











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































NEC MC-422000FA64FB
Electrical Specifications Notes 1. 2
Absolute Maximum Ratings
Parameter Symbol Condition Rating Unit

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

Supply voltage Ve -1.0 to +7.0 \"

Output current lo 50 mA

Power dissipation Po 6 W

Operating ambient temperature Ta 0to +70 ‘c

Storage temperature Tatg -55 to +126 °c

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

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

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

conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Symbol Condition MIN. MAX. Unit
Supply voltage Vee 4.76 5.0 5.25 v
High level input voltage Viu 2.4 Vee + 1.0 \"
Low level input voltage Vu -1.0 +0.8 \"
Operating ambient temperature Ta 0 70 ‘C
Capacitance (Ta =25 °C, f = 1 MHz)
Parameter Symbol Test Condition MIN. TYP. MAX. Unit
Input capacitance Cn A0 - A9, BO 20 pF
Ca WEO, WE2 20
Cis RASO - RAS2 45
Cie CASO - CAS7 20
Css OEO, OE2 20
Data Input/Output capacitance Cvo 1/00 - 1/063 20 pF
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DC Characteristics (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test condition MIN. | MAX. | Unit | Notes
RAS, CAS Cycling tRAC =60 ns 710
Operating current lcct | tre = tReiMING mA | 1,23
lo=0mA
e=om tRac=70 ns 670
RAS, CAS = ViH MmNy, lo= 0 mA
76
Standby current lec2 mA
RAS,CAS 2Vcc-0.2V,lo=0mA
68
RAS Cycling thAC = 60 ns 710
CAS Z ViH (MIN.) A
RAS only refresh current leea | tac = trc ving mA 11234
lo=0mA trac=70 ns 670
RAS =
Operating current 2—2; . \'/_'“”A"’ tRAC = 60 ns 510
perating curren ycling A
{Hyper page mode) focs tHPC = tHPC (MIN.) m 125
’ trRaC=70 ns 470
lo=0mA
_ . RAS Cycling _
CAS before RAS lecs | tRe =tRc (MIN. frac=60ns 710
refresh current I "0 A : mA 1,2
o=8m tRaC=70 ns 670
Input leakage current hw Vi=0to 5:5 v RAS | -10 +10 HA
all other pins not under test =0 V others | -5 +1
Output leakage current loiy | Vo=0t0 55V -10 +10 HA
Output is disabled (Hi-Z)
HighleveloutputvoltageLowl VoH | lo=-2.6 mA 24
level output voltage Vou | lo=+2.1mA 0.4

Notes 1. lccy, lccs, lces, lecs depend on cycle rates (trc and tupc).
2. Specified values are obtained with outputs unloaded.
3. lcctr and lccs are measured assuming that address can be changed once or less during RAS =
Viumax) and CAS = ViHMin,
4. lccsis measured assuming that all column address inputs are held at either high or low.
5. lccs 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 unless otherwise noted)

AC Characteristics Test Conditions

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

ViH MiN) = 2.4 V VOH (MIN) = 2.4 V---=---=-=-=

VoL (MAX) = 0.4 V-===--=---=--

Vit (max) = 0.8V

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

Common to Read, Write Cycle

Parameter Symbol tac=60ns | thac =70 ns Unit | Notes
MIN. | MAX. [ MIN. | MAX.
Read / Write Cycle Time tre 104 —_ 124 - ns
RAS Precharge Time trp 40 —_ 50 —_ ns
CAS Precharge Time teen 10 — 10 — ns
RAS Pulse Width trAs 60 [10000| 70 [10000( ns
CAS Pulse Width teas 10 [10000| 12 [10000]| ns
RAS Hold Time trsH 10 _ 12 — ns
CAS Hold Time tes 40 — 50 — | ns
RAS to CAS Delay Time trep 14 45 14 52 ns 1
RAS to Column Address Delay Time tRAD 12 30 12 35 ns 1
CAS to RAS Precharge Time tere 5 — 5 — ns 2
Row Address Setup Time tasr 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
OE Lead Time Referenced to RAS toes 0 — 0 —_ ns
CAS to Data Setup Time tcz 0 - 0 — ns
OE to Data Setup Time towz 0 — 0 — ns
OE to Data Delay Time toep 13 — 15 — ns
Masked Byte Write Hold Time Referenced to RAS tMRH 0 — 0 — ns
Transition Time (Rise and Fall) tr 1 50 1 50 ns
Refresh Time tREF — 16 — 16 ms




NEC MC-422000FA64FB

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

input Conditions Access Time Access Time from .FWS
tRAD S tRAD (MAX.) and tRCD = tRCD (MAX.) tRAC (MAX.) tRAC (MAX.)
tRAD > tRAD (MAX. and tRCD = tRCD (MAX.) tAA (MAX.) tRAD + tAA (MAX.)
trRCD > tRCD (MAX.) tCAC (MAX.) tRCD + tCAC IMAX.)

tranimax) and tacomaxy 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 trap 2 trabiMax) and treo =
treoiMax,) will not cause any operation problems.

2. tcrriMIN,) requirement is applied to R_A_S, CAS cycles.

Read Cycle
Parameter Symbol fhac-S0ns | thac-70ns Unit | Notes
MIN. | MAX. | MIN. | MAX.
Access Time from RAS trac —_ 60 — 70 ns 1
Access Time from CAS tcac — 20 - 23 ns 1
Access Time from Column Address taa — 35 — 40 ns 1
Access Time from OE toea — 20 — 23 ns
Column Address Lead Time Referenced to RAS tRAL 30 — 36 —_ ns
Read Command Setup Time tRCcs 0 — 0 — ns
Read Command Hold Time Referenced to RAS tRAH 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 OF teHo 5 — 5 — | ns
Notes 1. For read cycles, access time is defined as follows:
Input Conditions Access Time Access Time from RAS
tRAD = tRAD (MAX.) and tRcD = tRCD (MAX.) tRAC (MAX) tRAC (MAX)
tRAD > tRAD (MAX.) and tRcD = tRCD (MAX.) tAA (MAX.) tRAD + tAA (MAX)
trRcD > tRCOD (MAX.) tcAC (MAX) tRCD + tCAC IMAX.)

trapmMax) and trcomax, 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 trap 2 trabiMAx) and trco =
treoimax,) will not cause any operation problems.

2. Either trcHiMiN, or trRrRHMIN) should be met in read cycles.

3. toezimax,) defines the time when the output achieves the condition of Hi-Z and is not refernced Von or

VoL.
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Write Cycle

Parameter Symbol tRAC=60ns | trRac=70ns Unit| Notes
MIN. | MAX. | MIN. [ MAX.
WE Hold Time Referenced to CAS tweH 10 - 10 — ns 1
WE Pulse Width twp 10 — 10 — | ns 1
WE Lead Time Referenced to RAS tawL 15 | — 17 — | ns
WE Lead Time Referenced to CAS tewe 10 — 12 —_ ns
WE Setup Time twes 0 — 0 — ns 2
OE Hold Time toEH 0 — 0 - ns
Data-in Setup Time tos 0 —_ 0 - ns 3
Data-in Hold Time toH 10 —_ 10 — ns 3

Notes 1. twrmin, is applied to late write cycles or read modify write cycles. In early write cycles, twcHmIN,
should be met.
2. If twes = twesiming, the cycle is an early write cycle and the data out will remain Hi-Z through the
entire cycle. )
3. tosiming and torming 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=60ns | tRac =70 ns
Parameter Symbol MIN. TMAX. | MIN. | MAX. Unit | Note
Read Modify Write Cycle Time trRwec 133 — 157 — ns
RAS to WE Delay Time tRWD 87 —_ 99 —_ ns 1
CAS to WE Delay Time tcwo 32 —_ 37 — ns 1
Column Address to WE Delay Time tawo 52 — 59 — ns 1

Note 1. If twcs = twesiming the cycle is an early write cycle and the data out will remain Hi-Z through the
entire cycle. If tawp = tRwp(MIN.), tewd = tewpiMiN.), tawp = tawpMing, and tcpwp = teewoiMin,, 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=60ns | trRac =70 ns
Parameter Symbol MIN. | MAX. | MIN. | max.| Unit | Notes
Read / Write Cycle Time tHPC 25 — 30 —_ ns 1
RAS Pulse Width trAsP 60 [125 000 70 [12500d 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 tcPwp 52 — 59 — | ns 2
RAS Hold Time from CAS Precharge tRHCP 40 — 45 — ns
Read Modify Write Cycle Time tHPRWC 66 — 75 —_ ns
Data Output Hold Time toHC 6 — [ — ns
OE to CAS Hold Time tocH 5 _ 5 _ ns
OE Precharge Time toep 5 _ 5 — | ns
Output Buffer Turn-off Delay from WE twez 0 13 0 15 | ns| 34
WE Pulse Width twiz 10 . 10 — | ns 4
Output Buffer Turn-off Delay from RAS torn 0 A1 3 - 0 15 ns 3.4
Output Buffer Turn-off Delay from CAS torc 0 13 0 15 ns 3.4
Notes 1. turciming is applied to access time from CAS
2. If twes = twesiming, the cycle is an early write cycle and the data out will remain Hi - Z through the
entire cycle. If tawp = tRwbomIN.), tcwD = tcwDiMIN.), tAWD = tawpiMIN,, and tcpwp = tcpwoiMNg, 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. torciMax), torriMax.) and twezmax. define the time when the output achieves the condition of Hi-Z and
is not referenced to Vou or Vot.
4. To make I/Os to Hi-Z in read cycle, it is necessary to control ﬁé, C_AS, ﬁ, 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
torc is effective when RAS is inactivated before CAS is inactivated.
torn 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,O_E:active and either trrH or trcH must be met--. twez, twrz are effective.
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Refresh Cycle

tRAC=60ns | trRac =70 ns
Paramater Symbol ["\in T mAx. | MIN. | max, | Uit | Nete
CAS Setup Time tesk 5 — 5 — | ns
CAS Hold Time (CAS before RAS Refresh) tcHR 10 — 10 — | ns
RAS Precharge CAS Hold Time trpC 5 - 5 — | ns
WE Hold Time (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)

S—

(OPTIONAL HOLES)
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detail of &) part

W

02—‘

0\ 0%
v

<

ITEM_MILLIMETERS __ INCHES

A 133.35£0.13_ 5.25£0.006
B 11.43 0.450

C _ 36.83 1.450

D 6.35 0.250
DI 2.0 0.079
D2 3.25 0.1230

E 54.61 2.150

G 6.35 0.250

H 127 (T.P) _ 0.05 (T.P.)

| 8.89 0.350

J 23.495 0.925

K 42.18 1.661

L 17.78 0.7000

M 2542013 1.000£0.006
N 9.0 MAX. 0.355 MAX.
P 1.0 0.039

Q  R20 R 0.079

R 4.0:0.1 0.157+0-00%
S 93.0 $0.118

T 1.2720.1 0.050.004
U 40MIN. 0.157 MIN.
v 0.25 MAX. __ 0.010 MAX.
w 1.0£0.05 0.039+3-003
X 2.54$0.10 __ 0.100+0.004
Y 3.0 MIN. 0.118 MIN.
Z 3.0 MIN. 0.118 MIN,

M168S-50A7



PRELIMINARY DATA SHEET

NEC / MOS INTEGRATED CIRCUIT

MC-422000FB

2M -WORD BY 72-BIT DYNAMIC 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 ( u PD 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

" . Power consumption
. Access time| R/W cycle time | Hyper page mode
Family (MAX.) (MIN) cycle time (MIN.) j——MAX)
Active Standby
MC- 422000FB72-60 60 ns 104 ns 25ns 5.51w 368mw
MC- 422000FB72-70 70 ns 124 ns 30 ns 5.04w | (CMOS level)
- 2 048 refresh cycles/32 ms
- CAS before RAS refresh , RAS only refresh , Hidden refresh.
- 168-pin dual in-line memory module (pin pitch = 1.27 mm)
- Single +5.0 V+0.25V power supply
Ordering information
Part Number Access time Package Mounted devices
(MAX.)
MC- 422000FB72F-60 60ns 168-pin Dual In-fine 9 pieces of
"’(';";Z’lze“t"‘;?"; ) uPD 4217805G5
400mil TSOP
MC- 422000FB72F-70 | 70NS | Edgo connector: Godpleting | \poutle o ol

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

M10549EJ1VODS00 (Japan) 325



MC-422000FB72t

Pin Configuration
168-pin Dual In-line Memory Module Socket Type (Edge Connector : Gold plaﬁnq)

U o) U
GND GND —of 1
1o 36 V00 w—» 2
10 37 VO1 @« 3
V0 38 V02 w»| 4
0 39 VO3 <> §
Vee Vee =—— 6
1O 40 V04 i 7
VO 41 VO5 «»{ 8
Vo 42 V06 @b 1%
O 43 VO7 <>
10 44 Vo8 <—>1Dl
GND GND ——] 12
VO 45 Vo9 {13
/O 46 VO 10 «—p] 14
/O 47 VO 11 @] 15
/O 48 VO 12 @1 16
VO 49 VO 13 <] 17
Vee Vee = 18
/O 50 VO 14 «—p{ 19
VO 51 VO 15 <> 20
0 52 VO 16 <=y 21
110 583 VO 17 @a—p 22
GND GND —23
NC NC  ——i24
NC NC —25
Vee Vee i 26
NC —1 27
NC CAS0 —1 28
NC NC ——29
NC -1 30
NC —p1 31
GND GND =1 32
1 A0 ——pi 33
A3 A2 —pf 34
A7 e % PDand ID Table
A9 AB  —pi37
Ng Q;I:O —] gg Pin Pin | Accsess Time
vee Ve ——] 40 Name | No. | 6ons | 70ns
> PD1 | 79 H H
l— NC NC — 41 PD2 163 L L
l@— BO NC —fd2 PD3 80 L L
l—— GND GND  ———q43
—— NC —p] 44 PD4 | 164 H H
— NC AS2 — 45 PDS 81 H H
—— NC CAS4 —»] 46
NG NS —— a7 PD6 165 H L
l¢— POE —»] 48 PD7 | 82 | H H
Vce Vee —— 49
[ NC —150 PD8 166 L L
—— NC NC ——5B1 | DO 83 | GND | GND
la—p /O 54 VO 18 <] 62
VO B5 VO 19 <] 83 | D1 167 | GND | GND
GND GND 31 54 Note) H:VOH, L: VoL
0 66 V0 20 65
o 57 V021 <« 66
1O 68 V022 w157
10 59 V023 w58
Vee VeC  emmmd 59
144 = VO 60 V024 «—»{60
145 p— NC NC ——i61
146 = NC NC ——162 . .
147 NG NG b AO - A10, BO : Address Inputs
148 t—— NC NC ——i64 VO 0-VO 71 : Data Inputs / Outputs
149 &> %g %gg <165 RASO, RAS?2 : Row Address Strobe
e B & 1037 <)oo TASD, TASA : Column Address Strobe
152 pme %dg‘ %‘[2)8 —_— gs WEO, WE2 : Write Enable
153 |a—> 9 —_—
154 e 1065 V020 :: 70 E0, OE2 : Output Enable
155 (e~ O 66 VO30 @71 PDE : Presence Detect Enable
}g_ﬁ; |- \V&W {/&31 <] ;’;‘ PD1-PD8 : Presence Detect Pins
158 fa—b VO 68 VO 32 <—b] 74 1DO,1D1  : Identity pins
159 (@~ O 69 VO 33 w75 Vee : Power Supply
160 (&> 1O 70 VO34 «»{76 .
161 [~ 1O 71 VO35 <> 77 GND :Ground
162 p—— GND GND —i 78 NC : No connection
163 9 PD2 PD1 «—{79
164 & PD4 PD3 «—180
165 > PD6 PD5 <81
166 |— PDB PD7 <—]|82
167 foee D1 D0 ——83
168 p——— Vcc Vee ——i 84
326 . N O | o) N
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Block Diagram

RASO © RAS2 ©
OE0 o> OE2
WE 0 o—> WE 2
CASO °—D———| CASa hD:_J
oo o——yy0s CAS RAS WE OF /0 40 0= /01 CAS RAS WE OE
o1 e—uo7 10 41— /02
/02 e——l/06 10 42 0=——r1 /03
1103 o——q1/05 /0 43— 1104
o4 o——yos DO voaso——los D5
105 o——1/03 1/0 45 0——] /06
106 o———] 102 1/0 46 00— 1107
/07 O] l/O1 /0 47 0———] 1108
[ 111 [ T

o8 e——yog CAS RAS WE OF V0 48 o——]yj01 CAS RAS WE GE
1109 o—07 V0 49 0—— /02
/0 10— V06 V0 50 60— 1103
/0 11 0=——] VOS5 V0 51 o—] 1104
vo12e=——]0s D1 vos2o——os D6
110 13— V03 V0 53 0——] /06
1/0 14 0——— /02 Vo 54 0—— 1107
/0 156—— /01 V0 55— /08

