc 40 45 50 ns 

Access Time from RAS tRAC 60 70 80 ns 10, 11 

Access Time from CAS teAc 15 18 20 ns 10, 11 

Access Time Column Address tAA 30 35 40 ns 10, 11 

Access Time from CAS Precharge tACP 35 40 45 ns 11 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time telz 0 0 0 ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF 0 15 0 15 0 20 ns 12 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 60 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tASH 15 18 20 ns 

CAS Pulse Width teAs 15 10,000 18 10,000 20 10,000 ns 

CAS Hold Time tCSH 60 70 80 ns 

RAS to CAS Delay Time tACO 20 40 20 50 25 60 ns 10 

CAS to RAS Precharge Time teRP 5 5 5 ns 13 

CAS Precharge Time tCPN 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tcp 10 10 10 ns 

RAS Precharge CAS Hold Time tRPe 5 5 5 ns 

RAS Hold Time from CAS Precharge tRHCP 35 40 45 ns 

Row Address Setup Time tASA 0 0 0 ns 

Row Address Hold Time tRAH 10 10 12 ns 

Column Address Setup Time tAse 0 0 0 ns 

Column Address Hold Time teAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAL 30 35 40 ns 

Read Command Setup Time tRCS 0 0 0 ns 

Read Command Hold Time Referenced to RAS tRRH 0 0 0 ns 14 

Read Command Hold Time Referenced to CAS tACH 0 0 0 ns 14 

WE Hold Time Referenced to CAS tWCH 10 10 15 ns 15 

Data-in Setup Time tos 0 0 0 ns 16 

Data-in Hold Time tOH 10 15 15 ns 16 

Write Command Setup Time twcs 0 0 0 ns 17 

CAS Setup Time (CAS before RAS Refresh) tCSR 5 5 5 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 10 ns 

WE Setup Time tWSR 10 10 10 ns 

WE Hold Time tWHR 15 15 15 ns 

Refresh Time tREF 32 32 32 ms 
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NEe MC-428000A32, 428000A36 SERIES 

[MC-428000A36 series] 

tRAe = 60 ns tRAe = 70 ns tRAe = 80 ns 
Parameter Symbol Unit Notes 

MIN. MAX. MIN. MAX. MIN. MAX. 

ReadIWrite Cycle Time tRe 110 130 150 ns 

Fast Page Mode Cycle Time tpe 40 45 50 ns 

Access Time from RAS tRAC 60 70 80 ns 10,11 

Access Time from CAS teAC 15 20 20 ns 10,11 

Access Time Column Address tAA 30 35 40 ns 10,11 

Access Time from CAS Precharge tACP 35 40 45 ns 11 

RAS to Column Address Delay Time tAAD 15 30 15 35 17 40 ns 10 

CAS to Data Setup Time telz 0 0 0 ns 11 

Output Buffer Turn-off Delay Time from CAS tOFF 0 15 0 15 0 20 ns 12 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP 40 50 60 ns 

RAS Pulse Width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS Pulse Width (Fast Page Mode) tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS Hold Time tRSH 20 20 20 ns 

CAS Pulse Width teAs 15 10,000 20 10,000 20 10,000 ns 

CAS Hold Time tCSH 60 70 80 ns 

RAS to CAS Delay Time tRCD 20 40 20 50 25 60 ns 10 

CAS to RAS Precharge Time teRP 10 10 10 ns 13 

CAS Precharge Time tCPN 10 10 10 ns 

CAS Precharge Time (Fast Page Mode) tep 10 10 10 ns 

RAS Precharge CAS Hold Time tRPe 10 10 10 ns 

RAS Hold Time from CAS Precharge tRHCP 35 40 45 ns 

Row Address Setup Time !ASR 0 0 0 ns 

Row Address Hold Time tRAH 10 10 12 ns 

Column Address Setup Time lAse 0 0 0 ns 

Column Address Hold Time teAH 15 15 15 ns 

Column Address Lead Time Referenced to RAS tRAL 30 35 40 ns 

Read Command Setup Time tRCS 0 0 0 ns 

Read Command Hold Time Referenced to RAS tARH 0 0 0 ns 14 

Read Command Hold Time Referenced to CAS tRCH 0 0 0 ns 14 

WE Hold Time Referenced to CAS tWCH 15 15 15 ns 15 

Data-in Setup Time tDS 0 0 0 ns 16 

Data-in Hold Time tDH 15 15 15 ns 16 

Write Command Setup Time twcs 0 0 0 ns 17 

CAS Setup Time (CAS before RAS Refresh) tesR 10 10 10 ns 

CAS Hold Time (CAS before RAS Refresh) tCHR 10 10 10 ns 

WE Setup Time tWSR 10 10 10 n$ 

WE Hold Time twHR 15 15 15 ns 

Refresh Time I Distributed refresh tREF 32 32 32 ms 

I Burst refresh 16 16 16 ms 
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NEe MC-428000A32, 428000A36 SERIES 

Notes 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

All voltages are referenced to GND. 

After power up, wait more than 100 JlS and then, execute eight CAS before RAS or RAS only 

refresh cycles as dummy cycles to initialize internal circuit. 

ICC1, IcC3, Icc4 and IcC5 depend on cycle rates (tAC and tpc). 

Specified values are obtained with outputs unloaded. 

Icc3 is measured assuming that all column address inputs are held at either high or low. 

IcC4 is measured assuming that all column address inputs are switched only once during each 

fast page cycle. 

ICCl and IcC3 are measured assuming that address can be changed once or less during RAS ::; VIL 

(MAX.) and CAS 2! VIH (MIN.). 

S. AC measurements assume tr = 5 ns. 

9. AC Characteristics test condition 

(1) Input timing specification 

VIlIMA'<I = 0.8 V 

·----------dL------, , , , , , , 
! I I I ______________ I I , , 
I I I I 

V,H IMINI = 2.4 V 

I I I I 

--+-+-- --+-+--
tr = 5 ns tr = 5 ns 

(2) Output timing specification 

VOH IMIN,' = 2.4 V --------~----- }-

VOllMAXI = 0.4 V --------------
'--------' 

10. For read cycles, access time is defined as follows: 

Input Conditions Access Time Access Time from RAS 

tRAC $; tRAQ (MAX.) and tRCD :5" tRCD (MAX.) tRAC (MAX., tRAC (MAX.) 

tRAO >. tRAD (MAX.) and tRCD :5" tRCD (MAX.) tAA (MAX.) tRAQ + tAA (MAX.) 

tRCD > tRCD (MAX.) teAc (MAX.) tRCD + teAc (MAX., 

tAAO (MAX.) and tACO (MAX.) are specified as reference points only; they are not restrictive operating 

parameters. They are used to determine which access time (tAAC, tAA or tCAC) is to be used for 

finding out when output data will be available. Therefore, the input conditions tAAO 2! tAAO (MAX.) 

and tACO 2! tACO (MAX.) will not cause any operation problems. 

11. Loading conditions are 2 TTLs and 100 pF. 

12. tOFF (MAX.) defines the time at which the output achieves the condition of Hi-Z and are not 

referenced to VOH or VOL. 

13. tCAP (MIN.) requirements should be applied to RAS/CAS cycles. 

14. Either tACH (MIN.) or tARH (MIN.) should be met in read cycles. 

15. In early write cycles, tWCH IMIN.) should be met. 

16. tos (MIN.) and tOH IMIN.) are referenced to the CAS falling edge in early write cycles. 

17. If twcs 2! twcs IMIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the 

entire cycle. 



Timing Chart 
Please refer to Timing Chart 10, page 479. 
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NEe MC-428000A32, 428000A36 SERIES 

Package Drawings 

[MC-428000A32B, 428000A32F] 

72 PIN SINGLE IN-LINE MODULE (SOCKET TYPE) 

A 

B 
R~~~--------------------------------------~ 

N 

CJ-.----I--&sD 0 0 0 0 0 0 D· t-Q, 
® :) -IT 

c D E 

ITEM MILLIMETERS INCHES 

detail of ® part 
A 107.95±0.13 4.250±0.006 

B 101.19±0.13 3.984 ~g:gg~ 
W c 44.45 1.750 .x D 6.35 0.250 

E 44.45 1.750 

G 10.16 0.400 

H 1.27 (T.P.) 0.050 (T.P.) 

0> I 6.35 0.250 

2.03 0.080 

K 6.35 0.250 

M 25.4 1.000 

N 9.0 MAX. 0.355 MAX. 

P R1.57 RO.062 

R 3.38±0.13 0.133~8:gg~ 
S ID3.18 IDO.125 

T 1.27~:38 0.050±0.004 

u 5.5 MIN. 0.216 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.04±0.05 0.041 ±0.002 

X 2.54 MIN. 0.100 MIN. 

M72B-50A55 



NEe MC-428000A32, 428000A36 SERIES 

[MC-428000A36BJ, 428000A36FJ] 

72 PIN SINGLE IN-LINE MODULE (SOCKET TYPE) 

A N 

B 

I" " 

s 0000000000 \ 
C::: :::::J C::: :::] C::: :::::J C::: :::] ~ 

~I ~1 
1\ 

, '1llllUIWlUlllJlHlllJlUIIUI 'lr\ 'II U 1I111lJ II lllHl' 
~ ® / 

J [BJ 
c D E 

o o 

0000000000 
detail of ® part 

ITEM MILLIMETERS INCHES 

A 107.95±0.13 4.250±0.006 
W B 101.19 3.984 

ilx 

C 44.45 1.750 

0 6.35 0.250 

E 44.45 1.750 

G 10.16 0.400 

H 1.27 (T.P.) 0.050 (T.P.) [BJ> 6.35 0.250 

2.03 0.080 
K 6.35 0.250 
M 31.75 1.250 

N 9.0 MAX. 0.355 MAX. 
P R1.57 RO.062 

S 4>3.18 4>0.125 

T 1.27~8:68 0.050±0.004 

u 3.17 MIN. 0.124 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.04±0.05 0.041±0.002 
X 3.15 MIN. 0.124 MIN. 

M72B-SOASO 
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Timing Chart 1 
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Read Cycle 

tRe 
tRAS tRP 

RAS 

CAS 
V,H-
VIL-

Address 
V,H-
VIL-

WE 
V,H-
VIL-

V,H-
OE 

V,L-

tOlZ 

tell 
tOFR 

I/O Data out 
Hi-Z VOH- Hi - Z 

VOL- . -- -- --- _. _. -_. _ •• -_. -_. -_. -_ •• -- -_ •• -- -_. -- _. -- - _ •• •••••••••••• 
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Early Write Cycle 

tRe 

tRAS 

tesH 

Address 

I/O V,H-
VIL-

Remark OE: Don't care 

368 



Late Write Cycle 

RAS 

Address 

1/0 

V,H
V1L-

V,H
Vll-

tOED 

V,H-~ ____ ~~~ ______ _ 
VIl-~ 

tRC 

tAAS 

369 
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370 

Read Modify Write Cycle 

RAS 

Address 

WE 

OE 

1/0 

1/0 

V,H

VIL-

V,H-

VIL-

V,H-

VIL-

V,H-

VIL-

VIH-

VIL-

VOH-

VOl-

tRCO 

~---------

Hi-Z 

tRWC 

IRAS 

tCSH 

tRSH 

tCWD 

IOEA tOEH 

ICAC los tOH 

Data in 

100z 

Hi-Z 



Hyper Page Mode (EDO) Read Cycle 

RAS 

CAS 

Address 

WE 

OE 

I/O 

V,H-
VIl-

VIH-

VIl-

VIH-

VIl-

VIH-

VIl-

V,H-
VIl-

VOH
VOL-

tcSH 

~ tRCO tHCAS 

J ~ 

~~ n 
Row Col. 

t~ 

IIII/j 

\\\\\\\\\\~ 
I I tRAC 

tAA 

tCAC 

~ 
Hi - Z 

~ .............. -_ .. -_ .. -- -_ ........ - .......... - .... 

tRASP tAP 
tRHCP ~ 

'-
tHPC tASH 

~ tHCAS ~ tHCAS ~ 
~J !r----- y-~ 

'-
tRAL J tOFR 

~n ~n 
tOFC J 

>9 Col. m ~ Col. :xx ~ 
I-~ ARH ~ , 'I 

tWE:1 
tACP tACP tCHO ~ 

1M tAA 
i-oj 

I 
tCAC tCAC ..L ~~ 

~ ~ tOEl 

Data out --0. Data out --0 Data out ~---

Remark In the hyper page mode (EDO), read, write and read modify write cycles are available for each of the 

consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode (EDO) Read Cycle (WE Control) 

RAS 

VIH-

CAS VIL-

Address 

WE 

OE 

I/O 

V,H-
VIL-

V,H-
VIL-

VIH-

VIL-

VOH

VOL-

tCSH 

Hi-Z -------- .. --- .. ---------_ ...... _-- .. 

tRASP 

tRHCP 

Data out 

Remark In the hyper page mode (EDO), read, write and read modify write cycles are available for each of the 

consecutive CAS cycles within the same RAS cycle. 



Hyper Page Mode (EDO) Read Cycle (OE Control) 

RAS V,H-
VIl-

CAS 

Address 

WE 

VIH

VIl-

V,H
VIl-

V,H
VIl-

~ 

ICSH 

~ tACO tHCAS 

-' ,,\ 
~ 

~ 
~ ~ 

Row Col.A m 
tRAC 

I" IAA 

IRp ~ 

RASP 

tRHCP 

IHpc tASH 

~ tHCAS ~ tHCAS 

~ ~ 

tRAL 

~~ ~ ~ 
~ CoLB m ). CoLC )(XX 

IAA 

~ 10ES 

CAC 
lAA IIIIII ICHO lOCH ICHO 

1--+ 

OE 
V,H
VIL-

I,IOEA. 

\ \ \ \\\\"'-.\ \ \ 
~ 
~ 

tacH 

J 

IAcP 

~ 
It----, 

~ I--

~ !eLz 
~r-I--

IAcP 

~ ~ ~ 
It----, 

~ OEA 

~ 10L 

~ 10El 

~ 

~ 

~ 
/ / \..-

H f.- 10'R 

X 

'~fH 
I-- IRR 

\\\\ 

~ 
/ \\\\ 
~ 

VOH-
110 VOL-

___________ f!.i;.? ___________ ~~ Data out A~---- ~ Data out B}--- ~ Data out B --~~ ~ __ fi!~~_ 

Remark In the hyper page mode (EDO), read, write and read modify write cycles are available for each of the 

consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode (EDO) Early Write Cycle 

Address 

V,H
V,L-

V,H
VIL-

V,H
VIL-

V,H
VIL-

1/0 V,H-
VIL-

Remarks 1. OE: Don't care 

2. In the hyper page mode (EDO), read, write and read modify write cycles are available for each of 

the consecutive CAS cycles within the same RAS cycle. 



Hyper Page Mode (EDO) Late Write Cycle 

Address 

WE 

I/O 

V,H
VIl-

V,H
VIL-

V,H
Vll-

tRASP tRP 

tRHCP 

Remark In the hyper page mode (EDO), read, write and read modify write cycles are available for each of the 

consecutive CAS cycles within the same RAS cycle. 

I 

I 

II, 
,I 
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Hyper Page Mode (EDO) Read Modify Write Cycle 

CAS 

V,H
V,l-

V,H
V,l-

Address 
V,H
V,l-

376 

WE VIH

V,l-

OE V,H-
_ V,l-

1/0 VOH-
VOl-

1/0 
V,H-
V,l-

Remark In the hyper page mode (EDO), read, write and read modify write cycles are available for each of the 

consecutive CAS cycles within the same RAS cycle. 



