






































































































































































































































































































































































































































































































































































































































































NEe 

Block Diagram 

RASOo--------, 

�R�A�S�l�O�-�-�-�-�-�-�-�-�-�-�-�-�+�-�-�-�-�-�-�-�-�-�-�-�-�-�~� 

OEO 

WEO 

LCAS 
1/01 
1/02 
1/03 
1/04 
1/05 
1/06 
1/07 
1/08 
UCAS 
1(016 
1/015 
1/014 
1/013 
1/012 
1(011 
1/010 
1(09 

D4 

LCAS RASWE OE 

AO 0----[>-- AO : DO. 01. 04. 05 

BO 0----[>-- AO : 02. 03. 06. 07 

Al-A9o----[>-- 00-07 

Remark DO· D7 : I'PD4218165 

1/01 
1/02 
1/03 
1/04 
1/05 
1/06 
1/07 
I(OS OS 
UCAS 
1/016 
1(015 
1(014 
1(013 
1(012 
1(011 
1(010 
1(09 

MC-422000FA64FB 

RAS2 

RAS3 

OE2 

WE2 

CAS4 

D2 

1/041(}4-
I/O 42 (}4- --_. 
I/O 43 (}4----
I/O 44(}4 --

RAS WE OE 

D3 

�P�O�E�~� 

POl - POS o------{J-- Vee or GNO 

IDO. 101 0 NC or GNO 

VccO 

GNOo 

:to • 00-07 
,-CO-C7, 00-07 

--
--
---
--
--

LCAS 
VOl 
V02 
1/03 
V04 

V05 

V06 
V07 
V08 De 

UCAS 
VO 16 
VO 15 
V014 
VO 13 
VO 12 
VOll 

V010 
V09 

LCAS RASWE 5E 
VOl 
V02 
V03 
V04 
V05 
V06 

1/07 
VOS D7 

UCAS 
V016 
V015 

1/014 
1/013 
1/012 
1/011 
V010 

1/09 
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NEe MC-422000FA64FB 

Electrical Specifications Notas 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 6 W 

Operating ambient temperature TA o to +70 'C 

Storage temperature Toto -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 thio 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 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 = , MHz) 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Input capacitance Cil AD - A9, 80 20 pF 

CI2 WEO,WE2 20 

CI3 RASO - RAS2 45 

CI4 CAS!)' - CAS7 20 

Cft; OEO,OE2 20 

Data Input/Output capacitance ClIO 1/00 - V063 20 pF 
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DC Characteristics (Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Test condition 

RAS. CAS Cycling tRAc=60 ns 
Operating current Icci tRC = tRcIMIN.) 

10= 0 mA 
tRAc=70 ns 

RAS. CAS ~ V,H IMIN.). 10 = 0 mA 

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

RAS Cycling 
tRAc=60 ns 

CAS ~ V,H IMIN.) 
RAS only refresh current IC03 tRC = tRC IMIN.) 

10= 0 mA tRAc=70 ns 

RAS ~ V,L IMAX.) 
tRAc=60 ns 

Operating current 
IcC4 

CAS Cycling 
(Hyper page model tHPC = tHPC IMIN.) 

10= 0 mA 
tRAc=70 ns 

CAS before RAS 
RAS Cycling tRAc=60 ns 

refresh current Icc5 tAc = tRC IMIN.) 

10= OmA 
tRAc=70 ns 

Input leakage current II (L) VI = Oto 5.5 V I RAS 
all other pins not under test = 0 V lathers 

Output leakage current lOlL) Vo = Oto 5.5 V 

Output is disabled (Hi·Z) 

High level outputvoltageLo\,\ VOH 10=-2.5 mA 

level output voltage VOL 10 = +2.1 mA 

Notes 1. 
2. 

icC" IC03, Icc4, Icc5 depend on cycle rates (tAc and tHPC). 

Specified values are obtained with outputs unloaded. 

MIN. MAX. 

710 

670 

76 

68 

710 

670 

510 

470 

710 

670 

-10 +10 

-5 +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 

IlA 

IlA 

V 

V 

3. Icci and IC03 are measured assuming that address can be changed once or less during RAS :i! 

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

4. 
5. 

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 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 

VIH IMIN.) = 2.4 V---------~-----I 

I I 
I I 

VIL IMAX.) = 0.8 V·------------ 'ii I 
I I I I 
I I I I 

_. 14 .. : ; .. 

VOH IMIN.) = 2.4 Vn----_-:::_-.-~ "'\ m ••• 

VOL IMAX.) = 0.4 V------------\..\,, ____ -JI 
tT=2ns tT=2ns 

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

Common to Read, 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 - 60 - 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 

ffAS Hold Time tRSH 10 - 12 - ns 

CAS Hold Time tCSH 40 - 60 - 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 5 - 5 - ns 2 

Row Address Setup Time lAsR 5 - 6 - ns 

Row Address Hold Time tRAH 10 - 10 - ns 

Column Address Setup Time lAsc 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 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: 

Input Conditions Access Time Access Time from RAS 

tRAO;S tRAO (MAX.) and tRCO;S tRCO (MAX.) tRAC (MAX.) tRAC (MAlt) 

tRAO > tRAO (MAX.) and tRCO;S tRCD (MAX.) tAA(MAX.) tRAD + tAA (MAX.) 

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

tRAD(MAX.) 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 tRAD ~ tRAO(MAX.) and tRCD ~ 

tRCD(MAX.) will not cause any operation problems. 

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

Read Cycle 

!RAc ~ 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 Referanced 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 

tRAO;S tRAO (MAX.I and tRCO:S tRCD (MAX.I tRAC (MAX.I tRAC (MAX.) 

tRAO > tRAO (MAX.I and tRCD:i2 tRCD (MAX.I tAAIMAX.1 tRAD + tAA (MAX.I 

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

tRAD(MAX.) and tRCD(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 tRAD ii: tRAD(MAX.) and tRCD ~ 

tRcDIMAX.1 will not cause any operation problems. 

2. Either tRCHIM)N.1 or tRRHIMIN.1 should be met in read cycles. 

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

VOL. 
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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 

DE: 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.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 ;;; 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 tDHIMIN.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 

Note 1. If twcs ;;; twCS(MIN.1 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 ;;; tCWDIMIN.I, tAWO ;;; tAwoIMIN.I, and tCPWD ;;; tCPWDIMIN.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. 
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Hyper Page Mode 

tRAC = 60 ns tRAC = 70 ns 
Parameter Symbol 

MIN. MAX. Unit Notes 
MIN. MAX. 

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

RAS Pulse Width tRAsP 60 2500C 70 12500C 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 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 tacH 6 - 5 - ns 

OE Precharge Time tOEr 6 - 6 - ns 

Output Buffer Turn-off Delay from WE tWEZ 0 13 0 16 ns 3,4 
------ _._._---. --

WE Pulse Width tWI'Z 10 -.. 10 - ns 4 
----- ---- ---. 

Output Buffer Turn-off Delay from RAS tom 0 13 0 15 ns 3.4 

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

Notes 1. tHPCIMIN.) is applied to access time from CAS 

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

entire cycle. If tRWD s= tRWDIMIN.), tCWD s= tCWDIMIN.), tAwo s= tAWQlMIN.), and tCPWD s= tCPwoIMIN.), 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. tDFCIMAX.), tOFRIMAlC.) and tweZIMAX.) 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 .. • twez, twPz are effective. 
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R f h C I e res ;YC e 
tRAC = 60 ns tRAc = 70 ns 

Parameter Symbol MIN. MAX. MIN. MAX. 
Unit Note 

CAS Setup Time tCSR 5 - 5 - ns 

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

RAS Precharge CAS Hold Time tRPC 5 - 5 - ns 

WE Hold Time (Hidden Refresh Cycle) twHR 15 - 15 - ns 
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Timing Chart 

Please refer to Timing Chart 9, page 457. 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 

f-----A------I 

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 25.4±0.13 1.000±0.006 
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~g:gg~ 
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 1.0±0.05 0.039~g:gg~ 

X 2.S4±0. 1 0 0.1 00±0.004 
Y 3.0 MIN. 0.118 MIN. 
Z 3.0 MIN. 0.118 MIN. 

MI68S-50A7 
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PRELIMINARY DATA SHEET 

~EC MOS INTEGRATED CIRCUIT 

MCa 422000FB72F 

2M -WORD BY 72-81T IDYNAMIC RAM MODULE 

HYPER PAGE MODE (ECC) 

Description 
The MC-422000FB72F is a 2 097 152 words by 72 bits dynamic RAM module on 

which 9 pieces of 16M DRAM ( uPD 4217805) 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 
- Hyper page mode ( EDO) 
- 2 097 152 words by 72 bits organization 
- Fast access and cycle time 

Access time RIW cycle time Hyper page mode Power consumption 
Family (MAX.) 

(MAX.) (MIN.) cycle time (MIN.) 
Active Standby 

MC- 422000FB72-60 60 ns 104 ns 25 ns 5.51w 368mw 
MC- 422000FB72-70 70ns 124 ns 30 ns 5.04w (CMOS level) 

- 2 048 refresh cycles/32 ms - - -- CAS before RAS refresh, RAS only refr~sh , Hidden refresh. 

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

- Single +5.0 V±0.2SV power supply 

Ordering information 

Part Number Access time Package Mounted devices 
(MAX.) 

MC- 422000FB72F-60 60ns 168-pin Dual In-line 9 pieces of 
Memory Module uPD 421780SGS 

MC- 422000FB72F-70 70ns 
(Socket Type) (400mil TSOP) 

Edge connector: Gold plating [Double side] 

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

M1 0549EJ1 VODSOO (Japan) 325 



Pin Configuration 

o 

'25 
126 
'27 
'28 
'29 
130 
131 
132 
133 
'34 
'35 
136 
'37 
'38 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
161 
152 
153 
164 
155 
'68 
157 
'58 
'59 
160 
161 
162 
163 
164 
165 
166 
'67 
168 
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168-pin Dual In-line Memory Module Socke, Type (Edge Connector: Gold plating) 

o 
GND GND 
1/036 VOO 
I/O 37 VOl 
1/038 V02 
1/039 V03 
Vee Vee 
1/0<40 V04 
I/O 41 V05 
I/O 42 V06 
1/043 V07 

1/044 V08 
GND GND 
I/O 45 V09 
I/O 46 VO 10 
I/O 47 VO " 1/048 V012 
1/049 VO'3 
Vee Vee 
1/050 V014 
I/O 51 VO 15 
I/O 52 VO 16 
1/053 VO 17 
GND GND 
NC NC 
NC NC 
Vee Vee 
NC ~ 
NC CAs5 
NC NC 
NC §W NC 
GND GND 
AI AO 
A3 A2 
A5 A4 
A7 A6 
A9 A8 
NC A'D 
NC NC 
Vee Vee 

NC NC 
80 NC 
GND GND 
NC ~ NC 
NC CAS4 
NC NC 
I'lrr" ~ 
Vee Vee 
NC NC 
NC NC 
1/054 VO '8 
I/O 55 VO '9 
GND GND 
I/O 66 V020 
I/O 57 V021 
1/066 V022 
I/O 59 V023 
Vee Vee 
1/060 V024 
NC NC 
NC NC 
NC NC 
NC NC 
I/O 61 V025 
1/062 V026 
1/063 V027 
GND GND 
1/064 V028 
1/065 V029 
1/068 V030 
1/067 V03' 
Vee Vee 
1/068 V032 
1/069 V033 
I/O 70 V034 
I/O 71 V035 
GND GND 
PD2 POI 
PD4 PD3 
PD6 P05 
PD6 PD7 
101 100 
Vee Vee 

0 

PO and 10 Tabla 

Pin Pin Acc8888 Time 
Name No. 60ns 70na 

POI 79 H H 
PD2 163 L L 
PD3 eo L L 
PD4 164 H H 

PD5 81 H H 
PD6 165 H L 
P07 82 H H 
PDB 168 L L 
I DO B3 GNO GND 
10' 167 GNO GNO 
Nole) H: VOH, L: VOL 

AO - AID, BO: Address Inputs 
VO O-VO 71 : Data Inputs I Outputs 
ro'iSO, fiAS2 : Row Address Strobe 
CASo, CAS4 : Column Address Strobe 
WED, WE2 : Write Enable 
OED, 0E2 : Output Enable 
POE : Presence Detect Enabla 
POl- PDa : Presence Delect Pins 
100, 101 : Iden,ity pins 
Vee : Power Supply 
GND : Ground 
NC : No connection 



Block Diagram 

RASo 
CEo 
WEo 
CASo 
1/00 

1/01 
1/02 
1103 

1/04 
1/05 

1/06 

1/07 

1/08 

1/09 

1/010 
1/011 

1/012 

1/013 

11014 

1/015 

1/016 

1/017 

1/01B 
1/019 

11020 
11021 
11022 
1/023 

1/024 

11025 
1/026 

1/027 

1/028 
1/029 

11030 
1/031 

1/032 

1/033 

1/034 

1/035 

1/036 
1/037 

1/038 

1/039 

... 
~ 
~ .... I 

1/08 CAS TiAS ~ ~ 
1/07 
1/06 

1105 

1/04 DO 
1/03 
1/02 

1/01 

I I 
1108 CAS RAS WE OE 

1107 
1106 
1105 

1/04 01 
1103 
1102 
1101 

I I 
1I0B CAS RAS ~ OE 

1107 
1106 
1105 

1/04 02 
1103 
1102 
1101 

I I 
1/08 CAS RAS WE OE 

1/07 
1/06 

1/05 

1104 03 
1/03 
1/02 
1/01 

I I 
IIOB CAS RAS ~ ~ 
1/07 
1/06 

1105 

1104 04 
1103 
1102 
1101 

RAs2 
5E"2 
WE2 
CAs4 

1/040 
1/041 

1/042 
11043 

1/044 
1/045 

1/046 

1/047 

11048 

11049 
11050 
11051 

11052 
11053 
11054 
11055 

11056 
11057 
11058 
11059 
11060 
11061 
11062 
11063 

11064 
11065 
11066 
11067 

11068 
11069 
11070 
11071 

0-[> ... 
:::: .... 