IR [T 11
10 16— yop CAS RAS WE OF Vo 56— j01 CAS RAS WE OE
1/0 17 =i 1107 Vo 57— 102
110 18— /06 Vo580 1103
/O 19 0oy 105 VO 59 06— 1/04
voz0o——y0s D2 vosoo——yos D7
110 21 o— 03 VO 61 0———] /06
/0 22 06— 102 VO 62 0mm—] 1107
/O 23 O=——dj /01 /O 63 6= /08

L 1T 11 [ L1
Vo 24 o——J1/08 CAS RAS WE OF Vo 64 0o——yj01 CAS RAS WE OF
/O 25 Omm—ed 107 VO 65 0=——1/02
/0 26 o——11/06 /O 66 O=———-1/03
1/0 27 0——] 1105 Vo 67— /04
yozgo—vos D3 voeso——yos D8
1/0 29 Ot |/03 /O 69 O=———ud |/06
1/0 30 6——] 1102 /0 70 0= 1107
1/O 31 Owmmmmed 1/O1 /O 71 Omemead |/O8

L 111
/0 32 0——1/08 CAS RAS WE OF

/0 33— 1107 A0 0—>———A0: DO to D4
/O 34 o——11/06 B0 o—{>———A0: D5 to D8
1/0 35 0———1/05

D4 A1 to A100—>———D0 to DB

1/0 36 &——11/O4

110 37 o———]1/03
-
10 38 6] 1102 D010 101 NCor GND

1/0 39 Gt |/01 PDE
PD1 to PD8 Vec or GND

Vee °—'r—> DO to D8
GND o—T———-»Do to D8 327
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Condition Rating Unit
Voltage on Any Pin Relative to GND VT -1.0t0o+7.0 v
Supply voltage vcc -1.0to+7.0 A"
Output current Io 50 mA
Power dissipation PD 11 w
Operating temperature Topt 010 +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)

Paramcter Symbol Condition MIN. | TYP. MAX. Unit
Supply voltage vcc 4.75 50 5.25 v
High level input voltage| VIH 24 Vee+10| Vv
Low level input voltage | VIL -10 +0.8 A"/
Ambient temperature Ta 0 70 T

CAPACITANCE (Ta=25TC , f=1 MHz )

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

CI1 | A0-Al0Q,BO 20 pF

Ci12 | WEO,WE2 20 pF

Input capacitance ci3 | R&SO, RAS?2 50 PF
Ci4 | CASO, CAS4 20 pF

cis | OEO, OE2 20 pF

D o capacitance | CVO | 100-10T1 0 | o
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DC CHARACTERISTICS
(Recommended Operating Conditions unless otherwise noted)

PARAMETER SYMBOL TEST CONDITION MIN. | MAX.| UNIT | NOTES
; RAS, CAS Cycling trac=60ns 1050 A
Operating Current Iccl tae=tre oanyy , 10=0mA =T 0ms %60 3,4,7
RAS,CAS = V :
Standby Current Iec2 S,CAS = Vmem N1 A
RAS, CAS = Vce-02V 70
N i tRac=60ns 1050
RAS only refresh current Icc3 RAS Cycling, CAS = Vm = mA |(3,4,5,7
tre=trc MV) , IO=0mA trac=70ns 960
Operating Current Tecd RAS = VIL, CAS Cycling trac=60ns 870 mA 346
(Hyper Page Mode ) tHPC=tHPC (MIN.), I0=0mA | tRac=70ns 780 T
[CAS before RAS IecS tre=tre M) trac=60ns 1050 mA | 34
refresh current 10=0mA trac=70ns 960 ?
VI=0 to 5.25V RAS -10 | +10
Input Leakage Current Tiw) HA
all other pins not under test=0V |  others -5 +1
Outputs are disabled (Hi - Z,
Output Leakage Current ToL) P ( ) -10 +10 HA
Vo=0to 5.25V
High level output voltage VoH 10=-5.0mA 24 \%
Low level output voltage VoL 10=+42mA 0.4 v
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AC CHARACTERISTICS Notes 8,9
(Recommended Operating Conditions unless otherwise noted )
172)
tRAC = 60ns tRAC = 70ns
PARAMETER SYMBOL| UNIT| NOTES
Random Read or Write Cycle Time tRC 104 -1 124 -] ns
Read Modify Write Cycle Time tRWC 133 -1 157 -1 ns
Access Time from RAS {RAC - 60 - 70| ns |10,11
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 O 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 -1 15 -] bs
Output Buffer Turn-off Delay Time from OE tOEZ 0 13 0 15| ns |12
OE Hold Time tOEH 0 -1 o -| ns
OE Lead Time Referenced to RTS_ tOES 0 - 0 -] ns
Transition Time ( 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 RSH 10 412 -] ns
CAS Pulse Width ICAS 10 § 10000! 12 110000] p
CAS Hold Time t{CSH 40 - 50 -] ns
RAS to CAS Delny Time 1RCD 14 45| 14 52| ns |10
CAS to RAS Precharge Time ICRP 5 - 5 -] ns |13
CAS Precharge Time ICPN 10 410 -1 ns
RAS Precharge CAS Hold Time {RPC 5 -l s -| ns
| RAS Hold Time from CAS Precharge {RHCP 40 | 45 -| ns
Row Address Setup Time tASR S - 5 -] ns
Row Address Hold Time tRAH 10 - 10 -1ns
Column Address Setup Time tASC 0 - 0 -1 ns
Column Address Hold Time {CAH 10 12 -1 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 m tRRH 0 - 0 -] ns |14
Read Command Hold Time Referenced to @ tRCH 0 - 0 -1 ns |14
| WE Hold Time Referencedto CAS {WCH 10 - 10 -1 ns |15
WE Pulse Width tWP 10 - 10 -] ns |15
| Data-ip Setup Time tD§ 0 - 0 -1 ns 116
Data-in Hold Time tDH 10 - 10 -1 ns |16
Write command Setup Time tWCS 0 - 0 -1 ns |17
CAS to WE Delay Time tCWD 32 - 37 -] ns }17
| RAS to WE Delay Time {RWD 87 - 99 -] ns |17
Column Address to WE Delay Time tAWD 52 - 59 -l ns |17
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2/2)
tRAC = 60ns tRAC = 70ns
PARAMETER SYMBOL{ UNIT| NOTES
MIN.| MAX.| MIN. | MAX
'WE Lead Time Referenced to RAS tRWL 15 - 17 -1 ns
'WE Lead Time Referenced to CAS tCWL, 10 - 12 -l ns
CAS Setup Time for CAS before RAS Refresh | {CSR. 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 -1 ns
Refresh Time tREF - 32 - 32 | ms
HYPER PAGE MODE
tRAC = 60ns tRAC = 70ns
PARAMETER SYMBOL UNIT|NOTES
MIN. | MAX. MIN. | MAX.
Read / Write Cycle Time tHPC 25 - 30 -| ns
[RAS Pulse Width {RASP 60| 125000] 70 | 125,000] ns
CAS Pulse Width tHCAS 10| 10,000 12 | 10,000 ns
CAS Precharge Time tCP 10 - 10 -l ns
| CAS Precharge to WE Delay Time tCPWD 52 - 59 -fns | 17
Read Modify Write Cycle Time tHPRWC 66 - 75 -l ns
Data Output Hold Time tDHC 5 - 5 -| ns
OE to CAS Hold Time tOCH 5 - 5 Jns |18
OE Precharge Time tOEP 5 - 5 J ns
CAS Hold Time to OE tCHO 5 - 5 Jus |18
Output Buffer Turn-off Delay from WE tWEZ 0 13 0 15| ns | 12,18
WE Pulse Width tWPZ 10 - 10 Jns |18
Output Buffer Tum-off Delay from RAS tOFR 0 13 0 15| ns | 12,18
Output Buffer Tum-off Delay from CAS tOFC 0 13 0 15| ns | 12,18
Notes:
1. All voltages are referenced to GND.

2. After power up, wait more than 100 us and then, execute eight CAS before RAS or RAS
only refresh cycles as dummy cycles to initialize internal circuit.
. ICC1, ICC3, ICC4 and ICC5 depend on cycle rates (tRC and tHPC ).
. Specified values are obtained with outputs unloaded.
. ICC3 is measured assuming that all column address inputs are held at either high or low.
. ICC4 is measured assuming that all column address inputs are switched only once during
each Hyper page cycle.
7 ICC1 and ICC3 are measured assuming that address can be changed once or less during
RASSVIL(MAX.) and CAS=VIH(MIN.) .
8. AC measurements assume T =2ns. 331
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Notes:

9. AC Characteristics test condition

(1) Input timing specification

VIH (MIN.) = 2.4V --oesmeeeee F_X_
VIL (MAX.) = 0.8V _-12 i)

1
e e
f

(2) Output timing specification
VOH (MIN.) = 2.4V -
VOL (MAX.) = 0.8V <c-enerns

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.)
tRAD >tRAD(MAX.) and tRCD = tRCD(MAX.) tAA(MAX.) tRAD + tAA(MAX.)
tRCD > tRCD(MAX.) tCAC(MAX.) tRCD + tCAC(MAX.)

tRAD(MAX.) and tRCD(MAX.) are specified as reference points only ; they are not restrictive
operating parameters. They are used to determine which access time (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/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 ﬁfalling edge.

17. f WCS=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 tCPWDZ=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 V/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) Both RAS and CAS are active or either RAS or CAS s active (in read cycle)
WE: active, OE: active.. AWEZ, 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)

OUTLINE DRAWINGS
A
Y z N
" - 1, Q l
| 3 E - =
s 1 _F 31 _F4._ R _F |-
(OPTIONAL HOLES) T, ¢ 4L 0 -I—_
f >
J K

ITEM MILLIMETERS INCHES

detail of (&) part detail of (B) part A 133.3520.13 _ 5.2520.006
B 11.43 0.450
W 3 36.83 1.450
‘ D 6.35 0.250
. E 54.61 2.150
|I| ﬂ [f:l I m . m G 6.35 0.250
. 1 H 1.27 (T.P.) _ 0.050 (T.P.)
' | 8.89 0.350
> X J 23.495 0.925
G P K__ 4218 1.661
L 17.78 0.700
D M 25.4 1.000
N 4.0 MAX. 0.158 MAX.
P 1.0 0.039
Q R2.0 R0.079
R 4.0£0.1 0.157+9.803
S $3.0 $0.118
T 1.27$0.1 0.05£0.004
u 4.0 MIN, 0.157 MIN.
v 0.25 MAX.  0.010 MAX.
w 1.0£0.05 0.039+3-993
X 2.54 0.100
Y 3.0 MIN. 0.118 MIN.
z 3.0 MIN. 0.118 MIN,
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PRELIMINARY DATA SHEET

NEC /

MOS INTEGRATED CIRCUIT

MC-422000LFB72F

3.3 VOPERATION 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 ( w 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

. . Power consumption
. Access time| R/W cycle ti Hyper page mode
Family (MAX.) M) | cycle time (MIN.) (MAX.)
Active Standby
MC- 422000LFB72-A60| 60ns 104 ns 25 ns 3.28wW | 147.6mw
MC- 422000LFB72-A70] 70ns 124 ns 30 ns 295w |(CMOS level)
- 2 048 refresh cycles/32 ms
- CAS before RAS refresh , RAS only refresh , Hidden refresh.
- 168-pin dual in-line memory module (pin pitch = 1.27 mm)
- Single +3.3 V0.3V power supply |
Ordering information
Part Number Access time Package Mounted devices
(MAX.)
MC- 422000LFB72F-A60| 60ns 168pin Dual Indine |9 pieces of
":;mz “t’“;d"'e ) uPD 4217805LG5
ocket Type (400mil TSOP)
MC- 422000LFB72F-A70] 70ns Edge connector: Gold plating [Double side]

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

110042EJ4VODS00 (Japan)
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Pin Configuration
168-pin Dual In-line Memory Module Socket Type (Edge Connector : Gold plating)

U o) o Y ]

85 p—— GND GND — 1

86 e 11036 Vo0 = 2

87 (e~ 1/0 37 Vo1 <« 3 .

88 4 1/O 38 Vo2 =i 4

89 |« |/0 39 vo3 e §

90 = Vcec Ve — 6

91 |a— 1/0 40 104 a—sf 7

92 (e 1/0 41 VO5 a8

93 la— 110 42 Vo6 = 9

94 e 1/0 43 V07 <> 5

95 Je— 10 44 vos =+»f11

96 p— GND GND  —f 12

97 |« 1/O 45 V09 {13

98 |e— 1/0 46 VO 10 <> 14

99 la—b 1/O 47 VO 11 <] 15

100 fa—d 1/O 48 Vo 12 €. 16

101 pe—> /O 49 Vo 13 <€ 17

102 = Vcc Vee —— 18

103 |a— 1/0 50 VO 14 <« 19

104 |@— 10 51 VO 15 4] 20

105 = 1/0 52 VO 16 <—f 21

106 fe—b 1/O 53 VO 17 <] 22

107 |—— GND GND — 23

108 }—— NC NC —24

109 |—— NC NC —25

110 Vee Vee —— 26

11 |—— NC —i 27

112 —— NC CAS0O —{ 28

113 |—— NC NC  ——29

114 —— NC —> 30

116 }—— NC —> 31

116 }—— GND GND — 32

17 ja— A1 A0 —133

118 jg— :g 23 —> 34
— —>

8 D A a3 PDand ID Table

121 fje— A9 AB —{ 37

;gg s Ng 3(1:0 —p gg Pin Pin | Accsess Time
— -] N .

124 |— Vee Vee ——] 40 ame | No- | 6ons | 70ns

] PD1 | 79 | H | H

125 |—— NC NC — 41 P2 | 163 | L L

}gg le— BO NC —42 PD3 80 L L
l——— GND GND ——43

128 [— Ro OF —»l4s PD4 | 164 | H | H

129 p—— NC RAS2 —{ 45 PDS 81 H H

130 p—— NC CAS4 —p{ 46

131 [— NC NG — 47 PDE 1 165 | W f L

132 |— WEZ —>|48 PD7 82 H H

183 [ \ee N S — e pos | 166 | L L

134 [—— —{ 50

135 |—— NC NC —51 1 D0 83 | GND | GND

136 fa—p /O 54 VO 18 4| 52

137 | 1/O 55 Vo 19 <+ 53 1D1 167 | GND ] GND

138 p—— GND GND =1 54 Note) H:VOH, L: VoL

139 | 1/O 56 VO 20 <« 55

140 | /O 57 VO 21 <= 56

141 |« /O 58 V022 «—»{57

142 (a—p /O 59 V023 «—{58

143 j—— VcC Vee  ——dq 59

144 (e |/O 60 V024 <160

145 —— NC NC —61

e o — A0 - A10, BO : Address Inputs

148 p—— NC NC —64 /0 0-VO 71 : Data Inputs / Outputs

:gg [+ :;8 g; zg gg <> gg RASD, RASZ : Row Address Strobe

151 e 1063 V0 27 <_>” 67 _EASOﬂSd : Co.lumn Address Strobe

162 p=—— GND GND ——]68 WEOQ, WE2 : Write Enable

193 pud/E e ae & OED, OE2  : Output Enable

155 |a=p /O 66 VO 30 <« 71 PDE : Presence Detect Enable

}gg e \%3067 {//8031 <> ;g PD1-PD8 : Presence Detect Pins

158 |a—» 110 68 U032 <—b] 74 ID0,ID1  : Identity pins

159 |a—t 1/0 69 VO 33 «—{75 Vee : Power Supply

160 |4~b 1O 70 VO34 <76 GND . Ground

161 4= /O 71 VO 35 @77 N .