Hyper Page Mode (EDO) Read and Write Cycle 

tRASP tRP 

V,H- tAHCP 

RAS VIL-

tesH 

VIH-

CAS VIL-

Address 
V,H-
VIL-

WE 
V,H-
VIL-

OE 
V,H-
VIL-

1/0 VOH- Hi - Z 
VOL- - - - - - -- - - - -- - - - - - - - -- --- - -- - - - --

Hi - Z ..... - .. - .......... -.- ........ -- .......... _ ... 

tOH 

1/0 

Remark In the hyper page mode (EDO), read, write and read modify write cycles are available for each of the 

consecutive CAS cycles within the same RAS cycle. 
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CAS Before RAS Refresh Cycle 

RAS 
V,H-
VIl-

tCSR 

CAS 
V,H-
VIl-

Remark Address, WE, OE: 

RAS Only Refresh Cycle 

Address 

V,H
VIl-

V,H
VIl-

V,H
VIl-

tCRP 

tRAS 

tCHR 

Don't care 

tRAS 

Remark WE, OE: Don't care I/O: Hi-Z 

tRC 

I/O: Hi-Z 

tRC 
tRP tRAS 



Hidden Refresh Cycle (Read) 

V,H
RAS VIl-

CAS V,H
VIl-

Address V IH
VIl-

WE V1H

VIl-

OE V,H
VIL-

1/0 VOH
VOl-

tRC tRC 

tRAS tRAS 

379 



Hidden Refresh Cycle (Write) 

tRC tRC 

tRAS tRAS 

Address 
V,H-
VIL-

twcs !weH 

WE 
V,H-
V,l-

1/0 
V,H-

V,l- ....... ....., ............ '-"'-"'-" ........... ..Jf '-_____ .1' 

Remark OE: Don't care 
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Timing Chart 2 
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Read Cycle 

tRe 
tRAS 

RAS 
V,H-
V,l-

tesH 

CAS 
VIH-

V,l-

Address 
V,H-
Vll-

WE 
V,H-
V,l-

V,H-
OE V,l-

tOLZ 

teLZ 
Voo- ~·Z I/O VOl- .••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

tRP 

tOFR 

Data out 
Hi·Z 

383 

, 
\ 

, ~ 

" 

i ~ 

I! 
Ii 
I, 

1 

I 

I, 

I 

1 

I, 



384 

Early Write Cycle 

Address 

V,H
VIL-

I/O V,H-
VIL-

Remark OE: Don't care 

tRe 

tRAS 

tesH 



Late Write Cycle 

RAS 

CAS 

Address 

WE 

OE 

I/O 

VIH
VIl-

V,H
VIl-

VIH

V,L-

tOED 

V,H- \/\/\/\/\.- ____ !:I~? ____ ___ 
VIl-~ 

tRC 

385 
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Read Modify Write Cycle 

RAS 

CAS 

Address 

WE 

OE 

I/O 

1/0 

V,H
V,l-

VIH-

V,l-

VIH-

V,l-

VIH-

V,l-

V,H-
V,l-

VOH-
VOl-

IReD 

~---------

Hi-Z 

IRwe 

lesH 

IRSH 

IAWO 
Icwo Iwp 

IOEA tOEH 

leAe los IOH 

- Dalain 

loLZ 

Hi-Z 



Hyper Page Mode (EDO) Read Cycle 

RAS 

CAS 

Address 

WE 

OE 

I/O 

V,H-
VIl-

V,H-
VIl-

V,H-
V,L-

V,H-
V,L-

V,H-
V,L-

VOH
VOL-

tesH 

~ tACO tHeAS 

J ~ 

~~ ~ ....... Row Col. 1<X 
t~ 

III/I} 

\\\\\\\\\\~ 
tRAC 
1M 
tOAe 

~ 
..........•..•. J:I!:~ ••..•..... Dl 

tRASP 

tHPC 
~ tHCAS 

,.---., 1 
~~ 

~ 

)l Col. 1QQ 

tACP 
1M 
teAC 

~ 

Data out ·-0 

tAP 
tRHCP 
~ 

'---
tRSH 

~ tHCAS ~ 
k'/ ,.---., 

'-
tAAL I tOFR 

~ ~ 
tOFe 

)l Col. XXX )( 

i-~ AAH ~ 

"- 'j 
twEZ 

tACP 
tAA 

~ --
tCAe J \\\\ 

~ tOEZ 

Data out ~··O Data out ... 

Remark In the hyper page mode (EDO), read, write and read modify write cycles are available for each of the 

consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode (EDO) Read Cycle (WE Control) 

RAS 
V,H
V,L-

V,H-

ICSH 

CAS V,L-

Address V,H-
V,L-

WE 
V,H-
V,L-

OE 
V,H-
V,L-

1/0 
VOH- _______________ J:l!:~ _________ _ 
VOL-

IAASP 

tRHCP 

Dalaoul 

Remark In the hyper page mode (EDO), read, write and read modify write cycles are available for each of the 

consecutive CAS cycles within the same RAS cycle. 



Hyper Page Mode (EDO) Read Cycle (OE Control) 

~----------------------~~------------------~~ 

~ 

I'--_+V..,...,I ~ 
~ IAAl ~C 

•. 4- 10FA 

~
IASA IAAH ~ ~ ~~ ~A 

~::~ Row CoLA mxJ CoLB mx) CoLC "-:XLJC~~~-
I IAAC 

Address 

~ toES 

WE ~::~/ 1111/ CAe 

IAA 
leHO lOCH ICHO 

lOCH I- IAcP lAc. 

\\\\ 
~ ~ H ~ ~ 

V,H- \\\\\\\\\\\ 
,---, ,---, 

OE 
VIl- / \.. ~ r-- OEA 

~ ~ toLZ 

~ leLZ toEZ ~ ... '-i-- I~ 

I \\\\ 

~ 

1/0 
VOH-

VOl-

___________ ~;L _________ ~~ ----~~ Data out Bf--- ~ Data out B -- ~ Data out C __ Ii!=~_ 

Remark In the hyper page mode (EDO), read, write and read modify write cycles are available for each of the 

consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode (EDO) Early Write Cycle 

Address 

V,H
VIL-

V,H
VIL-

V,H
VIL-

V,H
VIL-

liD V,H-
VIL- L..l"-lL...ll'-ll"-lol'..:J/ "-____ ...J\ 

Remarks 1. OE: Don't care 

2. In the hyper page mode (EDO), read, write and read modify write cycles are available for each of 

the consecutive CAS cycles within the same RAS cycle. 



Hyper Page Mode (EDO) Late Write Cycle 

Address 

WE 

OE 

I/O 

V,H
VIL-

V,H
VIL-

V,H
V,L-

V,H-
V,L-

V,H-
VIL-

V,H
VIL-

Hi-Z ._---------------

tRASP tRP 

tRHCP 

Remark In the hyper page mode (EDO), read, write and read modify write cycles are available for each of the 

consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode CEDO) Read Modify Write Cycle 

RAS 

Address 

WE 

OE 

I/O 

I/O 

392 

VOH-

VOl-

VIH-

VIL-

Remark In the hyper page mode (EDO), read, write and read modify write cycles are available for each of the 

consecutive CAS cycles within the same RAS cycle. 



Hyper Page Mode (EDO) Read and Write Cycle 

V,H-
RAS V,L-

tcSH 

V,H-
CAS V,L-

Address 
V,H-
V,L-

WE 
V,H-
V,L-

OE 
V,H-
V,L-

VOH- Hi - Z 1/0 VOL- - -- -- - - -- -- - - -- -- - --- - - - -- - - -- --

1/0 V,H
VIL-

tRASP 

tAHCP 

___________ I:!L:? ______________ . 

tOH 

Remark In the hyper page mode (EDO). read. write and read modify write cycles are available for each of the 

consecutive CAS cycles within the same RAS cycle. 
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394 

CAS Before RAS Refresh Cycle 

tRC 

tRAS 

Remark Address, OE: Don't care 110: Hi-Z 

RAS Only Refresh Cycle 

Address 

V,H
VIL-

tRAS 

tCAP 

Remark WE, OE: Don't care I/O: Hi-Z 

tRP tRAS 



Hidden Refresh Cycle (Read) 

RAS 
VIH-

VIL-

CAS 
V,H-
V,L-

Address 

WE 

OE V,H
VIL-

1/0 VOH
VOL-

IRC 

tRAS 

tCRP 

ICLZ 

Hi -Z -------------------------------------------

IRC 

tRAS 

Hi - Z 
Dala oul 
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Hidden Refresh Cycle (Write) 

Address 

V,H
V,L-

V,H
V,L-

V,H
VIL-

V,H-

lAC lAC 

tRAS tRAS 

1/0 
VIL- L...lL...lO'_lo!_lL..lI....v...lt_l£....:1L..JI "-____ J ~_lL..lI....v...lt_lL..l~[..lj'_lo!_lL..lI....v...lt_l£....:~L...lO'_lo!_lL..lI....v..~ 

Remark OE: Don't care 



Timing Chart 3 
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Read Cycle 

RAS 

CAS 

Address 

WE 

I/O 
VOH

VOL-

Hi-Z 

tRC 

tRAS tRP 

I 

I 

teLZ 

Data out 
Hi-Z 
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Early Write Cycle 

tRe 

tRAS 

tCSH 

Address 

WE 

I/O 

Remark OE: Don't care 

400 



Late Write Cycle 

tRC 

tRAS 

CAS 

Address 

tOEH 

OE 

I/O 

401 



Read Modify Write Cycle 

tRWC 

tAAS 

RAS 

tCSH 

tRCD tRSH 

Address 

tOEH 

tCAC tDS tDH 

I/O 'liY:llXl;----------------------- Data in 

tOLZ 

I/O VOH-

VOL-

Hi-Z 

402 



Fast Page Mode Read Cycle 

RAS 

CAS 

Address 

WE 

OE 

VIH

VIL-

VIH

Vll- L-L-"-'~'-J 

VIH

Vll-

tCSH 

I/O VOH- ___________ HJ] _________ _ 
VOl-

tRASP tRP 

tRHCP 

tpe tRSH 

Hi-Z -------_. Data out 

Remark In the fast page mode, read, write and read modify write cycles are available for each of the 

consecutive CAS cycles within the same RAS cycle. 
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Fast Page Mode Early Write Cycle 

Address 

VIH

VIL-

VIH

VIL-

I/O VIH-

VIL-

Remarks 1. OE: Don't care 

2. In the fast page mode, read, write and read modify write cycles are available for each of the 
--- ---

consecutive CAS cycles within the same RAS cycle. 



Fast Page Mode Late Write Cycle 

tRASP 

tRHCP 

RAS 
VIH-

VIl-

tCSH tpe tASH 

CAS 
VIH-

VIL-

Address 

WE 
VIH-

VIL-

OE 
VIH-

VIL-

I/O 

Remark In the fast page mode, read, write and read modify write cycles are available for each of the 

consecutive CAS cycles within the same RAS cycle. 
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Fast Page Mode Read Modify Write Cycle 

Address 

406 

WE 

OE 

I/O 

I/O 

Remark In the fast page mode, read, write and read modify write cycles are available for each of the 

consecutive CAS cycles within the same RAS cycle. 



CAS Before RAS Refresh Cycle 

VIH

VIL-

tCSR tCHR 

tRAS 

Remark Address, OE: Don't care I/O: Hi-Z 

RAS Only Refresh Cycle 

Address 

VIH

V,l-

VIH

VIl-

teAP 

tRAS 

Remark WE, OE: Don't care I/O: Hi-Z 

tRC 

tRC 

tRP tRAS 
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408 

Hidden Refresh Cycle (Read) 

Address 

WE 

DE 

VIH

V,l-

V,H
V,l-

V,H
VIL-

V,H
VIL-

I/O VOH-
VOl-

tRe tRe 

tRAS tRAS 

telz 

Hi-Z 
Data out 

Hi-Z 



Hidden Refresh Cycle (Write) 

tRC tRC 

tRAS tRAS 

RAS 

CAS 

Address 
VIH-

VIL-

twcs tWCH 

WE 
VIH-

VIL-

I/O VIH-

VIL - '--'''--'''--'''-'''-'''-'''-'''-'''--'LJI '-____ -" "-"-.l<-"-"-"-"-"'-"-"-"-"-"-"-"-"---'''---'''---'''-'''---''''-'''-''--'' 

Remark OE : Don't care 
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Timing Chart 4 
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Read Cycle 

Address 

WE 

OE 

VIH

VIL-

V,H
Vll-

V,H
VIL-

1/0 VOH-
VOL-

tRe 

tRAS tRP 

tOLZ 

teLZ 

Hi-Z 

413 



Early Write Cycle 

tAe 

tRAS 

tesH 

Address 

WE 

1/0 

Remark OE: Don't care 

414 



Late Write Cycle 

IRC 

tRAS 

RAS 

Address 

WE 

OE 

tOED 

1/0 V,H-~ ____ tl~~ ____ m 

VIL-~ 
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416 

Read Modify Write Cycle 

RAS 

CAS 

Address 

WE 

OE 

1/0 

1/0 

V,H
VIl-

V,H
VIl-

V,H
VIl-

V,H
VIl-

VOH
VOL-

tRCD 

~---------

tRwe 

tRAS 

tCSH 

tRSH 

tewo 

tOEA tOEH 

tos tOH 

Data in 

tOlZ 

Hi-Z 



Fast Page Mode Read Cycle 

RAS 

Address 

OE 

tCSH 

V,H- -+--#-----.1-,. 
VIL-

VIH

VIL-

V,H
V,L-

V,H- r-t~~~"T""""I~~ 
V,L-

1/0 VOH- __________ !1J-.? _________ _ 
VOL-

tRASP IRP 

tRHCP 

Ipe tRSH 

Hi-Z --------. Dalaoul 

Remark In the fast page mode. read. write and read modify write cycles are available for each of the consecutive 

CAS cycles within the same RAS cycle. 
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418 

Fast Page Mode Early Write Cycle 

Address 
V,H
VIL-

I/O V,H-
VIL-

tRASP tAP 

Remark OE: Don't care 

In the fast page mode, read, write and read modify write cycles are available for each of the consecutive 

CAS cycles within the same RAS cycle. 



Fast Page Mode Late Write Cycle 

tRASP 

RAS 

Address 

WE 
V,H-
VIL-

OE 
V,H-
VIL-

1/0 

Remark In the fast page mode, read, write and read modify write cycles are available for each of the consecutive 

CAS cycles within the same RAS cycle. 
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420 

Fast Page Mode Read Modify Write Cycle 

1/0 VOH-
VOl-

1/0 
V,H-
VIl-

Remark In the fast page mode, read, write and read modify write cycles are available for each of the consecutive 

CAS cycles within the same RAS cycle. 



