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CMOS DYNAMIC RAM MODULE

Description Features
The GMM7738280CTG is an 8M x 72 bits * 168 pins Dual In-Line Package
Dynamic RAM MODULE which is assembled 9 - GMM7738280CTG : Gold plating
pieces of 8M x 8bit DRAMsin 32 pin TSOP || * Extended Data Ouput (EDO) M ode Capability

package and two 16hit driver ICs in 48pin * Single Power Supply

TSSOP package mounted on a 168 pin printed * Fast Access Time & Cycle Time

circuit board with decoupling capacitors. (Unit: ns)
The GMM7738280CTG is optimized for o o |t t T
application to the systems which are required b RAC|CAC ] TRe | HRC
high density and large capacity such as main GMM7738280CTG -5 50| 18|84 |20
memory of the computers and an image memory

systems, and to the others which are requested CMM7738280CTG 6 | 60 ] 20 | 104] 25
compact size. _ * Low Power
The GMM7738280CTG provides common data

. Active : 4770/4446mW (MAX)
Ex D
Inputs and Extended Data Outputs. Standby : 89mW (CMOS level : MAX)

* RAS Only Refresh, CAS before RAS Refresh,
Hidden Refresh Capability
GMM7738280CTG (Double Side) * All inputs and outputs TTL Compatible
* 4096 Refresh Cycles/64ms

Pin Configuration (Top View)
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Symbol | Pin [ Symbol | Pin | Symbol| Pin | Symbol | Pin | Symbol

Vss 29 | RSVD| 57 | DQ22 | 85]|Vss 113| RSVD | 141| DQss
DQo [30|/RASo| 58 | DQz | 86|DQss |114|/RAS:+ | 142 DQsoe
DQi1 |31 ]|/OEo |59 | Ve 87| DQs7 |115]| RFU 143| Vcc
DQ2 |32 | Vs 60 | DQ24 | 88| DQs3s |116| Vss 1441 DQso
RFU 89| DQs9 |117] Az 145 RFU
Ve 34| A2 62 | RFU 90| Ve 118| Az 146 | RFU
DQs |35 | A4 63 | RFU 91| DQ40 |(119] As 147 | RFU
DQs |36 | As 64 | RFU 921 DQa |120] A7 148| RFU
DQs |37 | As 65 | DQz | 93 DQ42 |121] As 149| DQs1
10| DQ7 |38 | Aw 66 | DQz | 94| DQ4s | 122 Aux 150| DQes2
11| DQs |39 | RSVD| 67 | DQ27 | 95 \[}QM 123 | A+ 151 \9Q63

V V ss

Ss

DQss | 125| RFU 153 | DQes4
DQss | 126| Bo 154 | DQss
15| DQu |43 | Vss 71 | DQso | 99| DQ47 | 127 | Vss 155| DQess
16| DQ2 |44 [ /OE2 | 72 | DQs31 |100|DQ4s | 128 | RFU 156 | DQs7
17 | DQw3 |45 | IRAS2| 73 | Ve 101 DQas [ 129] /RASs+ | 157 | Vcc
18 | Vcc 46 | /ICASs| 74 | DQ32 |102| Ve 130 | /CASs- | 158 | DQes
19| DQus | 47 | RSVD| 75 | DQ33 |103|DQso |131| RSVD | 159| DQso
20| DQis | 48 | /IWE2 | 76 | DQss4 (104 |DQs1 132 /PDE | 160| DQmo
21| DQi6 | 49 | Vcc 77 | DQss [105|DQs2 | 133 | Vec 161| DQ71
22| DQi7 | 50 | RSVD| 78 | Vss 106 | DQsz | 134| RSVD | 162| Vss
23| Vss 51 | RSVD| 79 | PD1 |107|Vss 135| RSVD | 163| PD2
24| RSVD |52 | DQis | 80 | PD3 (108 RSVD [ 136| DQss4 | 164| PDa4
25| RSVD | 53 | DQwe | 81 | PDs |109|RSVD | 137| DQss |165| PDs
26 | Vcc 54 | Vss Vss

27| /WEo |55 | DQx | 83| IDo [111|RFU |139| DQss |167| ID1
28 | ICAS0| 56 | DQ2t | 84 | Vcc 112 | /CAS1+| 140 | DQs7 | 168| Vcc
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Note: Pins Marked * are not used in this module.