162 f—— GND GND —— 78 NC : No connection

163 [— PD2 PD1 <179

164 |—» PD4 PD3 <«— 80

165 —% PD6 PD5 «—i81

166 |— PD8 PD7 «—82

167 = ID1 D0 ——83

168 = Vcc Vee — 84
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Block Diagram

AASO © RAS? o-
GE0 > - oEz D
WE© o> WEB o>
TAS6 o—D>——— A o>
/100 O_I/Oaa—s-.FTSWE- OE 110 40 =1 /01 CAS RAS WE OE
1101 e——i/07 10 41 0= 1/02
110 2 ©=———=—1q|/06 1/0 42 O==——ri |/03
/03 O=——11/05 /O 43 Ot /04
o4 e——yos DO o sse——yos DS
1105 o——i1/03 /0 45 06— /06
106 o——i1/02 1/O 46 =i 1107
/07 O] 1/01 110 47 e——— /08
| T[T [ 11

o8 yos CAS RAS WE OF /0 48 0————|/01 CAS RAS WE OF
1109 o=———i1/07 /0 49 o———] /02
110 10 0——] /06 /0 50 0———| 1/03
110 11 e——] /05 /0 51 o———| /04
vo120—0s D1 vosee——yos D6
110 13 0——— /03 10 53— 1106
/0 14 0=—— /02 /0 54 o—— 1107
1/0 15 Ommmeeed /01 /0 55— 1/08

L 11 [ 11
110 16 0———] ;j0g CAS RAS WE OF 110 56— /01 CAS RAS WE OE
1/0 17 o—— 1107 110 57— 1102
110 18 60— 1106 /0 58 o——]1/03
110 19 60— /05 110 59 6——— 1/04
vo200—— o4 D2 vosoe——jos D7
110 21 o——— /03 110 61 o—— /06
110 22 e——— /02 /O 62 0=——ri1/07
110 23 ———| 1101 /O 63 0= 1/08

L 111 L 1 1]
/0 24 o———] /08 CAS RAS WE OF 10 64 0—— /01 CAS RAS WE OF
1/0 25 6——] 107 10 650— 1102
1/0 26 0——11/06 1/0 66 0—]1/03
1/0 27 @=—————oy,1/05 1/O 67 G=———mi /04
/0 28 0= /04 D3 110 68 ———11/05 D8
1/0 29 o= 1103 /0 69 0——— 1106
/O 30 06— 1102 10 70 0——— 1107
1/O 31 Q] /01 1/0 71 ©=———11/08

|

9
ol
o)
&
|
OI_
mj

/0 32 /o8 A0 0—>————= A0 : DO to D4
1/0 33 00— 1/07 5

/o 34 /08 0 e—>——=A0: D50 D8
/O 35 0——T1/05 A1 to A10e—{>=————= D0 to D8

osso——os D4
1/0 37 o——11/03 IDO t0 ID1 @ NC or GND

110 38 o——11/02 PDE
1/0 39 O————11/01 PD1 to PD8 Vce or GND
Vee o—p— D>
co.co = DotoD8
GND o——3———4=D0 to D8 337
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Condition Rating Unit
Voltage on Any Pin Relative to GND VT -0.5to +4.6 \Y%
Supply voltage vcc -0.5 to +4.6 \Y
Output current (0] 20 mA
Power dissipation PD 11 w
Operating temperature Topt 0to +70 T
Storage temperature Tstg -55to +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)

Paramcter Symbol Condition MIN. | TYP. MAX. Unit
Supply voltage vcc 3.0 33 3.6 \Y%
High level input voltage] VIH 2.0 Vee+03] v
Low level input voltage | VIL -0.3 +0.8 v
Ambient temperature Ta 0 70 T

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

Parameter Symbol Test condition MIN. | TYP. MAX. Unit
CI1 A0-Al10,BO 20 pF
Cil2 | WEO,WE2 20 pF
Input capacitance Cci13 | RASO, RAS2 50 pF
C14 | CASO, CAS4 20 pF
ci5 | OEO, OE2 20 pF
Data Input/
Output capacitance Cuvo | /00-voT1 20 PF
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DC CHARACTERISTICS

(Recommended Operating Conditions unless otherwise noted)

PARAMETER SYMBOL TEST CONDITION MIN. | MAX.| UNIT | NOTES
. RAS , CAS Cycling trac=60ns o0 | o 347
Operating Current Iccl tre=trc emyy , [0=0mA P 820 , 4,
RAS,CAS =2 V :
Standby Current Icc2 $.CAS O 82 mA
RAS, CAS = Vcc-0.2V 41
=< RAS Cycling, CAS = Vm | ®Rac=60ns 910
RAS only refresh current Icc3 mA
y tre=trc oy , 10=0mA tac=70ms 820 34,51
Operating Current Icc4 | RAS = VIL,CAS Cycling | Rac=00ns 820 | A lsas
(Hyper Page Mode) tHPC=tHPC (MIN.), [0=0mA | ®ac=70ns 730 T
CAS before RAS s | tretecom trac=60ns 0 1 A | a4
refresh current 10=0mA trac=70ns 820 !
VI=01t0 3.6V RAS 5| #5
Input Leakage Current Iin) HA
all other pins not under test=0V |  others -5 +1
Outputs are disabled (Hi - Z,
Output Leakage Current Io(L) utpu (Hi-2) -5 +5 nA
Vo=0to 3.6V
High level output voltage Vou 10=-2.0mA 24 A\’
Low level output voltage VoL I0=+2.0mA 0.4 \%
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AC CHARACTERISTICS Notes 8,9
( Recommended Operating Conditions unless otherwise noted )
(1/2)
tRAC = 60ns tRAC = 70ns ,
PARAMETER SYMBOL| UNIT| NOTES
MIN. | MAX.| MIN. | MAX.
Random Read or Write Cycle Time tRC 104 -l 124 -] ns
Read Modify Write Cycle Time tRWC 133 - 157 -1 ns
Access Time from RAS tRAC - 60 - 70| ns |10,11
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 OF tOEA - 20 - 23| ns |11
RAS to Column Address Delay Time tRAD 12 300 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 -l 15 -| ns
Output Buffer Turn-off Delay Time from OE tOEZ 0 13 0 15] ns {12
OE_Hold Time tOEH 0 -1 o -| ns
OE Lead Time Referenced to RAS tOES 0 - 0 -1 ns
Transition Time ( Rise and Fall ) (T 1 50 1 50| ns
RAS Precharge Time {RP 40 -l s0 -| ns
RAS Pulse Width tRAS 60 | 10,000 70 | 10,000 ns
RAS Hold Time RSH 10 412 -1 ns
CAS Pulse Width ICAS 10 | 10.000] 12 }10.000| ps
CAS Hold Time tCSH 40 -l 50 -] ns
RAS to CAS Delay Time {RCD 14 450 14 520 ns {10
CAS to RAS Precharge Time tCRP 5 - 5 -1 ns |13
CAS Precharge Time {CPN 10 -l 10 -
RAS Precharge CAS Hold Time {(RPC 5 - 5 | ns
| RAS Hold Time from CAS Precharge tRHCP 40 - 45 -] ns
Row Address Setup Time tASR 5 - 5 -1 _ns
Row Address Hold Time tRAH 10 - 10 -1 ns
Column Address Setup Time tASC 0 - 0 -1 ns
Column Address Hold Time {CAH 10 -l 12 -] ns
Column Address Lead Time Referenced to R-Xg tRAL 30 - 35 -] _ns
Read Command Setup Time tRCS 0 - 0 -1 ns
Read Command Hold Time Referenced to m tRRH 0 - 0 -] ns |14
Read Command Hold Time Referenced to CAS tRCH 0 - 0 -1 ns |14
W_Eﬂg[d Time Referenced to CA_S tWCH 10 - 10 -1 ns 115
WE Pulse Width WP 10 - 10 -] ns |15
Data-in Setup Time tDS 0 - 0 -1 ns 116
Data-in Hold Time tDH 10 - 10 -1 ns |16
Write command Setup Time tWCS 0 - 0 -1 ns |17
CAS to WE Delay Time {ICWD 32 37 -] ns 17
RAS to WE Delay '[ln_t:. tRWD 87 - 99 -] ns |17
Column Address to WE Delay Time tAWD 52 - 59 -] ns |17
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(2/2)
tRAC = 60ns tRAC = 70ns
PARAMETER SYMBOL} UNIT]| NOTES]
MIN.| MAX.| MIN. | MAX
WE Lead Time Referenced to RAS tRWL 15 - 17 - | ns
'WE Lead Time Referenced to CAS ICWT, 10 - 12 -] ns
CAS Setup Time for CAS before RAS Refresh tCSR S - 5 -| ns
CAS Hold Time for CAS before RAS Refresh tCHR 10 - 10 - | ns
WE Setup Time tWSR 10 - 10 -| ns
WE Hold Time {WHR 15 - 15 | ns
Refresh Time tREF - 32 - 32 | ms
HYPER PAGE MODE
tRAC = 60ns trRAC = 70ns
PARAMETER SYMBOL UNITINOTES
MIN. | MAX. MIN. | MAX.
Read / Write Cycle Time tHPC 25 - 30 -| ns
[RAS Pulse Width {RASP 60| 125000{ 70 | 125,000{ ns
CAS Pulse Width tHCAS 10| 10,000 12| 10,000 ns
@recharge Time tCP 10 - 10 -l ns
CAS Precharge to WE Delay Time tCPWD 52 - 59 -lns | 17
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 I ns |18
OE Precharge Time tOEP 5 - 5 -| ns
CAS Hold Time to OE tCHO 5 - 5 ns |18
Output Buffer Tum-off Delay from WE tWEZ 0 13 0 15| ns | 12,18
WE Pulse Width tWPZ 10 - 10 {ns |18
Output Buffer Tumn-off Delay from RAS tOFR S0 13 0 15| ns | 12,18
Output Buffer Tum-off Delay from CAS tOFC 0 13 0 15| ns | 12,18
Notes:
1. All voltages are referenced to GND.

2. After power up, wait more than 100 us and then, execute eight CAS before RAS or RAS
only refresh cycles as dummy cycles to initialize internal circuit.

. ICC1, ICC3, ICC4 and ICC5 depend on cycle rates (tRC and tHPC).

. Specified values are obtained with outputs unloaded.

. ICC3 is measured assuming that all column address inputs are held at either high or low.

o 0 AW

. 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
RASSVIL(MAX.) and CAS=VIH(MIN.).
8. AC measurements assume tT =2ns. 341



MC-422000LFB72

342

Notes:

9. AC Characteristics test condition
(1) Input timing specification
VIH (MIN.) = 2.0V =-=seeeemev .
VIL (MAX.) = 0.8V __-2 S:
e e
lT' =2ns tT=2ns

(2) Output timing specification
VOH (MIN.) = 2.0V =*=="====
VOL (MAX.) = 0.8V --------=

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.)
tRAD >tRAD(MAX.) and tRCD = tRCD(MAX.) tAA(MAX.) tRAD + tAA(MAX.)
tRCD > tRCD(MAX.) tCAC(MAX.) tRACD + 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. tCRP(MIN.) requirementis applied to RAS/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 W_E_falling edge.

17. If tWCSZtWCS (MIN.), the cycle is an early write cycle and the data out will remain Hi-Z through the
entire cycle. If tRWD=tRWD (MIN.) , tCWDZ=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 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) Both RAS and CAS are active or either RAS or CAS is active (in read cycle)
WE: active, OE: active..tWEZ, tWPZ are effective.
WE: inactive, OE: inactive...tOEZ is effective.



Timing Chart
Please refer to Timing Chart 10, page 473.
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Package Drawing
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A
Y . .
LT i i T El)Q
-3 3 E E 3 _
ER | E 1 .
- - '/'A - b /\ 3 E E I
(OPTIONAL HOLES) (O A ol | .I__
: ’\" N UJ-—L
8 ~—T
J K

ITEM__ MILLIMETERS __ INCHES
A 133.35:0.13__ 5.25:0.006
. B 11.43 0.450
detail of (&) part c_ 3683 1.450
) 6.35 0.250
W, D1 2.0 0.079
D2 3.125 0.123
E 54.61 2.150
A G 6.35 0.250
D ﬂ D ] H 1.27 (T.P) __ 0.050 (T.P)
T I 8.89 0.350
B J 23.50 0.925
v K 43.18 1.70
L 17.78 0.700
X= D1 M 25.420.13 1.000:0.006
N 4.0 MAX. 0.158 MAX.
P 1.0 0.039
Q R2.0 R0.079
R 4.0£0.1 0.157+0-003
s $3.0 $0.118
T 1.2740.1 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+3-993
X 2.54:0.10 _ 0.100£0.004
Y 3.0 MIN. 0.118 MIN.__
z 3.0 MIN. 0.118 MIN.
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PRELIMINARY DATA SHEET

NEC /

MOS INTEGRATED CIRCUIT

MC-424000FC72F

4M -WORD BY 72-BIT DYNAMIC RAM MODULE
HYPER PAGE MODE (ECC)

Description

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

which 18 pieces of 16M DRAM ( uPD 4216405) 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
. X Power consumption
. Access time | R/W cvcle t Hyper page mode
Family (MAX.) (M%_)e e cycle time (MIN.) (MAX.)
Active Standby
MC- 424000FC72-60 60 ns 104 ns 25 ns 8.82w 106mw
MC- 421000FC72-70 70 ns 124 ns 30 ns 7.88w | (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 +5.5 V+0.25V power supply

Ordering information

Part Number A?K/f:; t)ime Package Mounted devices
MC- 424000FC72F-60 60ns 168-pin Dual In-line 18 pieces of
“’(';'gzge‘;";dy“;: \ uPD 4216405G3
300mil TSOP
MC- 424000FC72F-70 70ns Edge connector: Gold plating ([Double side] )

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

V110548EJ1VODS00 (Japan)
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Pin Configuration

346

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

55555552
wnNn=-00

6
s

o7

SOONONEWN -

888L8RRBL8BRIY

L

BEARRRBV2BEBIREXBB2BEEISHRER2

PD and ID Table

Pin Pin | Accsess Time
Name | No. | 60ns| 70ns
PD1 79 H H
PD2 163 H H
PD3 80 L L
PD4 164 H H
PD5 81 H H
PD6 | 165 H L
PD7 82 H H
PD8 166 L L
1 DO 83 GND | GND
1D1 167 | GND | GND

Note) H:VOH, L: VoL

AO - A11, BO : Address Inputs

/0 0-VO 71 : Data inputs / Outputs
RASO, RAS? : Row Address Strobe
CASD, CASA : Column Address Strobe
EO0, W : Write Enable

OEO, OE2 : Output Enable

PDE : Presence Detect Enable
PD1-PD8 : Presence Detect Pins
DO, ID1 < Identity pins

Vee : Power Supply
GND : Ground
NC : No connection
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Block Diagram

CTE L — [
GEo > oEz P>
WE 0 o> WE2 o={>
CAS0 o—D>———— CASA o—H—
Yoo Voac_s'ﬁ'A'S'W_E OE VO 36 Vo167\'§'RTS'V'E OE
vo1 o——Jyo4 10 37 o——10 2
vo2 e———o2 DO vosso—ros D9
03 o— 101 /O 39 o— 10 4
VO 4 o= 3CAS RAS WE OF V0 40 o———]vo 1 CAS FAS WE OF
vo5s o—— 104 0 41 o——{v0 2
voe o——vo2 D1 vos20—Jvos D10
VO 7 O] 1O 1 —— V0 43 ——{10 4
111 1

Vo8 o——yyo 4 CAS RAS WE OF Vo 44 o—— o 1 CAS RAS WE OF
V09 o103 V0 45 —— 10 2
vo1oe——vo2 D2 vo460——Jvoa D11
VO 11 06— 10 1 Vo 47 o——10 4

1 1 1 1 I .
Vo 12 0——] 1o 4 CAS RAS WE OF V0 48 o——] o 1 CAS PAS WE OE
V0 130———110 3 Vo 49— o 2
VO 14 O=———rd 1O 2 D3 V0 50 o—— U0 3 D12
/O 15 Omememeet /O 1 VO 51 0————1/0O 4

| I | | I I

1O 16 =1 /0 4 CAS RAS WE OF 10 52 o0——| o 1 CAS RAS WE OF
vo 17— 103 10 53 o=——] /0 2
vo1so—do2 D4 vosse——voa D13
10 19 0—— 10 1 VO 55 o——r /0 4
0 20 o——] v 4 CAS RAS WE OF vo 56 e——vi0 1 CAS RAS WE OF
/O 21 Ot /O 3 /O 57 Sy /O 2
VO 22 O |/O 2 D5 V/O 58 Ommmmmed /O 3 D14
VO 23 6———i O 1 YO 50 Ommmed O 4
/O 24 O Vo4mmWE (Tg VO 60 O VoféTs- mﬁ BE
1O 25 o=——r11/0 3 10 61 o——] /0 2
voz6e——io2 D6 vospo——uoa D15
YO 27 Cummmmmeed |/O 1 /O 63 =i |/O 4
vo 28 ——] vo 4 S FAS WE OF vo 64 ——] o 1 CAS RAS WE OF
1029 o—— 10 3 Y0 65 0—— V0 2
vosoo——vo2 D7 VO 66 0—— /0 3 D16
VO 31 o——10 1 V0 67 o—— V0 4

1 1 1 I ..
V0 32 0—— o 4 CAS RAS WE OE VO 68 o————] o 1 CAS RAS WE OF
10 33 e——10 3 VO 69 o———d /0 2
vosso——dro2 D8 vo70 e———ivos D17
V0 35 o——— 0 1 V071 o——d 10 4

1D0 10 1D} Qe NC 07 GND
AQ O Dmmmeii=- A0 : DO to DB TOE
B0 0—{>——&>A0:D9 to D17 PD1 to PD8 :3—— Vee or GND
Al to A100—{>————= D0 to D17 Vee 0m——gp————=3> 0 to D17

&ND o—3- SV 0o 10 D17
347
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348

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Condition Rating Unit
Voltage on Any Pin Relative to GND VT -1.0to +7.0 v
Supply voltage vcc -1.0to +7.0 A%
Output current 0 50 mA
Power dissipation PD 20 w
Operating temperature Topt 0to +70 T -
Storage temperature Tstg -55to +125 T