CAS Before RAS Refresh Cycle 

RAS V'H
V1L-

tCSR tCHR 

IRC 

tRAS 

Remark Address, WE, OE: Don't care 1/0: Hi-Z 

RAS Only Refresh Cycle 

IRC 

tRAS 

teAP 

Address 

Remark WE, OE: Don't care 1/0: Hi-Z 

IRC 

IRC 

IRP tRAS 
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422 

Hidden Refresh Cycle (Read) 

Address 

WE 

V,H
Vll-

I/O VOH-
VOL-

Hi-Z 

IRe IRe 

tRAS tRAS 

leLZ 

Dalaoul 
Hi-Z 



Hidden Refresh Cycle (Write) 

RAS 

CAS 

Address 

WE 

I/O 

VIH

VIL-

V,H-
VIL-

V,H-
VIL-

V,H-
VIL-

V,H-
VIL-

Remark OE : Don't care 

tRAS 

twcs 

tDS 

tRC tRC 

tAAS 

tWCH 

tDH 

423 

't 
II 
II,' Ii 
t 

; 

" I 
i 

,> 
" 



424 



Timing Chart 5 

425 



426 



Read Cycle 

tRC 

tRAS tRP 

RAS 

tcSH 

telz 

I/O 
VOH- Hi-Z 

Data out 
VOL-

Hi-Z 
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428 

Early Write Cycle 

Address 

V,H
VIl-

VIH
VIl-

V,H
V,l-

V,H
V,l-

I/O V,H-
VIl-

tRC 

tRAS 

tCSH 



Fast Page Mode Read Cycle 

Address 

V,H
VIl-

I/O VOH-
VOL-

tRASP 

tCSH 

tRP 

tRHCP 

tpe tRSH 

Data out 
Hi-Z ............. _. 

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles 

within the same RAS cycle. 
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430 

Fast Page Mode Early Write Cycle 

Address 
V,H
VIl-

I/O V,H-
VIl-

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles 

within the same RAS cycle. 



CAS Before RAS Self Refresh Cycle 

RAS 

CAS 
VIH

V,l-

tRASS 

Remark Address, WE : Don't care I/O : Hi-Z 

Cautions on Use of CAS Before RAS Self Refresh 

CAS before RAS self refresh can be used independently when used in combination with distributed CAS 

before RAS long refresh; However, when used in combination with burst CAS before RAS long refresh or 

with burst long RAS only refresh, the following cautions must be observed. 

(11 Normal Combined Use of CAS Before RAS Self Refresh and Burst CAS Before RAS Long Refresh 

When CAS before RAS self refresh and burst CAS before RAS long refresh are used in combination, please 

perform CAS before RAS refresh 1,024 times within a 16 ms interval just before and after setting CAS 

before RAS self refresh. 

(21 Normal Combined Use of CAS Before RAS Self Refresh and Burst Long RAS Only Refresh 

When CAS before RAS self refresh and burst RAS only refresh are used in combination, please perform 

RAS only refresh 1,024 times within a 16 ms interval just before and after setting CAS before RAS self 

refresh. 

For details, please refer to How to use DRAM User's Manual. 
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432 

CAS Before RAS Refresh Cycle 

tRAS 

tCSA tCHR 

Remark Address, WE: Don't care 110: Hi-Z 

RAS Only Refresh Cycle 

Address 

V,H
VIL-

teAP 

tRAS 

Remark WE: Don't care 110: Hi-Z 

tRP tRAS 



Hidden Refresh Cycle (Read) 

tRC tRC 

tAAS tRAS 

Address 

WE 
V,H

VIL- L-.L....L....L....L....L..+.L...L..J 

Hi-Z 
I/O 

VOH- Hi-Z 
Data out VOL-
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434 

Hidden Refresh Cycle (Write) 

RAS 

CAS 

Address 

WE 

I/O 

V,H-
VIl-

VJH-

VIl-

VIH-

VIL-

VIH-
VIl-

V,H
VIL-

teRP 

tRC tRC 

tRAS tRAS 

twcs tWCH 



Timing Chart 6 

435 



436 



Read Cycle 

tRC 

tRAS 

tCSH 

I/O 
VOH~ Hi~Z 

VOL~ 

tRP 

Hi~Z 
Data out 
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438 

Early Write Cycle 

CAS 

Address 

WE 

I/O 

VIH

V,L-

tRC 

tRAS 

tCSH 



Fast Page Mode Read Cycle 

Address 
VIH

VIL-

VOH
I/O 

VOL-

tRASP 

tCSH 

tRHCP 

tpe tRSH 

Data out 
Hi-Z ---------.---

Remark In the fast page mode, read and write cycles are available for each ofthe consecutive CAS cycles 

within the same RAS cycle. 
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Fast Page Mode Early Write Cycle 

Address 
V,H
VIL-

I/O V,H-
VIL-

Remark In the fast page mode, read and write cycles are available for each ofthe consecutive CAS cycles 

within the same RAS cycle. 



CAS Before RAS Self Refresh Cycle 

RAS 

CAS 

WE 

V,H
VIL-

VIH

VIL-

V,H
VIL-

tCSR 

Remark Address: Don't care I/O : Hi-Z 

tRASS 

~\\\\\\\\\\\\\\\\\\\\\\\ 

Cautions on Use of CAS Before RAS Self Refresh 

CAS before RAS self refresh can be used independently when used in combination with distributed CAS 

before RAS long refresh; However, when used in combination with burst CAS before RAS long refresh or 

with long RAS only refresh (both distributed and burst), the following cautions must be observed. 

(1) Normal Combined Use of CAS Before RAS Self Refresh and Burst CAS Before RAS Long Refresh 

When CAS before RAS self refresh and burst CAS before RAS long refresh are used in combination, please 

perform CAS before RAS refresh 2,048 times within a 32 ms interval just before and after setting CAS 

before RAS self refresh. 

(2) Normal Combined Use of CAS Before RAS Self Refresh and Long RAS Only Refresh 

When CAS before RAS self refresh and RAS only refresh are used in combination, please perform RAS 

only refresh 2,048 times within a 32 ms interval just before and after setting CAS before RAS self refresh. 

For details, please refer to How to use DRAM User's Manual. 

441 



442 

CAS Before RAS Refresh Cycle 

WE 

V,H
V,L-

V,H
V,L-

tAAS 

Remark Address: Don't care I/O: Hi-Z 

RAS Only Refresh Cycle 

Address 

V,H
VIl-

V,H
VIl-

V,H
VIl-

tCRP 

tAAS 

Remark WE: Don't care I/O: Hi-Z 

. tAP tAAS 



Hidden Refresh Cycle (Read) 

tAC tAC 

tAAS tRAS 

RAS 

Address 

I/O 
VOH- Hi-Z 
VOL-

Hi-Z 
Data out 
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Hidden Refresh Cycle (Write) 

tRC tRC 

tRAS tAAS 

Address 
V,H-
VIL-

twcs tweH 

WE 
V,H-
VIL-

I/O 
VIH-

VIL - L...l'-"'-"....l<.-"--"-:JI->t.....lll-Jl '-____ JI "....l<.-"--"-:JI->t.....l"--"'-"....l<.-"--"--"-:JI->t.....l"--"'-"'-"....l<.-"--"-.l<....> 
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Timing Chart 7 
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Read Cycle 

RAS V,H
VIL-

Address VIH

VIL-

WE V,H
VIL-

1/0 VOH
VOL-

tRe 

tRAS tRP 

tesH 

Hi-Z .... - ..... -- .................. _ ...... " ......... _ ..... _ ............ _ ............ _ ...... _ .. --_ .. _ .. _---- Data out 
Hi-Z -- .. _-- .... --_. 
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448 

Early Write Cycle 

RAS 

Address 

V,H
VIL-

VIH

V,l-

V,H
Vll-

I/O V,H-
VIL-

IRe 

tRAS 

tCSH 



Hyper Page Mode (EDO) Read Cycle 

Address 

WE 

I/O 

VIH

Vll-

VIH

VIL-

VIH

VIL-

VIH

VIL-

VOH

VOl-

tcSH 

tRAC 

IAA 

tCAC 

leLZ 

Hi-Z 
~ ................................................................ .. 

tRASP lAP 

tRHCP 

IAcp tACP 

ICAC 

Remark In the hyper page mode (EDO), read and write cycles are available for each olthe consecutive CAS cycles 

within the same RAS cycle. 
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450 

Hyper Page Mode (EDO) Read Cycle (WE Control) 

Address 

WE 

I/O 

VfH

V,l-

V,H
VIL-

V,H-
VIL-

V,H-
VIL-

tCSH 

VOH- •••••••••••••••••• lji:? ••••.•••• 
VOL-

tRASP 

tRHCP 

Data out 

Remark In the hyper page mode (EDO), read and write cycles are available for each of the consecutive CAS cycles 

within the same RAS cycle. 



Hyper Page Mode (EDO) Early Write Cycle 

Address 

V1H

VIl-

VIH

VIl-

VIH

VIl-

1/0 VIH-

VIl- L..l1L...l1L...lL..Jj~'-lI '-____ ...JI 

Remark In the hyper page mode (EDO). read and write cycles are available for each olthe consecutive CAS cycles 

within the same RAS cycle. 
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452 

Hyper Page Mode (EDO) Read and Write Cycle 

VIH-

RAS VIl-

CAS 

Address 

WE 

1/0 

1/0 

lesH 

V,H-
VIl-

VIH-

VIl-

VOH- Hi-Z 
VOL- - - - -- - - - -- - -- - - - - - - - ---- - - - - -- --

VIH

VIL-

tRASP 

tRHCP 

___________ !ti:~ _________ .. _ .. ' 

los toH 

Remark In the hyper page mode (EDO), read and write cycles are available for each olthe consecutive CAS cycles 

within the same RAS cycle. 



CAS Before RAS Refresh Cycle 

VIH

VIL-

tcSR tCHA 

tRAS 

Remark Address, WE: Don't care 1/0: Hi-Z 

RAS Only Refresh Cycle 

RAS 

Address 

V,H
VIL-

V!H

VIL-

tcRP 

Remark WE: Don't care 1/0: Hi-Z 

tAC 

tRAS 

,~ 

tAC 

tAP tRAS 
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454 

Hidden Refresh Cycle (Read) 

RAS 

CAS 

Address 

WE 

V,H
VIL-

VIH

VIL-

IRe 

tRAS 

tRCD tRSH 

tRAC 

IAA 
teAe 

leLZ 

I/O 
VOH
VOl-

. ___________________ f-:!i~~ __________________________ _ 

IRe 

tRAS 

tCHR 

Data out 



Hidden Refresh Cycle (Write) 

CAS 

Address 

WE 

1/0 

VIH

VIl-

V,H-
VIL-

VIH-

V,L-

VIH-

V,L-

tRC tRC 

tRAS tRAS 

twcs tWCH 

I" 
I 
I 

I' 
I 

455 



456 



Timing Chart 8 
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458 



Read Cycle 

Address V,H-
VIL-

WE V,H
V,L-

I/O VOH
VOL-

tRC 

tRAS 

tCSH 

Hi-Z ............. _-----------_ .. __ .. _- ...... _---_ .. _-_ .... _ ............. _ .... _ .. _ .. __ .. _----

tRP 

Hi-Z ........ - .... - ........ Data out 
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Early Write Cycle 

tRC 

tRAS 

tCSH 

460 





462 

Hyper Page Mode (EDO) Read Cycle (WE Control) 

RAS 

Address 

WE 

I/O 

V,H
VIL-

V,H-' 
VIL-

V,H-
VIL-

VOH
VOL-

tesH 

Hi-Z .... -- .. - .. -- --_ .... -- .. - .... - .......... - .... --

tRASP 

tRHCP 

Remark In the hyper page mode (EDO). read and write cycles are available for each of the consecutive CAS cycles 

within the same RAS cycle. 



Hyper Page Mode (EDO) Early Write Cycle 

Address 
V,H
VIL-

VIH

WE V,L-

V,H- t""'l"''''r7I:-7I~ r------"\I 
I/O V,L-

Remark In the hyper page mode (EDO). read and write cycles are available for each of the consecutive CAS cycles 

within the same RAS cycle. 
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464 

Hyper Page Mode (EDO) Read and Write Cycle 

Address 

WE 

1/0 

1/0 

V,H
VIL-

VOH- Hi·Z 

tCSH 

VOL- •••••••••••••••••••••••••••••••• 

V,H
VIl-

tAASP 

tRHCP 

Hi·Z . ...................................... . 

tOH 

Remark In the hyper page mode (EDO), read and write cycles are available for each of the consecutive CAS cycles 

within the same RAS cycle. 



CAS Before RAS Refresh Cycle 

tRAS 

tCSR tCHR 

Remark Address: Don't care 1/0: Hi-Z 

RAS Only Refresh Cycle 

tRAS tRP tRAS 

RAS 

teAP 

Address 

Remark WE: Don't care 1/0: Hi-Z 
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Hidden Refresh Cycle (Read) 

Address 

110 

V,H
V,L-

V,H
V,L-

VOH
VOL-

IRC lAC 
tRAS lRAS 



Hidden Refresh Cycle (Write) 

RAS 

CAS 

Address 

110 

V,H-
VIl-

V,H-
VIl-

V,H
V,L-

V,H-

tRC 

tRAS 

tCRP 

V,L- --''-''-''-''-' ............ ->->-+'' ___ +-_!-..... -L...I 

V,H
V,L

L...JL-"-l<...lO'-"-..K....:I ....... ..:.L...J/ 

tRC 

tRAS 
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Timing Chart 9 
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Read Cycle 

RAS 

CAS 

Address 

WE 

I/O 

V,H-
VIl-

V,H-
V,L-

VIH-
V,L-

V,H
V,L-

VOH
VOL-

tRCO 

tRC 

tRAS tRP 

tCSH 

tRSH tCPN 

teAs 

tRAL 

i 

I.: 

I, 
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472 

Early Write Cycle 

Address 

V,H
VIl-

V,H
Vll-

VIH

VIl-

V,H
VIl-

I/O V,H-
VIL-

IRe 

tRAS 

leSH 



Fast Page Mode Read Cycle 

RAS 

CAS 

Address 

VIH

VIL-

VIH

VIL-

VIH

VIL-

VIH

VIL-

1/0 VOH-

VOL-

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles within 

the same RAS cycle. 
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Fast Page Mode Early Write Cycle 

Address 

I/O V,H-
VIl-

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles within 

the same RAS cycle. 



CAS Before RAS Refresh Cycle 

RAS Only Refresh Cycle 

Address 

VIH

Vll-

VIH

V,l-

VIH

VIL-

tcRP 

Remark WE: Don't care 1/0: Hi-Z 

tRAS tRP tRAS 
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476 

Hidden Refresh Cycle (Read) 

Address 

WE 

V,H
VIL-

VIH

VIL-

V,H

teRP 

V IL- L-L....L....L-L-'--'T-''-''-J 

tRC 

tRAS 

tACO tRSH 

tRAC 

tAA 
teAc 
telz 

1/0 VOH-. _________________________ ____ ~!:~ _____________________ _ 
VOL-

tRC 

tRAS 

tCHR tCPN 

Hi-Z 
Data out 



Hidden Refresh Cycle (Write) 

CAS 

Address 

WE 

110 

VIH

VIL-

VIH-

Vll-

VIH-

VIL-

V,H-
VIL-

VIH-

VIL-

tRe tRe 

tRAS tRAS 

twes tWGH 
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Timing Chart 10 
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480 



Read Cycle 

RAS 

CAS 

Address 

WE 

1/0 

V,H
VIL-

V,H

V,L- L-.L...L...L..L-L-f-~~'-''-{ 

VOH- Hi-Z 

VOL-

IRe 

tRAS IRP 

lesH 

Hi-Z 
Dalaoul 

481 



482 

Early Write Cycle 

RAS 

CAS 

Address 

I/O 

V,H
VIl-

V,H
V,L-

V,H
V,L-

V,H
V,L-

V,H
V,L-

IRC 

lRAS 

ICSH 



Fast Page Mode Read Cycle 

RAS 

CAS 

Address 

WE 

1/0 

V,H
VIL-

V,H
VIL-

V,H
V,L-

V,H
VIL-

VOH
VOL-

tesH 

tRASP 

tRHCP 

tpe tRSH 

Hi-Z ..................... Data out 

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles within 

the same RAS cycle. 
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Fast Page Mode Early Write Cycle 

RAS 

Address 

WE 

I/O 

V,H
VIl-

V,H
VIL-

V,H
V,L-

V,H
V,L-

V,H- T""l"'''''''''':-7\ v...-----., 
V,L- "->'-"'-'<.-"-.lL..V 11-____ -.11 

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles within 

the same RAS cycle. 