* This Data Sheet is subject to change without notice.
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Block Diagram

RASO
CASO
WEO
OE0
AQ~A12,80

DQO *—— DQO
DQ1le+——DQ1
DQ2e——DQ2
DQ3e+—— DQ3
DQ4*——DQ4 DO
DQ5*—— DQ5
DQ6 *+—— DQ6
DQ7+——DQ7

DQ8 ¥ DQO
DQ9 *—DQ1
DQ 10— DQ2
DQ1le——DpQ3
DQ12e——DQ4 D1
DQ 13— DQ5
DQ 14— DQ6
DQ 15— DQ7

DQ 16— DQO
DQ 17— DQ1
DQ 18— DQ?2
DQ 19— DQ3
DQ20——DQ4 D2
DQ21— DQ5
DQ 22— DQ6
DQ 23— DQ7

DQ 24— DQO
DQ25—DQ1
DQ 26 ¢ DQ?2
DQ27e——DQ3
DQ 28— DQ4 D3
DQ 29— DQ5
DQ 30— DQ6
DQ3le——DQ7

DQ 32— DQO
DQ 33— DQ1
DQ 34— DQ?2
DQ35— DQ3
DQ36¢ pDQ4 D4
DQ 37— DQ5
DQ 38| DQ6
DQ39—| DQ7

A1~A1l ——>— pRAMS: DO-D8

A0 o——>—» DRAMS; DO-D4
B0 o——>—»DRAMS: D5-D8

RAS2

WE2o—P>——
OE20—P>—

DQ40 ® DQO
DQ41°e—DQ1
DQ42 o——DQ2
DQ43 e— DQ3
DQ44 =—DQ4 D5
DQ45 —— DQ5
DQ46 >— DQ6
DQ47 —DQ7

DQ 48 ™——{DQO
DQ49 —— DQ1
DQ50 =— DQ2
DQ51 —— DQ3
DQ52 —— DQ4 D6
DQ53 —— DQ5
DQ54 ——DQ6
DQ55 ™ DQ7

DQ56 =—— DQO
DQ57 — DO 1
DQ58 =—— DO 2
DQ59 *—— DO 3
DQ60 —— DQ4 D7
DQ 6L —— DQ5
DQ62 —— DQ6
DQ63 —— D7

DQ64 *™——DQO
DQ65 *—— DQ1
DQ66 —— DQ2
DQ67 — DQ3
DQ68 ™——DQ4 D8
DQ69 —— DQ5
DQ70 ™—— DQ6
DQ71 ——DQ7

VSS o0——— »

— hen=0, 1= N
= (when= 0, 1= NC)

0.22uF Capacitor

Vcco * » DO0~D8, Buffer
Vss @ T » D0~D8, Buffer
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Pin Description
Pin Function Pin Function
AO0-All, BO Address Inputs PDE Presence Detect Enable
DQO-DQ71 Data I nput/Output Vee Power (+3.3V)
m, RAS2 Row Address Strobe Vss Ground
%0, CASA Column Address Strobe NC No Connection
WEO, WE2 Read/Write Enable OEO, OE2 Output Enable
PD1-8 Presence Detect RSVD Reserved Use
1D 0-1 ID bit RFU Reserved for Future Use
Presence Detect Pins (Optional)
Pin 50ns 60ns
PD1 1 1
PD2 0 0
PD3 1 1
PD4 1 1
PD5 1 1
PD6 0 1
PD7 0 1
D0 0 0 “0:Vss
D1 0 0 1:NCorVcec
Absolute Maximum Ratings*
Symbol Parameter Rating Unit
Ta Ambient Temperature under Bias 0~70 C
Tse Storage Temperature (Plastic) -55~125 C
Vin/Vout Voltage on any Pin Relativeto Vss -0.5~4.6 \%
Vce Voltage on Vcc Pin Relative to Vss -05~46 vV
lout Short Circuit Output Current 50 mA
Po Power Dissipation 12 w

*Note: 1. Stress greater than above Absolute Maximum Ratings may cause permanent damage to the device.

Recommended DC Operating Conditions (Ta =0~ 70C)

Symbol Parameter Min Typ Max Unit Note
Ve Supply Voltage 3.0 3.3 3.6 \% 1
A Input High Voltage 2.0 - Vce+0.3 Y, 1
Vi Input Low Voltage -0.3 - 0.8 \% 1

*Note: 1. All voltages referenced to Vss.