Remarlk

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 vcc 4.75 5.0 5.25 A\
High level input voltage| VIH 24 Vee+10] Vv
Low level input voltage | VIL -1.0 +0.8 AV
Ambient temperature Ta 0 70 T

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

Parameter Symbol Test condition MIN. | TYP. MAX. Unit
CI1 A0 - Al0, BO 20 pF
Ci2 | WEO,WE2 20 pF
Input capacitance CI3 | RASO, RAS2 78 pF
CI4 | CASO, CAS4 20 pF
CI5 E0, OE2 20 pF

Data Input/
Output capacitance Cro | v0o0-1o7 20 PF
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DC CHARACTERISTICS
(Recommended Operating Conditions unless otherwise noted)

PARAMETER SYMBOL TEST CONDITION MIN. | MAX.| UNIT | NOTES
. RAS, CAS Cycling trac=60ns 1 680 mA 3.4
Operating Current Iccl tre=tre vy , 10=0mA AT 0ns 13500 , 4,7
RAS,CAS = V ;
Standby Current Icc2 o 100 mA
RAS, CAS = Vcc-02V 82
—_ i trac=60ns 1680
RAS only refresh current Icc3 RAS Cycling, CAS = Vm mA |3,4,5,7
tre=tre (N, , IO=0mA trac=70ns 1500
Operating Current Iccd RAS = VIL, CAS Cycling trac=60ns 1680 mA | 346
(Hyper Page Mode) tHPC=tHPC (MIN.), I0=0mA | trac=70ns 1500 "
CAS before RAS Iecs tre=trc vy trac=60ns e8| 34
refresh current 10=0mA trac=70ns 1500 ’
VI=0 to 5.25V RAS -10 | +10
Input Leakage Current I HA
all other pins not under test=0V |  others -5 +1
Outputs are disabled (Hi - Z
Output Leakage Current To(L) fputs are ci *i-2) -10 +10 LA
Vo=0to 5.25V
High level output voltage Vou 10=-5.0mA 24 A"
Low level output voltage VoL 10=+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| NOTES
Random Read or Write Cycle Time tRC 104 -l 124 -| ns
Read Modify Write Cycle Time {RWC 133 -l 157 -] ns
Access Time from RAS RAC - 60 - 70| ns |10,11
Access Time from CAS tCAC - 20 - 2| ns J1001
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 12 300 12 35| ns |10
CAS to Data Setup Time tCLZ 0 - 0 -l 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 Hold Time tOEH 0 -1 o -] ns
OE Lead Time Referenced to R-E tOES 0 - 0 -] ns
Transition Time ( Rise and Fall ) {T 1 50 -1 50| ns
RAS Precharge Time {RP 40 -1 50 -] ns
RAS Pulse Width {RAS 60 | 10,000 70 | 10,000] ns
RAS Hold Time (RSH 10 - 12 -] ns
| CAS Pulse Width {CAS 10 | 10000] 12 [10.000] 5s
CAS Hold Time tCSH 40 -l 50 -] ns
RAS to CAS Dela e CD 14 45 14 52} ps |10
CAS to RAS Precharge Time tCRP. 5 - 5 -] ns |13
CAS Precharge Time {CPN 10 -1 10 -1 ns
| RAS Precharge CAS Hold Time {RPC 5 5 -] ns
m Hold Time from m Precharge tRHCP 40 - 45 -1 ns
Row Address Setup Time tASR 5 - 5 -] ns
Row Address Hold Time tRAH 10 - 10 -1 ns
Column Address Setup Time tASC 0 - 0 -1 ns
Column Address Hold Time {CAH 10 12 -] ns
Column Address Lead Time Referenced to RAS | tRAL 30 -l 35 -| ns
Read Command Setup Time RCS 0 - 0 -] ns
Read Command Hold Time Referenced to RAS. tRRH 0 - 0 -] ns |14
_Read Command Hold Time Referenced to CAS RCH 0 - 0 -1 ns |14
| WE Hold Time Referenced to CAS. {WCH 10 10 - ons l1s
WE Pulse Width WP 10 - 10 -] ns |15
| Data-in Setup Time DS 0 - 0 =] ns 116
Data-in Hold Time tDH 10 - 10 -] ns J16
Write command Setup Time tWCS 0 - 0 -] ns |17
CAS to WE Delay Time {CWD 32 -l 37 -l ns |17
| RAS to WE Delay Time RWD 87 - 99 -] ns |17
Column Address to WE Delay Time tAWD 52 -l 59 -]l ns J17
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2/2)
tRAC = 60ns tRAC = T0ns —l
PARAMETER SYMBOLJ UNIT] NOTES|
'WE Lead Time Referenced to RAS tRWL 15 - 17 -| ns
[WE Lead Time Referenced to CAS ICWL, 10 -l 12 -{ ns
CAS Setup Time for CAS before RAS Refresh {CSR S - S -] ns
CAS Hold Time for CAS before RAS Refresh | tCHR 10 -] 10 -| ns
WE_Setup Time tWSR 10 - 10 -| ns
WE_Hold Time {WHR 15 -Loas -] ns
Refresh Time tREF - 64 - 64 | ms
HYPER PAGE MODE
tRAC = 60ns trRAC = 70ns
PARAMETER SYMBOL UNIT|NOTES
Read / Write Cycle Time tHPC 25 - 30 -l ns
[RAS Pulse Width {RASP 60 | 125,000 70 | 125,000 ns
CAS Pulse Width tHCAS 10| 10,000 12| 10,000] ns
CAS Precharge Time {CP. 10 - 10 -| ns
CAS Precharge to WE Delay Time tCPWD 52 -l 59 Ins | 17
Read Modify Write Cycle Time tHPRWC 66 - 75 -l ns
Data Output Hold Time tDHC 5 - 5 -| ns
OE to CAS Hold Time tOCH 5 - 5 | ns |18
OE Precharge Time tOEP 5 - 5 -| ns
CAS Hold Time to OF _ tCHO 5 - 5 | ns |18
Output Buffer Tum-off Delay from WE tWEZ 0 13 0 15| ns | 12,18
WE Pulse Width tWPZ 10 - 10 T as | 18
Output Buffer Turn-off Delay from RAS tOFR 0 13 0 15| ns | 12,18
Output Buffer Tum-off Delay from CAS tOFC 0 13 0 15| ns | 12,18

Notes:
1. All voltages are referenced to GND.

2. After power up, wait more than 100 us and then, execute eight CAS before RAS or RAS
only refresh cycles as dummy cycles to initialize internal circuit.

o o s W

each Hyper page cycle.

. ICC1, ICC3, ICC4 and ICC5 depend on cycle rates (tRC and tHPC).

. Specified values are obtained with outputs unloaded.

. ICC3 is measured assuming that all column address inputs are held at either high or low.
. ICC4 is measured assuming that all column address inputs are switched only once during

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

RASSVIL(MAX.) and CASZVIH(MIN.).

8. AC measurements assume tT =2ns.
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Notes:

9. AC Characteristics test condition

(1) Input timing specification
VIH (MIN.) = 2.4V ==cemeeeee t———xt—
VIL (MAX.) = o.av--"---;-;2 H
(2) Output timing specification
VOH (MIN.) = 2.4V ===
VOL (MAX.) = 0.8V ------

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

‘ Conditions Access Time |__Access Time from RAS |
{RAD = tRAD(MAX.) and tRCD = tRCD(MAX.) tRAC(MAX.) tRAC(MAX.)
{RAD >tRAD(MAX.) and tRCD & tRCD(MAX.) TAAMAX.) {RAD + tAA(MAX.)
{RCD > 1RCD(MAX.) {CAC(MAX.) tRCD + ICAC(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 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.) requirementis applied to RAS/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 VVEE—falllng edge.

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

entire cycle. If tRWD=tRWD (MIN.) , tCWDZtCWD(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.

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

17.

18. To make VO to Hi-Z in read cycls, 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 s effective when CAS s 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
A
N
Y A
« Q
+—=5 — I
by EE—— i A i h ]
(OPTIONAL HOLES) 161 o th 1
a/ -i_._ Ne_ > __u_ T
J l K
| f B G C b) E
0 IIIIIIIIIII""“""“ lIllllIllI"l"ll"""“"""“““ O
) - ITEM MILLIMETERS __ INCHES
detail of @ part detal of @ part A 133.35:0.13 5.2520.006
W B 11.43 0.450
N ‘ C _ 36.83 1.450
- R LA - D 6.35 0.250
[] | ‘ o I= E]l - D E 5461 2.150
N ‘ G 635 0.250
| > l H 127 (T.P) _ 0.050 (T.P.)
"D p ! 8.89 0.350
J 23.495 0.925
D K 4218 1.661
L 17.78 0.700
M 254 1.000
N 40MAX. _ 0.158 MAX.
P 1.0 0.039
Q  R20 R0.079
R 4.0£0.1 0.157+3-99%
S 630 $0.118
T 127504 0.05£0.004
U 4.0 MIN. 0.157 MIN.
V_ 0.25 MAX. _ 0.010 MAX.
W 1.0£0.05 0.039£0.002
X 2.54 MIN. 0.100 MIN.
Y 3.0MIN. 0.118 MIN.
Z  3.0MIN. 0.118 MIN.

354 M168S-50A2



PRELIMINARY DATA SHEET

MC-424000LFC72F

N EC/ MOS INTEGRATED CIRCUIT

3.3V 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 ( u PD 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

. i Power consumption
. Access time| R/W cycle ti Hyper page mode
Family (MAX.) (hmf ™ | cycle time (MIN.) (MAX.)
Active Standby
MC- 424000LFC72-A60f 60ns 104 ns 25 ns 5.87w 180 mw
MC- 424000LFC72-A70| 70ns 124 ns 30 ns 522 w |(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 V0.3V power supply

Ordering information

Part Number Access time Package Mounted devices
(MAX.)
MC- 424000LFC72F-A60| 60ns 168-pin Dual In-fine 18 pieces of
"’(‘;‘m': “:";:;';) uPD 4216405LG3
ocke 300mil TSOP
MC- 424000LFC72F-A70|  70NS | Eqge connactor: Goid plating ([Double e )

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

110043EJ4VODS00 (Japan) 355
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Pin Configuration

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

U o o U

85 [—— GND GND — 1

86 |~ 1/0 36 VOO0 <<= 2

87 |<=b /037 101 <= 3

88 j<=t> /O 38 Vo2 <= 4

89 =t I/0 39 /03 < 5

90 p— Vcc Vec — 6

91 fa—t 1/0 40 V04 <=t 7

92 |<=t> I/O 41 Vo5 < 8

93 |a—> 1O 42 Vo6 <« 9

94 [~ 1/O 43 Vo7 <H>5

gd—b IO 44 vos <f11

96 fp——— GND GND — 12

97 <= 110 45 V09 <113

98 | /0 46 VO 10 <] 14

99 <> /O 47 Vo 11 < 15

100 |<—t /O 48 VO 12 <= 16

101 <= /O 49 VO 13 <1 17

102 f=—— Vcc Vec —— 18

103 [a=b /O 50 V0 14 < 19

104 o> 1/O 51 VO 15 < 20

105 = 1/0 52 VO 16 <= 21

106 ja—> 110 53 VO 17 <22

107 }—— GND GND — 23

108 p— NC NC ——24

109 p——— NC NC ——25

110 p— Vce Vee  —— 26

111 |—— NC 0 —{ 27

112 f—— NC CASO —{ 28

113 f—— NC NC  —— 29

114 —— NC —1 30

115 |— NC —1 31

116 |—— GND GND —— 32

117 j<=— A1 A0 —> 33

118 |a— A3 /\i —> 34

o e A % PD and ID Table

121 j<— A9 AB —p1 37

122 jl<— Al1l A0 —p{38 Pin Pin | Accsess Time

123 p—— NC NC ——139 al

124 [—— Vcc Vee — 40 Name | No. | eons| 70ns

] PDi | 79 | H | H

125 f— NC NG —— 41 Po2 1 163 | H | H

}gs <t BO NC =42 PD3 80 L L
l—— GND GND ——43

128 [0 Ro —la Po4 | 164 | H H

129 j——— NC HAS2 ——t>{ 45 PD5 81 H H

130 — NC CASs —t 46

131 [— NG NG —] 47 PO6 L 165 | W ] L

132 (a— FBE WEs —] 48 D7 | 82 | H | H

133 p— Vcc Veg =149

138 — NC NE — 5o PD8 166 L L

135 —— NC NC  —i51 | DO 83 GND | GND

136 |~ 10 54 VO 18 <=~ 52

137 [a- 10 55 V0 19 <=t 53 101 ] 167 ] GND | GND

138 |—— GND GND ——54 Note) H:VOH, L: VoL

139 <> /0 56 V020 <t 55

140 <> 110 67 V021 <= 56

141 <> 11O 58 V0 22 <> 57

142 - /0 59 V0 23 <=t 58

143 p—— Vcc Vee e 59

144 <= /0 60 V024 <= 60

145 —— NC — 1

ue — e v S— - A0 - A11, BO : Address Inputs

148 —— NC NC ——]54 /0 0-VO 71 : Data Inputs / Outputs

149 q_""" :’/83; 53 gg <165 RASD, RAS2 : Row Address Strobe

1 o> o063 1057 <ol CAS0, CAS4 : Column Address Strobe

152 |—— %124 GND —— 68 EO0, WE2 : Write Enable

153 [ V0 28 < 69 OEC OE5 -

154 o> 1085 V029 <] 70 E0, OE2 : Output Enable

155 |~ 10 66 V030 < 71 PDE : Presence Detect Enable

]gg (<> 38057 58(731 <> ;;23 PD1-PD8 : Presence Detect Pins

158 (e 10 68 V0 32 <—b| 74 IDO. D1 : Identity pins

159 | Ilogs VO 33 «{75 Vee : Power Supply

160 @~ 10 70 VO 34 <] 76 .

161 |4 10 71 V035 4] 77 GND :Ground

162 —— GND GND —— 78 NC : No connection

163 — PD2 PD1 <—q79

164 [+ PD4 PD3 <a—180

165 p—> PD6 PD5 <¢—i81

166 — PD8 PD7 <w—]82

167 f—— D1 D0 —— 83

168 p}—— Vcc Vee —184

356 . N O | ) N




MC-424000LFC72F

Block Diagram

RASD ooy 2] Y —
OEo0 > OE2 o—>
CAS0 o—[m——y CASS ey —]
V00 o——! o 4 CAS RAS WE OF VO 36 o———{ /0 1 CAS RAS WE O
/01 o——1/0 3 1/0 37 ———{1/0 2
/O 2 Commmmmnmex] /O 2 DO /O 38 Crmmmmmee’ 1/O 3 D9
1103 e——10 1 1/0 39 o————{l/0 4
L[
VO 4 Cmmmmmi 0 4 CAS RAS WE OE 10 40 S=———{ /0 1 CAS RAS WE OF
/05 o=———i1/03 1/0 41 c=———1 /O 2
/06 o———I1/02 D1 /O 42 Gt 1/0 3 D10
//O7 Cmmmmemmd 1/O 1 1/0 43 Crmmeme! |/O 4
1 LI
108 e———1y0 4 CAS RAS Wit OF 0> 44— yio 1 CAS RAS WE OF
/09 Cmmmmm!|/O 3 10 4 e———11/0 2
vo1oe——roz D2 1o 46 e——yog D11
/O 11 Gt 1O 1 10 47 o———] VO 4
B L LT ]
1/0 12 0=—— /0 4 CAS RAS WE OE 10> 48 e———{ iy ) AT TIAS WE OF
/0O 13 O] |/O 3 1/0) 49 & 170 2
/O 14 c———11/O 2 D3 1/0 50 e———| /O 3 D12
/O 15 C=——ni /O 1 1/0 51 G=———]l/O 4
et 11
/0 16— 10 4 CAS RAS WE OF 10 52 e——— o 1 CAS RAS WE OF
1/0 17 e———1/0 3 /O 53 G———! /O 2
o 18o———yjo2 D4 1054 cmnjyo3 D13
/0 19 ————}1/0 1 1/0 55 e——]1/0 4
I L LT 1
/0 20— /0 4 CAS RAS WE OF /0 56 o—— 10 1 CAS RAS WE OF
110 21 e——11/0 3 1/O 57 c=———41/0 2
/0 22 cmmmme O 2 D5 110 58 c——=11/03 D14
1/O 23 Commmmm=i |/O 1 YO 59 Cmmmmmm} |/O 4
| ) [
/O 24 c———rij 4 CAS RAS WE OF 0 60 c———i 0 1 CAS RAS WE OF
110 25 6e———11/0 3 1/0 61 e———1/0 2
wo2so——o2 D6 voe2e——jvoa D15
/O 27 Cmmmmemmd /O 1 /O 63 C=======] /O 4
‘ LI
/0 28 o———] /0 4 CAS FAS WE OF 110 64 e———! i 1 CAS RAS WE OF
1/O 29 e=———o!1/0 3 1O 65 e=———11/0 2
1/O 30 = 1/O 2 D7 1/O 66 O———xrd /0 3 D16
1/O 371 Commmmmmt /O 1 1/O 67 Crmmmmmmeit 1/O 4
L L I L L1
10 32 o———1y/0 4 CAS RAS WE OF O 68 S——yy0 1 CAS RAS WE OF
/O 33 C==——=r /0 3 /0 69 C=—=—=xtl1/0 2
1/O 34 o——1/0 2 D8 1/O 70 Gt /0 3 D17
1/0 35 o—— 10 1 110 71 o——4 10 4
1DO to ID1 e NIC o1 GND
AQ OS> A0 : DO to DB FOE
B0 e—>———{>A0:D9 to D17 PD1 to PD8 6——<}————— Vcc or GND
A1 to A1 O={3———=>D0 to D17 Vee Gm——gm———xUI> 0 to D17