CAS Before RAS Refresh Cycle 

RAS V,H
V,L-

V,H
V,L-

V,H
V,L-

tcSR tCHR 

tRAS 

Remark Address: Don't care I/O: Hi-Z 

RJI:S Only Refresh Cycle 

RAS 

CAS 

Address 

V,H
V,L-

V,H
V,L-

V,H
V,L-

teAP 

Remark WE: Don't care I/O: Hi-Z 

tRAS tRAS 
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486 

Hidden Refresh Cycle (Read) 

RAS 

CAS 

Address 

WE 

V,H-
VIL-

V1H-

VIL-

V,H
VIL-

V,H

teRP 

VIL- ~.L-.L-.L-'-'-r-'-'r....J 

tRe 

tRAS 

1/0 VOH- •••••••••••••••••••••••••••••• ~!:~ ..................... . 
VOL-

tRe 

tRAS 

Hi-Z 
Data out 



Hidden Refresh Cycle (Write) 

RAS 

CAS 

Address 

WE 

V,H
VIL-

V,H-

IRC lAC 

IRAS tRAS 

1/0 
V IL- '-'<....lI'-"--->L..l<...lI.....l<...."-'1L...Y '--____ Jo ,,-->L..l<...lI.....l<....IL...l ....... <....lI'-"--->L..l<...lI.....l<....IL...l ...... <....lI ...... -->L..l<...lI.....><...> 
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Purpose 

Readers 

INTRODUCTION 

This manual is intended for users who understand DRAM functions and design applica

tion systems using DRAMs. 

This manual explains the basic properties of DRAM and their use. 

How to read this manual It is assumed that readers of this manual have general knowledge in the fields of 

electricity, logic circuits, and memory. For further details on the functions of each device, 

please refer to their data sheets. 

Legend 

Related documents 

DRAM devices can be divided into 5.0-Vand low-voltage operation devices. This manual 

concentrates on 5.Q-V operation devices (For information on low-voltage operation 

devices, see CHAPTER 10 LOW VOLTAGE OPERATION). 

This manual uses the following abbreviations for refresh functions: 

CAS before RAS refresh -7 CRB refresh 

CAS before RAS long refresh -7 CBR long refresh 

CAS before RAS self refresh -7 CBR self refresh 

RAS only refresh -7 ROR 

Long RAS only refresh 

Active low 

Note 

Caution 

Remark 

-7 Long ROR 

xxx (top bar over pin or signal name) 

Footnote 

Points to be noted 

Supplementary explanations for main text 

Numeric representations: decimal ... xxxx 

Document related to the JlPD4216100 

• JlPD42161 00, 4217100 Data Sheet (lC-2923) 

Document related to the JlPD4216400 

• JlPD42S16400, 4216400, 42S17400, 4217400 Data Sheet (lC-2922) 

Document related to the JlPD42S16160, 4216160, 42S18160 

• JlPD42S16160, 4216160, 42S18160, 4218160 Data Sheet (lC-3217) 

Document related to the JlPD42S16160L 

• JlPD42S16160L, 4216160L, 42S18160L, 4218160L Data Sheet (lC-3218) 

Document related to the Hyper Page Mode (HPM) 

• JlPD4216165 Data Sheet (lC-3378) 
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CHAPTER 1 DEFINITION OF DRAM 

1.1 Classification of IC Memory 
The CMOS IC memory can be divided into two main categories, namely RAM (RWM) and ROM (Read Only 

Memory). 

Figure 1-1 shows the classification of the CMOS IC memory. 

Figure 1-1. CMOS IC Memory Classification 

RAM~OOAM· 

{

IRWMl SRAM 

CMOS IC memory 

-C PROM 
ROM Mask ROM 

(1) RAM (Random Access Memory) ... RWM (Read Write Memory) 
The RAM can be broadly divided into DRAM and SRAM (See 1.2 DRAM Features). The RAM memory freely 

enables high-speed reading and writing. 

The ROM also enables reading freely but the RAM generally enables both reading and writing freely. All 

data in the RAM are lost by turning off the power. 

The DRAM can be further divided into conventional DRAM and high-speed DRAM. High-speed DRAM refers 

to synchronous DRAM and Rarnbus ™ DRAM operating in synchronization with a clock and page access 

time enabling as compared with conventional DRAMs. This user's manual describes conventional DRAMs. 

See each user's manual for the details on the synchronous DRAM and Rambus DRAM. 

(2) ROM (Read Only Memory) 

The ROM can be broadly divided into PROM and mask ROM. It is a memory exclusively used for reading 

only. Data contained in ROM are retained even if the power is turned off. 

As its name indicates, the ROM (Read Only Memory), once written, can be read only and hence cannot be' 

generally rewritten. However, some PROM (Programmable ROM) can be rewritten. 
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CHAPTER 1 DEFINITION OF DRAM 

1.2 DRAM Features 

The DRAM has the following features: 

(1) M ... e.m ... o .... rv .......... c .... ~.II structure = 1 transistor + 1~. a. C:i~~. ~ T !;.iJm~ density easily provided 
(2) .R~eshingrequired--- _ 

(3) Address mUltiplex method----------' 

The following explains the features (1) to (3) of DRAM in comparison with the SRAM. 

(1) Memory cell structure 

The memory cell stores one-bit data. One 16M DRAM has 16,777,216 (224) memory cells. Figure 1-2 shows 

the memory cell structure of DRAM and SRAM. 

The DRAM memory cell consists of one transistor and one capacitor and hence is highly integrated as 

compared with the SRAM in 6-transistor configuration. 

The SRAM memory cell consists of flip-flops (in 6-transistor configuration) and does not use any capacitors. 

Figure 1-2. Memory Cell 

(a) DRAM (b) SRAM (CMOS) 

Fi~"OO 
Digit line 

I Capacitor I Digit line Digit line 

I Flip-flop I 

(2) Refresh operation 

The DRAM uses capacitors in memory cells and hence must be refreshed. 

The electric charge accumulated in DRAM capacitors tends to discharge little by little (leak) when left as 

it is. Therefore, data cannot be saved simply by providing power supply voltage. 

Let us call the condition of a cell filled with electric charge as a "high level". If such a cell is left as is, the 

electric charge contained in the cell will be lost through leakage and the cell will change to the low level. 

The high level must always be maintained to retain data. Refreshing is the operation for constantly amplifying 

electric charge to retain data. 

The SRAM does not use capacitors and hence does not require refreshing. 

Caution For some cells, the condition of a cell filled with electric charge is called Mlow levelw and refreshing 

is also required for those cells to maintain the low level for the same reason explained above. 



CHAPTER 1 DEFINITION OF DRAM 

(3) Address multiplex method 

Figure 1-3 shows a diagram of the address multiplex method. 

The address multiplex method uses two select inputs. For example, if an address line requires 20 bits, these 

20 bits are read in two packets of 10 bits each. By thus reducing in half the number of address pins, high 

integration and package miniaturization can be achieved. 

The DRAM uses this address multiplex method. For this reason, it can be packaged more compactly than 

SRAM for an equal memory density. 

Although the SRAM does not use the address multiplex method, it enables easier timing design than DRAM 

as data can be transferred using one select input only. 

Figure 1-3. Address Multiplex Method (for address line requiring 20 bits) 

(a) DRAM type (address multiplex method) 

Select input 1 

Select input 2 

Address IAO':to A9) 

(b) SRAM type (address non-multiplex method) 

Select input 

Address\AO to A19} 

A comparison of DRAM features and other types of memories is shown in the table below. 

Table 1-1. Ie Memory Features 

~ DRAM SRAM Mask ROM EPROM Flash Memory 

Feature 

Large density © 6 © 0 © 
Compact package © 6 6 6 6 
Data-retention capability 6 0 © 10 10 
Bit unit cost © 6 © 6 0 
Access time 0 © 0 0 0 

©: excellent 0: very good 6: lacking 
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CHAPTER 2 WORD AND BIT ORGANIZATIONS 

This chapter describes word and bit organizations using an example of 16M DRAM. 

The word means a memory density controlled by one data I/O pin. 

The bit organization means the number of data whose I/O can be controlled at one time. The x 4-bit device has 

four data I/O pins and can control I/O of four bits at one time. The x S-bit device has eight data I/O pins and can 

control I/O of S-bit data at one time. Therefore. word x bit organization forms an entire memory density. 

For example. the memory density of 4M words x 1 bit is 4M bits and that of 4M words x 4 bits is 16M bits. The 

word x bit organization may be different for the same memory density. 

The word and bit organization may be called depth and width. respectively. when Figure 2-1 is viewed from the 

side. 

Figure 2-1. Simplified Block Diagram 

16M DRAM Ix 4-bit device) 
14M-word x 4-bit) 

4---H-+-,I~. 

Four 
Data I/O pins 

16M DRAM Ix 8-bit device) 
12M-word x 8-bit) 

Data I/O pins 

When a certain address is defined. 4-bit and B-bit data are selected for x 4-bit and x-B bit organizations. respectively. 

Therefore. if there are address pins available for defining all words Ix 4-bit device: 4M bits. x B-bit device: 2M bits). 

the data of all addresses of memory can be selected. 

Table 2-1. Number of Memory Cells and Number of Address Pins 

~ms X axis Yaxis 

DRAM type Number of memory cells Number of address pins Number of memory cells Number of address pins 

16M DRAM Ix 4-bit device) 4K 12 1 K 10 

16M DRAM Ix S-bit device) 4K 12 512 9 

Because the DRAM uses the address multiplex method. the number of address pins is 12 for both DRAMs in 

x 4-bit and x S-bit organizations. 
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CHAPTER 3 PIN FUNCTIONS 

This chapter describes DRAM pin functions based on the JlPD42161 00 (16M-word x 1-bit device) and JlPD4216400 

(4M-word x 4-bit device). 

3.1 Pin Configurations 

(b) JlPD4216400LA (a) JlPD4216100LA 

(26-pin Plastic SOJ (300 milll (26-pin Plastic SOJ (300 milll 

Vee 26 GND Vee 1 0 GND 

D" 25 Dour 1/01 2 1104 
NC 24 NC 1/02 3 1/03 

WE 4 "l:: CAS "II 
RAS S 0 DE 
All 6 ~ A9 

WE "l:: 23 CAS "II 
RAS 0 22 NC .. 
All ~ 21 A9 ... 

Al0 g AS 
... 

Al0 8 19 AS 
AO 9 > A7 
Al 10 A6 

AO > 18 A7 
Al 17 A6 
A2 16 AS A2 11 AS 
A3 15 A4 A3 12 A4 
Vee 14 GND Vee 13 GND 

3.2 Pin Functions (common to PPD4216100 and PPD4216400) 

Pin name I/O Pin functions Remark 

RAS : Row Address Strobe In Signal that activates chip and fetches row address 

CAS: Column Address Strobe In Signal that fetches column address 

WE : Write Enable In Signal enabling write 

Vee: Power Supply - Power supply voltage pin 

GND: Ground - Ground pin 

AO-A 11 : Address In Address input pin 

DIN: Data Input In Data input pin IlPD4216100 only 

DoUT : Data Output Out Data output pin 

OE : Output Enable In Signal enabling output JlPD4216400 only 

1/01-1/04: Data Inputs/Outputs I/O Data I/O pin 

NC : No Connection - Not connected to internal memory 
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3.3 Pin Function Explanation 
The pin functions of RAS, CAS, WE, and OE are explained below. 

3.3.1 RAS: Row address strobe 

This is a signal that activates chips. When the RAS is activated, DRAM operation begins. When the RAS is 

activated, a row address is latched, the corresponding word line is selected, and the sense amplifier circuit is 

activated. 

The sense amplifier circuit is used to amplify signals in the capacitor. 

The RAS is activated when it is low. The" -" (bar) indicates that this signal is activated when it is low. 

3.3.2 CAS: Column address strobe 

This signal fetches a column address, selects the digit line connected to the sense amplifier, and activates the 

data I/O circuit. 

3.3.3 WE: Write enable 

When RAS, CAS, and WE are activated, write operation is enabled. Write operation is divided into two major 

groups. 

• Early write : WE is activated before or at the same time CAS is activated. 

• Late write : WE is activated after CAS is activated. 

3.3.4 OE: Output enable 

This Signal is used to switch between data input and output (for devices with multiple-bit organization only). The 

DRAM is divided as shown in Table 3-1 depending on the word and bit organization. 

Table 3-1. DRAM Word x Bit Organization 

---- 4M DRAM 16M DRAM 

x 1-bit device 4 M x 1 16 M x 1 

Multiple-bit device 1 Mx4,512Kx8, 4Mx4, 2 Mx8, 

256 K x 16 etc. 1 M x 16 etc. 

In multiple-bit devices, the I/O pin serve both as the input and output pins and therefore I/O switching signal (=OE 

signal) is required. In x 1-bit devices, OE is not required because the data input pins and data output pins are separate. 

The data I/O pins used for multiple-bit devices and x 1-bit devices are shown in Table 3-2. 

Table 3-2. Data 1/0 Pins 

----- x 1-bit device 

Input pin DIN 

Output pin DouT 

Note n = 4 : x 4-bit device 

= 8 : x 8-bit device 

= 16 : x 16-bit device 

Multiple-bit device 

I/O 1-I/On Note 
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In multiple-bit devices, read operation is enabled when OE and then RAS and CAS are activated. At this time, 

when WE is activated, OE changes to 'don't care' in the memory and read operation is disabled. Therefore, read/ 

write operation is enabled only through the control of WE, with OE held active. 

Remark In the read modify write cycle, data are output and input once each in one cycle. Fordetails, see 4.3 Read 

Modify Write Cycle. 

1,\ 

503 



504 

CHAPTER 3 PIN FUNCTIONS 

3.4 Block Diagram 
The following two types of DRAM block diagrams are shown. 

,uPD42S16160 (1 M-word x 16-bit. 4.096 refresh) 

,uPD42S18160 (1 M-word x 16-bit. 1.024 refresh) 

Figure 3·1. Block Diagram 

(a) PPD42S16160 (1M-word x 16-bit, 4,096 refresh) 

(b) PPD42S18160 (1M-word x 16-bit, 1,024 refresh) 
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3.4.1 Block diagram explanation 

The block diagram is explained below. 

(1) When RAS is activated: 

When RAS is activated, the signal travels to the row decoder, latches a row address, selects the 

corresponding word line, and activates the sense amplifier. The RAS also enables activation of CAS (Signal 

priority is: RAS>CAS>WE>OE). 

(2) When CAS is activated: 

When CAS is activated, the signal travels to the column decoder, latches a column address, selects the 

corresponding digit line, and enables data I/O. The CAS also enables activation of WE and OE. 

The UCAS and LCAS control the upper and lower bytes, respectively, thus achieving control in units of bytes 

(See CHAPTER 8 BYTE CONTROL). 