LG Semicon GMM7738280CTG-5/6

DC Electrical Characteristics: (Vcc = 3.3V+/-0.3V, TaA =0~ 70C)

GMM7738280CTG
Symbol Parameter Unit Note
Min Max
Output Level
\ < 24 \Y V
o Output “"H™" Level Voltage (lour=-28 ] «
Output Level
Vo Output 'L"" Level Voltage (lour= 2§ ) 0 0.4 v
Operating Current S0ns - 1325
lccr Average Power Supply Operating Current § 1 1.2
(RAS, CAS Cycling: trc = tre min) 60ns ) 1235
Standby Current (TTL)
lccz Power Supply Standby Current - 38 § 1
(RAS, CAS = Vi, Dour = High-2)
RTS—OnIy Refresh Current
50ns -
| Average Power Supply Current 1325 5 2
°® | RAS-Only Refresh Mode
(RAS Cycling, CAS = Vi, tre = tre Min) 60ns - 1235
Aveage Powes Supply Gurtent Ss |- | w0
lcos Extended Data Out Mode st L3
(RAS =V, CAS, Address Cycling: tec = tre Min) 60ns - 920
Standby Current (CMQOS)
lccs | Power Supply Standby Current - 245 §1
(RAS, CAS>=Vcc-0.2V, Dour = High-2)
| CAS-before-RAS Refresh Current Sons ) 1325 53
cee (tre = tre Min)
60ns - 1235
IES =V
lcer Standby Current CAS =Vu - 65 § 1 1
Dout = Enable
Input Leakage Current, Any Input )
ho | (v < vin< Vo) 5 5 uA
Output Leakage Current )
low | (Doyr is Disabled, OV < Vaur < Vo) 5 5 uA

Note: 1. lcc depends on output load condition when the device is selected. |ccmay is specified at the
output open condition. L
2. Address can be changed once or lesswhile RAS = V.
3. Address can be changed once or lesswhile CAS = V.
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Capacitance (Vcc =3.3V+/-0.3V, Ta =25C, f=1MH2)

Symbol Parameter Min | Max | Unit | Note
Cn Input Capacitance (A0~A12,B0) - 20 pF 1
C Input Capacitance (WEO, WE2, OEQ, OE?) - 20 pF 1,2
Ciz Input Capacitance (KSO,RTSZ) - 45 pF 1,2
Cu Input Capacitance (%O,@) - 20 pF 1,2
Cuo 1/0O Capacitance (DQ0~DQ71) - 20 pE 1.2

Note: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS =V to disable Dour.

AC Characteristics (Vcc =3.3V+/-0.3V, TA=0~70C, Notes1, 2,19)
Test Conditions

Input rise and fall times: 2ns Output timing reference levels : VoL/Vor = 0.8/2.0V

Input level : ViL/ViH = 0.0/3.0V Output load : 1 TTL gate+C. (100pF)

Input timing reference levels: ViL/ViH = 0.8/2.0V (Including scope and jig)

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters)

GMM7738280CTG-5 | GMM7738280CTG-6
Symbol Parameter - Unit |Notes|
Min [ Max [ Min | Max

tre Random Read or Write Cycle Time 84 - 104 - § A
tre RAS Precharge Time 30 - 40 - § A
tep CAS Precharge Time 8 - 10 - § A
tras RAS Pulse Width 50 | 10000 60 |[10000( § A
teas CAS Pulse Width 8 |10000( 10 |[10000| § A
tasr Row Address Set-up Time 5 - 5 - § A
tran Row Address Hold Time 8 - 10 - § A
tasc Column Address Set-up Time 0 - 0 - § A
tean Column Address Hold Time 8 - 10 - § A
treo RASto CAS Delay Time 12 32 | 14 | 40 | sAl 3
trap RAS to Column Address Delay Time 10 20 | 12 | 25 | sA| 4
o RAS Hold Time 18 - 20 - | saA
fes CASHold Time 35 - 40 - § A
tore CASto RAS Precharge Time 10 - 10 - § A
tobo OE to Din Delay Time 18 - 20 - §Al 5
tozo OE Delay Time from Din 0 - 0 - s Al 6
tozc CAS Set-up Time from Din 0 - 0 - s Al 6
tr (Téia::';%”;;”l’)e 2 50 | 2 | 50 |sAl-~
trer Refresh Period (4096 Cycles) - 64 - 64 ms