0---

0---

MC·422000FB72F 

I I 
1101 CAS RAS WE OE 

1102 
1103 
1104 

1/05 05 
1/06 
1107 
1/08 

I I 
1/01 CAS RAS WE OE 

1/02 
1/03 
1/04 

1105 06 
1/06 
1107 
1I0a 

I I 
1/01 CAS RAS WE OE 

1/02 
1/03 

1/04 

1105 07 
1106 
1107 
IIOB 

I I I I 
1101 CAS RAS WE OE 

1102 
1/03 

1104 

1/05 08 
1/06 
1/07 
1/08 

AO 0-[> .. AO: DO to D4 

BO -i> .. AO:D5toD8 

A1toA1~DOtoDB 

100 to 101 • NC or GND 

PoE~ 
PD1 to PDB o---q--- Vee or GND 

Vee 0 :L CO- C8 ~ DO to 08 
GND. T ~ 001008 327 
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MC-422000FB72F 

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 11 W 

Operating temperature Topt Oto+70 t 
Storage temperature Tstg -55 to +125 t 

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 4.75 5.0 5.25 V 

High level input voltage vm 2.4 Vec+ 1.0 V 

Low level input voltage VIL -1.0 +0.8 V 

Ambient temperature Ta 0 70 t 

CAPACITANCE (Ta=2St ,f=1 MHz) 

Parameter Symbol Test condition MIN. TYP. MAX. Unit 

CII AO-AlO,BO 20 pF 

CI2 'Wn1I,wn 20 pF 

Input capacitance CI3 m1l,~ 50 pF 

CI4 CAS'lJ, ~ 20 pF 

CIS t'mU, mn 20 pF 

Data Inputl 
CVO II00-J1071 20 pF Output capacitance 



MC-422000FB72F 

DC CHARACTERISTICS 
(Recommended Operating Conditions unless otherwise noted) 

PARAMEmR SYMBOL mST CONDmON MIN. MAX. UNIT NOms 

RAS ,CAS Cycling IRAc=6Ons 1050 
rnA Operating Current Icd mc=lRc (MIN.) , lO=OmA 1RAc=70ns 960 

3,4,7 

Standby Current Icc2 
RAS ,CAS ~ VIII (MIN.) 90 

rnA 
RAS ,CAS ~ Vcc-O.2V 70 

-- -- 1RAc=6011s 1050 m only refresh current led RAS Cycling, CAS ~ VIII rnA 3,4,5,7 
mc=mc(MIN.),IO=OmA 1RAc=70ns 960 

Operating Current -- -- 1RAc=600s 870 
Icc4 RAS ~ Vn.. ,CAS Cycling rnA 3,4,6 (Hyper Page Mode) UIPC=UIPC (MIN .), IO=OmA 1RAc=70ns 780 

CAS before RAS mc=mc(MJN.) IRAc=6Ons 1050 
iceS rnA 3,4 

refresh current IO=OmA 1RAc=70ns 960 

VI=O to 5.25V RAS -10 +10 
Input Leakage Current II(L) ~ 

all other pins not under test = OV others -5 +1 

Output Leakage Current IO(L) 
Outputs are disabled (Hi - Z) 

-10 +10 J.LA 
VO=<> to 5.25V 

High level output voltage VOH I0=-5.0mA 2.4 V 

Low level output voltage VOL IO=+4.2mA 0.4 V 
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AC CHARACTERISTICS Notes 8,9 

(Recommended Operating Conditions unless otherwise noted) 
(1/2) 

tRAc = 60ns tRAc = 70ns 
PARAMETER SYMBOL UNIT NOlES 

MIN. MAX. MIN. MAX. 

Random Read or Write Cycle Time IRC 104 - 124 - ns 

Read Modify Write Cvcle Time IRWC 133 - 157 - ns 

Access Time from RAS tRAC - 60 - 70 ns lOll 

Access Time from CAS tCAC - 20 - 23 ns 10,11 

Access Time from Column Address tAA - 35 - 40 ns 10,11 

Access Time from CAS Precbarge tACP - 40 - 45 ns 11 

Access Time from OE tOEA - 20 - 23 ns 11 

RAS to Column Address Delay Time tRAD 12 30 12 35 ns 10 

CAS to Data Setup TlUIe tCLZ 0 - 0 - ns 11 

DE to Data Setup TlUIe tOLZ 0 - 0 - ns 11 

OE to Data Delay Time tOED 13 - 15 - ns 

Output Buffer Turn-off Delay Time from OE tOEZ 0 13 0 15 ns 12 

OE HoldTime tOEH 0 - 0 - ns 

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

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

RAS Precbarge Time IRP 40 - 50 - ns 

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

RAS Hold TlUIe IRSH 10 - 12 - ns 

CAS Pulse Width tCAS 10 10000 12 10000 n. 

CAS Hold Time tCSH 40 - 50 - ns 

RAS to CAS· Delay Time tRen 1<1- 45 14 52 _ns 10 

CAS to RAS Prcchar~e Time tCRP 5 - 5 - ns 13 

CAS Prcchafl!e Time tCPN to - to - ns 

RAS Prechafj!e CAS Hold Time IRPC 5 - 5 - ns 

RAS Hold TlUIe from CAS Prcchnrl!e IRHCP 40 - 45 - ns 

Row Address Setup Time tASR 5 - 5 - ns 

Row Address Hold TlUIe tRAH to - to - n. 

Column Address Setup Time tASC 0 - 0 - ns 

Column Address Hold Time tCAH to - t2 - ns 

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

Read Command Setup Time IRCS 0 - 0 - ns 

Read Command Hold TlUIe Referenced to RAS tRRH 0 - 0 - ns 14 

Read Command Hold TlUIe Referenced to CAS IRCH 0 - 0 - ns 14 

WE Hold Time Referenced to CAS tWCH 10 - 10 - ns ItS 
WE Pulse Width tWP 10 - 10 - ns 15 

Data-in Setun Time IDS 0 - 0 - n. IH, 
Data-in Hold TlUIe IDH 10 - 10 - ns 16 

Write command Setup Time tWCS 0 - 0 - ns 17 

CAS to WE Delay Time tCWD 32 - 37 - ns 17 

RAS to WE Delay Time IRWD 87 - 99 - ns 17 

Column Address to WE Delay T1UIe tAWD 52 - 59 - ns 17 

330 



MC-422000FB72F 

(2/2) 

tRAc = 60ns tRAc= 70ns 
PARAMETER SYMBO UNIT NOTES 

MIN. MAX. MIN. MAX. 

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

WE Lead Time Referenced to CAS tr.WT. 10 - 12 - ns 

CAS Setuo Time for CAS before RAS Refresh tCSR 5 - 5 - ns 

CAS Hold Time for CAS before RAS Refresh tCHR 10 - 10 - ns 

WE Setup Time tWSR 10 - 10 - ns 

WE Hold Tune tWHR 15 - 15 - ns 

Refresh Tune tREF - 32 - 32 ms 

HYPER PAGE MODE 

tRAe ~ ti()l1~ IItAC = 70ns 
PARAMETER SYM80L UNIT 

MIN. MAX. MIN. MAX. 

Read I Write Cycle Tune tHPC 25 - 30 - ns 

1RAs" Pulse Width tRASP 60 125,000 70 125,000 ns 

CAS Pulse Width tHCA~ 10 10,000 12 10,000 ns 

CAs Precbar2e Time tCP 10 - 10 - ns 

CAS Precbar2e to WE Delav Time tCPWD 52 - 59 - ns 

Read Modify Write Cycle Tune tHPRWC 66 - 75 - ns 

Data Output Hold Time tOHC 5 - 5 - ns 

OE to CAS Hold Time lOCH 5 - 5 - ns 

OE Precbar2e Time tOEP 5 - 5 - ns 

CAS Hold Time to OE tCHO 5 - 5 - ns 

Output Buffer Tum-off Delay from WE tWEZ 0 13 0 15 ns 

WE Pulse Width tWPZ 10 - 10 - ns 

Output Buffer Tum-off Delay from RAS tOFR 0 13 0 15 ns 

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

Note.: 
1. All voltages are referenced to GND. 

2. After power up, walt more than 100 [.IS and then, execute eight CAS before RAS or RAS 

only refresh cycles as dummy cycles to Initialize intemal circuit. 

3. ICC1, Ice3, ICC4 and ICC5 depend on cycle rates (tRC and tHPC ) . 

4. SpecHled 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 Hyper page cycle. 

7 ICC1 and ICC3 are measured assuming that address can be changed once or less during 

RAS:aVIL(MAX.) and CAS~VIH(MIN.). 

8. AC measurements assume tT =2ns . 

NOTES 

17 

18 

18 

12, 18 

18 

12, 18 

12, 18 
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Notes: 

9. AC Characteristics test condition 

(1) Input timing specification 

VIH (MIN.):2.4V ••••••••••• ~ 

VIL (MAX.) =O.Bv·····==f1 11:-
~ ~ 

tT • 2"1 tT .1 2na 

(2) Output timing specification 

VOH (MIN.) =2.4V n.m~ L 
VOL (MAX.) = O.BV ••••• ==\ ~ 

10. For read cycles, access time is defined as follows: 
input Conditions Acce!sTime Acce!S Time from RAS 

tRAD :Ii IRAD(MAX.) and IRCD :Ii IRCD(MAX.) IRAC(MAX.) tRAC(MAX.) 

tRAD > tRAD(MAX.) and tRCD :Ii tRCD(MAX.) tAA(MAX.) tRAD +tAA(MAX.) 

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

tRAD;?;tRAD(MAX.) and tRCD;?;tRCD(MAX.) will not cause any operation problems. 

11. Loading conditions are 2 TTLs and 100 pF. 

12. tOFC (MAX.), tOFR(MAX.), tWEZ (MAX.) and tOEZ(MAX.) defines the time when the output achieves the 

condition of Hi-Z and are not referenced to VOH or VOL. 

13. tCRP(MIN.) requirement is applied to RAS I CAS cycles preceded by any cycles. 

14. Either tRCH(MIN.) or tRRH(MIN.) shouid 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 failing 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;?;tRWD (MIN.) , tCWOiS;tCWO(MIN.) ,tAWDiS;tAWO(MIN.) and tCPWOiS;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. 

18. To make VO 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: active, OE: active ... tWEZ, tWPZ are effective. 

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



Timing Chart 

Please refer to Timing Chart 10, page 473. 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 
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MILLIMETERS INCHES 
133,35:1:0.13 5.25:1:0.006 
11.43 0.450 
36.83 1.450 

6.35 0.250 
54.61 2.150 

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

8.89 0.350 
23.495 0.925 
42.18 1.661 
17.78 0.700 
25.4 1.000 
4.0 MAX. 0.158 MAX. 

1.0 0.039 
R2.0 RO.079 

4.0:1:0.1 0.157~g:gg~ 
1/13.0 1/10.118 
1.27±0.1 0.05:1:0.004 
4.0 MIN. 0.157 MIN. 
0'.25 MAX. 0.010 MAX. 

1.0:1:0.05 0.039~g:gg~ 
2.54 0.100 
3.0MIN. 0.118 MIN. 
3.0 MIN. 0.118 MIN. 
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PRELIMINARY DATA SHEET 
[\lEe MOS INTEGRATED CIRCUIT 

MC-422000LFB72F 

3.3 V OPERATION 2M -WORD BY 72-BIT DYNAMIC RAM MODULE 

HYPER PAGE MODE (ECC) 

Description 
The MC-422000LFB72F is a 2 097 152 words by 72 bits dynamic RAM module on 

which 9 pieces of 16M DRAM ( ~PD 4217805L) 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 
- Hyper page mode ( EDO) 
- 2 097 152 words by 72 bits organization 
- Fast access and cycle time 

Access time RIW cycle time Hyper page mode Power consumption 
Family (MAX.) 

(MAX.) (MIN.) cycle time (MIN.) 
Active Standby 

MC- 422000LFB72-A60 60 ns 104ns 25ns 3.28w 147.6mw 
MC- 422000LFB72-A70 70ns 124 ns 30 ns 2.95w (CMOS level) 

- 2 048 refresh cyclesl32 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±O.3V power supply 

Ordering information 

Part Number Access time Package Mounted devices 
(MAX.) 