Also, when the CAS is activated before RAS, the CAS before RAS counter is activated, thus automatically 

generating a row address. 

(3) When WE is activated: 

When WE is activated, data are input. 

(4) When OE is activated: 

When OE is activated and WE is inactivated, data are output. 
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CHAPTER 4 OPERATION MODES 

Operation modes can be generally divided into read and write. Read consists in extracting effective data from 

memory and write consists in inputting effective data into memory. 

In this manual, a series of operations required for read operations is called read cycle and a series of operations 

for write operations is called write cycle. Before each operation mode is explained, legends used in timing charts 

are provided in Table 4-1. 

Signal names listed higher in timing charts have precedence over ones listed lower (RAS > CAS> WE > OE). 

If WE is low, OE is "don't care" in memory. 

Table 4-1. Legend 

Notation Meaning 

Low or high level can be input and level can be changed from high to low or vice versa at any 

'iX:IXfJ time. 

Input of undefined levels (neither high nor low) is prohibited. 

\\\\\ High level can be input and level can be changed from high to low at any time. However. low-

to-high transition is prohibited. 

/Ill Low level can be input and level can be changed from low to high at any time. However, high-

to-low transition is prohibited. 

Don't care Signals of all levels can be input. (Low, high, and undefined levels) 

Hi-Z The output state is neither high nor low level. 

(High Impedance) 

507 



508 

CHAPTER 4 OPERATION MODES 

4.1 Read Operation 

4.1.1 Read cycle 

Read cycle is executed by activating RAS and then CAS while WE is not activated and OE is activated. The RAS 

latches row addresses and CAS latches column addresSes. 

Figure 4-1 shows the timing chart for the read cycle. 

Figure 4-1. Read Cycle 

Address 

I/O ••••••••••••••••••• Ij!:~ ••••••••••••••••••••••••• 
~,1I.......;;...;.;;;...;.;;.;...-.T 

<1> Defines row address. 

<2> Activates RAS to latch row address. 

<3> Inactivates WE to select read mode. 

<4> Defines column address. 

<5> Activates CAS to latch column address. 

<6> Activates OE to enable output buffer. 

<7> Start of data output. 

RAS 

CAS 

WE 

OE 

I/O 

Active 

Active 

Inactive 

Active 

Output 
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4.1.2 Access time 

The effective access time in the read cycle varies depending on the conditions as shown in Table 4-2. 

Table 4-2. Access Time in Read Cycle 

Input Conditions Access Time Access Time from RAS 

(1 ) tAAO $; tAAO IMAX.! and tACO $; tACO IMAX.! tAAC IMAX.! tAAC IMAX.! 

(2) tAAO > tAAO IMAX.! and tACO $; tACO IMAX.! tAA IMAX.! tAAO + tAA IMAX.! 

(3) tACO> tACO IMAX.! tCAC IMAX.! tRCO + tCAC IMAX.! 

The tRAO IMAX.! and tRCO IMAX.! are specified as reference points only; they are not restrictive operating parameters. 

They are used to determine which access time (tRAC, tAA, or tCAC) is to be used for finding out when output data will 

be available. Therefore, the input conditions tRAO~ tRAOIMAX.! and tACO ~ tACO IMAX.! will not cause any operation problems. 

Assuming that the specification is as shown in Table 4-3, an example for Table 4-2 is shown below. 

Table 4-3. Specification of a Certain Device (for read cycle) 

............... MIN. MAX. Unit 

tRAO 12 30 ns 

tACO 14 45 

tRAC - 60 

tAA - 30 

tCAC - 15 

(1) When tRAC becomes valid (RAS access): 

Address 

I/O - -- -- - - !:Ii-f_ ----- ------- ------ --- -- ---- ----- --
v-:>/~";"';";';"";";;';......J 

Remark WE: inactive, OE: active 

When tAAO is equal to 30 ns and tACO is equal to 45 ns, tRAC becomes valid. Data are output in 60 ns after 

the RAS is activated. 
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(21 When tAA becomes valid (address accessl: 

Remark WE: inactive, OE: active 

When tRAO is equal to 31 ns (tRAO > tRAO IMAX.») and tRCO is equal to 45 ns, tAA becomes valid. 

Therefore, data are output in 61 ns after RAS is activated. 

The access time from RAS becomes (tRAO + tAA) and is delayed from RAS access. 

(31 When tCAC becomes valid (CAS accessl: 

=4 

Address 

1/0 •••••• • tli-;:: ••••• •••••••••••••••••••••••••••••• 

Remark WE: inactive, OE: active 

The tCAC becomes valid regardless of the value of tRAO when tRCD is equal to 46 ns (tRCD > tRCO IMAX.») (the 

value of tRAD IMIN.) and address setup time need to be observed). 

Therefore, data are outputin 61 ns after RAS is activated. 

The access time from RAS becomes (tRCO + tCAC) and is delayed from RAS access. 
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4.2 Write Operation 
Write operation is enabled by activating RAS, CAS, and WE. 

4.2.1 Early write cycle 

The early write cycle is executed by activating WE before or at the same time when CAS is activated. 

Figure 4-2. Early Write Cycle 

Address 

1/0 

Remark OE: don't care 

<1> Defines row address. 

<2> Activates RAS to latch row address. 

<3> Activates WE to enable input buffer. 

<4> Defines column address. 

<5> Activates CAS to latch column address. 

<6> Sets input data. 

RAS 

CAS 

WE 

OE 

I/O 

Active 

Active 

Active 

Don't care 

Input 
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CHAPTER 4 OPERATION MODES 

4.2.2 Late write cycle 

The late write cycle is executed by activating WE after activating CAS. 

Figure 4-3. Late Write Cycle 

Address 

1/0 @ ______ Ij~L __ _ 

<1> Defines row address. 

<2> Activates RAS to latch row address. 

<3> Defines column address. 

Data in 

<4> Activates CAS to latch column address. 

<5> Inactivates OE to select write mode. 

<6> Activates WE to enable input buffer. 

<7> Sets input data. 

RAS 

CAS 

WE 

OE 

I/O 

Active 

Active 

Active 

Don't care 

Input 
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Figure 4-5. Read Modify Write Cycle of Multiple-Bit Device 

Address 

I/O XXXXXX>---___ -_ .. m _m_ 

I/O .-- ___________ l:bL __________ _ 

<1> Defines row address. 

<2> Activates RAS to latch row address. 

<3> Defines column address. 

<4> Activates CAS to latch column address. 

<5> Activates OE to enable output buffer. 
<6> Start of data output. 

<7> Activates WE to enable input buffer. 

<8> Sets input data. 

_ ___________ !:Il:L ___________ _ 

RAS Active 

CAS Active 

WE Inactive Active 

OE Active Don't care 

I/O Output Input 
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4.4 Page Mode 

4.4.1 Fast page mode (FPM) 

In the fast page mode (FPM), column addresses are latched by repeatedly activating and inactivating CAS after 

RAS has been activated and the row address has been latched. This mode is available for read/write or read modify 

write operations and allows the simultaneous use of read and write operations. 

Taking the read operation as an example, during normal read operations, data can be output only once during each 

RAS cycle, while in the fast page mode, data can be output repeatedly. For this reason, during read operation in 

the fast page mode, the access time of the data output first (data output 1) is the same as the access time of normal 

read cycles, but the access time of the second and later data output (data output 2, data output N) becomes 

successively faster. 

Figure 4·6. Fast Page Mode Read Cycle 

< 1> '. CAS toggle operation (operation to repeat activating and inactivating) 

<2> Data output 1 corresponding to column address 1 

<3> Data output 2 corresponding to column address 2 

<4> Data output N corresponding to column address N 
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4.4.2 Access time in fast page mode 

The access time in the fast page mode varies depending on the conditions shown in Table 4-4. 

Table 4-4. Access Time in Fast Page Mode Read Cycle 

""-.. Conditions Valid access time 

(1 ) tAsc 2!: (tAA (MAX.) - tT - tCAC (MAX.)) tCAC (MAX.) 

(2) tAsc (MIN.! S tASC < (tAA (MAX.! - tT - tCAC (MAX.)) tAA(MAX.) 

Assuming that the specification in Table 4-5, an example in Table 4-4 is shown below (tT = 5 ns). 

Table 4-5. Specification of a Certain Memory (for fast page mode) 

~ MIN. MAX. Unit 

tAA - 30 ns 

tCAC - 15 

tAsc 0 -

Figure 4-7. CAS Access and Address Access 

Address 

I/O .••••••••• J:!i:~ •••••••• 

(1) (2) 

Remark WE: inactive, OE: active 

(1) When tCAC becomes valid (CAS access): 

Data are output in 31 ns (tASC + tT+ tCAcl after the column address is defined and in 15 nsafter CAS is activated. 

(2) When tAA becomes valid (address access): 

Data are output in 30 ns after column address is defined and in 25 ns (tAA- tTl after CAS is activated (in the 

case of tAsc = 0 ns). 
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4.4.3 Hyper page mode IHPMI 

Hyper page mode (HPM) is one type of page modes and is equivalent to EDO. The following describes main 

features of hyper page mode in relation to how it differs from the fast page mode (FPM). 

(11 Data output time is extended 

In hyper page mode, output data are held until the falling of the next CAS cycle rather than the rising of CAS 

to extend data output time (extended data out function). In normal fast page mode, data output time is 

reduced when CAS cycle time is shortened. However, in hyper page mode, the extended data out function 

increases the timing margin at the reading side even if the CAS cycle time becomes shorter. 

121 Further shortening in CAS cycle time ItHpcl as compared with fast page mode 

According to (1) above, the CAS cycle time can be further shortened in the hyper page mode as compared 

with the fast page mode if the timing margin at the reading side is the same. For example, the CAS cycle 

time in the hyper page mode is 25 ns while that in the fast page mode is 40 ns for a device with tRAC = 60 
ns. 

In hyper page mode, read operation (data output) and write operation (data input) can be repeatedly executed 

during one RAS cycle as in fast page mode. The read and write operations can exist at the same time with the 

performance being equivalent to that of the fast page mode. 
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Figure 4-8. Hyper Page Mode Read Cycle 

Address 

~~e:page 1 
I/O 

Fast page 1 
mode 

I/O 
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4.4.4 I/O Hi-Z state 

In page mode, when I/O is set to Hi-Z state in read cycle, valid signal specifications differ as shown below. 

Figure 4-9. 1/0 Hi-Z State 

(a) Fast page mode (b) Hyper page mode 

Address Address 

I/O I/O 

(1) Fast page mode: 

The tOFF and tOEZ are applied to set I/O to Hi-Z state and the faster becomes effective. 

(2) Hyper page mode: 

The RAS, CAS, WE, and OE need to be controlled as follows to set I/O to Hi-Z state. Valid signal specifications 

differ depending on the state of each signal. 

• Both RAS and CAS are inactive (at the end of the read cycle) 

WE: inactive, OE: active 

tOFC is effective when RAS is inactivated before CAS is inactivated. 

to FA is effective when CAS is inactivated before RAS is inactivated. 

• Both RAS and CAS are active or either RAS or CAS is active (in read cycle) 

WE, OE: inactive ...... tOEZ is effective. 

• Both RAS and CAS are inactive or RAS is active and CAS is inactive (at the end of read cycle) 

WE, OE: active and either tAAH or tACH must be met ...... twEZ and twpz are effective. 

• WE: inactive (in read cycle) 

CAS: inactive, OE: active ...... tCHO is effective. 

CAS, OE: active ...... tOCH is effective. 

In short, 

(A) The slower of tOFR and tOFC becomes effective. 

(B) The faster of tWEZ and tOEZ becomes effective. 

Please note that I/O will not become Hi-Z state even if CAS changes from active to inactive in case of hyper 

page mode with RAS: active, WE: inactive and OE: active. 
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4.4.5 Access time in hyper page mode 

When tAA is applied in the hyper page mode,tHPc cannot be operated at the minimum value (See 4.4.2 Access 

time in fast page mode for CAS access and address access). 

Assuming that the specification in Table 4-6, an example in Figure 4-10 is shown below (tT = 2 ns). 

Table 4-6. Specification of a Certain Memory (for hyper page mode) 

--- MIN. MAX. Unit 

tHPC 20 - ns 

tAA - 25 

tCAC - 13 

tAsc 0 -

tOHC 5 -

Figure 4-10. CAS Access and Address Access (for hyper page mode) 

Address 

110 . _________ J!i:~ _______ _ 

(1) (2) 

Remark WE: inactive, OE: active 

(1) When tCAC becomes valid (CAS access): 

Data output time is equal to 10 ns when tHPC is set to the minimum value. 

Data output time: (tHPC - tT - tCAC) + tOHC = (20 - 2 - 13) + 5 = 10 ns 

(2) When tAA becomes valid (address access): 

Data output time is equal to 0 ns when tHPC is set to the minimum value and hence 10 ns cannot be secured. 

Data output time: (tHPC - tAA) + tOHC = (20 - 25) + 5 = 0 ns 

Therefore, tHPC needs to be set to 30 ns (address access) or tAsc needs to be set to 10 ns (CAS access) to secure 

10 ns data output time. 



CHAPTER 5 INTERNAL MEMORY OPERATION 

This chapter describes the internal operation of memory devices. taking read cycles as an example. 

Figure 5-1. Simplified Diagram of Internal Memory 

1/2Vcc 

PDL------------~----~--~----~--~-
(Digit line precharge signal) 

Word line ------+-7'''''f'===-''''''""----+--

ifj-

SE------------~--~~ 
(Sense amplifier drive signali 

1 
Column switch 

Digit line 

Let us assume that the high level (= 5.0 V) is held by the capacitor in the memory cell and is to be output to the 

outside of the memory (read operation). When RAS is not activated. POL (digit line precharge) is activated and the 

digit lines and digit lines are at half of Vee potential. 

Assuming that the word line is selected with the row address. activating RAS makes POL and the word line inactive 

and active. respectively. followed by SE (sense amplifier drive) being activated with some delay time. When POL 

is inactivated. the digit lines and digit lines are separated. 
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When the word line is activated, the transistor (Vs) is turned on, transferring electric charges in the capacitor (Cs) 

to the digit line. Then, the potential of the digit line becomes 1/2 Vee + a, resulting in some voltage difference (=a) 

between the digit lines and digit lines. The difference is amplified by the sense amplifier to 5.0 V and 0 V. When 

the capacitor (Cs) holds the low level (= 0 VL the reverse operation is performed (i.e., Digit line = 1/2 Vee - a and 

Digit lines = 1/2 Vee. The potential difference is amplified). The column switch is controlled with CAS. 

When CAS is inactivated, the column switch is inactivated. When RAS is inactivated, the transistor (Vs) is turned 

off, SE is inactivated, and PDL is activated. The digit lines and digit lines amplified by the sense amplifier to 5.0 V 

and 0 V gradually reach 1/2 Vcc. 

The time it takes for the digit lines and digit lines to change from 5.0 V and 0 V to 1/2 Vee at this time is the RAS 

precharge time (tAP). When the RAS precharge time runs short, the sense amplifier may malfunction because the 

next operation (the transistor (Vs) is turned on) is made without causing the digit lines and digit lines to reach 1/2 

Vee. 

Digit lines are connected to the transistors at the output stage. The transistors are controlled with OE (WE in 

write operation). 

• When Tr1 = ON and Tr2 = OFF, the high level is output. 

• When Tr1 = OFF and Tr2 = ON, the low level is output. 