CO- C17
GND c——2——"—= D0 to D17 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 Vv
Supply voltage vcc -0.5to +4.6 \"
Output current Io 20 mA
Power dissipation PD 20 w
Operating temperature Topt 0to +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 vcc 3.0 33 3.6 v
High level input voltage| VIH 2.0 Vee+03] Vv
Low level input voltage | VIL -03 +0.8 v
Ambient temperature Ta 0 70 T

CAPACITANCE (Ta=25TC , f=1 MHz)

Parameter Symbol Test condition MIN. |- TYP. | MAX. Unit
CI1 | A0-AIl,BO 20 PF
Ciz | WEO,WE2 20 oF
Input capacitance C13 | RASO, RAS2 78 PF
C14 | CASO, CAS4 20 pF
cis | OEG, OE2 20 pF
Data Input/
Output capacitance Cro | Vo0-107 20 PF
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DC CHARACTERISTICS

(Recommended Operating Conditions unless otherwise noted)

PARAMETER SYMBOL TEST CONDITION MIN. { MAX.| UNIT | NOTES
RAS , CAS Cycling trac=60ns 1450 mA | 3
i ’ 4’ 7
Operating Current Iccl tre=tre vy , I0=0mA Ta—T0ns 1270
RAS, = Vi,
Standby Current Iec2 5. CAS B 100 mA
RAS, CAS = Vcc-0.2V 50
P ; trac=60ns 1450
RAS only refresh current Icc3 RAS Cycling, CAS = Vm mA |3,4,5,7
tre=trc vy , IO=0mA trac=70ns 1270
(Hyper Page Mode) tHPC=tHPC (MIN.), I0=0mA trac=70ns 1450 t
TAS before RAS TecS tre=tre vy trac=60ns 1450 A -
refresh current 10=0mA trac=70ns 1270 ’
VI=0 to 3.6V RAS 5| 45
Input Leakage Current IiL) HA
all other pins not under test =0V | others -5 +1
Output: disabled (Hi-Z
Output Leakage Current To(L) ipus are &l Hi-2) -5 +5 HA
Vo=0to 3.6V
High level output voltage Vou [0=-2.0mA 2.4 A"
Low level output voltage VoL 10=+2.0mA 0.4 v
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AC CHARACTERISTICS Notes 8,9
(Recommended Operating Conditions unless otherwise noted)
(1/2)
tRAC = 60ns tRAC = 70ns
PARAMETER SYMBOL| UNIT| NOTES
MIN. | MAX.| MIN. | MAX.
Random Read or Write Cycle Time tRC 104 - 124 -1 ns
Read Modify Write Cycle Time tRWC 133 - 157 -1 ns
Access Time from RAS tRAC - 60 - 70 ns |1011
Access Time from CAS {CAC - 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 O 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 -]l ns |11
OE to Data Setup Time t0LZ 0 - 0 -l 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 Hold Time tOEH 0 - 0 -| ns
OE Lead Time Referenced to RAS tOES 0 - 0 -1 ns
Transition Time ( Rise and Fall ) tT 1 50 1 50| ns
RAS Precharge Time tRP 40 - 50 -] ns
RAS Pulse Width {RAS 60 | 10,000 70 [ 10,000| ns
RAS Hold Time {RSH 10 12 -| ns
CAS Pulse Width 1CAS 10 | 10,000 12 110,000 ps
CAS Hold Time {CSH 40 -| 50 -1 ns
RAS to CAS Delay Time {RCD 14 45| 14 52| ns |10
CAS to RAS Precharge Time ICRP 5 - 5 -] ns |13
CAS Precharge Time {CPN 10 410 -1 ns
RAS Precharge CAS Hold Time RPC 5 - 5 -| ns
RAS Hold Time from CAS Precharge tRHCP 40 - 45 -1 _ns
Row Address Setup Time tASR 5 - 5 -| ns
Row Address Hold Time tRAH 10 - 10 -1 ns
Column Address Setup Time tASC 0 - 0 -1 ns
Column Address Hold Time tCAH 10 - 12 -] ns
Column Address Lead Time Referenced to RAS tRAL 30 - 35 -1 ns
Read Command Setup Time tRCS 0 - 0 -] ns
Read Command Hold Time Referenced to R.—E tRRH 0 - 0 -] ns {14
Read Command Hold Time Referenced to CT\-E tRCH 0 - 0 -1 ns 114
EHold Time Referenced to (.Z-;;E tWCH 10 - 10 -1 ns 115
WE Pulse Width tWP 10 - 10 -l ns J15
Data-in Setup Time tDS 0 - Q -1 ns 116
Data-in Hold Time tDH 10 - 10 -1 ns |16
Write command Setup Time tWCS 0 - 0 -1 ns |17
CAS to WE Delay Time {CWD 32 - 37 -] ns |17
RAS to WE Delay Time (RWD 87 99 -] ns |17
Column Address to WE Delay Time tAWD 52 - 59 -1 ns {17
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(2/2)
tRAC = 60ns tRAC = 70ns
PARAMETER SYMBOL] UNIT] NOTES
MIN. | MAX.| MIN. | MAX
'WE Lead Time Referenced to RAS (RWL 15 - 17 -] ns
|WE Lead Time Referenced to CAS tCWI, 10 - 12 - | ns
CAS Setup 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 - 64 - 64 | ms
HYPER PAGE MODE
tRAC = 60ns tRAC = 70ns
PARAMETER SYMBOL UNIT|NOTES
MIN. | MAX. MIN. | MAX.
Read / Write Cycle Time tHPC 25 - 30 - ns
_—B AS Pulse Width (tRASP 60 | 125,000 70 | 125,000] ns
CAS Pulse Width tHCAS 10| 10,000 12 | 10,000] ns
CAS Precharge Time tCP 10 - 10 -l ns
CAS Precharge to WE Delay Time tCPWD 52 - 59 -lns |17
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 | 18
OE Precharge Time tOEP 5 - 5 -| ns
CAS Hold Time to OF tCHO 5 - 5 - ns | 18
Output Buffer Turn-off Delay from WE tWEZ 0 13 0 15 ns | 12,18
WE Pulse Width tWPZ 10 - 10 <[ ns | 18
Output Buffer Turn-off Delay from RAS tOFR 0 13 0 15| ns | 12,18
Output Buffer Turn-off Delay from CAS tOFC 0 13 0 15 ns | 12,18
Notes:
1. All voltages are referenced to GND .

2. After power up, wait more than 100 ps and then, execute eight CAS before RAS or RAS
only refresh cycles as dummy cycles to initialize internal circuit.
. ICC1, ICC3, ICC4 and ICC5 depend on cycle rates (tRC andtHPC ).
. Specified values are obtained with outputs unloaded.
. ICC3 is measured assuming that all column address inputs are held at either high or low.
. ICC4 is measured assuming that all column address inputs are switched only once during
each Hyper page cycle.
7. ICC1 and ICC3 are measured assuming that address can be changed once or less during
RASSVIL(MAX.) and CAS=VIH(MIN.).
8. AC measurements assume tT =2ns. 361
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Notes:

9. AC Characteristics test condition

(1) Input timing specification

VIH (MIN.) =2.0V ==--sneena ¢—;\:—
VIL (MAX.) = 0.8V _-72 _

e e

(2) Output timing specification
VOH (MIN.) = 2.0V ="

VOL (MAX.) =0.8V -----

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.)
tRAD > tRAD(MAX.) and tRCD = tRCD(MAX.) tAA(MAX.) tRAD + tAA(MAX.)
tRCD > tRCD(MAX.) 1CAC(MAX.) tACD + 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. tCRP(MIN.) requirementis applied to RAS/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 faling edge in early write cycles. In late
write cycles and read modify cycles, they are referenced to the VVE—faIIing 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.) , tCWDZtCWD(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.

It 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

spacification 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.. AWEZ, 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

T T
et DL = (UL, -
' o

ITEM MILLIMETERS __ INCHES

detail of @ part A 133.35£0.13 _ 5.25£0.006

B 11.43 0.450

C 3683 1.450

D 635 0.250

E 54.61 2.150

G 6.35 0.250

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

] 8.89 0.350

J 23.495 0.925

K 43.18 1.700

L 17.78 0.700

M 254 1.000

N 4.0 MAX. __ 0.158 MAX.

Q  R20 R0.079

R 4.010.1 0.157+0-90%

s 23.0 $0.118

T 1.27£0.1 0.05£0.004

U 4.0 MIN. 0.157 MIN.

V_ 0.25MAX. _ 0.010 MAX.

W 1.0:0.05 0.039:0.002

X 2.54 MIN. __ 0.100 MIN.

Y 3.0 MIN. 0.118 MIN.

z 3.0 MIN. 0.118 MIN.

M168S-50A3
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Timing Chart 1






Read Cycle

Address

[l[e]

ViH-
Vie-

Vin-
Vie-

ViH-
Vie-

Vin-
Vi

tre
tras trp
7Z \_
tesH
torp trco tRsH tcen
7 Y tcas 7 Y
/ X L/ \
traD tRAL N

tasr| | tran tasc tean

[ e

A \ s

D 1
K 7 X
trcH
[
tRes trRRH
l trac
! Y . torr
teac .
foz .
Hi-Z . - Hi-Z
------ -- bttt Data out Al
- 7
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Early Write Cycle

RAS

Address

WE

110

368

Vie-

<<
ToT

<<
vF

<<

ViH-
Vi-

tras . tre
- N
\&
tosh
tcre treD
7 \ \
traD
LAE’ trar ﬁc» H
XOOL_ror Lo XXO000Q0RAAAN0

twes

L1

© T

X00000KXXX

tos
pt —

toH

A

N

oaai RUXCRXXKKXIKXXX




Fast Page Mode Read Cycle

trasp trp
J— - \ / \
BAS ViH \ trHcP Z
Vie- N _7 e
tesk tec tRsH
trcji trcp tcas tep tcas | tep tcas teen
oAs - I\ N AR /N
Vi- X 7 K AN 2 A
tRAL |
trap 1
tA‘S_HJ tran  ftasc toan tasc | | tcan tasc | toan
[ ot tL
ViH- 4 r \ / \ s
- X f X 7 X
treH
tres treH|  fres] trReH|  ftRes
I tRRH
= V- F 4 /
we | \/ \/
trac tace tace
: tan taa tan torF
toro torF, tcac torr tcac
toz tez toz
VoH- . AL N X s \ i-
o] v R 1. S——— {x Data out }H'Zy Data out E—Hl-z- Data out E----HL-Z- -----
oL- X 7 X 7 N 7

Remark Inthe 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

110

Vin-
Vie-

ViH-
Vi-

ViH-
Vie-

Vin-
Vi

ViH-
Vie-

trasP trp
— Zl(_-:;__
K( trHcP . \—
tcsH tec tRsH
terp treo toas e teas tep tcas | teen
JT NN N /7 X
o tRAL !
tasr | |traH tasc tcaH tasc | | toan tasc | tcan
7’ — :_» p! — p! :-"
twes twen twes twen twos twen
NNV /77777777
jo_s. ton tos ton tos ton
XXXXXXN_ paarn @{ n XXX omain XXXXKXXXXX

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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CAS Before RAS Refresh Cycle

trc tre
tras | tre tras | trp

- Vi \ / Sq [ !
RAS | " N\

tcsr tcHR trrc tcsr tcHr trrc tceN
== Vh-
CAS \ { N

Vi~ N 7 \ N 7/

N

Remark Address, WE: Don’t care 1/O: Hi-Z

RAS Only Refresh Cycle

tre tre
tias ) - tip e tras tap
= VH- —J J’ 7‘ 3
RAS Vie x N, N\
tcrp
trrc
terp teen
—= V- 4 4
"/ /L
tasm tran tasr tRAH
=]
- s \
o I 0808
- W

Remark WE: Don’tcare 1/O: Hi-Z
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Hidden Refresh Cycle (Read)

tre tre
tras trp tras trp
RAS Vin- 5\ 7L N\ 9
Vie- N |
tcre treD tRsH tcHR | tepn
4 \

s/ N

trap trAL

tasr trRaH tasc tcan

- i
Vi - -

tres)

twhR

w = 777777707

110

372

ENANNARAANANANY

Data out

torF




Hidden Refresh Cycle (Write)

——  Vm
RAS
I

Address

/10

tre

tras

trco tRsH

p)
i
i

.

tasc tcan

e JKRRK_ron KKK XXQOCRXXXXXX0ON)

v AN

L1/

tos ton

<<
vT

Data in

CXOOQCKXXCKKXXCKHKXXXXX
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- Timing Chart 2
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Read Cycle

RAS

CAS

Address

110

tRe
tRas tRp
Vin- \ —
Vie- \( 4 N
tcsH
tcre tRCD tRsH o
Vin- 4 \ \ tcas r
Vie- / \ 4 f / K
trao tRaL
tasr| | tRAH tasc tcan
[« e >
YRR e KD = KROXORRTORS
ow i
Vi- r ! ol 4
tacH
e
tACS thRH
Vin- 4
Vi-
| o tae
I om . : le tor
e teae . "
tew .
Voh- Hi-Z Ix \ Hi-Z
7% Ve R
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Early Write Cycle

CAS

Address

11O

378

=<
TT

<<

< <

<<

il
n-

- FXRRARWIRY

tras

AS
e s \ r
Row
it X b, X

Col.

twes

ALY

Data in

CARRXRXXKXIAXKX




Fast Page Mode Read Cycle

trasP trp
=s V- \ tRHCP 4 Y
RAS \ Z N\
Vie- K 7
tcsH tec trsH
tere tRCD tcas tcp tcas tcp tcas tcen
—= VH- 4 \ 7 4 !
CAS \ / /
Vi / \ /N 4 N ) \
tRAL
thAD
tash | [tRan [tasc] tcan tasc tcan tasc | tcan
fe—1 ey
Vin- X 4 \. 4
Address |, Row Col. E(XXEOQ Col. )<XXX>§ Col.
it |0 K 7 N N\
tRCH
tAcs tRCH|  ftics tnen|  [tacs
ot} -~ le—p{ tRRH
= Vi 4 4 4
E
W Vie- \/ \
trac tace o] ] e
! taa taa L torr
teac torF teac Lo g e
toL tciz, <[[ [
Vor- Hi-Z XHiz A\ HiZ A\ X __HiZ
0 T 5. b Hi-Z HZ 0N Dataout  Do--Vh.....
/0 VoL 331 Data out 75- ~LData out : \ Dataout E

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

RAS

CAS

Address

110

Vin-
Vi~

Vin-
Vie-

Vin-

Vie- -

Vin-
Vie-

Vin-
ViL-

thasp L tep
S& tRHCP * S
N 7 L
tcsH trc tRSH
terp tRCD tcas | _tep tcas tep tcas tcen
AN \ TN / i
_/ \ X 7 K N 7
tRAC
trRaD 1
tasr| [tRaH ftasc] tcaH tasc | | tean tasc | tcan
4 A X 4 A N
Row Col. Col. Col.
K K y, N\ | N y,
twcs twen twes twen twes| | twen
NN £ N ' s
tos ton osi |, tou tos ton
y / y —\
Data in ! Data in Data in

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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CAS Before RAS Refresh Cycle

RAS

CAS

Vin-
ViL-

ViH-
Vie-

ViH-

Vi

tcsm

tre

tRAS

trp

trp

tCHR

N\

/ A\

trReC

CRP

tcen

N\

/

\_/

twsh

_

[T

RAS Only Refresh Cycle

CAS

Vin-
ViL-

Vik-
Vie-

Vin-

ﬁ_ﬂﬂ\\\\\\\\\\\\\\\\\\\\\\\\\\&\\\\

Remark Address: Don't care |/O: Hi-Z
trc tne
tras L trp thas tAp
p / N / 1
R N 7 \\....__
terp
trrc
terp teen
/ )\_/ \ -
| tas than . tasr tRaH
Y\
Row Row

Address

Vie-

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

RAS

CAS

Address

/0

382

ViL-

ViH-
ViL-

Vin-
Vie-

trc tRC
tRas L trp tRas o tee
Ve T ——
\( x'( \
I tcrp tRcD tRsH tcHR teen
N 4 N
_/ X \_
traD tRAL
tasr tRAH tasc tcaH
[ [ [
r N )
X VX 7
tRCS| twHR
[//////117 RN
| traC
| taa tOFF
teac >
tcz
Hi-Z Hi-Z

Von-
Vor-

Vv
Data out

12
L




Hidden Refresh Cycle (Write)

tre tRC
tras R tras ' trp

— V- \ 4 \ 4 X
RAS v \- JZ x‘ }

tcrp trRco tRSH tCHR |y tcen
=c V- \ Y
CAs / \\ ’IZL N

trRaD
tas tRAH tas tcAH
[ >

Address

<<

R C
IH- { b 3
Row Col.
- X 7 N 7

AN\ V7777777777777 77777

DH
VR VAVAVAVAVAVAVAVAVAV.Y ; —
Vi AA‘A‘AAAAAAA’ Datain

(@]

I/
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Read Cycle

tre
tras tre
— V- X 4 3
RAS Vi- \ Z ~—
] '
terp trco trsH tcen
CAs Vm- i RO\ = f )
Vi~ \ K . / \_
traD traL
tasn | | tran tasc toan
Vin-
Address /" R:w—;]ﬁ@x Col
trcu
>
tT:; trrH twrz

W LU i

trac
taa torc
teac torr
tewz 1
Vo Vou- Hi-Z —— - Data out )5.---.'-.‘.'.;.--.
VoL-
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388

Early Write Cycle

tac
tras tn
RAS |, \ ,f )\_
tosH
tere taco trsH teen
toas
s R\ Y 7 N
M .
tsa| [ tawn sg)  [low

- p! y
Address :/,'" Row §<X>] Col.
- K ¥, K 7

twes twon

7 %~ T, (T
FE.