MC- 422000LFB72F-A60 60ns 168-pin Dual In-line 9 pieces of 
Memory Module uPD 4217805LG5 

MC- 422000LFB72F-A70 70ns 
(Socket Type) (400mil TSOP) 

Edge connect9r: Gold plating [Double side] 

The information In this document is subject to change without notice. 
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MC-422000LFB7: 

16B-pin Dual In-line Memory Module Socket Type (Edge Connector: Gold plating) 

GND GND 
110 36 VOO 
11037 VO 1 
11038 V02 
11039 V03 
Vee Vee 
11040 V04 
11041 V05 
11042 1106 
11043 V07 

11044 VOB 
GND GND 
11045 V09 
11046 VO 10 
11047 VOll 
110 4B VO 12 
110 49 VO 13 
Vee Vee 
110 50 VO 14 
110 51 VO 15 
110 52 VO 16 
11053 VO 17 
GND GND 
NC NC 
NC NC 
Vee Vee 
NC m 
NC CASO 
NC NC 
NC ~ NC 
GND GNO 
AI AO 
A3 A2 
A5 A4 
A7 A6 
A9 A8 
NC Al0 
NC NC 
Vee Vee 

NC NC 
BO NC 
GND GND 
NC ~ NC 
NC CAS4 
NC NC 
~ m 
Vee Vee 
NC NC 
NC NC 
11054 V018 
11055 VO 19 
GND GND 
11056 V020 
110 57 V021 
11058 V022 
11059 V023 
Vee Vee 
110 SO V024 
NC NC 
NC NC 
NC NC 
NC NC 
11061 V025 
11062 110 26 
11063 V027 
GND GND 
11064 V02B 
11065 V029 
11066 V030 
110 67 V031 
Vee Vee 
l106B V032 
11069 V033 
11070 V034 
110 71 V035 
GND GND 
PD2 POI 
PD4 PD3 
PD6 PD5 
PD8 PD7 
101 100 
Vee Vee 

o 

o 

PO and 10 Table 

Pin Pin Acesess Tlma 
Name No. SOns 70ns 

POI 79 H H 

PD2 163 L L 

PD3 80 L L 

PD4 164 H H 

PD5 81 H H 
P06 165 H L 

PD7 82 H H 
PD8 166 L L 

I DO 83 GND GNO 

101 167 GNO GNO 

Note) H: VOH, L: VOL 

AD - Al0, BO : Address Inputs 
VO o-VO 71 : Oala Inputs I Outputs 
RASO, RAS2 : Row Address Strobe 
CASO, CAS4 : Column Address Strobe 
WED, WE:! : Write Enable 
OEo, 0E2 : Output Enable 
POE : Presence Detect Enable 
P01- POB : Presence Detect Pins 
100, 101 : Identity pins 
Vee : Power Supply 
GNO : Ground 
NC : No connection 



Block Diagram 

RAsO 
5Eo 
WEo 
CASO 

1/00 

1/01 

1/02 

1/03 

1/04 
1/05 

1/06 

1/07 

IIOB 

1/09 

1/010 

1/011 

1/012 

1/013 

1/014 

1/015 

1/016 

1/017 

1/01B 

1/019 

1/020 

1/021 

1/022 
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1/026 
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1/02B 

1/029 

1/030 

1/031 

1/032 

1/033 

1/034 

1/035 

1/036 
1/037 

1/03B 

1/039 

.... 
:: -y 

-V 

--

1 
IIOB CAS RAS WE OE 

1/07 
1/06 

1/05 

1/04 00 
1/03 
1/02 

1/01 

I I 
IIOB CAS RAS WE OE 

1/07 
1106 

1/05 

1/04 01 
1103 

1/02 

1/01 

I I 
1I0B CAS RAS WE OE 

1107 

1106 

1/05 

1/04 02 
1/03 

1/02 

1101 

I I 
1I0B CAS RAS WE OE 

1/07 
1/06 

1/05 

1104 03 
1/03 
1/02 

1/01 

J J 
1I0B CAS RAS WE OE 

1107 
1/06 

1/05 

1/04 04 
1/03 

1/02 

1/01 
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RAS2 

C5E'2 
WE2 

CAs4 

.... 
~ 
::: 
..... I 

1/040 

1/041 

1/042 

1/043 

1/044 
1/045 

1/046 

1/047 

- 1/01 CAS RAS WE OE 

1102 

1/03 

1/04 

1/05 05 
1/06 
1107 

IIOB 

I I 
1/04B 

1/049 

11050 

1/051 

1/052 
1/053 

11054 

11055 

1/01 CAS RAS WE OE 

1/02 
1/03 

1/04 

1105 06 
1/06 

1107 

1108 

I I 
1/056 

11057 

1I05B 

1/059 

11060 

11061 

11062 

11063 

1/01 CAS RAS WE OE 

1/02 

1/03 

1/04 

1/05 07 
1/06 
1/07 

IIOB 

I I I I 
1/064 

1/065 

1/066 

1/067 

1I06B 

1/069 

1/070 

1/071 

1/01 . CAS RAS WE OE 

1102 

1/03 

1/04 

1/05 08 
1/06 
1/07 

IIOB 

AO -t>--.... IJIoo- AO : DO 10 04 

80 -t> .. AO:D510DB 

A1 to A10-t> ~DO to DB 

lootolD1 oO------NCorGND 

PDE~ 
PD1 to PDB ~Vee orGND 

Vee 0 :oL c c t>-DO to DB 
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MC-422000LFB7: 

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) 

Paramcter 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 VII. -0.3 +0.8 V 

Ambient temperature Ta 0 70 'C 

CAPACITANCE (Ta=2SoC ,f=1 MHz) 

Parameter Symhol Test condition MIN. TYP. MAX. Unit 

CII AO-AlO,BO 20 pF 

C 12 W'Irn, WE2 20 pF 

Input capacitance CD RASO, Ri\S2 50 pF 

CI4 CASO, "CAS4 20 pF 

CIS OEO, run 20 pF 

Data Input! 
CliO 1/00-1/071 20 pF Output capacitance 



MC-422000LFB72F 

DC CHARACTERISTICS 
(Recommended Operating Conditions unless otherwise noted) 

PARAMETER SYMBOL TEST CONDmON MIN. MAX. UNIT NOTES 

RAS ,CAS Cycling tRAc=6Ons 910 
rnA Operating Current led tRc=tae (MIN.) , IO=OmA bw:=7Ons 820 

3,4,7 

Standby Current 1cc2 
RAS ,CAS ~ VIII (MIN.) 82 

rnA 
RAS ,CAS ~ Vcc-O.2V 41 

-- -- tRAc=6Ons 910 
RAS only refresh current lec3 RAS Cycling, CAS ~ VIII rnA 3,4,5,7 

tRc=tac(MIN.),IO=OmA bw:=7Ons 820 

Operating Current -- -- IRAc=6Ons 820 
1ec4 RAS l!!; VII. ,CAS Cycling rnA 3,4,6 (Hyper Page Mode) tHPC=tHPC (MIN.),IO=OmA bw:=7Ons 730 

CAS before RAS tRc=tac (MIN.) 
tRAc=6Ons 910 

IceS rnA 3,4 
refresh current 10=0mA bw:=7Ons 820 

VI=Oto3.6V RAS -5 +5 
Input Leakage Current II(L) J1A 

all other pins not under test = OV others -5 +1 

Output Leakage Current IO(L) 
Outputs are disabled (Hi - Z) 

-5 +5 J1A 
VO=Oto 3.6V 

High level output voltage VOH IO=-2.0mA 2.4 V 

Low level output voltage VOL IO=+2.0mA 0.4 V 
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AC CHARACTERISTICS Notes 8.9 

(Recommended Operating Conditions unless otherwise noted) 
(1/2) 

tRAC= 60ns tRAC= 70ns 
uNiT PARAMETER SYMBOL NOTES 

MIN. MAX. MIN. MAX. 

Random Read or Write Cycle Time tRC 104 - 124 - ns 

Read Modify Write Cycle Time tRWC 133 - 157 - ns 

Access Time from RAS tRAe - 60 - 70 ns 1011 

Access Time from CAS tCAC - 20 - 23 ns 10,11 

Access Time from Column Address tAA - 35 - 40 ns 10,11 

Access Time from CAS Precharge tACP - 40 - 45 ns 11 

Access Time from OE tOEA - 20 - 23 ns 11 

RAS to Column Address Delay Time tRAD 12 30 12 35 ns 10 

CAS to Data Setup Time tCLZ 0 - 0 - ns 11 

OE to Data Setup Time tOLZ 0 - 0 - ns 11 

OE to Data Delay Time tOED 13 - 15 - ns 

Output Buffer Turn-off Delay Time from OE tOEZ 0 13 0 15 ns 12 

OE HoldTime tOEH 0 - 0 - ns 

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

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

RAS Precharge Time tRP 40 - 50 - ns 

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

RAS Hold Time tRSH 10 - 12 - ns 

CAS Pulse Width tCAS 10 10000 12 10000 ns 

CAS Hold Time tCSH 40 - 50 - ns 

RAS to CAS DelaY~me tRCO 14 45 14 52 ns 10 

CAS tn RAS Prechar~e Time tCRP 5 - 5 - ns 13 

CAS I'recharl!e Time tePN 10 - 10 - ns 

RAS Pre charge CAS Hold Time tRPC 5 - 5 - ns 

RAS Hold Time from CAS Precharl!e tRHCP 40 - 4<; - ns 

Row Address Setup Time tASR 5 - 5 - ns 

Row Address Hold Time tRAH 10 - 10 - ns 

Column Address Setup Time tASC 0 - 0 - ns 

Column Address Hold Time tCAH 10 - 12 - 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 14 

Read Command Hold TlDle Referenced to CAS tRCH 0 - 0 - ns 14 

WE Hold Time Referenced to CAS tWCH 10 - 10 - n. 11,\ 

WE Pulse Width tWP 10 - 10 - ns 15 
Data-in Setun Time lOS 0 - 0 - ns 116 

Data-in Hold TlDle lOH 10 - 10 - ns 16 

Write command Setup Time tWCS 0 - 0 - ns 17 

CAS to WE Delay Time tCWD 32 - 37 - ns 17 

RAS to WE Delay Time tRWD 87 - 99 - ns 17 

Column Address to WE Delay TllIle tAWD .52 - 59 - ns 17 
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(2/2) 

ruC= 60ns ruc= 70ns 
PARAMETER SYMBO UNn NOTES 

MIN. MAX. MIN. MAX. 

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

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

CAS SetuD Time for CAS before RAS Refresh tCSR 5 - 5 - ns 

CAS Hold Time for CAS before RAS Refresh tCHR 10 - 10 - ns 

WE Setup Time tWSR 10 - 10 - ns 

WE Hold Time tWHR 15 - 15 - ns 

Refresh Time tREF - 32 - 32 ms 

HYPER PAGE MODE 

tRAC= 60ns ruc= 70ns 
PARAMETER SYMBOL UNn 

MIN. MAX. MIN. MAX. 

Read I Write Cvcle Time tHPC 25 - 30 - ns 

RAs Pulse Width tRASP 60 125,000 70 125,000 ns 

CAS Pulse Width tH(~AS 10 10,000 12 10,000 ns 

CAS Precharl(e Time tCP 10 - 10 - ns 

CAS Precharl(e to WE Delay Time tCPWD 52 - 59 - 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 

OE Precharge Time tOEP 5 5 - ns 

CAS Hold Time to OE tCHO 5 5 - ns 

Output Buffer Tum-off Delay from WE tWEZ () 13 () 15 ns 

WE Pulse Width tWPZ 10 10 - ns 

Output Buffer Tum-off Delay from RAS tOFR 0 13 0 15 ns 

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

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. ICC1, ICC3, ICC4 and ICCS depend on cycle rates (tRC and tHPC ) . 

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 Hyper page cycle. 

7. ICC1 and ICC3 are measured assuming that address can be changed once or less during 

RAS;:;iVIL(MAX.) and CAS~VIH(MIN.). 

8. AC measurements assume IT =2ns . 

NOTES 

17 

18 

18 

12,18 

18 

12,18 

12,18 
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Notes: 

9. AC Characteristics test condition 

(1) Input timing specification 

VIH(MIN.)=2.0V •••••• ~ ••• - . . 
VIL (MAX.) = O.BV --------- : ! j : 

~ ~ 

tT=2ns tT:::2ns 

(2) Output timing specification 

VOH (MIN.) = 2.0V nm~ L 
VOL (MAX.) = O.BV ----.==\ f 

10. For read cycles access lime is defined as follows: , 
Input Conditions Access Titnl Access Time from RAS 

tRAD :lii tRAD(MAX.) and tRCD :lii tRCD(MAX.) tRAC(MAX.) tRAC(MAX.) 

tRAD > tRAD(MAX.) and tRCD :lii tRCD(MAX.) tAA(MAX.) tRAD + tAA(MAX.) 

tACO> 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 (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 TTLs and 100 pF. 

12. tOFC (MAX.), tOFR(MAX.), tWEZ (MAX.) and tOEZ(MAX.) defines the time when the output achieves the 

condition of Hi-Z and are not referenced to VOH or VOL. 

13. ICRP(MIN.) requirement is applied 10 RAS I CAS cycles preceded by any 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 tCPWD;;;tCPWD(MIN.) , 

the cycle is a read modify write cycle and the data out will contain data read from the selected cell. 

II neither of the above conditions Is met, the state of the data out is indeterminate. 

18. To make I/O 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) 80th RAS and CAS are active or either RAS or CAS is active (in read cycle) 
- -
WE: active, OE: active ... tWEZ, tWPZ are effective. 