Figure 5·2. Simplified Diagram of Memory Output Stage 

Inside memory 

Digit line -----.--1---1 

Digit line --~-I-t---l 

Vee 

, 

-------------------------------.-

Outside memory 

I/O 



CHAPTER 6 REFRESH 

This chapter describes the refresh operation, taking the pPD42S16160 (1M words x 16 bits) as an example. 

6.1 Refresh Cycles and Distributed/Burst Refresh 
The refresh cycle of the pPD42S16160 is 4,096/128 ms. 

This expression means that4,096 refresh cycles are required during each 128 ms interval. The requirement should 

be strictly observed, otherwise data stored in memory may be destroyed. 

Refresh can be executed in two ways. 

(1) Distributed refresh: 

Refresh cycles are executed at intervals. In the case of the pPD42S16160. refresh cycles are executed every 

31.3 ps (128 ms/4.096). 

(2) Burst refresh: 

Refresh cycles are executed in succession. In the case of the pPD42S16160. 4.096 refresh cycles are 

executed in succession. 

6.2 Refresh Types 
Refresh can be categorized into two main types and further into five sub-types as shown below. 

Figure 6-1. Refresh Types 

CAS before RAS refresh (CBR refresh) 

CAS before RAS long refresh (CBR long refresh) 

CAS before RAS self refresh (CBR self refresh) 
Refresh 

RAS only refresh (ROR) 

Long RAS only refresh (Long ROR) 

In normal (read/write) mode. CBR refresh. CBR long refresh. ROR, or long ROR are generally used; in data retain 

(with battery backup) mode. CBR self refresh is generally used. 
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6.3 Refresh Operation 
This section describes refreshes used for DRAM. The control method for these refreshes and refresh cycle ratings 

are shown in Tables 6-1 and 6-2. 

(1) CBR refresh: 

Refresh is executed with (memory) external clock and (memory) internal address signals. In this case, the 

refresh cycle rating is 4,096/64 ms. 

Addresses are generated by an internal counter which counts automatically. Therefore, 4,096 different 

addresses are generated automatically. 

(2) CBR long refresh: 

Refresh is executed with external clock and internal address signals. In this case, the refresh cycle rating 

is 4,096/128 ms. Compared with the CBR refresh (64 ms). the refresh period is longer (128 ms). Therefore, 

the number of refresh times per time interval is smaller than in the case of the CBR refresh, resulting in 

lower power consumption (lower average current consumption per time interval). 

(3) ROR and long ROR: 

Refresh is executed with external clock and external address signals. In this case, the refresh cycle rating 

is 4,096/64 ms (4,096/128 ms for long ROR). 4,096 different addresses must be created outside the memory. 

(4) CBR self refresh: 

Refresh is executed with internal clock and internal address signals. Memory executes refresh automatically 

under control of the internal clock (no refresh cycle). Therefore, CBR self refresh cannot be used when read 

and write operations are executed together and cannot be controlled externally. 

Memories that can assure CBR self refresh can also assure CBR refresh, CBR long refresh, ROR, and long 

ROR. 



CHAPTER 6 REFRESH 

Table 6-1. Refresh Control Methods 

------- Clock Address 

CBR refresh External Clock Internal Address 

CBR long refresh 

ROR External Clock External Address 

Long ROR 

CBR self refresh Internal Clock Internal Address 

Table 6-2. Refresh Cycle Ratings 

~ DRAM with self refresh DRAM without self refresh 

Refresh cycle 4,096/128 ms 4,096/64 ms 

CBR refresh 0 0 
CBR long refresh 0 X 

ROR 0 0 
Long ROR 0 X 

CBR self refresh 0 X 

Remark 0: Assured, X: Not assured 
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6.4 CBR Refresh, CBR Long Refresh Cycle 
By activating RAS after CAS has been activated, the internal counter is activated and a row address is generated 

automatically. One row address is refreshed through this operation (in Figure 6-2, refresh is executed twice). 

Refresh is executed with the external clock and internal address signals. 

Figure 6-2. CBR Refresh Cycle 

~ ...... -............ . 

C'"'~;;:A=-a-ct-:'iv-a-te-:'d-:'b-ef~o-re""RAS;:A;;") 

Remark Address, WE, OE: don't care I/O: Hi-Z 

Although the refresh period for the CBR long refresh cycle is longer than that of the CBR refresh cycle, its operation 

is exactly the same. 
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6.5 ROR and Long ROR Cycles 

After RAS has been activated, the row address is latched and refresh is executed. Through this operation, refresh 

is completed for one row address. 

Figure 6-3. ROR Cycle 

Remark WE, OE: don't care I/O: Hi-Z 

Although the refresh period forthe long ROR refresh cycle is longer than that of the ROR refresh cycle, its operation 

is exactly the same. 
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6.6 CBR Self Refresh Cycle 

6.6.1 Executing CBR self refresh 

In the same way as for the CBR refresh cycle, after activating CAS, activate RAS. By keeping RAS activated for 

a set period (tRASS IMIN.) = 100 J.l.s) or longer, the internal clock and the internal counter are activated and the memory 

repeatedly refreshes itself. 

Figure 6-4. CBR Self Refresh Cycle 

( Hold for set period or longer) 

Remark Address, WE, OE: don't care 1/0: Hi-Z 
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6,6.2 Cautions on use of CBR self refresh 

CBR self refresh can be used independently when used in combination with distributed CBR long refresh; 

However, used in combination with burst CBR long refresh or with long ROR (both distributed and burst), the following 

cautions must be observed (For information on distributed and burst refresh, see 6.1 Refresh Cycles and Dis

tributed/Burst Refresh). The JlPD42S16160 is used in the following example. 

(1) Normal Combined Use of CBR Self Refresh and Burst CBR Long Refresh 

Let us assume that CBR long refresh is used as shown in Figure 6-5. The RAS must be kept activated (= 

tRASS) for 100 Jls or longer to execute CBR self refresh (See 6.6.1 Executing CBR self refresh). 

In the CBR self refresh, it is not known how many seconds are required to refresh all memory cells. 

Therefore, if the CBR self refresh is stopped without refreshing all memory cells, an inactive period of up 

to approximately 2 tREF occurs, the tREF (= refresh time) requirement cannot be satisfied and data may be 

destroyed. 

To prevent this from occurring, normally, when CBR self refresh and burst CBR long refresh are used in 

combination, execute CBR refresh for 4,096 times within 64 ms just before and after setting CBR self 

refresh. Through this CBR refresh, the period when any refresh is not executed will be within the tREF 

requirement. 

Figure 6-5. Example of Burst CBR Refresh Use 

Burst CBR long 
refresh 1128 msl 

4,096 X tRC 

( No-refresh period ItRASS " 100 .usl 

tF<ASS 

) 

Burst CBR long 
refresh 1128 msl 

4,096 X tRe 
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(2) Normal Combined Use of CBR SeW Refresh and Burst Long ROR 

The address control method for ROR and CBR refresh differ (ROR: Control from outside memory; CBR 

refresh: Control from inside memory). 

Let us suppose that refresh is executed in the subsequence word line 1 (W1) to word line 2 (W2) with ROR. 

When refresh has been executed up to word line 4,095 (W4,095), CBR self refresh begins. At this time, 

if the internal counter (it cannot be controlled from the outside) happens to be set at word line 1 (W1). the 

refresh operation is executed in the subsequence word line 1 (W1) to word line 2 (W2). Under these 

conditions, an inactive period of up to approximately 2 tREF occurs for the word line 4,096 (W4,096) (See 

CHAPTER 5 INTERNAL MEMORY OPERATION and 6.8 Internal Memory Operation During Refresh). 

Execute ROR 4,096 times within an interval of 64 ms or less just before entering or exiting CBR self refresh 

to satisfy the tREF requirement. 

Figure 6·6. Example of ROR Use 

W1 W2 W3 ... W4,095 W4,096 

I I I I I W4,096 was skipped for 
...•. one refresh operation . <::::> ........... ,"-------:'----J 

• ROR ------

CBR self refresh ----------

Remark W: Word line 
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6.7 Hidden Refresh Cycle 
If CBR refresh cycle is started after a read/write cycle or read modify write cycle operation. it is possible to enter 

CBR refresh cycle with CAS activated. 

Hidden refresh read cycle is shown in Figure 6-7 as an example. 

Address 

I/O 

Figure 6-7. Hidden Refresh Read Cycle 

CSR r¥fresh 

Refresh operation hides 
in one read cycle 
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6.8 Internal Memory Operation During Refresh 
This section explains how the memory operates during refresh using Figure 6-8 as an example. 

As explained in CHAPTER 5 INTERNAL MEMORY OPERATION, when RAS is activated, a word line is selected 

and activated. The charge in the memory cell connected with this word line is transmitted to the digit line. The signal 

voltage difference generated at this time is amplified by the sense amplifier. Refresh consists of the above sequence 

of actions. 

Figure 6-8. Simplified Circuit Diagram of 16-bit DRAM 

Memory cell 

Address input 

AO~~~-r~--~ 

circuit 

Figure 6-8 shows 16-bit DRAM (DRAM with 16 memory cells). 

Let us suppose that the high level and the low level are input to the addresses AO and A1, respectively, to select 

the word line (W2) while the high level is retained for all memory cells. Then, the IC-2 becomes the high level, the 

word line 2 (W2) is selected and activated, and all memory cells connected to it are refreshed (Because the output 

of the IC-6 is also at the high level, the column switch connected to the digit line 2 (02, D2) is activated. However, 

because the column address latch circuit is inactivated by refresh, all column switches are off.). Therefore, all memory 

cells are refreshed by selecting all word lines. 

In a memory device with 4,096/128 ms refresh cycle, execution of read/write cycle at 4,096 different kinds of 

addresses is equivalent to refresh. 
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6.B.1 Not cell and true cell 
Even if data within a memory cell are read after refresh fails and all data are destroyed, they are not always at 

the low level. The following provides an any explanation. 

There are two types of memory cells, namely Not cell and True cell. 

11) Not Cell 

The Not cell causes the data retention state of a memory cell to be reversed from the data input from the 

outside of memory or output to the outside of memory. 

In Figure 6-8, when the output of the IC-2 and IC-6 reaches the high level, the column switches connected 

to the word line 2 (W2) and digit lines 2 (02, 02) becomes active, and digit line and digit line become the 

low level and high level. respectively. For read operation, the output of IC-1 0 becomes the high level, the 

transistor at the ground side is turned on, and hence a low-level signal is output from DoUT although the 

memory cell retains the high level because WE is inactive and OE is active. 

Therefore, the output becomes the low level when the Not cell retains the high level at the memory cell 

and the high level when it retains the low level. The same applies to write operation. When a low level 

signal is input, the memory cell retains the high level. On the other hand, when the high level is input, it 

retains the low level. 

12) True Cell 

The True cell causes the data retention state of a memory cell to be equal to the data input from the outside 

of memory or output to the outside of memory. The True cell causes the output to be the high level when 

the high level is retained at the memory cell and to be the low level when the low level is retained. The 

same applies to write operation. 

In Figure 6-8, the memory cell connected to the word lines 2 and 4 (W2, W4) is Not cell and that connected to 

the word lines 1 and 3 (W1, W3) is True cell. The following table summarizes the I/O data state and data retention 

state of memory cell of Not and True cells. 

Table 6-3. I/O Data State and Memory Cell Data Retention State 

~ I/O Data State 
Data Retention State 

of Memory Cell 

Not Cell High level Low level 

Low level High level 

True Cell High level High level 

Low level Low level 

According to the above, even if data are destroyed without observing refresh cycle (tREF) and electric charge is 

lost from the memory cell, the data output from the inside of the memory is not always at the low level. Also, the 

high level cannot always be retained even if a high level signal is input from the outside of memory to all memory 

cells. 

The above is designed to minimize the interference between adjacent memory cells. In an actual device, the True 

and Not cells are aligned carefully, namely the True and Not cells are not always aligned alternately. See CHAPTER 
5 INTERNAL MEMORY OPERAnON for basic internal memory operation. 
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6.9 DRAM Refresh Cycles 
Various DRAM refresh cycles are shown in the table below. 

Table 6-4. Various DRAM Refresh Cycles 

Density Bit Organization DRAM with Self Refresh Function DRAM without Self Refresh Function 

1M x 1 --- 512/8 ms 

x4 

4M x 1 1,024/128 ms 1,024/16 ms 

x4 

x8 

x16 512/128 ms 512/8 ms 

16M x 1 4,096/128 ms 4,096/64 ms 

x4 2,048/128 ms 2,048/32 ms 

x8 

x16 4,096/128 ms 4,096/64 ms 

1,024/128 ms 1,024/32 ms 
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CHAPTER 7 TEST MODE 

By using the test mode, the test time can be reduced. The reason for this is that, in the case of 16M DRAM for 

example, the memory emulates the x 16-bit organization during test mode (In the case of 4M DRAM, the memory 

emulates the x 8-bit organization). 

Figure 7-1. Test Mode Set Cycle (WE, CBR Refresh Cycle) 

( CBR refresh performed with WE activated) 

Remark Address, OE: don't care I/O: Hi-Z 

(1) Setting the mode 

Executing the test mode cycle (WE, CBR refresh cycle) sets the test mode. 

(2) Write/read operation 

When either a "0" or a "1" is written to the input pin in test mode, in the case of 16M DRAM, the data 

are written to 16 bits of memory cell and in the case of 4M DRAM, the data is written to 8 bits of memory 

cell (independent data can be written to any input pin). The case of 16M DRAM is illustrated in the example 

below. 

Write Operation during Test Mode for 16M DRAM 

• x 1-bit devices: "0" or "1" input from DIN is written sequentially to all 16 bits of memory cells . 

• x 4-bit devices: "0" or "1 " input from 1/01-1/04 is written sequentially to all 16 bits of memory cells 

in four-bit units. 

Next, when the data are read from the output pin at the same address, the memory cell can be checked. 

Output = "1 ": Normal write (all memory cells) 

Output = "0": Abnormal write 

(3) Refresh 

Refresh in the test mode must be performed with read/write cycle (See 6,8 Internal Memory Operation 

During Refresh) or with the WE, CBR refresh cycle. The WE, CBR refresh cycle use the same counter as 

the CBR refresh's internal counter (See 6.3 Refresh Operation). 

(4) Mode Cancellation 

The test mode is canceled by executing one cycle of ROR cycle or CBR refresh cycle. 
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CHAPTER 8 BYTE CONTROL 

Concerning DRAMs with x 16 bits or more, controlling I/O data in byte (8 bits) units is called byte control. 

The byte control mode can be used for read, write, or read modify write operation. 

8.1 Byte Read/Write Mode 
It is possible to read and write in byte units. Byte control is executed by the following two CASso 

• LCAS (LOWER CAS) : Controls read/write operations for 1/01 to 1/08 (Lower I/O) . 

• UCAS (UPPER CAS) : Controls read/Write operations for 1/09 to 1/016 (Upper I/O). 

Figures 8-1 and 8-2 show examples controlled by LCAS and UCAS, respectively. 

Figure 8-1. Upper Byte Read Cycle 

Address 

UPPER I/O • __________________ lji;~_________________________ _tli'~ __ 
~'lI...";;';;';';";;'';;';'-J 

Remark LOWER I/O: Hi-Z 

'~ 

Ii 

Ii' 
!i 
I 

1 
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Figure 8-2. Lower Byte Read Cycle 

Address 

LOWER I/O 

Remark UPPER I/O: Hi-Z 
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8.2 Page Mode of Byte Read/Write Mode 
In the page mode, there are the following four types of control methods of I/O data according to the toggle 

operation (repeated operation of activation/inactivation) of CAS signal. 