QRXXXXIXXXXKXXX




Hyper Page Mode Read Cycle

RAS

CAS

Address

110

trasp trep
ve- Y trce qu(:
V-
tosu thpc trs
'}cj: taco ticas tep ticas tep ticas teen
Vin- 7 N Ve — —
Vi- \t 7 K. » X Z /
trao traL torR
eql | taan tean tasc| | toan o] | toan L torc
VR0 € S 1 N I
- ¥ K 1 o
t
tres Temn| twez
pt—
Vin- '4
Vie- / tace tace . Kr 7/ 7
1
ta teac tcac
toac toHe tonc
tcz
Vor- i - p
o— TET S vy, 0T 2 AT
! T

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 Cycle (WE Control)

trasp trp
—_— truce
== Vm-
RAS - N . / :
tesu trsu
tcrp taco thoas thoas thcas teen
i Vm- 3 dR L
CAS Vi- J \\k 7z E -\\r ] / \_
tran . traL _l torm
tasn H ﬁ tcan tasc| |tean | sc| toan a torc
Address V- XE&N Col. §<XX>I Col co.  DOOOXXX
IL— K f
WrZ

3l
s5
L]
E
g
o
Py
[
3
E al
N

I " ToAC >
towz
teac twez twez
lete
Vou- ji- s AL b
o] Vz:- --- Hi-Z ----3 X Dataout b---4X Dataocut [J----- 1X| Data out E-----

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

RAS

CAS

Address

110

taasp . tap
Vin- \ trHcP l(—s——
Vie- S; A —
tesH tupc trsH
tcrp treo theas ter thcas |, ter tHoas teen
ViH— Y F:: r N 4 3
V- _/ \>s____7 S&___JZ SL___._Z/ \
trAD traL
2::2 m lA_Ec' toan #ﬁi tean tasc| | tcan
D e e JEOOO =
Vi | Row Col - A 0 P
cs| twen twes twen twg: twen

Vin- / \ l
Vi~ 2 4 X .

1 1 T

tos toH tos tou tos ton

<> '4—>
xm- mL Datain Datain M Datain

-
Remarlc  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

CAS

Address

1o

1o

392

trase

Vin-
Vie-

trco thcas ter thcas tcp

_
'_lc_w; troas
w o _f N 4 N 7 N ]/ VAR

g
&
g
s
3
g

P 2 T 170 SR ' G 000
- K | ]

Hi-Z

trcs trcH|
twes twen

Vin- 4 X .
ViL- /ZZZZ{/ ::ip }:;;;;;;

trac

! '™ teac

teac H’c twez,

torz
Von- i - 4 X N
Vﬁ:—- RN L S— 3 Xt Data out }-()3 Dahout,}------

Vi~

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

Y {; Data in }- -----------------

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



CAS Before RAS Refresh Cycle

trc tre
) tras ) trp tras [
== V- 3” |; v 3
RAS v, _ S J( \
trec tcsa teHm tcre
tcsh tonn trrc CPN

o Y- T\ R aysvEe

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

RAS Only Refresh Cycle

tre tie
tras w tre taan tar
== VH- \ f'—_'——! K Y
RAS Vi- &- 2 S JZ \___
trrc tcrp

teap tern
——— ViH- ) 4
CAS y,_ \ / \

tasn tran tasn tran

Viu- £ \ Y y
Address

R-markWE-Don‘tcaro,l/O-!-li~Z

EXXIXXXXXAXKXX
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394

Hidden Refresh Cycle (Read)

RAS

CAS

Address

/0

\/
Vi

Vin-
Vi-

Vin-
Vie-

V-
Vie-

Vor—
Vor-

trc trc
tras tar tras tap
\ 4 A Y \
A 7 N\
tcrp trco trsH tcHr tcen
y Y\ 4 \
_/ \\ 7 \
trao traL torr
tasn| | tran tasc tean lore
ot —] >
4 \ 4 \
R = IR
K X 7
tacH
trcs twiR twez
A Y
i, \W
trac .
I tn twez
teac
towz

@gﬁ Dataout




Hidden Refresh Cycle (Write)

W _/ N i -
H
s 322 OO row KUK RO

W MAMNNNY i

o |15
¥
X

3l

o Y XXX RURXRXXKXRXKXIAXKXX
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Read

RAS

CAS

/10

Cycle

tras trp

- X 3
Vi- N 72

tRsH tern

R\ = Y T

e

trco
trAD
tRaH:
1
Vin- F
e SO JO =

e //////'//// N 3 M;Ez////
N — WZoo = XX Dm,t L
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Early Write Cycle

ta
tras
Vi T
RAS \
oo
{crP th trs toen
toas
Vin- r 3
Ve Ny
tap
o] |t g oy

R
- \ 4
Address x‘" XXX>] Row Col.
- K A

S i<

tos

[e—
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Hyper Page Mode Read Cycle

RAS

CAS

Address

110

trasp. tre
Ve — trHcP
Vi- S Z
o tes thpc trsH
RP| treo thcas tep thcas ter tucas teen
Vin- Y \ Y \S 4 58 4
Vie- \ X 7 K Z \
tran traL J torR
tasn| |tran ﬂ toan tasc| | toan bad tcau - torc
Vs Row XX Col. §<XX>§[ Col. mi Col
t
trcs t twez
v le—>
IH—- X
Vi- / tace tacp S( y /
i trac ta t twez
~ taa teac tcac
teac toHc torc
|, toz
Von- i - X ' X r—
VoL— =°=====* Hi-Z -3 x Data out }--@ Data out . ----<>§ Data out X
1

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

RAS

CAS

Address

Page Mode Read Cycle (WE Control)

Viu-
Vi~

Viu-
Vi-

Vin-
Vi-

Vin-
Vi

Remark

teac twez

twez

| Dataout

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

E..-..

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



Hyper Page Mode Early Write Cycle

RAS

CAS

Address

110

trasp L tee
Vin- \ trwice |;_—'S——
ViL- S; A \
tesu thpc trsH N
tere taco theas tep trcas ter tHcas teen
Vin- y \ ; ;S ]S / ‘A p
V- / \t 7 Kk K 7 / \
tran _ traL _I
tasr| [tran tasc tean tasc| | tean tasc| | tcan
| [e—> pt—1 —P
Ve o e Y0 o XXX e KX e
twex twes twen . cul twen
ViH- / \l X
Vi- ;;;;;:i . )//////////
T ] i
tos | ton
Vii- \/\V/VVVV :
veo JXXXXXN petain
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

CAS

Address

110

110

Vin- 5{8
Vi-
terp [ fost tHe, . .
L D AS
Vin- ! N
V::— _/F \\t /
toa

I
i

e
Col. §<XX>9: Col.

tres
Vin- 4
Vie- /
1l e
teac
tez ~
Vou- j -
V::— ez 3 X: Data out
Vo e e e cee e e eme e oo e — e m e s e e oo
Vie-

Remark In the hyper 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

tap

tchr

/ XN

trrc

|-

tcrrl

/ 3

@_‘
/O

w J/f L1111 -LLLELEERRRRRRRRRRRRAY

Remark Address = Don't care |/O=Hi-Z

RAS Only Refresh Cycle

tre the
o tras ke trp tiun tap

— V- \[ y Y Y

RAS v, ;z‘ S 72 \____
trrc terp)

| terp ‘T(;‘N '
V ) 4
—— Vin-
CAS v, / \ / \
tash tran tasn tran

V- A

Remark WE = Don't care , /0 = Hi - Z
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Hidden Refresh Cycle (Read)

tac tre
tras tre tras tap
RAS V- i AN N\
Vie- X 7 X
tcrp trco trsH tcHr tcrn
—  Vm- 4 3 2 3
CAS |- / A\ \ 7 \
traD traL torr
torc
tasn| | tran tasc tean
> [—p e
- 4 3 4 X
Address  \™" W){ Row }<X>9 Col.
L= N y, N /
trcH
tres twiR twez
= Vm- 4
WE
v Ll e \W I
r ™ twez
teac
torz
Vo~ —- HizZ eeee——————— F ¥ Hi-Z
/0 Voi— {w( , Delaout JE
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Hidden Refresh Cycle (Write)

R ¢ - ?P_:‘ - ?F%;\_
oAs V- _jw - - i tc )ﬁ : ;\_
S 0 23 10 W (OO
VAR B } 11/

Viu-
Vi

110

XXX XXAXAX

XAXXX
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Timing Chart 5






Read Cycle

RAS

CAS

Address

110

tre
tRAS tie
Vin- \ —\
Vi x‘ N
tcsH
tcrp tRCD tRsH teen
ViH- 4 \ tcas 4 Y
Vi~ / \\‘ / N
traD tRAL
tasr| | tRaH tasc tcan
[ 3]
ViH- L p \
tRCH
ft—
tRcs thRH
Vin- 4 \
Vi-
L tRAC
' taa torF
teac
teuz
Voh- Hi-Z 3 Hi-Z
Vo- Data out E ---------------
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Early Write Cycle

tras

N N , N
w S IR 7 .
s 32 XN e KX = XXXKXXKXKXKXKXKXHXE)
S\ YI7I77777I7777777
o % SOOCKXORRXO oo HXXCKXXKXXKXKXX




Fast Page Mode Read Cycle

trasp trp
RAS Vin- 5\ tRHCP Zl Y
ViL- - B \
tesH tec tRsH
tere trco tcas tep tcas L ter tcas tepn
— Vi y \ 4 \ Y \ 4 N
CAS ViL- / X 72 \( \( 2 / \__
tRAD tha ‘!
tAsR | [tran ltasc| tcaH tasc | | tcan tasc | tcan
f— | et <—>|
ViH- y \ \ s —\ s \
Address Row Col. Col. Col. §<XXX><
IL- - 7 K 7 N / \
tRCH
tacs treH | [tRCS] trcH|  [tRCS|
le— tRRH
e VH- 4 4 4
WE Vi- \/ \/
trac tace tace
! "™ taa taa torr
tcaC toFF tcac toFF tcac
oL taz, ez
Vou- Hi-Z 7 X Hi-Z - XHiz Hi-Z
I/O . VoL ]3;: Data out 1}----- Data out E--- = Data out E -------------

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

RAS

Address

110

ViH-
Vie-

Vin-
Vie-

ViH-
Vi-

Vin-
Vie-

Vin-
Vie-

Remark

tRasp . trp
\ trHCP * Y
N N Y, \_
tcsH trc tRSH
il tRCD teas | tep tcas L tep teas tepn
\ \ \ ' Sx / ' N
_/ \_X 7 X X Z / \
tRAL I
trRAD 1
tﬂ tRAH LA—SE tcaH tasc <tcm4 ‘U_Ei: tcAH
— 2 \ 4
Row Col. Col. Col.
K / | |
twes twe twes tweH twes| | twen :
RQRQ\L /._\IT /—\F N
tos ton tos | toH tos toH
A A A
Data in Data in Data in

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

\ trass trps
— Vi
RAS Vi- (@ JZ E—R:\
)
tRPC
tcHs teen
v tCsR , .
— Vi
CAS . / \

Remark Address, WE : Don't care  1/O : Hi-Z

Cautions on Use of CAS Before RAS Self Refresh

CAS before RAS self refresh can be used independently when used in combination with distributed CAS
before RAS long refresh; However, when used in combination with burst CAS before RAS long refresh or
with burst long RAS only refresh, the following cautions must be observed.

(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 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 self refresh and burst RAS only refresh are used in combination, please perform
RAS only refresh 1,024 times within a 16 ms interval just before and after setting CAS before RAS self
refresh.

For details, please refer to How to use DRAM User's Manual.
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CAS Before RAS Refresh Cycle

Vin-
Vie-

ViH-

CAS Vi

Remark Address, WE :

tRC tRC
tras | trp tRAS | trp
I N N
CRP
[
tcsr tCHR tRPC tcsm tcHR tRrC teen
/——T\\ / )\ 4

RAS Only Refresh Cycle

Vin-

RAS Vi

Vin-

CAS Vi

Vib-

Address ViL.

Don’t care |/O: Hi-Z

Remark WE: Don't care 1/O: Hi-Z

trc tre
thas trp trRas | trp
N / N\ |z N
tcrp
tRPC <>
tcrp teen
£ Y s

tasm tRAH tash than

Row me Row KXXXXXXXX:

X b




Hidden Refresh Cycle (Read)

Vin-

RAS Vi

ViH-
Vi

Vin-

Add
ress

ViH-
ViL-

Voh-

110 VoL

tac tac
tras trp tras o tRP
N g h
N \__
tcap tRCD tRSH tCHR tepn
N \ A Y
N \
tRAD tRAL
tasr tRAH tasc tcaH
[ [~

\
Row
K 7

Zi
N

e EAAAARRRRRRAANNN
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Hidden Refresh Cycle (Write)

Address

=3
m

(]

I/

teas t thas 5 Lt
e N 42_& Jz“_‘\j
tcrp 1 t . t
T R 2 N
| [

Vin- 4
ViL- s Row

v ANV Y

LI

Data in

- KEXKXRKXXKD

(KRR KRR XXX XRRRRRRNNXY




Timing Chart 6






Read Cycle

RAS

CAS

Address

110

tRC
trAS trp
Vin- \ 4 \
Vie- x( 7'2 ~
tcsH
tcap tRCD tRSH teen
ViH- 4 A tcas 7 v
Vi / \ X i /
trRaD tRAL
tasr | | tRAH tasc tcan
| [
Vin- ¢ 3 ¢
Vii- ><><XX: Row 7E®§r col
tRcH
tres tRRH
ViH- 4 \
Vi-
L thac
! taa torF
tcac
teuz |
Von- Hi-Z [ \ Hi-Z
VOH bbbty @g Data out E ---------------
oL- X
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Early Write Cycle

RAS

CAS

Address

=

11O

trC

tras

W N /L N
tcRP tReD B thsH teen
v/ A — A L

e 00K e 0K XO0O0QOAOAAAAAAN)

|

Vin-

Vie-

twes

twen

LI

XXX

tos
e

toH

A

-

Data in

)

(XRRRRARRRRRRRAKX,



Fast Page Mode Read Cycle

Address

/0

Vin-
Vie-

Vik-
Vie-

Vin-
Vie-

ViH-
Vie-

Voh-
Vor-

trasp tRP
5\ trHCP Zl y
7 \_
tcsh trc tRsH
tere thco teas tep teas || tee teas teen
/ I\ N i /[
\_S___7 N \\ , / \__
tRAL l
traD 1
tasr | |tran ftasc| teaH tasc | | tean tasc | tcaw
=y [ |
s ! 4 X 4
Row Col. Col. Col.
! K - | N
taci
R e
tRcs trcH |  [tRCS| tRcH|  |thcs)
_>_r< -.l«- - p{ thi
/ ’\ 4 \ : : t t
trac tace - tace
I ta taa - tw torF
teac torF teac Lty | teae o
tcLz tewz L las
Hi-Z 3 X Hi-z A\  Hi- Hi-Z
-------------------------------- Data out 1}-}-—'-'-2- A Dataout HiZ 4 A Datwout  pem-mm=emomes-