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



Timing Chart 

Please refer to Timing Chart 10, page 473. 
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MC-422000LFB72 

Package Drawing 

A 

0 0 
. 0 --'- t: --L 

[BJ uJ -llT 
J K-

1.1 
B C 

Lo 
E 

ITEM MILLIMETERS INCHES 
A 133.35:t0.13 5.25:t0.006 

detail of ® part detail of ® part 
B 11.43 0.450 
C 36.83 1.450 
0 S.35 0.250 

01 2.0 0.079 
02 3.125 0.123 
E 54.61 2.150 
G 6.35 0.250 
H 1.27 (T.P.) 0.050 (T.P.) 
I 8.89 0.350 
J 23.50 0.925 
K 43.18 1.70 
L 17.78 0.700 
M 25.4:!:0.13 1.000:!:0.00S 
N 4.0 MAX. 0.158 MAX. 
P 1.0 0.039 
a R2.0 RO.079 

A 4.OtO.l 0.157~8:88~ 
s ~3.0 ~0.118 

T 1.27tO.l 0.05tO.004 
U 4.0 MIN. 0.157 MIN. 
V 0.25 MAX. 0.010 MAX. 

W 1.0.tO.05 0.039~8:88~ 
X 2.54tO.l0 0.100tO.004 
Y 3.0 MIN. 0.118 MIN. 
Z 3.0 MIN. 0.118 MIN. 
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PREliMINARY DATA SHEET 

MOS DINlTEGRATED CIRCUIT 

M(c ... 424000FC72F 

iilM -WORD BY 12-IBIT DVb\IIAMIC RAM MODULE 

IHIYPEfR PAGE MODE (IEee) 

Description 
The MC-424000FC72F is a 4 194 304 words by 72 bits dynamic RAM module on 

which 18 pieces of 16M DRAM ( /.L PO 421640S) 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 
- Hyper page mode ( EDO) 

- 4 194 304 words by 72 bits organization 
- Fast access and cycle time 

Access time RIW cycle time Hyper page mode Power consumption 
Family (MAX.) 

(MAX.) (MIN.) cycle time (MIN.) 
Active Standby 

MC- 424000FC72-60 60 ns 104 ns 25 ns 8.82w 106mw 
MC- 421000FC72-70 70ns 124 ns 30 ns 7.88w (CMOS level) 

- 4 096 refresh cycles/64 ms - ~ ~ 

- CAS before RAS refresh I RAS only refresh I Hidden refresh. 

- 1S8-pin dual in-line memory module (pin pitch = 1.27 mm) 

- Single +S.S V±0.2SV power supply 

Ordering information 

Part Number Access time Package Mounted devices 
(MAX.) 

MC- 424000FC72F-60 60ns 168·pin Dual In-line 18 pieces of 
Memory Module uPD 421640SG3 

MC- 424000FC72F-70 70ns 
(Socket Type) (300mll TSOP) 

Edge connector: Gold plating [Double side] 

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

0 

12S 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
136 
139 
140 
141 
142 
143 
144 
146 
146 
147 
148 
149 
150 
lSI 
162 
163 
154 
155 
168 
157 
168 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
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MC-424000FC72 

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

GND GND 
V03S voo 
V037 VOl 
V038 V02 
V039 V03 
Vee Vee 
V040 V04 
V041 V05 
V042 V06 
V04S V07 

V044 V08 
GND GND 
V04S V09 
V046 VOIO 
V047 VOII 
V048 VOl2 
V049 VOl3 
Vee Vee 
VOSO VOl4 
VOSI VOIS 
VOS2 VOl6 
VOS3 VOl7 
GND GND 
NC NC 
NC NC 
Vee Vee 
NC ~ 
NC CAsii 
NC NC 
NC §W NC 
GND OND 
AI AO 
A3 A2 
AS A4 
A7 AU 
A9 NJ 
All AID 
NC NC 
Vee Vee 

NC NC 41 
80 NC 42 
OND OND 43 
NC ~ 44 
NC 45 
NC CAS4 46 
NC NC 47 
~ m 48 
Vee Vee 49 
NC NC 50 
NC NC 51 
V054 VOl8 62 
VOSS VOl9 63 
GND GND 54 
VOSS V020 55 
V067 V021 56 
VOS8 V022 57 
V069 V023 68 
Vee Vee 59 
VOGO V024 60 
NC NC 61 
NC NC 62 
NC NC 63 
NC NC 64 
VOGI V026 65 
V062 V026 66 
V063 V027 67 
GND GND 68 
V064 V028 69 
VOSS V029 70 
V066 V030 71 
V067 V031 72 
Vee Vee 73 
vosa V032 74 
V069 V033 7S 
V070 V034 76 
V071 V035 77 
GND GND 78 
PD2 POI 79 
PD4 PD3 80 
PD6 PDS 81 
PDB PD7 62 
101 100 63 
Vee Vee 64 

0 

0 

PD and ID Table 

Pin Pin Aee1918 Time 
Neme No. 60nl 7On8 

POI 79 H H 
PD2 163 H H 
PD3 80 L L 
PD4 164 H H 
PD5 81 H H 
PD6 165 H L 
PD7 B2 H H 
PD8 166 L L 

100 63 GND GND 
101 167 GND GND 
Note) H: VOH, L: VOL 

AO - All, 80 : Address Inputs 
I/O o-VO 71 : Dala Inputs I Outputs 
nASii, ~ : Row Address Strobe 
~,~ : Column Address Strobe 
WEii, WE2 : Write Enable 
OEO, 0E2 : Output Enable 
POE : Presan08 Detect Enable 
POl- PDQ : Prasan08 Detect Pins 
IDO, 101 : Idenlity pins 
Vee :PowerSupp~ 
GND : Ground 
NC : No conneclion 