Table 8-1. Method for Controlling Byte Read/Write Mode 

~ UCAS LCAS I/O Data Control 

(1) Toggle operation Inactive 8 bits 

(2) Inactive Toggle operation 8 bits 

(3) Toggle operation Toggle operation 16 bits 

(4) Toggle operation Toggle operation 8 bits 

(1) UPPER I/O Control 

The UCAS is toggled while LCAS is inactive to control the UPPER I/O 8-bit data. 

(2) LOWER I/O Control 

The LCAS is toggled while UCAS is inactive to control the LOWER I/O 8-bit data. 
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(3) All I/O Control 

The UCAS and LCAS are toggled simultaneously to control UPPER I/O and LOWER I/O (all I/Os) 16-bit data. 

(4) Mixed Control of UPPER I/O and LOWER I/O 

The UCAS and LCAS are toggled in a mix to control each a-bit data of UPPER I/O and LOWER I/O (No altemate 
control is required). 

Remark In the page mode, read, write, and read modify write can be used in a mix by continuing CAS signal during 

the same RAS cycle. 



CHAPTER 9 INITIALIZING 

After turning on, the state of internal DRAM circuits is not known. It is therefore necessary to initialize thern to 

ensure normal operation. 

When turning on power, allow a 1 OO-tLS or longer pause (RAS signal inactive) and then be sure to execute eight 

or more ROR or CBR refresh cycles as dummy cycles to initialize the internal circuits. 

Figure 9·1. Initializing 

4.5-5.5 v·····.· ... · .. · ...... .... J' .. -------------

Power supply 
voltage 

Input signal 

Pause of 100,us 
or longer 
(RAS signal inactivel 

Dummy cycle of 
8 cycle or more 

Guaranteed 
operation 
period 

Remark This dummy cycle of 8 cycles or more is just a dummy cycle and does not guarantee refresh operation. 

Unless initializing is executed accurately, the memory may not operate properly even during guaranteed operation 

period. 

I 
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CHAPTER 10 LOW VOLTAGE OPERATION 

DRAM are divided into 5.Q-Voperation devices and low-voltage operation devices. The main differences between 

5.0-V and low-voltage operation devices are shown in Table 10-1 using 16M DRAM (X 16-bit device) as an example. 

Table 10-1. Main Differences between S.O-V and Low-Voltage Operation Devices 

5.0-V Operation Devices Low-voltage Operation Devices 

Part number JlPD42S16160-60 JlPD42S16160L-A60 

Power supply voltage 5.0 V ± 10 % 3.3 V ± 0.3 V 

(4.5 V to 5.5 V) (3.0 V to 3.6 V) 

Input voltage VIH = 2.4 V to Vee + 1.0 V VIH = 2.0 V to Vee + 0.3 V 

VIL = -1.0 V to +0.8 V VIL = -0.3 V to +0.8 V 

Output voltage VOH = 2.4 V/VOL = 0.4 V VOH = 2.4 V/VOL = 0.4 V 

Operating current 100 mA 90 mA 

CBR self refresh current 250 JlA 150 JlA 

(data-retention current) 

Pin configuration Same 

The 5.Q-V operation devices of 16M DRAM all adopt an internal voltage-drop circuit. The internal voltage-drop 

circuit causes the power supply voltage (5.0 V) supplied to the memory externally to be dropped inside the memory 

and 5.0-V operation devices also operate on 3.3 V inside the memory. Therefore. there is almost no difference 

between the current consumption of the 5.0-V operation device and that of the low-voltage operation device. The' 

low-voltage operation device of 16M DRAM does not adopt any internal voltage-drop circuit. 
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CHAPTER 11 CURRENT CONSUMPTION CALCULATION 

The following examples explains an approximate current consumption calculation according to timing. 

(11 Example 1 

RAS/CAS operation Standby Refresh operation Standby 

tRP(MINJ 

tR 

In the example 1, after RAS/CAS operation (read, write, or read modify write cycle) is executed first, refresh 

(ROR) is executed. When the RAS precharge time (tRPIMIN.)) exceeds the specification (tR > TRPIMIN.)1. standby 

current is applied. 

(21 Example 2 

opera Ion Page mode operation 

----. 1,--)-

1\ tRPINN.l 

If 

The example 2 executes the page mode. In the first CAS cycle, RAS/CAS operation is applied and the page 

mode is applied from the second CAS cycle or thereafter. The RAS precharge time (tAP IMIN.)) when the page 

mode ends becomes the precharge of RAS/CAS operation. Therefore, the RAS/CAS operation is obtained 

by merging the first RAS active period and the RAS precharge period when the page mode ends. 
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When the timing shown in the example satisfies the conditions shown in Table 11-1 (extracted from data sheet). 

each current consumption (per unit time) is added. 

Table 11·1. PPD4216160 DC Characteristics 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Operating current Icc1 RAS. CAS Cycling tRAC = 50 ns 110 mA 

tRC = tRC IMIN.! tRAC = 60 ns 100 

to=OmA tRAC = 70 ns 90 

tRAC = 80 ns 80 

Standby current Icc2 RAS. CAS;:: VIH IMIN.I. 10 = a mA 2 mA 

RAS. CAS;:: Vcc - 0.2 V. 10 = a mA 1 

RAS only refresh current Icc3 RAS Cycling. CAS;:: VIH IMIN.I tRAC = 50 ns 110 mA 

tRC = tRC [MIN.!. 10 = a mA tRAC = 60 ns 100 

tRAC = 70 ns 90 

tRAC = 80 ns 80 

Operating current Icc4 RAS $ VIL IMAX.I. CAS Cycling tRAC = 50 ns 100 mA 

(Fast page mode) tpc = tpc [MIN.!. 10 = a mA tRAC = 60 ns 90 

tRAC = 70 ns 80 

tRAC = 80 ns 70 

CAS before RAS Icc5 RAS Cycling tRAC = 50 ns 110 mA 

refresh current tRC = tRC [MIN.! tRAC = 60 ns 100 

10 = a mA tRAC = 70 ns 90 

tRAC = 80 ns 80 

Input leakage current Ii ILl VI = a to 5.5 V -10 +10 JJA 
All other pins not under test = 0 V 

Output leakage current 10 ILl Vo = 0 to 5.5 V -10 +10 JJA 
Output is disabled (Hi-Zl 

High level output voltage VOH 10 = -2.5 mA 2.4 V 

Low level output voltage VOL 10 = +2.1 mA 0.4 V 

Current consumption varies depending on operating conditions (See CHAPTER 12 MAIN DRAM CHARACTER· 

ISTICS for the details). Appendix A shows the ratio and compensation which is required for each operating condition. 



CHAPTER 12 MAIN DRAM CHARACTERISTICS 

12.1 Current Consumption Waveform Diagram 
In DRAM, as its name implies, consumption current flows more dynamically as compared with other memories. 

There is actually a peak current as shown in Figure 12-1. 

Figure 12-1. Current Consumption Waveform Simplified Diagram of RAS/CAS Cycle 

Period 

a 

b 

c 

Guaranteed value of 
current consumption 

-----b 

Signal State 

RAS/CAS = inactive 

-------- ----- -----c b a 

Current Consumption 

Almost 0 

RAS/CAS = from inactive to active or vice versa Peak current 

RAS/CAS = inactive Slight 

When RAS changes from inactive to active state, the sense amplifier becomes active and hence current 

consumption is maximized at that instant (peak current). The guaranteed value indicates an average current 

consumption and hence the peak current may exceeds the guaranteed value. 

As RAS/CAS cycle becomes longer, the average current consumption becomes smaller. 
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12.2 Current Consumption Dependence on Power Supply Voltage 

Figure 12-2. Current Consumption - Power Supply Voltage Characteristics' 

Large 
·_···_·····,70 ·C 

·1 -- O·C 

§ 

~ 

~ 
Small 

Power supply voltage 

Current consumption decreases when the power supply voltage is reduced, and increases when the ambient 

temperature decreases. As ambient temperature decreases, resistance decreases and internal memory operation 

speeds up, resulting in increase in current consumption. The current consumption should be roughly estimated when 

the power supply voltage is higher (the worst case). 

12.3 Access Time Dependence on Power Supply Voltage 

Figure 12-3. Access TIme - Power Supply Voltage Characteristics 

Slow 
.. -._--, 70 ·C 

-- O·C 

Fast 

Low 
Power supply voltage 

High 

The access time is slower when the power supply voltage decreases, and is faster when the ambient temperature 

decreases. The access time should be roughly estimated when the power supply voltage is lower. 
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12.4 Current Consumption Dependence on RAS Cycle 

Figure 12·4. Current Consumption· Cycle Time Characteristics 

Large 

§ 
"K 
E 
::J 

'" c: 
8 
c 
~ 
'5 
u 

Small 

10" 

\ 
RAS pulse width = fixed 

1\ 
[\ 

i'--
100 10' 10' 

Cycle time 

The current consumption per unit time is reduced as the cycle time becomes slower. 

Figure 12·5. Average Current Consumption on Fixed RAS Pulse Width 

RAs pulse ~idth = fixed 

Average value of 
current consumption ,t?r········· ....................... __ ...................... __ . 

Average value of 
current consumption 

RAs pulse ~idth = fixed 

Fixing the RAS pulse width and increasing the cycle time result in increasing the RAS precharge time. As the 

RAS precharge time becomes longer. the inactive time of RAS is extended and hence the average current 

consumption is reduced. 
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12.5 Current Consumption Dependence on RAS Pulse Width 

Figure 12-6. Current Consumption - RAS Pulse Width Characteristics 

Large 
c o 
'R 
E 
" Ul 
c 
8 
c 
~ 
:; 
u 

Small 

10-' 

Cycle time = fixed 

1/ 

./" 
......... V 

~ 

10' 10' 
RAS pulse width 

As the RAS pulse width becomes longer, current consumption per unit time increases_ 

Figure 12-7. Average Current Consumption in Fixed Cycle Time 

CAS 

Average value of 
current consumption 

Average value of 
current consumption 

__ ~~_C~y~c_le_ti~~~e_=_f_ix_ed ______ __ 

Cycle ti~e = fixed 

Fixing the cycle time and increasing the RAS pulse width result in reduction in the RAS precharge time_ As the 

RAS pulse width is increased, the inactive time of RAS decreases and hence the average current consumption 

becomes larger. 
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12.6 Refresh Time Dependence on Ambient Temperature 
Figure 12-8 shows the duration for which a high level can be read, supposing that the high level has been written 

and no refresh operation is performed. 

Figure 12-8. Refresh Time - Ambient Temperature Characteristics 

10' 

". Vee = 5.5 V 

~" 
V,HN'L = 2.4 VlO.8 V 

.... 
'" 

"' ~ .s 
i 

:" .15 "-.1 CD 
103 E .;: 

..c: 
'" ~ , 
;; ,: 
a: 

10' i i 
-20 0 20 40 60 80 100 

Ambient temperature (0C) 

Remark The data were obtained by measurement using a sample extracted from a specific lot and do not 

indicate entire characteristics (they are not the assured values). Use them only for designing 

reference. 

As ambient temperature rises, the leak in the capacitor tends to increase. In Figure 12-8, all memory cells 

(16,777,216 cells for 16M DRAM) are targeted rather than only one memory cell. 

Therefore, the above figure indicates a point out of all memory cells where one or more data are destroyed. 

, 

II 
1 
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12.7 Soft Error Rate (SER) 

A memory can fail in the following two ways: 

(1) The memory itself (hard) breaks due to application of some kind of stress. 

(2) Data (soft) retained in the memory cell breaks. 

Generally, a memory failure is due to (2) above. 

Such a failure is called a soft error. Data are broken by alpha rays in the physical world. Data breakdown due to 

specification violation (anyone of specifications listed in the data sheet is violated) is not included in category 2. 

The soft error rate (SER) indicates the extent that data are broken under the above conditions and is normally 

expressed by FIT (Failure In Time). The FIT indicates the probability for failure per unit time, and 1 FIT is equal to 

1 x 10-9 failures/time. 

The FIT is a predicted value and varies depending on the memory usage conditions such as power supply voltage 

and access time and used environment such as ambient temperature. 

Figure 12-9. Power Supply - SER Characteristics (S.O-V device) 

10'E~~~~ tile = 220 ns 
tRAS = 120 ns 

10°L-----~------~----~----~------~----~ 
3.5 4.5 5.5 6.5 

Power supply voltage (V) 

Remark The data were obtained by measurement using a sample extracted from a specific lot and do not 

indicate entire characteristics (they are not the assured values). Use them only for designing 

reference. 
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Figure 12-10. Power Supply - SER Characteristics (3.3-V device) 
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tRC = 220 ns 
tRAS = 120 ns 

Remark The data were obtained by measurement using a sample extracted from a specific lot and do not 

indicate entire characteristics (they are not the assured values). Use them only for designing 

reference. 
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Figure 12-11. RAS Cycle Time - SER Characteristics IS.O-V device) 
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Figure 12-12. RAS Cycle Time - SER Characteristics 13.3-V device) 
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Remark The data were obtained by measurement using a sample extracted from a specific lot and do not 

indicate entire characteristics (they are not the assured values). Use them only for designing 

reference. 



APPENDIX A DRAM DATA COLLECTION 

The following shows the main characteristics of DRAM using 16M DRAM as an example. 

The data were obtained by measurement using a sample extracted from a specific lot and do not indicate entire 

characteristics (they are not the assured values). Use them only for designing reference. 

Normalization indicates the ratio of a value with a certain another value as 1.0. 

A.1 Current Consumption Dependence on Power Supply Voltage 

Figure A-1. Icc1-Vcc Characteristics (3.3-V device) 
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Figure A-2. lea-Vee Characteristics (3.3-V device) 
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Remark Standby refers to the memory condition where no operation is possible (RAS/CAS inactive). Because. 

in the case of DRAM, refresh is required for retaining data. data cannot be retained in the standby mode. 

Figure A-3. 1CC3-VCC Characteristics (3.3-V device) 
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Figure A-4. ICC4-VCC Characteristics (3.3-V device) 
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Figure A-S.lccs-Vcc Characteristics (3.3-V device) 
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Figure A-6.1CC6-VCC Characteristics (3.3-V device) 
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Figure A-7. 1CC7-VCC Characteristics (3.3-V device) 
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Figure A-S. Icc1-Vee Characteristics (S.O-V device) 
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Figure A-9. 1CC2-Vee Characteristics (S.O-V device) 
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Remark Standby refers to the memory condition where no operation is possible (RAS/CAS inactive). Because, 

in the case of DRAM, refresh is required for retaining data, data cannot be retained in the standby mode. 
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Figure A-10. ICC3Ncc Characteristics 15.0-V device) 
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Figure A-11. ICC4-Vcc Characteristics 15.O-V device, fast page mode) 
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Figure A-12.ICC4-VcC Characteristics (S.O-V device, hyper page mode) 
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Figure A-13. lee5-Vee Characteristics (S.O-V device) 
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Figure A-14. ICC6-Vcc Characteristics (5.O-V device) 
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Figure A-15.lcC7-VCC Characteristics (5.0-V device) 
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A.2 Access Time Dependence on Power Supply Voltage 

Figure A-16. Vcc-tRAcCharacteristics (3.3-V device) 
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Figure A-17. Vcc-tcAcCharacteristics (3.3-V device) 
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Figure A-18. Vcc-tAA Characteristics (3.3-V device) 
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Figure A-19. Vcc-tAcp Characteristics (3.3-V device) 
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FigureA-20. Vee-toEA Characteristics (3.3-V device) 

--O°C 
_._.- 25°C 

·······················t···········,···········t···········,··········1 •••••••••••••• 85 0C 

I······;···· ·······t .......... ~ .......... - -- ........ -~ .. -.-.-. ... .- _.- -.-.. -~-.. -. ..... ..-.-.--.. ~ .. -.0 •••••• 

O~~--~~--~--~--~--~~--~--~ 
2.5 2.7 3.0 3.3 3.6 3.9 

Power supply voltage Vee M 

565 



566 

APPENDIX A DRAM DATA COLLECTION 

Figure A·21. Vcc-tRAcCharacteristics (5.o-V device) 
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The 5.0-V operation devices of 16M DRAM all adopt an internal voltage-drop circuit. 