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

423



424

Fast Page Mode Early Write Cycle

tRASP L tee
AAS Vini- 5\ tRHCP Jl y
Vie- N 7 \
tesH tec tRsH
tcrp tRCD tcas | tep tcas || ter tcas teen
=
cas V™ A\ \ \ /
Vi~ \ N 7 N N Y.
tRAL |
traD 1
tasr| |tRan tasc tcaH tasc tcam tasc | tca
[ - >
ViH- 4 a \ p 4
Address Row Col. Col. Col.
- K VK 7 7 N
twes tweH twes tWCH twes tweH
Wi Y /
Vi X 7 il i
tos toH tos toH tos tox

L2

Vin- a i . k .
o] Vie Data in Data in Data in
- N 2 b,

Remark Inthe 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 trps

- Ve [ Y
RAS ViL- \( ( 72 LEEP»\

Rl

trpc

Tors tepn

tcsr
—— V-
CAS . . /

twsR| |twHR

- -
% /7 ALV

Remark Address: Don't care 1/O : Hi-Z

Cautions on Use of CAS Before RAS Self Refresh

CAS before RAS self refresh can be used independently when used in combination with distributed CAS
before RAS long refresh; However, when used in combination with burst CAS before RAS long refresh or
with 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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CAS Before RAS Refresh Cycle

tRC tRc
tras trp tras trP
—— V- \ 4 Y 4 Y
RAS . N / N 7 \
trrC tcsh tcHR tRPC teap
tesh tcHR tepn
— V- \ L Y 7 Y
CAS v X I \‘k J/ \ / \
twsh twHR

we o [/[] ANV

Remark Address: Don't care 1/O: Hi-Z

RAS Only Refresh Cycle

tre trc
tras | trp tras | trp

== Vs \ g / \

RAS | N ]P \ \ N
tcre

tRPC Rl

terp tepn
N

e Vi A
CAS ViL /

tasr tRAH

r A
Vie- ;

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

4



Hidden Refresh Cycle (Read)

tRC tre
tRas . IrP tras | tre
gre Vi 3 C
RAS | N ) \ /
1cap tRCD tRSH tcHR tcen
== V- 4 N
CAS Vi / \\‘ \
trAD tRAL
tasrR tRAH tasc tcaH
| f—
- r s
Address ™ XXX>§ Row | Col.
Vie- X VXK
trcs twHR
" ‘ AL
W VL1111 \
I traC
| taa 1OFF
teac
tez
Voi Hi-Z AN : L
110 Vo TTTTemeeeee < I Data out Y
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Hidden Refresh Cycle (Write)

Address

WE

110

428

NI
]

tre tre
tras trP

Ve X TN
V \‘ 7 ‘

tcre tRel tRSH tcHR |y teen
Vik- N
Vie- \ A

1Rl
tasr tRAH tasc tc

s

PEANNANANNANY

LT

Vik-
ViL-




Timing Chart 7






Read Cycle

RAS

CAS

Address

/0

tRC
tRAS trp
ViH- \ Y
Vi- %( \
tesH
tcrp trRcD tRSH tcen
tcas
ViK- 4 3 4 h
Vie- _/ \ z / \
trRAD tRAL
tasr| | tran tasc tcan
r—b > [
Vin- /
tRCH
|
IRFE tRRH
v L1111 ’
Vie-
tors
tora
ViH- 4
AN 1111
| tRAC
I taa toFF
tcac “toez
toLz
tewz

Voh- i- i-
Vo?.- -----------------l-‘-l-z -------------------------------- Data out é_____l-_h_Z___.

431



432

Early Write Cycle

CAS

Address

110

A | i N
" _/ Y = L/ N
- ::ww@(.; Col.

SNBSS 777/

Vi

Remark OE : Don't care




Late Write Cycle

s\ N\ / : N

e i N e A S -
o - w0

we e J/[[[/////] N_ LT

s« v 77T ‘_’*l'\\\\\\\\\\\\\\\\\\\\\\\
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Read Modify Write Cycle

RAS

CAS

Address

110

/0

434

Vin-
Vi-

Vin-
Vie-

Vin-
Vie-

Vin-
Vi

N / _
—/ I\ /T O
XX>( Rﬂ@(i Col. \A A

Fﬂz& tcwo ‘ twp
[/1717777/ \___ 777777777
AANANARARRAN AN AANARARANANY
e e (o XXKXKXKXXX




Fast Page Mode Read Cycle

RAS

CAS

Address

/[e]

Remark

trasp tep
Vin- \ tRHCP
Vi- h( /
tesH tec tRSH
tcrp tRCD tcas tep tcas tce tcas teen
e i\ R 4N / [N
Vie- \_ X / N y, /
tRAD tRAL
tASR| [tRAH tasc tcan tasc| | _tcaH tasc| | tcan
[ ] | [
ViH- 4 \ 4 4 \ s \
v X>q Row Col. Col. [<XXX>§ Col.
- K b, \ 7 - ),
tRCH
trRCs trcH| | |tRCS treH| | |tRes L L | tarm
Vin- 4 4 Y '4
VIL-ZZZZZ/ \/ \/ M
. toEs
tace tace
tOEA toea toEA
. |~ [
toLz toLz Egz
Vin- r
Vie- I / X /
| trac to£2 tocz
! l_taa L. tha _L taa torF
! tcac tOFF tcac tort tcad) toEz
[
ez | teve tewz
Voh- Hi-Z ¢ X Hi-Z . N Hi-Z ASL y Hi-Z
VoL -- {y( Data out }- l Dataout - { Dataout Jr-=-<=-a-.

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

RAS

0
>
n

Address

110

Remark OE : Don't care
In the fast page mode, read, write and read modify write cycles are available for each of the
consecutive CAS cycles within the same RAS cycle.

436

ViH-
Vie-

Vin-

ViH-
Vi--

Vin-
Vi-

trasp L tre
&\ tRHCP * Y
N 7 \
tesH tec tRSH
tcap tRCD tcas . tee tcas ;| tep tcas . teen
I
N | B /)
_/ NS ! ) \
tRAL _l
tRAD 1
tAsR| |tRan tasc tcaH tasc tcan tasc | tcaw
j—{ [ 1—-‘
- L p 4
Row Col. Col. Col.
K | K 7 | N
twes tweH twes twen twes tweH
, /N /N L1111/
tos tom ton tos ton
A X
Data in Data in 4 Data in



Fast Page Mode Late Write Cycle

trRASP trp
tRHCP :
RAS X /i \
- - 7
tesH tec tRSH
cap trRcD tcas . tep tcas tep tcas teen
~c Vi / 4 '4 Y
as e S \ } N /N /[ fN
| . Z
trAD tRAL
tas| [tran | tasc tcan tasc tcan tasc tcaH
| | <
4 4 4 Y
Address V1" XX>§ Row Col. Col. Col.
L= K V'K A X y,
towe, tow towe
tRwL
twp , tRCS twe
= Ve ! \
"E W K:Jf \S AT
toEH L<>£n|«
== ViH- Y
o W \/ ARRRRRRRRANY
dos | tou toeo | lgs" toH
Vin- 4 X Hi-Z - .
/0 i -——

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.



Fast Page Mode Read Modify Write Cycle

trASP trp
= Vn- ! 4‘ %
RAS ViL. \‘ ]
tPRWC
teae tRCD tcas tep tcas tcp tcas . teen
s V- Y —y 4 \ /‘
CAS
Vi- j \\ ;/ \ ;A \i £/
tRAD tRAL
tasr| (tRan tasc tcan tasc tcan tasc| | tcan
[ |- —| |
Vin- \ s 4 \ / )
Address VIH Row §<>< Col. Col. Col.
- N A K X / N 7
tRWD I b tcpwd [ tag tcpwo towe
tawD tow] tawp towy] | [ tRWL
y ‘"iCS tcwn - twe, (tRcs towe . twp [ trcs town e | dwe,
A= M- 4
WE Vi- \ 4 \ \
tRAC
tAn tan
L(Z\(I lcf " ‘lC_A(; toen
v tora ‘ toea
— - |—o
OF - \
Vi- ; ; ; ; ; ; ; ; ! / \( /
tez teuz toeo
) -t
toz toLz toez
VoH- Hi-Z Hi-Z - Hi-Z
I s ). 13 R SR out ==~ SRR P
tos| | ton tos| [ ton
ViH- 4 \ s \
110 lmmmemmemmeemeesemee—————— eemm—————— in cemme————— i
Vi- >' ( )} " n p
Remark In the fast page mode, read, write and read modify write cycles are available for each of the
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CAS Before RAS Refresh Cycle

RAS

ViH-
Vie-

ViH-
Vie-

Vin-
Vie-

tac

tRe

| tesr

tRAS | trP

tRAS

tap

\z‘———\

{CHR

treC tcsR

_

tcHR

/ i\

L\

tapc

teen

CRP ﬁ\---—

\_/

twsh

—

/777

RAS Only Refresh Cycle

RAS

CAS

Address

Vin-
ViL-

Vin-
Vie-

Vin-
Vie-

‘_m_ﬂi\\\\\\\\\\\\\\\\\\\\\\\\\\\\\X

Remark Address, OF : Don't care 1/O: Hi-Z

tre

trC

-\

tcre

tRAS L trp

tras

trP

:

j

tRPC

tcrp

teen

tRaH

A
N

Remark WE,E: Don’t care 1/O: Hi-Z
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Hidden Refresh Cycle (Read)

RAS

CAS

Address

1/0

Vin-
VIL-

Vin-
Vie-

ViH-
ViL-

Vin-
Vie-

Vin-
Vi

tRC tRC
tRas | tre tRas | tRP
N /N \
tcrp tRcD tRsH tCHR teen

£

\\\

J/

tRAL

tasc

tcan

XXXK

Col.

XXX XERXXERXX

tRCs

twHR

[////

tors

JARARRRRRRRRRANY

ANNARRRRRRRRRRN [J7ITTTTTI7777
_________________ H ZW{X; ot SRR S




Hidden Refresh Cycle (Write)

L trp

Vi X

Vie- \—

RAS

trco

CTS 1H:

b
i

s

Address

Vin-
Vi-

AN

L1

tos

Vin-
Vie-

/0

XXXXXXXXXK

Remark OE : Don't care

Data in

ton

XAXXIKXIKXX

RXXRKXIKXIAX
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Timing Chart 8






Read Cycle

trc

tRas re =
oW N / N
tosu
IJEE’ trco tRsH - <————>|'°P"
= w7 — T X
trap thar
I'.% s VSR

Address VM ~ m Row i Col.
Vo — 7

thcu
< —]

5
]
7
z

w w1

GERASANNANNNANANRANAAN N /777777

tc. toez
tas
taz
- Hi-Z 4 Y i-Z
Vo xgt" - d zzx Data out E----tl! -------
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Early Write Cycle

RAS

CAS

Address

o

trc
tras \ trp
Vo — y )l )
Vo — \t
tcs .

i trco tRsH e topn i
Vm — toas k
Vi — / \\ /

o
tasr| | tra asc | tcau

v = XXX XK XKKKXKXKXKKXKXR?

FEAANANAA NN\

V77777777

{05 tou

‘4*»

Vm — -

XXRRARRAXXX

Remark OE : Don't care



Late Write Cycle

CAS

Address

/o

" e
Ve v T

—_— Vu —
VL-!{!!!/

tras . tre >
Vil — \
Ve — S )‘ \
tesH
lscnp | tRoo trsH } tcen i
xH - a‘ \\ toas f \—
L — .
tRap
tasn A 1Ast tean
J—-' =
¥: - Row - Col.
towm
trw

]/, L1111

A

5 LAAARARRRARRRARNANY
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Read Modify Write Cycle

RAS

CAs

Address

Vo

Vo

Vi — \
Ve — &

J,

tosu

tRsH

IRCD
wo & N\ toe

oid tase
Vm — 4
Ve _ ZXX Row i Col.

SRR I
N

AN AAAARNARARNN

v XXRXRX) T i XXX




Fast Page Mode Read Cycle

_-— Vi
RAS Vi
— Vi
CAS .
Vi
Address A
—_— Vi
WE v
—
N
Vou
oy,
Bemark

- _/"P i\

- \\\\|\\\\\\\

tRasp

i

tRHcP

tcsH

teen

tRes|

thon
b~

thum

b |3
tan taa tan torr
teac tore feac L0fF o (o torc
taz taz taz
- i . , . i ;
_ HizZ % Data out S-H'--Z--g Data out 5”' z J>§ Data out HiZ
3 } -

In the fast page mode, read, write and read modify write cycles are available for each of the consecutive

CAS cycles within the same RAS cycle.
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Fast Page Mode Early Write Cycle

trasp tre
vy Vm — \ truce
RAS Ve — S
tcsH tec tRsH
'iﬂ tRcD tcas 1 tep tcas tcr tcas Loteen

s wl f I\ Fh /N

b

Ve —

Address Ve
w Al twor twes twon

—_— Vu —

WE vy, _

'l_nﬁ Joue & lm tos ton

L - k A

Remark OE : Don't care

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



Fast Page Mode Late Write Cycle

., trasp tre
- Vu — X thuce ; i
RAS Ve _ N .
tesH tec tRsH
tcre tRco tcas L tep tcas tcp tcas o teen
— Vm — N * \ 4 p /
CAS Vi — / \\ b, S Z S
trap tRa
tasr | [tRan t:_s: tcan tasc toad tasc tcan
Address V¥~ X>§ Row Col. F Col. ‘ col
L —
towt tow tow
o 1RWL .
trcs we trcs wp - ties WP,
J— Ve — p' n'e
WE v — \ \ /
’knn 2(;!1
P~ Vi — R
OE Ve — \ } 5 5 } 5 5 5
o i fan e toH
- |- > - - =]
Von — s YA AY . \VAVAVAVAVAV
vo Vou — Datain AR Data in ’A‘A‘A‘A‘A‘A‘

BemarK 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

trasp tre
—_— VH - \
RAS v, _ S
terwC
rlgi thco teas jee tcas tep tcas PN
—_— Vi - Y \ \
s vl [/ \ 7\ 7\ /
|_tRap tra
tash | [than  |tasc] |tcad tsc| | tean [tasc | | tean
— 4»1 e e [ [
Vi — 4
Address V:r _ ] Row 0:' Col. ] s Col.
trwo
tawo lom.
y ln[g town . H Incs |
—_— H —
WE v _ \
tac
) < tan
ftcac tocy
v hoer|
- Vu —
OE Vi — ;;;;;;;;s \\
t tao
> > >
ot 7| 1
Von — Hi-Z — Hi-Z
VO VoL _ out
tos | [ton tos| |ton tos| |tou
Vi —
Vo N % VVVV
Vi — D‘ " >< S 1 ‘n"A’A‘AA‘

Bemark 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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CAS Before RAS Refresh Cycle

Vi —
Vi

—_— Ve — ——-\
CAS Vi —

tcsh

trc

e

1ras

ter

W\

Remark Address, WE, OE : Don't care

RAS Only Refresh Cycle

Vu —

RAS Vo
—_— Vu —
CAS Ve _
Vu —

Address Vo —

Remark WE, OE : Don't care

trc

O :Hi-Z

tas

g

WO :Hi-Z

tasp tra

g
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Hidden Refresh Cycle (Read)

CAS

Address

[/[e]

454

<<
7z

<<
I

<<
(a3

<<

[T
A\ - m? - \_
_tﬂ.|
- 77777777 ANMARARARRANANY
NN\ 777777777777




Hidden Refresh Cycle (Write)

CAS

Address

1{e]

trc

e - X R I i-\_':
Hc_w. taco JB& tom . teen i
- T i 4 X
{l:_sn; tRAH tasc tcan
2 XXX % co_ KOO
v~ SRR V7777777777777 77
oy
e paiainFOOOOOOOOONXNXXX

Bemark OE : Don't care
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Timing Chart 9






Read Cycle

—_— Vu- \ ¢ 3

RAS oo N y \

cRp trco trsH tcen
— V- I‘_. X \ e / 4 X
CAS V- / \ X Z / \_

trap tRaL
tasr| [ tran tasc tean
j—>y

- - p! X
st V27 XRXH o KX e XXX KRN RXIKXKIRKKK
- N . 7

tres trRRH twpz

=
we o L[/ e N A/

loes

o

toea

e
v A VTV 7 AN\

OE
trac
a torc
tcac toez
taz loz torm
- ji - 4 -
Vo xz_ L @XX Data out 1@--?-'--%---
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Early Write Cycle

o KXAXXKXKXKXKXXRXKXK)

we 3‘:‘:\\\\\\\\\\\!3% (/LT

o = XXX oman KXOOOOCOOKXXKXX

Remark OE : Don't care
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Late Write Cycle

tras i tre
fe
v _———— X
RAS |~ N ;f |
tosH
tcrp trco tReH toen
— Vi— r—’ X e / 3 3
CAS ,_ / \\ £ / \_
tRAD
e Loy e Lo
Vin— Y
v 2= S HOO_=HRXRRROKKROURRR
— K
{l | towL
WL
twp

T

=
we WS /L N LT

= v=//////] LAVLARTARRARRNARRARRARY

vo&t}§§§0~"3&£:";X£» Dae KX
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Read Modify Write Cycle

RAS i _—!S‘ ) :‘I - C
FQ_P. tReo ::: teen
Y __/ ]\\v 7/ / L l\_
Addross \*'~ XX>£‘ROW m col. ] AX A
W u= [/[/[1[[[F ! ]/ i
SRSl RTIIRTIY
o Y,:XXXZXX@M """ @@@XXXXXXXXX
- o — H ‘:E-------%(D‘a_:;t—;; .............. Mz et




Hyper Page

CAS

Address

/o

Vin-
Vi-

Vin-
Vie-

Vin-
Vie-

Vin-
Vi-

Vin-
Vie-

Von-
Vo~

Mode Read Cycle

trase trp
— =X
. - tosn . ) = e = 'H!nsu o
o CAS cp ICAS cA8 f—
7 N A N L‘ N /[ A N
. ht:p N ' tRAL _J torr
tean tean tean o torc
R MR ) 0N A
Row Col Col Col.
( ! '
trcs 1t;‘él w
s N/
tocH tace tace lono L‘tv_'ub
toea ta I
ANNARANNNN N = 4 N\
R
cac fost
= ™ I —
Hi-Z {bl P 3}"<X: Data out JE.-.<>1 Data out 1}...