Block Diagram 

RAsO -------. 
0Eci -I>------ll---, 

~~~----+--. 

~.;~~~~~~~ 
110 0 I/O 3 CAS RAs WE OE 
1101 1/04 
1102 
1103 

1104 
1105 
1106 
1107 

1108 

1109 

1/02 
I/O 1 

00 

11010 

1I011----~~-r__.~r-~ 

11012 
11013 
11014 
11015 

11016 
11017 
11018 

1I019----~~-r__.~r-~ 

11020 
11021 
11022 
11023 

11024 
11025 
11026 

1I027----~~-r_.,-r-.,-J 

11028 
11029 
11030 
I/O 31 

11032 
11033 
1/034 
11035 

AD 0-..£>--....... AD: 00 to 08 

BO 0-..£> liP" AD: 09 to 017 

Al to Al00-..£> .. 00 to 017 

MC-424000FC72F 

RAS2~----""'I 
0E2 -D-----I--.... 
WE2 -~---..... --. 
CAS4 O-;;>-;=::;:;b.J,.~~ 
11038 
11037 
11038 
11039 

11040 
11041 
11042 
11043 

11044 
11045 

11046 
11047 

11048 
11049 
11050 
11051 

11052 
11053 
11054 

1102 
1103 
1104 

1102 
1103 

010 

011 

013 
110 55 -----..::.:~"T'""""T--r-...... 

11056 
11057 
11056 
11059 

11060 

11061 
11062 

110 63 ~-~::.::..."T'"-r.....,.-,....I 

11064 
11065 
11066 
11067 

11066 
11069 
11070 
11071 

1103 
1104 

017 

100 to 101 0-. -----NC or GNO 

'PDE-,.. 
POl to P08 ~ Vr;corGNO 

Vr;c 0-. -"'1:L'""C-O'-C-l .. ,. .... DO to 017 
GNO D T .. DO to 017 
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ABSOLUTE MAXlIMUM llU. 1'JING§ 

Parameter Symbol Condition Rating Unit 

Voltage on Any Pin Relative to GND VT -1.Oto+7.0 V 

Supply voltage vee -1.0to +7.0 V 

Output current 10 50 . rnA 

Power dissipation PD 20 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. 

~COMMlENJ[»EJ[» OPERA 'JrITNG CONIDlIT'JrTION§ (NO'll'lES: 1,2) 

Paramcter Symbol Condition MIN. TYP. MAX. Unit 

Supply voltage vee 4.75 5.0 5.25 V 

High level input voltage VIH 2.4 Vec+ 1.0 V 

Low level input voltage vn. -1.0 +0.8 V 

Ambient temperature Ta 0 70 'C 

CAPACI1'ANCE (1'a=25'C ? f[=1l MlHIz) 

Parameter Symbol Test condition MIN. TYP. MAX. Unit 

C I 1 AO-AlO,BO 20 pF 

CI2 WE 0, WE2 20 pF 

Input capacitance CI3 RASO,RAS2 78 pF 

CI4 CASO, CAS4 20 pF 

CIS OEO, OE2 20 pF 

Data Input! 
CIIO I/O 0-1/0 71 20 pF Output capacitance 



DC CHAlRACl'ElRJISl'ICS 
(Recommended Operating ConditiollDS Wlless othell'Wise noted) 

PARAMETER SYMBOL TEST CONDmON MIN. MAX. UNIT NOTES 

RAS ,CAS Cycling InAc=6Ons 1680 
rnA Operating Current led btc=tRc (MIN.) , IO=OmA 1nAc=70ns 1500 

3,4,7 

Standby Current Iee2 
RAS, CAS ~ VIII(MIN.) 100 

rnA 
RAS ,CAS ~ Vcc-O.2V 82 

-- -- IRAc=6Ons 1680 
RAS only refresh current Iee3 RAS Cycling, CAS ~ VIII rnA 3,4,5,7 

btc=btc (MIN.) , IO=OmA lRAc=70ns 1500 

Operating Current -- -- lRAc=60ns 1680 Icc4 RAS ;;;; Vn.. ,CAS Cycling rnA 3,4,6 (Hyper Page Mode) tHPC=tHPC (MIN .),IO=OmA tnAc=7Ons 1500 

CAS before RAS btc=btc (MIN.) 
tnAc=6Ons 1680 

leeS rnA 3,4 
refresh current IO=OmA 1nAc=70ns 1500 

VI=O to S.2SV RAS -10 +lO 
Input Leakage Current II(L) JI.A 

all other pins not under test = OV others -5 +1 

Output Leakage Current lOlL) 
Outputs arc disabled (Hi - Z) 

-10 +lO JI.A 
VO=O to 5.2SV 

High level output voltage VOH IO=:-S.OmA 2.4 V 

Low level output voltage VOL IO=:+4.2mA 0.4 V 
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AC CHARACTERISTICS Notes 8,9 

(Recommended Operating Conditions unless otherwise noted) 
(112) 

IRAc = 60ns IRAc=70ns 
PARAMETER SYMBOL UNIT NOms 

MIN. MAX. MIN. MAX. 

Random Read or Write Cycle Time tRC 104 - 124 - ns 

Read Modify Write Cycle Tune tRWC 133 - 157 - ns 

Access Time from RAS tRAC - 60 - 70 ns 1011 

Access Time from CAS tCAC - 20 - 23 ns 10,11 

Access Time from Column Address tAA - 35 - 40 ns 10,11 

Access Time from CAS Precbarge IACP - 40 - 45 ns 11 

Access Time from OE tOEA - 20 - 23 ns 11 

RAS to Column Address Delay Time tRAD 12 30 12 35 ns 10 

CAS to Data Setup Tune tCU 0 - 0 - ns 11 

OE to Data Setup Tooe tOU 0 - 0 - ns 11 

OE to Data Delay Time tOED 13 - 15 - ns 

OUlDut Buffer Turn·off Delav Time from OE tOEZ 0 13 0 15 ns 12 

OE HoldTime tOEH 0 - 0 - ns 

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

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

RAS Precbarge Tune tRP 40 - 50 - ns 

RAS Pulse Width tRAS 60 10,000 70 1'0,000 ns 

RAS Hold Tooe tRSH 10 - 12 - ns 

00 Pulse Width tCAS 10 10000 12 10.000 n. 

CAS Hold Tooe tCSH 40 - 50 - ns 

RAS to CAS DelavT101e tRCD 14 45 14 52 ns 110 

CAS to RAS Precbarll:e Time tCRP 5 - 5 - ns 13 

CAS Precbarl!e Time tePN 10 - 10 - n. 

RAS Precbarll:e CAS Hold Tune tRPC 5 - 5 - ns 

RAS Hold Tooe from CAS Precbarl!e tRHCP 40 - 45 - DS 

Row Address Setup Time IASR 5 - 5 - ns 
Row Address Hold Tooe tRAH 10 - 10 - n. 

Column Address Setup Time lAse 0 - 0 - ns 

Column Address Hold Time teAH 10 - 12 - ns 

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

Read Command Setup Tune tRCS 0 - 0 - ns 
Read Command Hold Tooe Referenced to RAS tRRH 0 - 0 - ns 14 

Read Command Hold Tune Referenced to CAS tRCH 0 - 0 - ns 14 
WE Hold Ttme to CAS tWCH 10 - 10 - DS 15 

WE Pulse Width tWP 10 - 10 - ns 15 
Data-in SetuD Time tDS 0 - n - ns 116 
Data-in Hold TIme tDH 10 - 10 - ns 16 
Write command Setup Time tWCS 0 - 0 - ns 17 
CAS to WE Delav Time tCWD 32 - 37 - ns 17 
RAS to WE Delay Time tRWD 87 - 99 - ns 17 
Column Address to WE Delay TIme IAWD 52 - 59 - ns 17 
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(2/2) 

IRAc=60ns IRAc = 70ns 
PARAMETER SYMBOl IUNfI NOTES 

MIN. MAX. MIN. MAX. 

WE Lead Time Referenced to RAS tRWL 15 - 17 - ns 
I'WE l.ead Time n Ito~ tl"WT 10 - 12 - ns 

CAS SetuD TlDle for CAS before RAS Refresh tCllR 5 - 5 - ns 

CAS Hold Time for CAS before RAS Refresh tCHR 10 - 10 - ns 

WE SetuD Time tWSR 10 - 10 - ns 

WE Hold TlDle tWHR 15 - 15 - ns 

Refresh TlDle tREF - 64 - 64 ms 

HYPER PAGE MODE 

1RAC=6Ons IRAc=70ns 
PARAMETER SYMBOL IUNTI NOTES 

MIN. MAX. MIN. MAX. 

Read I Write Cvcle TlDle tHPc. 25 - 30 - ns 

IRIS PoI.e Width tRAllP 60 125,000 70 125,000 ns 

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

CAS Precharlle Time tCP 10 - 10 - ns 

CAS Precharlle to WE Delav Time tCPWD 52 - 59 - ns 

Read Modify Write Cycle TlDle tHPRWC 66 - 75 - ns 

Data Output Hold Time tOHC 5 - 5 - DB 

OE to CAS Hold Time tOCH 5 - 5 - DB 

OE Precbarge Time tOEP 5 - 5 - ns 

CAS Hold TlDle to OE tCHO 5 - 5 - DB 

Output Buffer Tum-off Delay from WE tWPZ 0 13 0 15 ns 

WE Pulse Width tWPZ 10 - 10 - ns 

Output Buffer Tum-off Delay from RAS tOFR 0 13 0 15 ns 

Output Buffer Tum-off Delay from CAS tOPC 0 13 0 15 ns 

Notes: 
1. All voltages are referenced to GND. 

2. After power UP. walt more than 100 lIS and then, execute eight CAS before RAS or RAS 

only refresh cycles as dummy cycles to Initialize Intemal circuit. 

3. ICC1, ICC3, ICC4 and ICCS depend on cycle rates (tRC and tHPC ) . 

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 Hyper page cycle. 

7. ICC1 and ICC3 are measured assuming that address can be changed once or less during 

RAS;:aVIL(MAX.) and CASii:VIH(MIN.). 

B. AC measurements assume tT =2ns • 

17 

18 

18 

12, 18 

18 

12, 18 

12, 18 
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Notes: 

9. AC Characteristics test condition 

(1) Input timing specificatiOll 

VIH (MIN.) = 2.4V ••••••••••• -r----\ 
V,L(MAX.)=o.sv·····:::::fl lL 

;: :: ...,....,... ~ 
tT.2M tT.2na 

(2) Output timing specification 

VOH(MIN.)=2.4V··_·=J: L 
VOl (MAX.) :o.sv ••••• =\ r-

10. For read cycles, access time Is defined as follows: 
Input Conditions Acc:eas Tim> Acc:eas Tim> from RAS 

IRAD :i IRAD(MAX.) and IRCD :i IRCD(MAX.) IRAC(MAX.) IRAQtMAX~ 

IRAD > IRAD(MAX.) and IRCD :i IRCD(MAX.) tAA(MAX.) IRAD + tAA(MAX.) 

IRCD > IRCD(MAX.) ICAC(MAX.) IRCD+ICA~) 

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

operating parameters. They are used to determine which access time (tRAC, fAA 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 2 TTLs and 100 pF. 

12. tOFC (MAX.), tOFR(MAX.), tWEZ (MAX.) and tOEZ(MAX.) defines the time when the output achieves the 

condition of HI-Z and are not referenced to VOH or VOL. 

13. tCRP(MIN.) requirement Is applied to RAS I CAS cycles preceded by any 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 failing 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. H 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. 

H neither of the above conditions Is met, the state of the data out Is Indeterminate. 

18. To make va to HI-Z In read cycle, it is necessary to control RAS, CAS, WE, OE as follows. The effective 

specHlcatlon 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: active, OE: active ... tWEZ, tWPZ are effective. 

352 WE: Inactive, OE: Inactive ... tOEZ Is effective. 



Timing Chart 

Please refer to Timing Chart 10, page 473. 
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Package Drawing 

168 PIN DUAL IN-LINE MODULE (SOCKET TYPE) 
OUTLINE DRAWINGS 

rOOOIDIDIIU~"IIOOID'D~ 

MC-424000FC721 

detail of ® part detail of @ part 
ITEM MILLIMETERS INCHES 

A 133.35:1:0.13 5.25:1:0.006 
W B 11.43 0.450 

~ 
C 36.83 1.450 

I ~ 
0 6.35 0.250 o illllx ill 
E 54.61 2.150 

L-o-J> I G 6.35 0.250 

H 1.27 (T.P.) 0.050 (T.P.) 
I 

I 8.89 0.350 I 

I 23.495 0.925 

I 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 4.0:1:0.1 0.157~:gg~ 
S .,03.0 1/10.118 

T 1.27:1:0.1 0.05:1:0.004 

U 4.0 MIN. 0.157 MIN. 

V 0.25 MAX. 0.010 MAX. 

W 1.0:1:0.05 0.039:1:0.002 

X 2.54 MIN. 0.100 MIN. 

Y 3.0 MIN. 0.118MIN. 

Z 3.0 MIN. 0.118MIN. 
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PRELIMINARY DATA SHEET 

\lEe MOS INTEGRATED CIRCUIT 

MC-424000lFC72F 

3.3 V OPERATION 4M -WORD BY 72-BIT DYNAMIC RAM MODULE 

HYPER PAGE MODE (ECC) 

Description 
The MC-424000LFC72F is a 4 194 304 words by 72 bits dynamic RAM module on 

which 18 pieces of 16M DRAM ( IJ. PO 4216405L) 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 
- Hyper page mode ( EDO) 
- 4 194 304 words by 72 bits organization 
- Fast access and cycle time 

Access time R1W cycle time Hyper page mode 
Power consumption 

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

(MAX.) 

Active Standby 

MC- 424000LFC72-A60 60ns 104ns 25 ns 5.87w 180mw 
MC- 424000LFC72-A70 70ns 124 ns 30 ns 5.22w (CMOS level) 

- 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±0.3V power supply 

Ordering information 

Part Number Access time Package Mounted devices 
(MAX.) 

MC- 424000LFC72F-A60 60ns 168-pin Dual In-line 18 pieces of 
Memory Module uPD 4216405LG3 

MC- 424000LFC72F-A70 70ns 
(Socket Type) (300mil TSOP) 

Edge connector: Gold plating [Double side] 

The infonnation in this document is subject to change without notice. 
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Pin Configuration 

0 

125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
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147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
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MC-424000LFC7: 

16B-pin Dual In-line MemOlY Module Socket Type (Edge Connector: Gold plating) 

GND GND 
11036 VOO 
11037 VO t 
11038 V02 
110 39 V03 
Vee Vee 
11040 V04 
110 4t V05 
11042 V06 
11043 V07 

11044 V08 
GND GND 
110 45 V09 
11046 VO 10 
V047 VO 11 
11048 VO 12 
11049 VO 13 
Vee Vee 
11050 VO 14 
11051 VO 15 
110 52 VO 16 
110 53 VO 17 
GND GND 
NC NC 
NC NC 
Vee Vee 
NC wrn 
NC CASO 
NC NC 
NC ~ NC 
GND GND 
AI i\O 
A3 A2 
A5 M 
A7 AG 
A9 A8 
All AlO 
NC NC 
Vee Vee 

NC NC 41 
80 NC 42 
GNO GNO 43 
NC ~ 44 
NC HAS2 45 
NC CAS4 46 
NC NC 47 
~ m2 48 
Vee Vee 49 
NC NC 50 
NC NC 51 
11054 VO 18 52 
11055 VO 19 53 
GND GND 54 
11056 V020 55 
11057 V021 56 
11058 V022 57 
11059 V023 58 
Vee Vee 59 
11060 V024 60 
NC NC 61 
NC NC 62 
NC NC 63 
NC NC 64 
110 61 V025 65 
11062 V026 66 
11063 V027 67 
GNO GNO 68 
11064 V028 69 
110 65 V029 70 
11066 V030 71 