The internal yoltage-drop circuit causes the power supply voltage (5.0 V) supplied to the memory externally to 

be dropped inside the memory and 5.0-V operation devices also operate on 3.3 V inside the memory. Therefore. 

there is almost no difference between the current consumption of a 5.0-V operation device and that of a low-voltage 

operation device. The low-voltage operation device of 16M DRAM does not adopt any internal voltage-drop circuit. 
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Figure A-22. Vcc-tCAC Characteristics (S.O-V device) 
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Figure A-23. Vcc-tAA Characteristics (S.O-V device) 
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Figure A-24. Vcc-tAcp Characteristics (5.0-V device) 

1.6r----,----,------,----,----,---r-----. 
: ; ; 

Q) 
··------··---i------···---- ------------+._----------- _._.------_._+------------ ---------···-t-------------

e' 
~ 1.4r----+----~----+_--~----~----+---~----~ 
() 

~ c. .. ------- .. --.--------.--.- ···_-------.. r---··---··--- --.-.. --.---.~-.-.--.--.---. -------------r---··--···_--

I~ 1.2r----+----+----+----1----+----1---~----1 
E 

.,g --···_·------t---------·_-- .--.----.----~-.-----.----- -----_._-----+_ .... _------- -------------t-----_·_---_· 

.~ 1.0 ............. L............ . ........... 1.. ........................ 1... ........................ l ............ . 
~ 

~ :~,-.~:;;;:::::.:: ... :::::::::::::;:::::::::::::. ":::::::::::1=::::::::::' .::.::::::::::::::::::::::::: 
~ 1---====~~~F===~====9P====k====F====~===9 jM~ j 

-;;; j 
E ···························1·············+············-j--........... , ................ + .............. , ............. j 
~ j 

0.6 ....... --------''----'----'"---'----'---'----' 
4.0 4.5 5.0 5.5 6.0 

Power supply voltage Vee (V) 

---O·C 
_._.- 25·C 
··············85 ·C 

Figure A-25. Vee-tOEA Characteristics (5.O-V device) 
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A.3 Current Consumption Dependence on Cycle Time 

Figure A-26. Icc1-tRc Characteristics (S.O-V device) 
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Figure A-28. 1CC4-tPC Characteristics IS.O-V device) 
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Figure A-30. lCC6-tRc Characteristics (5.0-V device) 
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Figure A-32. 1CC3-tRAs Characteristics 13.3-V device) 
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Figure A-34. lCC6-tRAS Characteristics (S.O-V device) 
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A.4 Current Consumption Waveform 
When RAS is activated, the sense amplifier is also activated and hence current consumption is maximized at that 

instant (peak current). 

The data in Figures A-l through A-34 indicate the average current consumption. In reality, however, there is a 

current consumption peak, as shown in Figure A-35. 

Figure A-35. RAS/CAS Cycle Current Consumption Waveform 
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1. BASIC PRINCIPLES OF RELIABILITY/QUALITY CONTROL SYSTEM 
NEG's reliability/quality control of semiconductors is based on the thorough integration of the reliable management 

in market analysis, development and design of the products meeting users' needs, and manufacturing process design, 

on one hand, and, quality control in materials and parts supply, each and every manufacturing process, direct and 

reliable assurance of thorough examination and reliability test of the products, and shipment and after-sale service 

management, on the other. It is our pleasure and pride to serve our customers bestthrough a product-specific efficient 

management system to realize reliable quality and reasonable prices to the satisfaction of the users. 

As the semiconductor application fields expand and develop, the amount used in those areas is increasing 

tremendously. The needs of our customers for higher and higher product quality are inevitable results of the 

development of the electronic industry. 

To meet such users' needs, the NEG concentrates on the following three key points: 

(1) Master design of key aspects of the product characteristics 

(2) Quality control system built in the manufacturing process 

(3) Removal of fault products through inspection of the products 

The followings are our routine practices assure high quality products: 

(a) Standardized designing practices to built reliability in to the developed products. 

(b) Thorough examination of potential factors that may cause fault products at the design examination stage. 

(c) Exhaustive and thoroughgoing evaluation of the characteristics and reliability test of the test products. 

(d) Automated manufacturing equipment to reduce variability in the product quality. 

(e) Quality control at each and every manufacturing process meeting the process-specific requirements. 

(f) Built-in learning process to increase workers' awareness of the importance of the product quality through 

small group activities such as the ZD (Zero-defect) groups or QG circles. 

(g) Product-specific screening, inspection, and reliability tests. 

(h) Analysis of quality information, including the field data, and feed back/forward of the analysis results. 

Through these effective measures, we believe that NEG can satisfy users' needs for its high quality products. 

It is not, however, the end of our efforts: we still try our best to improve the quality of our products. 

Figure 1 diagrammatically describes, our quality (Q) and reliability (R) control. 



(]I 
-..J 
<0 

~e Product section 
~~6~opmen 

Development 

Designing 

Trial 
manufacturing 

Mass production 
(Manufacturing) 

Market 
(Use) 

Fig. 1 Q and R System Diagram 

I 
Circuit 

I 
Manufacturing 

I 
Reliability! 

I Sales technology technology Quality control 

I Trend of Market Technology I 
needs analysis research 

t 
Iproduct Planningl 

t I Developmental 
reqUirement Product project , 

I New product development council 

• 
I Circuit designing 

Design review I t 

r Product designing Ma~uf'!lcturing I 
designing , 

I Design review 

I Sales strategy I l (Trial manufacturing) Design review I 
t 

I New product sales council 

,-I Manufacturing Control 
standard standard 

I Sales planning 

I 
I Order I 

I Improvement 
measures 

Product quality 
information 

I Shipment 

t 
I Market (Use) 

H Market information 
on quality 

+ 
H Complaint 

reception Fault analysis 

Planning I Manufacturing I Inspection 

I 

t 
r Trial manufacturing I 

~ , 
~ 

Manufacturing 
I planning Manufacturing Reception 

inspection I 
1 

, 
Final inspection I 

Warehousing I 



580 

2. MANUFACTURING PROCESS QUALITY CONTROL 
NEC manufactures and sells its semiconductor products under the management policy of "Reliability Quality 

Control" based on an accurate understanding of customers' needs and operating conditions realized in the product 

designs. 

To secure the intended reliability and quality in the product design, possible causes of off-grade products in the 

manufacturing processes must be eliminated in each step of the production line through qualified manufacturing 

management. 

For the purpose, we carefully control the quality of the parts, materials and related goods, manufacturing equipment 

and environment. In addition, inspection processes are inserted in the manufacturing process to check the semifinal

final products by referring to key control items at proper sampling frequency. 

The above-described quality control system is explained in detail referring to the flow chart Fig. 2 - Fig. 6. 

The following is a brief explanation of the material/parts control system. 

First, parts, materials, chemicals, highly pure gases, and other related goods are purchased from specific 

manufacturers authorized by NEC. 

The results of the inspection are monitored and, when necessary, corrective measures are requested to the 

identified suppliers or the plants are audited by the purchase division to maintain quality of the purchased items. 



Fig. 2 Manufacturing Process Control Flow Chart: 

Example of Plastic Molded DIP, SOP, SOJ and QFJ (PLCC) 

Process Control Item Control Purpose 
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1 1 
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~ 
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Fig. 3 Manufacturing Process Control Flow Chart: 

Example of Plastic Molded QFP and TSOP 

Process Control Item Control Purpose 
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Strength of pull 
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Fig. 4 Manufacturing Process Control Flow Chart: 

Example of PPGA 

Process Control Item Control Purpose 
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Fig. 5 Manufacturing Process Control Flow Chart: 

Example of Ceramic DIP (CERDIP) 

Process Control Item Control Purpose 
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Fig. 6 Manufacturing Process Control Flow Chart: 

Example of Ceramic DIP (SEAM WELD). Ceramic QFN (LCC). and Ceramic PGA 
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3. RELIABILITY TEST 
NEC's reliability test is conducted periodically, considering various standards such as JIS C 7022, MIL-STO-

883, and other standards. 

The following, section 3.1 describes an example of the reliability test, and section 3.2, fault evaluation criteria in 

the reliability test. 



3.1 DESCRIPTION OF THE RELIABILITY TEST 

Reliability Test: Example of Plastic Packages 

Sample Equipment Test Method 
Test Item Test Condition Size JIS C 7022 MIL-STD-883 

Resistance to Soldering Soak the product in melted solder at 260 ±5 °C with 18 A-I -
Heafl no flux from 10 seconds. 1.6 ±0.8 mm deep from Condition A 

the product or its tab-stud. 

Temperature Cycle Soak the product in a low temperature (T", min.) A-4 1010 

bath for 30 minutes then another 30 minutes in a Condition C 

high-temperature (T,t, max.) bath. Repeat this 

cycle 10 times. 

Thermal Shock Soak the product in a prescribed liquid at 100 °C A-3 1011 

for at least 5 minutes. Then, within 10 seconds, Condition A Condition A 

soak it in a prescribed liquid at a °C for at least 5 Method II 

minutes. Repeat this cycle 15 times. 

Solderability Soak the device in noncorrosive flux up to 1.27 mm 5 A-2 2003 

deep from the product for 5 to 10 seconds then in 

flux of melt solder at 230 ±5 °C with a soaking 

speed of 25.4 ±6.3 mm/s, again up to 1.27 mm 

deep from the device for 5 seconds. Wash away 

the flux in alcohol and examine the soldered area of 

the device. 

Terminal Bending'l Apply a weighf2 to the lead of the product in a 5 - 2004 

Strength vertical direction of the axis of the lead without Condition 

causing twist in it until the lead bends by 90 B2 

degrees, then release it. Repeat this operation 

three times. Apply this operation separately to 3 

randomly chosen terminals. 

High-Temperature Conduct the left test in an environment atmosphere 18 B-3 1008 
Storage at 150 °C for toOO hours. 

High-Temperature Bias In an environmental atmosphere at 125 °C, apply 24 B-1 1005 

the upper limit supply voltage of the recommended Condition 

operating conditions for 1000 hours to conduct the A,B, and C 
bias life test. 

High-Temperature/ Conduct the life test in an atmosphere with relative 26 B-5 -
Humidity Storage humidity of 85 % at temperature of 85 °C for toOO Condition B 

hours. 

PCT Expose the device to vapor having a pressure of 18 - -
2.3 x 105 Pa (2.3 barometric pressure) in an 
atmosphere at 125 °C for 96 hours. 

*1) PLCC is not subjected to this test. 

*2) The DIP and PPGA weight 250 grams; the SOP, QFP and QUIP weight 125 grams each. 
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Reliability Test: Example of Ceramic Packages 

Sample Equipment Test Method 
Test Item Test Condition Size JIS C 7022 

Resistance to Soldering Soak the product in melted solder at 260 ±5 'c with 18 A-l 
Heat'3 no flux from 10 seconds. 1.6 ±0.8 mm deep from Condition A 

the product or its tab-stud. 

Temperature Cycle Soak the product in a Jow temperature (T". min.) A-4 

bath for 30 minutes, then another 30 minutes in a 

high-temperature (T.to max.) bath. Repeat this 

cycle 10 times. 

Thermal Shock Soak the product in a prescribed liquid at 100 'c A-3 

for at least 5 minutes. Then, within 10 seconds, Condition A 

soak it in a prescribed liquid at 0 'c for at least 5 Method II 

minutes. Repeat this cycle 15 times. 

Variable Frequency Fix the product on a vibrator and apply sine wave 18 A-l0 

Oscillation oscillation in the X, Y, and Z directions that 

logarithmically changes in the range between 10 to 

2000, then 2000 to 10Hz in 4 minutes, with a peak 

acceleration of 20 G. 

Mechanical Shock Mount the product on a shock tester and subject it A-7 

to a shock of 1500 G (500 G'1) in acceleration and Condition F, D 

0.5 ms in the pulse width, in the X, Y, and Z 

directions 3 times each. 

Constant Acceleration Fix the product on the tester and subject it to a A-9 

centrifugal acceleration of 20000 G (5000 G'2) is Condition C, A 

applied in the X, Y, and Z directions for 1 minute in 

each. 

Solderability Soak the device in noncorrosive flux up to 1.27 mm 5 A-2 

deep from the product for 5 to 10 seconds, then in 

flux of melted solder at 230 ±5 'C at a soaking 

speed of 25.4 ±6.3 mm/s, again up to 1.27 mm 

deep from the device for 5 seconds. Wash away 

the flux in alcohol and examine the soldered area of 

the device. 

Terminal Bending'3 Apply a prescribed weight to the lead of the product 5 -
Strength in a vertical direction of the axis of the lead without 

causing twist in it until the lead bends by 90 ±5 

degrees, then release it. Repeat this three times. 

Apply this separately to 3 randomly chosen 

terminals. 

High-Temperature Conduct the life test in an environmental 18 B-3 

Storage atmosphere at 150 'c for 1000 hours. 

High-Temperature Bias In an environmental atmosphere at 125 'c, apply 24 B-1 

the upper limit supply voltage of the recommended 

operating conditions for 1000 hours to conduct the 

bias life test. 

*1) Glass-windowed products. *2) Glass-windowed products and products with heat sink. 

*3) The LCC is not subjected to this test. 

MIL-STD-883 

-

1010 

Condition C 

1011 

Condition A 

2007 

Condition A 

2002 

Condition B, A 

2001 

Condition A 

2003 

2004 

Condition 

B2 

1008 

1005 

Condition 

A,B, and C 



3.2 FAULT EVALUATION CRITERIA IN RELIABILITY TEST 

Example of Plastic Package Product 

Testing Item Fault Evaluation Criterion 

Resistance to Soldering Heat' Within tolerance of the electrical characteristics 

Temperature Cycle 

Thermal Shock' 

High-Temperature Storage 

High-Temperature Bias 

High-Temperature/Humidity/Storage 

PCT 

Terminal Strength (Bending)' Lead appearance 1 No breaking/Loosening 

Solderability Lead appearance I Above 95 % Solder Coverage of Tested Surface 

'The PLCC is not subjected to this test. 

Example of Ceramic Package Product 

Testing Item Fault Evaluation Criterion 

Resistance to Soldering Heat' Within tolerance of the electrical characteristics 

Temperature Cycle 

Thermal Shock 

Variable Frequency Oscillation 

Mechanical Shock I 

Constant Acceleration 

High-Temperature Storage 

High-Temperature Bias 

Terminal Strength (Bending)' Lead appearance I No breaking/Loosening 

Solderability Lead appearance I Above 95 % Solder Coverage of Tested Surface 

'The LCC is not subjected to this test. 
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