Romark 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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Hyper Page Mode Read Cycle (WE Control)

thasp ter
— - X tance
RAS W N / :
tesu thsy
. tenr) tnco) troas troas — troas - toen
— Vm-
s w _/f N 7 N4 N /N
N ttmu) l tRaL
po oo g e, el |y | [l

Vin- d . 3
Address <X>§ Row Col. Col. Col.
Vi A

twez twpz = twp;
tRes tm! > Lltros  tFOM > el tres @ <>
we wo L1117 \sj \sj N/
tocH tono ez
toEa
— V-
S \\\\‘\\\\ \ AN\
t OFR
o t::c taa taa torc
teac twez | toac | twez | toac toez
tez tez tewz
o x:: Hi:Z "---< XlLData out }-“-‘-'-Z-; >§| Dataout‘}ﬂ-i:z; xll 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.
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Hyper Page Mode Read Cycle (OE Control)

trAsP tre
_— S— ®r 'a p
RAS Vr g HCP
V-
tesH thee trsH
terp| treo theas ter tHeag ter tHeas tern
v [ 3 )
— V- =
CAS
Vl-j \\( 72 S( JZ SL
o tray tosc
ton| [tray  [tase| | tean tase] |_ tean tascl | tean of tom |
ja—] (=t fa—o> —q ra—o
- ¥ X 4 p ! i’ p JL
Address V'~ X>] Row EOZ ColA Col.B Col.c
K T7 K K 7 K 7
trac
e ) taa foc
tres teac teac tocs F“’h‘
—_— - CAC X
WE x" i ta \
b tcho tocy tcHo
toon | [+ tace — | e
toea toep toep toee | | toon tewo
— Vmh-
% T AN
towz
toiz | toez | teiz
Vor- Hi-Z 7 fy, S A
LRy 4 X|Data out A} L

Romark 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

trasP e
S = x_
Vi—
TosH Liad TrsH
IE" teo tioas e tos | o s teen
— ViH— — Y \ ZL‘—S_ zb S /-H
Vi— \ K 7 S( K .
taap L -l
tasn | | tran tasc toan tasc | | toan taac| | tean
Vin— = ‘_; j_. 3 :—’ E —
twon tweal | twon twos] | twen
S NN\ o\ | 20404
e oH }BJ L] tos toH
= ey g
Vin— ! 3 ' { - \VAVAVAVAVAVAVAVAY,
vo v»L—XXXXXXX Datain 1@ Datain :_KXXX pamin X X X X XXXXXX

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

RAS

CAS

Address

Vo

tRAsP trP
Vot — tRucP
ViL— S A
tesu tupc tRsH
Iic_!\: tacp tHcas tcp theas tep theas teen
Vin— 3 3 A X /
Vie— \\ 7Z St 7Z xr 2
trap traL
tash| |[tRaH | tasc tcan htﬁ tean &_sc_ tean
Vin— 4 N 4
Vi— ‘ Row - Col. L Col. 4 i Col.
k¢ 1 o,
CWL
cWL tRwL
trcs twe tacs twp trcs we
Vin— - - X s \
w=///7/7 %; ]2 \ Ry ]//////////
Er toen

tos | | tow
-—ﬂ'—.

- . p
| Datain 72-

=

s
AARARRRRNRAY

’lo_a’ toH

|~
Data In

tog | tou toen
’}*i‘:?bg
K A

r 3
\¢

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

trase 1P
— Vu—" Y
RAS v/, \( / k
trRWC

& trco thcas ter theas tep tHeas teen
——  Viu— y f \ Z‘ \
CAS vy— ALY & 2

trap tRAL
tash| [tran tasg tcAH tasc| | tean tasc| | tcan
jt—o{ le—n{ | et pe—{ ja—>n]
— J Y AL ) 4 \ Y
Address }’,‘" X Row Col. Col. Col.
= N y, N\ A N A
A
tRWD It lace tePwn Ind . tcpwo t
thes twp Jtowt Wi "‘__ tAwL,
= Vm— \ \
WE v \ \
trac
taA tAA
tcac
p—

toea

]
i E

m|

o NN 7

o

Vin—

vo Vi—

tcwz | [toep
toLz ftoe

----------------- out

5
o

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

OE! tcz| |toe
to t
_Hi-Z out Hi-Z
tos| | tow og | tou
N K N )
‘y- in - -,D] in )



Hyper

RAS

CAS

Address

o

Page Mode Read and Write Cycle

Vin-
Vie-

Vin-
Vie-

Vin-
V-

Vin-
Vi

Viu-
V-

Vou-
Voi-

Vin-
V-

trasp P
——!\ trkce %
tesn trec trsH
terel [* oo toe bioas [ e ] [T ioas | toen
/ !%k A St Z[ ‘\:sc / i N\_
trap |
tasn| [tran _m_sc_1 toan 'M ‘_m_l NI
trcs tacy e
iy N TTTIT
tocH tace teo
toEa t "1 '
\\\\\\I\\\\\\«'tm e ANMARRARRRRRRY
to
- Y
tcac toHe twez e
oz
M-z {>ﬂ( Data out }-()g Dataout:} -z
tos ton

w
R

(ST S

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.
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CAS Before RAS Refresh Cycle

trc tac
tRAS ) tre tRAs tap
— Vm—_ X r X tl p
RAS S; k \ b, \
tcap
f—
tesn tchr tree tcsa touR trec teen

S = N A\

b,

T
/‘II
~y
r

Remark Address, WE, OF : Don'tcare 1/0: Hi-Z

RAS Only Refresh Cycle

the tac
tras L trp trAs tap
— Vw— X L Y
RAS Vi— \- ' St ,Z \
e, o

tere tcpn

|-—.
— Vn— N ¥ 3
vl N\

tasn than tasa tRAH

Vm—-§§§§§ Z>i :
AddressvlL_ Row Row

Remark WE, OE : Don‘tcare 1/0: Hi-Z

|
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Hidden Refresh Cycle (Read)

tras tap tras trp
— ;:s' —Y
Vin-
RAS N ) N 7 L
tcap trco trsH tcun teen
— V- 4
CAS v, / \\( ,Z
trap traL
tash| | tran tasc toan
le—1

P

I‘—.‘ r—>
Vin- R YAV &
Address vu- XXXX Row J!Ogt ol

S

W '/ N . /1111
toes - }20"

SRS\ A AN\

1o zz:: iz EE;L: {@ZL Dataomtz: BH-Z

a7



472

Hidden Refresh Cycle (Write)

== V=" ¥
RAS Vu_ \ \ l’
i tAco tRsH towm teen

gz
g
g

]

NG T\ N
st = XU o KK KXOCXXOKXXXKRXXKRXXR)
% % TULLLLLLL V77TT7TTTTTTTTT77777

o = XOOOOOXXK  osain 3

Remark OE : Don't care

RXRXRROXIKIKXXIXX



Timing Chart 10






Road Cyclo

tre
tras tre
J— -
FAS zn_ St 7 Zt )‘
tosH
r‘ﬁ", trco :z tcen
s v f N Y f N\
trap tRaL
tasa| [ tran tasc toan
o

A
g
€
[¢]
e

Sy

sasess 3.2 XN . - o
w e /717777 e N_ V77

o Ml
E W \\\\\\L\\\\\ ANARRRRRRN _ A N\\\\\
o Ve Kz - h__EXX Da!ao:.nm 2
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Early Write Cycle

tre

T3

trep

Col.

T

7 Y- TIURLLNLY,

o vi= XXOXXXXNAXRK

Remark OE : Don't care

476

tos
e—

RXXXKXCKXXXHXXXXX




Lato Write Cyclo

tras I|$ tap
Ve
RAS N ;f 3
tcon
tore treo trou teen
] ”
s W N a N\
trap
tasq | tran tacc tcan
< <—’I
Vin— 4 :-j \
LS K 7
[
trwL
twe

| =
we w=/[1/ /11T

12
sl
=t

L

pfuo'
EJARARAARERRARRRRRRRNANY

'\:g

Data in
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Read Modify Write Cycle

N / .
Itfﬁl trep ::;s: toen
Nl N VN
o — —r—
W W= L] i ]/ i
% v AN L AN
o A ROORRRR) - 40 KXXRRRROOX
VO e L [ pamout J---oeo-oooooo- S S
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Hyper Page Mode Read Cycle

trasp . tap
- z::: ‘ S trreP ch
1 trc o=t [ i i e tep blhs" torn
(CRP| D ICAS [CP ICAS ICAS
— Vi~ b :\ X 4 \ / 4
T vl N\ N A N Vv N\
trap traL torm
tash| [tran  fasg toAH ta tcan tean o torc |
y i wn J  aq
Address  y— Row Col. XX col C Col.
L} |
tReH,
tres tran| wez
— V- Ir ] /] /7
WE v, ZZZZ{j x
twez
toon e, ce feho
—  Vm- rt2E2,, i s s
OF - \\\\}\\\ N loe e o A NN\
tRA
r 'Mc
tcac L{ong domg, fotoEZ
toz ‘T
o \\;z:: Hi-Z < Data out D--()Z: Data out j}"-();f Dataout -

Remaric 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

CAS

Address

Vo

Page Mode Read Cycle {WE Control)

Vin-
V-

Vin-
ViL-

Vin—-
Vi

Vin-
Vie-

Viu-
Vie-

Vou~

Vor—

trasp tae
tRucP
N / |<
tosH trsH
teap trcD . tHcAs thoas — tHoas ;_IOPN_.’
Vi N\ / N ]? N N
trap taa
tasal [tran  Jtasg tcan tasc CA ASC t
0 D O IR 0 D 00 S 0
tRcH
tres| trcu ’tw" trcu "t‘wpz tRRH m
A le|tRca tacs
°4 \
LLLLLT A\ W A
twez
tocu Jone
oA ‘—.]
AN\ AN
L trac oFR
L ™ tan tan torc
teac ‘t\_v.ez teac ‘l!lsz taac toez
towz tez) toz
Hi-Z __;y Data out Hi~Zj!I (Dataout!%Hi.Z%:Xl Data out ‘E. ......

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)

trace trp
S - R tRHce '3 X
RAS V¥ N A \
- A
tesH thec trsH
{cRP| treo theas ter tucas ter 1HeAs tepn
CAs Y- f X kY
S
CA V- &L z \: 72 S 7/ \_
traD tRaL torc
torm
oy fo] |t peg | o, usg | tou N
- s AL X ¥ \ i p
Address x:'_ ﬁ Row ColA K}(XX)‘ Col.B x Col.C
K. A K A N ¥ K
I traC
I m taa {reH
tres tcac _tgc. toss el o] tred
_ _ r “Tcac
W v ////]7 o N
b tewo tocy tewo
oo | ] uace — | we
toea tosp toer toee | | tocs .,"_’2‘
%€ W0 MMM AN
. s =
Ln-)u. (OEA
teiz toez | touz] toez toez
- . p s N .
o Vo Hi-z 1 X[Data out A Data out B~ Dam«nsit-- Data out CJ 2%
Vo.- b i Wk K

Romark 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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Hyper Page Mode Early Write Cycle

trase
= =) —
ViL—
oo tec e
tcre treo teas e d Dicas 1], ke s
Vi I ' )Lr p
— Vi— ,F::
CAS vu— \\( 7 St St J/ ; -\
trao o2 ;'
o] oy oo | o] L, pog] | o

toan
S S 1 B ' D L
twoi twos wen el
WE v

]

s

o - Datain ] Datain Datain
ViL— 4 af

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.
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Hypor Pago Modo Late Writo Cyclo

RAS

CAS

Address

/o

trase e,
—"__ X et FE
Vii— St 7
tesu tHpe tReH
'En.r trco tHcAs tep thcas ter tucas tcpn
Vin— 3 { b & X /
Vi— \\ 7|Z S( 7Z \L 2
trap traL
IP'B: than | tasc tean tasc| | tcau ltasc] | toan
Vih— 4 F 3 -
Vi— Row Col. Col. Col.
R K 7 K
tow
town tow
trcs

12

jrm SMJJ - S:ﬁ],f/////////
. -

=
Ny Wi Vi AARRRARRNANY

toso _t_l:s.'1 _.tgn’ toto to & tozo tos _’tln’
e | @“-23?4 oua n BTN 0aain RXXXXXXXXX

Romarlc 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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Hyper Pago Mode Resd Modify Write Cycle

trasp
— Vm— " 3
RAS y,— \(
tenwe
}5‘3’. treo tHcas ter treas ter tricas
— Vin— \ ' / ‘S
CAS Vi AY N ‘
trap traL
LASR| ItRAH tasq tean tasc| | teaw tasc| | tcan
— 4 Y 4 —y
Address "~ | Row ’iOi( Col. & Col. Col.
trwo C lace, terwn 4 m tcrPwp
tow] tawp . twp |
tr
ol = e = I S A -
— V— \ —\
WE N N
thac
taa tanl taa
teac toen teag toeH teac)
M
tOEA! TOEA] oE, L
ViH— — 3\
ot Vo NN\ !
I__tcu g:_:: ‘Jtuz oED) jtaz |toe
tof ftoez to | t
Von— Hi-Z 3 j- i-
vo V:r—""""--‘ ------- out Hi-Z outF ez out
o] | tou tos| | tou
vo V... emmcmcmcceeee -IX W h IX i 4
Va— " F B i 2 3

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.
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Hyper Page WNode Read and Write Cycle

trase trp
o — triice
RAS  yao A —
tesh trec tron
'}g_ng trco trcas tce ticas | lep tucas torn
— Vm- Y Y y s Y 4 D
CAS - __/F \‘( 72 S( 14 \SK 2 / \_
traD Ry |
tasn| [tan Iusc toan tasc| | toan 39.’1 B
> Q—DI Ft—>

Vin- 'a s
PRSI ¢ 0. TN 0 BN 470 ST 000

w W T77TTT W= =77
. b iy e

OF - \\\\\\|\ A\ N\ B tore /b AMMAMARARRRANY
Vo x;_"__ SRR + -2 SU—— qx Data out 1}--<>§ Data out [f Hi:Z

tos ton

I =-remeeenmemenenaes e e J)J TR S——

Romark In the hyper page mode, read,write and read modlfy 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

trRC tre
trAs ) tre tras tre
N ;b‘_—"sr I m\_
tosa || town trec tesn towm trec [ o
s Y= i RN Y VAN
wen || twen

w = /)] ALNELAREARARAARARARRRRRRARANNY

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

RAS Only Refresh Cycle

R tre
trRAS 11 trP tras tre
Ve |z|t———: 3
RAS ViL— N S ,Z \
trec tcrA
p—
I tcre torn
— Vih— # 3 '4 3
CAs ViL— \ / \
1asR L tasr tRan

S

s XN KXXRTXKRN o XRRARKR
= -

Remark 1. OE : Don't care
2.1/0: Hi-Z
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Hidden Refresh Cycle (Read)

tre trc

” " ™ =

- 2 .
| teap trep trsH teur toen

w ] i\ - N

paess W XXX pom KX oo )

trcs twhn " twez

v /L1111 N _ /[///1

s e

% v ANAAAMWAY t:‘ / \\\\bm_,\,,.\\\\
— ~

o Voo - M2 ) XX Dm.m W:Z.
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Hidden Refresh Cycle (Write)

O ] L4
= Vm=__ ¥
RAS Vi— s &
feee treo trsu e toen

— ViH— 4
CAS Vi ;

7 lg
g
]
T

i Y= KRN o K2 KXXRKXRRXCKXXRXER)

% 17 ANV L1/

o i KAXORKROXKXXRKXXXXX

Remark OE : Don’t care
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