11067 V031 72 
Vee Vee 73 
11068 V032 74 
110 69 V033 75 
110 70 V034 76 
110 71 V035 77 
GNO GNO 78 
P02 POI 79 
P04 P03 80 
P06 P05 81 
P08 P07 82 
101 100 83 
Vee Vee 84 

0 

0 

PO and 10 Table 

Pin Pin Accsess Time 

Name No. 60ns 70ns 

POI 79 H H 

P02 163 H H 

P03 80 L L 

P04 164 H H 
PD5 81 H H 
P06 165 H L 
P07 82 H H 
P08 166 L L 

100 83 GNO GNO 

101 167 GNO GNO 

Note) H: VOH, L: VOL 

AO - All, 80 : Address Inputs 
I/O O-VO 71 : Data Inputs I Outputs 
RASO, FiA§2 : Row Address Strobe 
CASO, CAS4 : Column Address Strobe 
WEii, WE2 : Write Enable 
OEO, OE2 : Output Enable 
POE : Presence Detect Enable 
POl- PD8 : Presence Detect Pins 
100, 101 : Identity pins 
Vcc : Power Supply 
GND : Ground 
NC : No connection 



Block Diagram 

RASOCC---------:-tl 
OEO c-I> 

;A~~:e I 
liD 0 c---- liD 4 CAS RAs WE DE 
1/01 1/03 
1/02 1/02 

1/04 
1/05 

DO 

1/06 0---1/02 01 
110 7 r..:1/""O;..l~;__""1""_r-,--' 

1108 

110 9 c---- 110 3 

1/010 1/02 02 
110 11 -r..:I/""O;..l~;__"'T'"-'--..-' 

1/012 
1/013 

1/018 1/02 04 
110 19 r..:IJ""O;..l:.....;__ ............. _..-l 

1/020 
1/021 

1/022 05 
1/023 

1/024 

1/025 

1/026 

1/027 -r..:I/""O;..l:.....;__"'T'"-"'_r-' 

1/030 1/02 07 
110310-- 1/01 

1/032 
1/033 
1/034 1102 08 
1/035 1/01 

AD 0-[>--> AO : DO to 08 

BO o--t>-c> AO : 09 to 017 

Al to All 0-[>-->00 to 017 

MC-424000l1FC721F 

RAS2 0---------""1 
0E2 c-I>----~--. 
WE2 e-j>----:I---. 

CAS4 C-D--;::::::::;~.J:='==-:!:-I 
1/036 c- 1/0 1 CAS RAs WE DE 
1/037 c-- 1/02 
1/0380--1/03 09 
1/039 1/04 

1/040- 1/0 1 CAS RAS WE DE 
11041 1102 

1/042 1/03 010 
1/043 1104 

I/O-l!,o- 1/02 
I/O-We-- lin :J 011 
1/0470--- 1/0 -I 

1/()4SO--- I/O :! 

1/050e- 1/0 :1 012 
110510--- 1/0-1 

11054 1/03 013 
1/055 1104 

1/056 
1/057 

1/058 1/03 014 
11059 

1/060 
1/061 
1/082 

1/063 

1/064 
1/065 
1/066 1/03 016 
1/067 

1/068 
1/069 
1/070 1103 017 
1/071 1/04 

100 to 101 c NCorGNO 

Pi5E~ 
POl to poe Vee or GNO 

Vee c ::i:C(}'Clf> DO to 017 
GNDc 4" i>-DO to 017 357 
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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 20 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 vm 2.0 Vcc+0.3 V 

Low level input voltage VIL -0.3 +0.8 V 

Ambient temperature Ta 0 70 'C 

CAPACITANCE (Ta=25"C ,f=1 MHz) 

Parameter Symbol Test condition MIN. 'TYP. MAX. Unit 

C I 1 AO-Ai1,DO 20 pF 

CI2 WEQ,wn 20 pF 

Input capacitance C 13 RASQ, RAS2 78 pF 

C 14 CASQ, ~ 20 pF 

CIS <EO, run 20 pF 

Data Input! 
C I/O 1/00-I/071 20 pF Output capacitance 
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DC CHARACTERISTICS 
(Recommended Operating Conditions unless otherwise noted) 

PARAMElER SYMBOL lEST CONDmON MIN. MAX. UNIT NOlES 

RAS , CAS Cycling tRAc=6Ons 1450 
rnA Operating Current led tRc::tRc (MIN.) , IO=OmA tRAc=7Ons 1270 

3,4,7 

----
Standby Current Icc2 

RAS, CAS ;?; VIII (MIN.) 100 
rnA ---- 50 RAS, CAS;?; Vcc-0.2V 

-- -- tRAc=6Ons 1450 
RAS only refresh current Icc3 RAS Cycling, CAS ;?; VIII rnA 3,4,5,7 

tRc::tRc(MIN.),IO=OmA tRAc=7Ons 1270 

Operating Current -- -- tRAc=6Ons 1630 
Icc4 RAS ~ VIL , CAS Cycling rnA 3,4,6 (Hyper Page Mode) tHPC=tHPC (MIN.), IO=OmA tRAc=70ns 1450 

CAS before RAS tRc=tRC(MIN.) tKAc=60ns 1450 
Ice5 rnA 3,4 

refresh current IO=OmA IKAc=70ns 1270 

VI=Oto 3.6V ItAS -5 +5 
Input Leakage Current II(L) ~A 

all other pins not under test = OV others -5 +1 

Output Leakage Current IO(L) 
Outputs are disabled (Hi - Z) 

-5 +5 JlA 
VO=Oto 3.6V 

High level output voltage VOH IO=-2.0mA 2.4 V 

Low level output voltage VOL IO=+2.0mA 0.4 V 
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AC CHARACTERISTICS Notes 8,9 

(Recommended Operating Conditions unless otherwise noted) 
(1/2) 

lRAe = 60ns lRAe= 7008 
PARAMETER SYMBOL UNIT NOlES 

MIN. MAX. MIN. MAX. 

Random Read or Write Cycle Time tRC 104 - 124 - ns 

Read Modify Write Cycle Time tRWC 133 - 157 - ns 

Access Time from RAS tRAC - 60 - 70 ns 1011 

Access Time from CAS tCAC - 20 - 23 ns 10,11 

Access Time from Column Address tAA - 35 - 40 ns 10,11 

Access Time from CAS Precharge tACP - 40 - 45 ns 11 

Access Time from OE tOEA - 20 - 23 ns 11 

RAS to Column Address Delay Time tRAD 12 30 12 35 ns 10 

CAS to Data Setup Time tCLZ 0 - 0 - ns 11 

OE to Data Setup T1Il1e tOLZ 0 - 0 - ns 11 

OE to Data Delay Time tOED 13 - 15 - ns 

Output Buffer Turn-off Delav Time from OE tOEZ 0 13 0 15 ns 12 

OE HoldTime tOEH 0 - 0 - ns 

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

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

RAS Precharge Time tRP 40 - 50 - ns 

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

RAS Hold Time tRSH 10 - 12 - ns 

CAS Pulse Width tCAS 10 10000 12 10000 ns 

CAS Hold T1Il1e tCSH 40 - 50 - ns 

RAS to CAS Delav T1Il1e tRCD 14 45 14 52 ns 10 

CAS to RAS Precharge Time tCRP 5 - 5 - ns 13 

CAS Precharl!e Time _tCPN. 10 - 10 - ns 

RAS Precharge CAS Hold Time tRPC 5 - 5 - ns 

RAS Hold T1Il1e from CAS Precharl!e tRHCP 40 - 45 - ns 

Row Address Setup Time tASR 5 - 5 - ns 

Row Address Hold T1Il1e tRAH 10 - 10 - ns 

Column Address Setup Time tASC 0 - 0 - ns 

Column Address Hold Time tCAH 10 - 12 - ns 

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

Read Command Setup Time tRCS 0 - 0 - ns 

Read Command Hold T1Il1e Referenced to RAS tRRH 0 - 0 - ns 14 

Read Command Hold T1Il1e Referenced to CAS tRCH 0 - 0 - ns 14 

WE Hold Time Referenced to CAS (WCH 10 - 10 - ns 15 

WE Pulse Width tWP 10 - 10 - ns 15 

Data-in Setun Time tOS 0 - 0 - ns 16 

Data-in Hold Time tOH 10 - 10 - ns 16 

Write command Setup Time tWCS 0 - 0 - ns 17 

CAS to WE Delav Time tCWD 32 - 37 - ns 17 

RAS to WE Delay Time tRWD 87 - 99 - ns 17 

Column Address to WE Delay T1Il1e tAWD 52 - 59 - ns 17 
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(2/2) 

tRAC= 60ns ruc= 70ns 
PARAMETER SYMBO UNTI NOTES 

MIN. MAX. MIN. MAX. 

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

WE Lead Time Referenced to CAS teWT. 10 - 12 - ns 

CAS SetuD Time for CAS before RAS Refresh tCSR 5 - 5 - ns 

CAS Hold Time for CAS before RAS Refresh tCHR 10 - 10 - ns 

WE Setup Time tWSR 10 - 10 - ns 

WE HoldTime tWHR 15 - 15 - ns 

Refresh Time tREF - 64 - 64 ms 

HYPER PAGE MODE 

tRAc=6Ons ruc= 70ns 
PARAMETER SYMBOL UNTI 

MIN. MAX. MIN. MAX. 

Read I Write Cycle Time tHPC 25 - 30 - ns 

RAS Pulse_Width tRASP 60 125,000 70 125,000 ns 

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

CAS Precharl!e Time tCP 10 - 10 - ns 

CAS Precharl!e to WE Delav Time tCPWD 52 - 59 - ns 

Read Modifv Write Cycle Time tHPRWC 66 - 75 - ns 

Data Output Hold Time tDHC 5 - 5 - DS 

OE to CAS Hold Time taCH 5 - 5 - DS 

OE Precharl!e Time tOEP 5 - 5 - ns 

CAS Hold Time to OE tCHO 5 - 5 - ns 

Output Buffer Tum-off Delay from WE tWEZ 0 13 0 IS ns 

WE Pulse Width tWPZ 10 - 10 - ns 

Output Buffer Tum-off Delay from RAS tOPR 0 13 0 15 ns 

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

Notes: 
1. All voltages are referenced to GND. 

2. After power up, wait more than 1 00 ~ 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 tHPC ) . 

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 Hyper page cycle. 

7. ICC1 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 tT =2ns . 

NOTES 

17 

18 

18 

12,18 

18 

12, 18 

12,18 
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Notes: 

9. AC Characteristics test condition 

(1) Input timing specification 

VIH (MIN.)=2.0V ••••••••••• ~ 

VIL (MAX.) =O.Bv .... ·=::/-l lL 
:! !: 
~ ~ 

tT=2ns 1T~2ns 

(2) Output timing specification 

VOH(MIN.)=2.0V ..... ~ L 
VOL (MAX.) = O.BV ..... ===\ r-

10. For read cycles access time is defined as follows: , 
Input Conditions Access Time Access Time from RAS 

tRAD ;:;; tRAD(MAX.) and tRCD ;:;; tRCD(MAX.) tRAC(MAX.) tRAC:(MAX.l 

tRAD > tRAD(MAX.) and IRCD ;:;; IRCD(MAX.) tAA(MAX.) IRAD + tAA(MAX.) 

tRCD > tRCD(MAX.) tCAC(MAX.) tRCD + tCAC(MAX--l 

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 TTLs and 1 00 pF. 

12. tOFC (MAX.), tOFR(MAX.), tWEZ (MAX.) and tOEZ(MAX.) defines the time when the output achieves the 

condition of Hi-Z and are not referenced to VOH or VOL. 

13. tCRP(MIN.) requirement is applied to RAS I CAS cycles preceded by any 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 mel. 

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 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. 

18. To make VO 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: active, OE: active ... tWEZ, tWPZ are effective. 

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



Timing Chart 

Please refer to Timing Chart 10, page 473. 
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Package Drawing 

A 

- r-Y z- r-
II: 

~ 
~1a.!H1~DDDDD DODD 0 ] .. 0 

-+-00 ~ 
J K 

I L!LG C D E 

~rnDDo""'~"""DoDD1 

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 

t~ gt Ix 
D 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 t.700 

L 17.7B 0.700 
M 25.4 1.000 
N 4.0 MAX. 0.t58 MAX. 
Q R2.0 RO.079 

R 4.0±0.1 O.157:g:gg~ 
s 413.0 ¢O.ttB 
T 1.27±0.t 0.05±0.004 
U 4.0 MIN. 0.t57 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 3.0MIN. O.ttB MIN. 
Z 3.0 MIN. 0.t18 MIN. 

M168S-SOA3 
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Timing Chart 1 
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Read Cycle 

Address 

V,H­
V,L-

V,H­
V,L-

V,H­

V,L- L....L...L...L...L...L..+...L.....L.....L.....L.-{ 

1/0 VOH-
VOL-

Hi-Z 

IRC 

IRAS IRP 

ICSH 

Cll 

Hi-Z 
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Early Write Cycle 

368 

RAS 
V,H-
V,L-

V,H-
CAS 

V,L-

Address 

WE VIII 
VII 

I/O V,H­
V,L-

IRC 

IRAS 

IcsH 

IRCO IRSH 

lCAS 

\wCH 

I",; IOH 

xxxxxxxxxxi_Oatain ~ 

IRP 



Fast Page Mode Read Cycle 

Address 

V,H­
V,L-

V,H­
V,L-

1/0 VOH-
VOL-

IRASP IRP 

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 

370 

VIII­
VII~ 

1/0 V,H-
V,L-

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 

V,H­
V,L-

IAAS 

lAC 

Remark Address, WE: Don't care 110: Hi-Z 

RAS Only Refresh Cycle 

Address 

V,H­
V,L-

V,H­
V,L-

t--------- t~__ _ ____ .,I-' _______ -'I"'AC"--_____ ---1 
tllAS ~,.!.', ____ . ~ tRAS 

ICAP 

Remark WE: Don't care 110: Hi-Z 
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Hidden Refresh Cycle (Read) 

Address 

V,H­
VIL-

V,H­
V,L-

V,H­

VIL-

V,H­

tCAP 

V,L- L-L-....... '--' ....... '-'\-''--'~ 

tAC 

tAAS 

tACO tASH 

tAAC 

!cAC 

tCll 

I/O VOH- .••••••••••••••••••••••••••••• ~~:~ •••••••••••••••••••••• 
VOL-

372 

tAC 

tAAS 

tCHA tCPN 

Hi·Z 
Data out 



Hidden Refresh Cycle (Write) 

Address 

WE 

V,H­
V,L-

VIH-
VIL-

V,H-
VIL-

V,H-

tRC 

tRAS 

twcs 

I/O 
VIL- ~t£...J"--lL...lJ~~~...JL..l£.~ ~ _____ Jo 

tRC 

tRAS 

!wCH 
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· Timing Chart 2 
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Read Cycle 

RAS 

CAS 

Address 

V,H-
VIL-

V,H-
VIL-

V,H-
V,l-

V,H­
V,l-

1/0 VOt+-
VOl-

tRCO 

Hi-Z 

tRAS 

tCSH 

tRC 

tRSH 

tCAS 

tRAl 

tllA!: 
. -1M' 

I-----\'~~~ 

tRP 

tCPN 

Hi-Z 
Data out 
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Early Write Cycle 

378 

VIII­

VIl-

CAS V,H-
V,L-

Address 
V,H­
V,L-

WE VIII 

V,,-

1/0 V,H-
V,L-

tRC 

tRAS 

tCSH 



Fast Page Mode Read Cycle 

Address 
V,H­
VIL-

WE V,H-
V,l-

VOH­
I/O 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 

380 

VIH­

Vll-

Address VIIt-
Vll- . 

I/O VIII-

Vll- L..:;1L...l1L...l~r....lor...l/ II-____ --.Ji 

tRASP tRP 

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 

tRC 

tRAS 

RAS Only Refresh Cycle 

tRC 

tRAS tRP tnA~ 

Address 

Remark WE: Don't care I/O: Hi-Z 
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Hidden Refresh Cycle (Read) 

Address 
V,H­
V,L-

V,H­

V,L- Z-Z-L-L-'-''--''r-''--''-' 

tRC 

tRAS 

I/O VOH- •••••••••••• _ ••••••••••••••••• ~!:~ ..................... . 
VOL-

382 

tRC 

tRAS 

Hi-Z 
Data out 



Hidden Refresh Cycle (Write) 

tRC tRC 

tRAS tRAS 

Address 
V,H-
VIl-

twcs twCH 

WE 
V,H-
VIL-

I/O 
V,H-

V,L- ....... '--"'-"-><. ...................... _>1-3 "--____ .1' ,,-lL....lt....lL...lL.lL....:IL..lL..Jj~-lL...l£....lL....lL...lL.~IL..lL..Jj~:....lI:-lL-lL~ 
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Timing Chart 3 
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Read Cycle 

RAS 
VIH-

VIL-

VIH-CAS 
VIL-

AddI8Ss VIH-

VIL-

WE VIH­
VIL-

IRe 

blAs 

IeSH 

tAcD tRSH 

leAs 

lRAL 

110 VOH- _____________________ tIL:~ ______________________________________ _ 
VOL-

tAP 

IePN 

Dalaout 
_ __ J:!i:_~ ___ _ 
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Early Write Cycle 

RAS 
VIH-

VIL-

CAS 
VIH-

VIL-

VIH­
Address VIL-

tcsH 

WE VIH-

VIL- .....l~...l..~~~~~...l.....p--+_-I-______ -t-L.-'-.L...L...j~-'--'-.L-L..L...j~-'--'-.L... 

110 VIH-
VIL- ~'-K~...K....K..K...l"-ll'-K~ .. _________ -JI "-'~~...K...x....K..K...l~~...K...x....K..K..l~ 



Hyper Page Mode Read Cycle 

CAS 

Address 

WE 

I/O 

VIH-
VIL-

VIH-
VIL-

VIH-
VIL-

VOH­
VOL-

IRABP 

IRHcp 

tCBH IHpc t_ 

~ tACO 1Hc... ~ tHCAB ~ IHCAB 

~ ~ 
~ ~ Jt 

~ 
tRAL 

~ .. H ~ ~ ~ ~ ~ ~ 

]X)J It--., ~ ~ ~ ~ ~ KXX Row Col. Col. Col. 
1----

~ 
//////t IAcp IAcp 

I IRAc .IM 1M 
1M bc bc 

ICAc ~ ~ leu 
_________________ 1;:11: _'!;. __________ ~ 

Data out )0--0- Data out ---0-

Remark In the hyper page mode,read and write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 

tRP 
~ 

~ 

tCPN 

j .'---
IoFR 
IoFC -, 

)( )( 

~~ , 
~ '/ 
~ 

Data out )0----
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Hyper Page Mode Read Cycle (WE Control) 

tesH 

CAS VIH-

VIL-

Addl8ss VIH-

VIL-

WE 
VIH-

VIL-

I/O VOH- ••••••• _ ••••••••• tI!:.~ ........ . 
VOL-

Remark In the hyper page mode,read and write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode Early Write Cycle 

VIH­

RAS VIL-

VIH­

CAS VIL-

Addl8ss 
VIH­

VIL-

VIH- "'t"'7'I:-7I:"'X'~7\ v------~ 
I/O 

VIL-

Remark In the hyper page mode,read and write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode Read and Write Cycle 

CAS 

Address 

WE 

11/0 

11/0 

V'H­
V'L-

V'H-
V'L-

V'H-
V'L-

V'H-
V'L-

VOH- Hi-Z 

tcaH 

VOL- -- --- ------------------ ---------

V'H­
V'L-

__________ ':!t:~ _____________ . 

Remark In the hyper page mode,road and write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 



CAS Before RAS Refresh Cycle 

- VIH­
CPS VIL- ____ -L ______ -L __________ ~~ ______ L_ ____ __J 

Remark Address,WE - Don't care VO - Hi - Z 

RAS Only Refresh Cycle 

- VIH- -----'II 
RAS VIL-

-- VIH­
CPS VIL-

Address VIH­
VL-

Remark WE - Don' care, VO - HI - Z 

tRP tR.l.fl 
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Hidden Refresh Cycle (Read) 

IRA. fAA. 

tRcD lAsH tCHR IcPN 

Address 

IRCB 

IRAc 

bc 

IeLZ 
.•• _. -_. ---_ •• -_.- -~:?:- _. -_. -_. -_.-_. -_.- _. ----_. Dalaout 
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Hidden Refresh Cycle (Write) 

Address 

WE 

110 

VIH­
VIL-

VIi­
VII.-

VIH-
VL-

V'fI-
VIl.-

VIH-
VIl.-

\wca 

IDs IDH 
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I 
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I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
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I 
I 
I 
I 
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Timing Chart 4 
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Read Cycle 

IRe 

tRIoS 

RAS VIH-

VIL-

IeSH 

IReD lAsH 

!cAs 
CAS VIH-

VIL-

IRAL 

AddnIss VIH-

VIL-

WE VIH­

VIL- .I-.l-I.....<t....I:....I:-+ .... .l-I.....<f-( 

!cAe 
tw 

I/O VOH- _____________________ I:.I_:~ ______________________________________ _ 
VOL- Dalaout ----I:.I:-~----

399 



Early Write Cycle 

tAp 

RAS 
VIH-

VIL-

fcsH 

VIH-
CAS VIL-

Address ~::: 

I/O VIH-
VIL-
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Hyper Page Mode Read Cycle 

Address 

1/0 

V'H­
V'L-

V'H­
V'L-

V'H­
V'L-

V'H­
V'L-

teaH 

!CAe 
tcLZ 

VOH- _________________ I:I!.:l. __________ _ 
VOL-

IRA.P 
tRHep 

tCAe 

tm,e 

Data out 

Remark In the hyper page mode,read and write cycles are available 
--- ---

for each of the consecutive CAS cycles within the same RAS cycle. 
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402 

Hyper Page Mode Read Cycle (WE Control) 

CAS 

Address 

WE 

I/O 

VIH­

VIL-

VIH-

VIL-

VIH-

VIL-

VIH-

VIL-

tRHcp 

tCBH lAsH 

VOH- ••••••••••••••••• tli:.'!; ••••••..• 
VOL-

Remark In the hyper page mode,read and write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 

Data out 



Hyper Page Mode Early Write Cycle 

V'H­
RAS V'L-

V'H- --il-i+---""I:"'""\ 
CAS V'L-

Address 

WE V'H­
V'L- ....l~....Jo.~~~+-+-+--...... I---f--H----'lf---_~++ __ --'lf--L-L-L.....L-..L.L-'-'L-.I'-

V'H­
I/O 

Remark In the hyper page mode,read and write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 
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Hyper Page Mode Read and Write Cycle 

RAS 
V,H-
V,L-

tcaH 

CAS 
V,H-
V,L-

Address 
V,H-
V,L-

WE V,H-
V'L-

1110 
VOH- Hi-Z 
VOL- ----------------------------- ---

__________ ~l: ~ _____________ . 

1110 

Remllrk In the hyper page mode,read and 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 

CAS VIH-
VIL- ---f'---+I---+-------............. ---------' 

Rem.rk Addres&. Don't care VO. Hi - Z 

RAS Only Refresh Cycle 

-VIH-----"'\I 
RAS VIL-

tnc 

tllA.1 

_ VIH- --T--++---------++------.,j---I7-~ 
CAS VIL-

Address VIt­
VR.-

Remark WE. Don't care, VO • Hi - Z 
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406 

Hidden Refresh Cycle (Read) 

IRc 

IRAs 

Address 

WE 

tCAC 

tcLZ 

1/0 
VOH­

VOL-

. __________________ til :'?-__________________________ _ 

IRAs 

Dalaout -lji-:~--



Hidden Refresh Cycle (Write) 

Address VIH-
VIL-

twca 

WE VIH-
Vu..-

tIls tIlH 

flO VIH-
Vu..-
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Timing Chart 5 
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Read Cycle 

VIH­

VIL-

Address VIH­
VIL-

1/0 VOH-

VOL-

tRAS 

tCSH 

Hi-Z 

tRC 

tllP 

tCLZ 

Hi-Z 
Data out 
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412 

Early Write Cycle 

Address 

1/0 

VII'­
V,"-

tRe 

tAAS 

tesH 



Fast Page Mode Read Cycle 

Address V,H-
V,L-

V,H­
V,L-

tRASP 

tCSH 

tRP 

tRHCP 

tpc tRSH 

Hi-Z I/O. VOH­
VOL-

._-----------

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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414 

Fast Page Mode Early Write Cycle 

V,H­
V,L-

Address V,H-
V,L-

VIII­

V,L-

I/O V,H-
V,L-

Remark In tho 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 

tRASS 

Remark Address, WE : Don't care 110 : 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. 

(1) Normal Combined Use of CAS Before RAS Self Refresh and Burst CAS Boforo 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. 

(2) Normal Combined Use of CAS Before RAS Self Refresh and Burst Long RAS Only Refresh 

When CAS before RAS seif 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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CAS Before RAS Refresh Cycle 

tAAS 

tesR teHR 

Remark Address, WE: Don't care I/O: Hi-Z 

RAS Only Refresh Cycle 

tnAs tnr tRAS --------

Address VIH-
VIL-

Remark WE: Don't care I/O: Hi-Z 
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Hidden Refresh Cycle (Read) 

tRe tRe 

tRAS tRAS 

CAS VIH-
VIL-

Address 

VIH­

VIL- "-"-"-.............. '--'T-''--''....J 

Hi-Z I/O VOH-

VOL-

Hi-Z 
Data out 
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418 

Hidden Refresh Cycle (Write) 

Address 

WE 

V,H­
V,l-

V,H­
V,l-

V,H-
V,l-

V,H-
V,l-

V,H-

IRC 

lRAS 

twcs 

I/O 
V,L- ....... ~'-lIc....x...x....x..~.l<.-)L..3 11.-____ -" 

IRC 

lRAS 

twCII 



Timing Chart 6 
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Read Cycle 

V,H­
V,l-

I/O VOH-
VOl-

tRAS 

tCSH 

Hi-Z 

tAC 

tAP 

tClZ 

Hi-Z 
Data out 
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422 

Early Write Cycle 

Address 

I/O 

V,H­
VIL-

V,H­
V,L-

tRe 

tAAS 

tCSH 



Fast Page Mode Read Cycle 

V,H­
V,L-

V,H­
V,L-

Address V,H-
V,L-

I/O 

V,H­
V,L-

VOH­
VOL-

tRASP 

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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424 

Fast Page Mode Early Write Cycle 

Address 

WI~ 

1/0 V,H-
V,L-

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 

WE 
V,H­
V,L-

ICSR 

Remark Address: Don't care I/O : Hi-Z 

Cautions on Use of CAS Before RAS Self Refresh 

IRASS 

~\\\\\\\\\\\\\\\\\\\\\\\ 

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. 
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426 

CAS Before RAS Refresh Cycle 

RAS 

V'H­
V'L-
~ 
~ tCHR 

Iws~~ ~_Iw'm 

RC 

tRAS tRP 

~ 
~ 

I 
/ \\ 

RC 

tRAS tRP 

-i 1\ 

~ tCHR 

~ ~ tCPN 

II \ I \ 

WE V'H­
VIL- lllJ ,\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 

Remark Address: Don't care I/O: Hi-Z 

RAS Only Refresh Cycle 

V'H­
V'L-

CAS V'H-
V'L-

Address 

tCRP 

tRAS 

Remark WE: Don't care I/O: Hi-Z 

tRC 

tRP tMS 



Hidden Refresh Cycle (Read) 

tRC tRC 

tRAS tRAS 

Address 

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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428 

Hidden Refresh Cycle (Write) 

Address 

WE 

V,H­
V,L-

V,H­
V,L-

V,H-
V,L-

V",-
Vll-

V'H-

IRC IRC 

lRAS IRAS 

twcs IWCH 

I/O 
V,L- l-l'-"~....lL..lL...lL....\L...lL..'JL..Y "--____ Jl "....lL..lL...lL...¥....lL..:IL.....l'-"~....lL..lL....lL..lL...¥....lL..:IL.....l'-"~....lL..lL....lL..l. 



Timing Chart 7 
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Read Cycle 

Address 

V,H­
V,L-

V,H­
V,L-

V,H­
V,L-

V,H­
V,L-

V,H­
V,L-

I/O VOH­
VOL-

tRC 

tRAS tRP 

tCSH 

tOLZ 

tCLl 

Hi-Z Hi-Z --------------------------------------------------- Data out 
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432 

Early Write Cycle 

V,H­
V,L-

Address V,H-
V,L-

V,H­
V,L-

I/O V,H-
V,L-

Remark DE: Don't care 

tRC 

tRAS 

tCSH 



Late Write Cycle 

tAe 

tRAS 

tesH 

Address 

I/O 

433 



Read Modify Write Cycle 

RAS V,H-
VIL-

CAS V,H-
V,L-

Address 

434 

WE 

I/O 

V,,<­
V,L-

VII· .... 
V,L-

I/O VOH­
VOL-

tRCO 

~---------

Hi-Z 

tRWC 

tRAS 

tCSH 

tRSH 

tCAS 

tOEH 

tos tOH 

Data in 

Hi-Z 



Fast Page Mode Read Cycle 

Address 

V,H­
V,L-

V,H­
V,L-

V,H­
V,L-

OE V,H-
V,L-

--, 

tCSH 

r: tRCD tCAS 

J r--..\ 
~ 

~~ ~ ~ ..-..-..-
Row 10 Col. JO( -

r-~ tRCH 

/////1 

~ tOll 

\ \ \ \ \ \ \ \ \ \ \~ 
L 1 tRAC 

1M 

~-
~ 

tRASP 

tpc 

~ tCAS 

J r----. 

I~ 8..-..-..-
). Col. JQQQ 

t"-c;s tRCH 

I I 

'/ 
tACP 

r-~ 
~E Z 

1M 

~ ~ 
.. 

-.. 
J£~ 

tRP 

tRHCP 

'-
tRSH 

~ tCAS tceN 

Y J 
~ 

'--tRAL 

~A 
)() {COL :xxx: 

tRCH 
1- -

tf!.C;s 
I- tRRH 

II I 

i\/ \\\\\ 
tOES 

lAcp 

~ r\ ~Ll J // / / / / 
~~EZ 1M 

dl-tOFF 
..!!!'-:C:-~~ ~ 

I~ 
1/0 VOH-

VOL- ----------~j~---------- ~ Data out 
Hi-Z ) Dilta alit ~~~(:> Data out 

Hi-Z 1)-'--- 1)--------_. 

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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436 

Fast Page Mode Early Write Cycle 

Address 
V,H­
V,L- ' 

1/0 V,H-
V,L-

Remark DE: 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 

RAS 

CAS 

Address 

110 

V,H-
V,L-

V,H-
V,L-

V,H­
V,L-

V,H­
V,L-

tCSH 

Hi-Z ._---------------

tRASP tRP 
tRHCP 

tpc tRSH 

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 

tAASP 

Address 
V,H­
VIL-

438 

VI/!­

VII-

VIH­

VII-

I/O VOH-
VOl-

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 

V,H­
V,l-

V,H­
V,l-

twSR twHR 

IRC 

IRAS 

Remark Address, DE: Don't care I/O: Hi-Z 

RAS Only Refresh Cycle 

Address 

V,H­
V,l-

V,H­
V,l-

tCRP 

IRAS 

Remark WE, OE: Don't care I/O: Hi-Z 

IRC 

IRP lRAS 
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440 

Hidden Refresh Cycle (Read) 

Address 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

I/O VOH-
VOL-

tRC tRC 

tRAS tRAS 

tCLZ 

Hi-Z 
Data out 

Hi-Z 



Hidden Refresh Cycle (Write) 

tRC tRC 

tHAS tHAS 

RAS 
V,H-
V,L-

tCRP 

CAS 
V,H-
V,L-

Address 
V,H-
V,L-

twcs tweH 

WE 
V,H-
V,L-

I/O 
V,H-
V,L- L...l"-l'--l'-lo~:....loI;...x;...x...lt...JI ~ _____ .JI 

Remark OE: Don't care 
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Timing Chart 8 
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Read Cycle 

Address 

vo VOH -
Vex. _ 

Hi-Z 

IRC 

lRAS lAP 

laz 

445 



Early Write Cycle 

Address V .. 
VL 

WE 
VII 
VL 

va V .. 
VL 

fIIm.II:k OE : Don't care 
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Late Write Cycle 

IRC 

IA .. 

RAS 
VIH 
VL 

ICSH 

lASH 

CAs VH ICAS 
VL 

Address 

IIlE1l lOll 

1/0 ~ ......... ~!:.~ ....... . Dalain 
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448 

Read Modify Write Cycle 

RAS 

CAS 

Address 

WE 

OE 

110 

110 

VH 
VL 

VH 
VL 

VH 
VL 

VII 
VL 

VH 
VL 

Voo _ 
Vo.. _ 

tACO 

XXXXXX> ....................... . 

Hi·Z ..................................................... 

tRWC 

IRAS 

ICSH 

lASH 

tCAS 

Hi·Z 



Fast Page Mode Read Cycle 

lRASP tnl' 

RAS 
Vo< IRHCP 
VL 

losH Ipc 

CAS v" 
VL 

Address 

WE 

vo Val - ••••••••••••••••• t!i.:Z ••.•....••..•..• Va. _ ..t!i.:_~. 

Bmn.m:k 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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450 

Fast Page Mode Early Write Cycle 

RAS 

CAS 

Address 

WE 

va 

v.. _ 
VL _ 

v.. _ 
VL _ 

v.. -
VL _ 

v .. _ 
VL -

VII _ 
VL _ 

Bmnmk OE : Don't care 
In the fast page mode, read, Jlrite 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 

RAS 

CAS 

Address 

WE 

va 

V .. 
VL 

v .. 
VL 

V .. 
VL 

VCYrl­
Va. -

.BJm.m:k 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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452 

Fast Page Mode Read Modify Write Cycle 

RAS 

Address 

aE 

va 

va 

VOH _ 
VOL _ 

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 

.B.!In.!lrk Address, WE, OE : Don't care 1/0 : Hi - Z 

RAS Only Refresh Cycle 

I ... 

CAS 

Address 

Bmnm:k WE, OE : Don't care 1/0: Hi-Z 
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454 

Hidden Refresh Cycle (Read) 

RAS 

CAS 

Address 

WE 

OE 

VOH _ 

Vo. _ 

VOH _ 

VOL -

VOH _ 

VOL -

VIIO _ 

VOL -

IRe 

I ... 

10EA 

ICAe 
IOLZ 

la.z 

I/O VOH - ••••••••••••••••••••••••••••••• 1.1]:.1:.. •••••••••••••••••••••• VfYo. _ 

IRe 
I ... 

ICHI ICPN 

. •.....•.... t!i.:.~ .•.......... 



Hidden Refresh Cycle (Write) 

RAS 

V .. 
Address V'L 

va 

V'H _ 

VII. -

V'H 
V .. _ 

.Bmwu:k DE : Don't care 

IRe IRe 

IRAS IRAS 

Iwcs t-_.::two:::.:...., _. 
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Timing Chart 9 
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Read Cycle 

IRAS lAP 

RAS 
VH-
VL-

ICSH 

CAS 
V .. -
VL-

Address 
V .. -
VL-

VH-
WE VL-

VH-
OE VL-

10lZ 
10 ... 

1= 

va DalaoUl 
HI-Z Van- Hi-Z 

V ---- ------ --- -- - -- -- -- ---- -- -- -- --- -- - - -- ---- ------ -- -- -- ---- ---01.-
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460 

Early Write Cycle 

RAS V .. -
VL-

VIH-
CAS VL-

VIH­
Address Vu.-

top 

1csH 

vo VIH-
VL-~~~~~~~~ ~ ________________ ~~~~~~~~~~~~~~~ 

Remerk OE : Don't care 



Late Write Cycle 

RAS VUl­
V .. -

CAS VOl­
Vo.-

VIH­
Address VII..-

lasH 
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462 

Read Modify Write Cycle 

RAS V .. -
V .. -

Address V .. -
V'L-

WE V'H­
VL- '-~-L~~~~L-'I 

tAwn 

Icwn 

lCEA 

OE V'H­
V .. -~~~~~~~~~~~~~~ __ ¥ 

leAC 

I/O ~~-XXX>OOOO---------- -
10lZ 

I/O VOH- Hi-Z 
VOL- ------------------------------

lCEH 

fils 1011 

Data In 

Hi-Z --------------.------------------



Hyper Page Mode Read Cycle 

RAS 

CAS 

Address 

WE 

DE 

VD 

V'H-
V'L-

V'H-
V'L-

V'H-
V'L-

V'H-
V'L-

V'H-
V'L-

VOH­
VOL-

ICSH 

~ IReD IHCAS 

J ~ 

t:.~~D.~ ~ 
ROW:~ 

~ 

Col. XX 
~ 

~ f-+ 
LL//IJ 

\\ \ \ \\\\ \ \-$i , !RAe 
.... 
tCAc 

~ _______________ t'!: ~ __________ ;. 

!RtlCP 
~ 

'--
IHpc lAsH 

~ IHCAB 1l' !cP ~ 
IHCAB ~ 

}Ii ~ 

'--= IRAL I tOFR 

~n ~~ toFC 

~ 
-, 

:) Col. m Col. :xx X-

I-~ !RAH ~ 

\; Jll 
toep toep -. ~ 4 .... .... 

tCAe tCAe } \\"S: 

~ ~ toez 

Data out ~--O Data out --0 Data out ---
RllImark In the hyper 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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464 

Hyper Page Mode Read Cycle (WE Control) 

RAS 

CAS 

Address 

WE 

OE 

VO 

IRASP 

VIH-
tRHCP 

V .. -

ICSIf 

VIH-
V .. -

V .. -
VIL-

V,H-
V,L-

V,H-
V,L-

Vr:Itf- ••••••••••••••• tl!:l. ...•...... 
Va..-

Remark In the hyper page mode, read,write and read modify write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 



Hyper Page Mode Read Cycle (OE Control) 

RAS Vt1-
VL-

Address Vt1-
VL-

ICSH 

VOH- HI-Z 
1/0 VOl- -------------------------

10f'<: IRsH 

Rom ark In the hyper 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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466 

Hyper Page Mode Early Write Cycle 

Addross ~::= 

va 

V,H,­
V,L- --l~...I....l....1.."'+-+-+ __ -'lI-__ ~++ __ -+ __ --i'---t+ __ -+..J....c...-'-"-""'~-L....L._ 

Dalaln [)alan Data in 

Remark 1. OE: Don't care 
2. In the hyper page mode, read,write and read modify write cycles are available 

for each of the consecutive CAS cycles within the same RAS cycle. 



Hyper Page Mode Late Write Cycle 

V .. ----"'" 
V .. -

CAS 

Address V,H­
VOL-

va 

V,H- --,-r-r-r..,.-ofr-----'\I 

VOL- I.....ot--'....L....L-J 

tRltCP 

Remark In the hyper page mode, read,write and mild modify write cycles are available 
for each of the consecutive CAS cyclos within thu same RAS cycle. 

467 



468 

Hyper Page Mode Read Modify Write Cycle 

RAS V .. -
Vn.-

CAS V,H­
V,l-

Add VIH-ress V,l-

VO VDH- Hi-Z 
VDl- .----------------

va ~:= .----------------------

tRASP 

Remark In the hyper page mode, read,write and read modify write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 



Hyper Page Mode Read and Write Cycle 

RAS 

CAS 

Address 

WE 

DE 

vo 

va 

VIH-
Vu.-

leaH 

VIH-
VII.-

VIH-
VL-

VIH-
VII.-

VIH-
VL-

VOH- Hi.Z 
Va..- ................................ "1iI.~ ___ ...lI:.-lo~ __ -"r 

VIH­
VL-

InHCP 

•••••••••• I:!t:!-. •••••••••••••. 

Remark In the hyper page mode, read,wrlte and read modify write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 
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470 

CAS Before RAS Refresh Cycle 

CAS VOl­
Vo.-

tN: 

----~~------~------------~--------~----------~~ 

Ramark Address, WE, OE : Don't care I/O : Hi-Z 

RAS Only Refresh Cycle 

CAS Vr.t­
V .. -

Address V'H­
V'L-

Remark WE, OE : Don't care 1/0: Hi-Z 

tAP tRAS 



Hidden Refresh Cycle (Read) 

RAS V,H-
V,L-

CAS 

Address 

WE 

V,H­
V,L-

V,H-
V,L-

V,H-
VL-

IRSH 

tolZ 
IZ 

VOH- ••••••••••••••••• ':!!:!:. •••.•••.••..•••••••••••• 
1/0 VOL-

IRe 

leMA 

twHn 

Data Out 
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472 

Hidden Refresh Cycle (Write) 

RAS V,I<­
VIL-

V,II­
CAS VIL-

Address V_ 
V~-

WE 
V,II­
VIL-

Remerk DE: Don't care 

IRe 



Till1ing Chart 1 0 
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Road Cyclo 

IRP 

RAS 
V .. -
VL-

CAS 
V .. -
VL-

Address V .. -
VL-

V .. -
WE VL-

V .. -
OE VL-

IClZ 

I/O 
VOH- Hi-Z 
V ----------------------------------------------------------------01.-

Hi-Z 
DataoUl 
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476 

Early Write Cycle 

RAS 
VIH-
VL-

CAS 
VIH-
VL-

VIH­
Address Vu.-

Remark OE : Don't care 

tAC 

tI:sII 



ltlto Writo Cyclo 

VIH­
Address VIl.-

WE V'H­
VL-L-~~-L~~~-LJ 

IcoH 
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478 

Read Modify Write Cycle 

RAS V,H­
Va.-

VII­
CAS VL-

VIH­
Address VL-

WE V'H­
Va.- ~~~~~~~~J 

aE V,H­

VL-~~~~~~~~~~~-r.~-¥ 

va ~~- XXXXXXX>---------- -------- -
tcxz 

VOH- Hi-Z 
va V~-------------------------------

Hi-Z 



Hyper Page Mode Read Cycle 

RAS 

CAS 

Address 

WE 

OE 

VO 

VIH-
tRHCP 

VIL-

IcsH 

VIH-

VIL-

VIH-

VIL-

VIH-

VIL-

IAcp 

IAA 
VIH-

tcAc 
VIL-

VOH- ••••••••••••••• t't:l. ..•....... 
VOL-

Remark In the hyper page mode, read,write and ruad modify write cycles are available 
for each of the consecutive CAS cyclos within the same RAS cycle. 
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480 

Hyper Page Mode Read Cycle (WE Control) 

RAS 

CAS 

Address 

WE 

OE 

VO 

tRASP 

VIH-
Va.-

tCSH 

V'H-
V'L-

VIH-
VL-

V'H-
V'L-

V'H-
V'L-

VCH- ••• _ •••• _ •••••• t1i:! •••••••• __ 
Vot.- Data out 

Remark In the hyper page mode, read,write and read modify write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 



Hyper Page Mode Read Cycle (OE Control) 

Address VH­
VL-

va VOH- HI-Z 
Va..- -------------------------

Remark In tho hyper page mode. read.wrlte and read modify write cycles are available 
for each of the consecutive CAS cycles withIn the same BAS cycle. 

481 



482 

Hyper Page Mode Early Write Cycle 

Address V,H­
VOL-

V,H­

V,L- .......... ~ ...... ~"-f-1-+--+----t--H---+---fo-lH---+-"-''-' ............ ''-''-''-'-

V,H­

VO V,L- .................. ......,"-"' 1'------'1 

Remark 1. OE: Don't care 
2. In the hyper page mode, read,write and read modify write ~cles are available 

for each of the consecutive CAS cycles within the same RAS cycle. 



Hypor Page Modo Late Writo Cycle 

V .. -
V .. -

Address V'H­
V'L-

WE V'H-
V'L-

OE 
V'H-
V'L-

VO 

tRAIl, 

Remark In the hyper page mode, read,write and rood modify write cycles are available 
for each of the consecutive CAS cycles within the same RAS cycle. 
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Hvper Pogo Mode Read Modify Write Cycle 

V'H­
CAS VIl-

Addresa VV .. -
IL-

VOH- Hi-Z 
VO VOL- -----------------

VIH-
VO V .. - -----------------------

-

Remark In the hyper page mode, read.write and read modify write cycles are available 
for each of the consecutive CAS cycles within the same AAS cycle. 



Hvper Page Mode Read and Write Cvcla 

CAS 

Address 

WE 

OE 

I/O 

VO 

VIH­
VIL-

VIH-
VL-

VIH-
VIL-

VIH-
VL-

VIH-
VL-

VOH- Hi-Z 

bwlp 

IcBH 

Va..- -----------------------------••• 1171'----,..Il;-'~ _____ f 

ImlCP 

••••••••• Jj~:l_.. •••••••••••••. 

IDB IDH 

Romom In the hyper page mode, read,wrlte and read modify write cycles are available 
for each of tho consecutive CAS cycles within the same RAS cycle. 
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CAS Before RAS Refresh Cycle 

CAS VIH-
VIL- __ ~~_-I+ __ -4 ______ ---14 ____ --'1I-______ ...l....J 

Remerk 1. Address, OE : Don't care 
2.1/0: Hi-Z 

RAS Only Refresh Cycle 

Remark 1. OE : Don't care 
2.1/0: Hi-Z 

tAAS 



Hidden Refresh Cycle (Read) 

RAS V'H-
V'L-

Address 

WE 

V'H­
V'L-

V'H-
V'L-

VIH-
V .. -

OE VIIt-
V .. -

IRe 

LZ 
VOH- • ________________ t'l :~ _______________________ • 

110 VOL-

IRc 

latA 

IwtrR 

Data Out 
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Hidden Refresh Cycle (Write) 

RAS V,II­
VIL-

CAS V,II­
V,L-

Address VIH­
VL-

WE 
V,II­
V,L-

Remert DE: Don't care 

IRe 