LG Semicon GMM7738280CTG-5/6

Read Cycles
GMM7738280CTG-5 | GMM7738280CTG 6
Symbol Parameter unit | Noted
Min | Max | Min | Max

trac Access Time from RAS - 50 - 60 [ s A 89
fcac Access Time from CAS - 18 - 20 | § A9.10.17
taa Access Time from Column Address - 30 - 35 § A9,11,17
foac Access Time from OE - 18 - 20 [ 84 o
tres Read Command Set-up Time 0 - 0 - 5
tren Read Command Hold Timeto CAS 0 - 0 - §A 1
trRRH Read Command Hold Time to RAS 0 - 0 - 8§ A 12
traL Column Addressto RAS Lead Time 30 - 35 - § /
feaL Column Addressto CAS Lead Time 15 - 18 - § A
forr Output Buffer Turn-off Delay Time from CAS - 18 - 20 | 8§ A1z
foez Output Buffer Turn-off Delay Time from OE - 18 - 20 | § A 13
teoo CASto Din Delay Time 18| - | 20| - [s4s
troD RASto Din Delay Time 13 - 15 - § /
twoo WE to Din Delay Time 13| - | 158 - |5/
torr Output Buffer Turn-off Delay Time from RAS - 13 - 15 | 8§ Az
twez Output Buffer Turn-off Delay Time from WE - 13 - 15 8§ A 13
ton Output Data Hold Time 3 - 3 - §4 n
toHr Output Data Hold Time from RAS 3 - 3 - §4 21
treHr Read Command Hold Time from RAS 50 - |60 | - |8A
toro Output Data Hold Time from OE 3 - 3 - 5 A
terz CASto Output in Low - Z 2| - | 2| - |58}
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Wrtie Cycles
GMM7738280CTG-5 | GMM7738280CTG-6
Symbol Parameter Unit [Notes
Min Max Min | Max
twes Write Command Set-up Time 0 - 0 - § Al 14
twen Write Command Hold Time 8 - 10 - § Al 21
twp Write Command Pulse Width 8 - 10 - § A
trwL Write Command to RAS Lead Time 18 - 20 - § A
tew Write Command to CAS Lead Time 8 - 10 - § A
tos Data-in Set-up Time 0 - 0 - § Al 15
ton Data-in Hold Time 13 - 15 - § Al 15
Read-Modify-Write Cycles
GMM7738280CTG-5 GMM7738280CTG-6
Symbol Parameter Unit | Notes
Min Max Min | Max
trwe Read-Modify-Write Cycle Time 116 - 140 - § A
trwD RASto WE Delay Time 72 - 84 - § Al 14
tewo CASto WE Delay Time 30 - 34 - | s Al 14
tawo Column Address to WE Delay Time 42 - 49 - | s Al 14
toen OE Hold Time from WE 13 - 15 - § A
Refresh Cycles
GMM7738280CTG-5 |[GMM7738280CTG-6
Symbol Parameter - - Unit [Notes
Min Max | Min Max
i CAS Set-up Time 5 ) 5 I
CR (CAS-before-RAS Refresh Cycle)
CASHold Time
tenr (CAS-before-RAS Refresh Cycle) 8 i 10 - |84
¢ W_isetup Time 5 5 5 A
WRP (CAS-before-RAS Refresh Cycle)
t \N_iHOId Time 8 - 10 - § A
WRH (CAS-before-RAS Refresh Cycle)
trec RAS Precharge to CAS Hold Time 5 - 5 - | saA
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Extended Data Out Mode Cycles

GMM7738280CTG-5 GMM7738280CTG-6
Symbol Parameter Unit | Notes
Min Max Min Max
thec EDO Page Mode Cycle Time 20 - 25 - § Al 20
twee Write pulse width during CAS Precharge 8 - 10 - § A
trase EDO Mode RAS Pulse Width - |100000 - | 100000| § A| 16
tace Access Time from CAS Precharge - 28 - 35 | § Al917
trrce RAS Hold Time from CAS Precharge 33 - 40 - | sA
teor CAS Hold Time Referred OE 8 - 10 - | sA
teor CASto OE set-up Time 5 - 5 - | sa
teckp Read Command Hold Time from CAS 28 - 35 - | sA
Precharge
toon Output Data Hold Time from CASLow 5 - 5 - § A| 922
toep 'OE Precharge Time 8 - 10 - |sA
EDO Page Mode Read-Modify-Write cycle
GMM7738280CTG-5 GMM7738280CTG-6
Symbol Parameter Unit | Notes
Min Max Min Max
therwe EDO Page Mode Read-Modify-Write Cycle Time 57 - 68 - § A
2 \WE delay time from CAS precharge 45 - 54 - | s Al 14
Present Detect Read cycle
GMM7738280CTG-5 | GMM7738280CTG-6
Symbol Parameter Unit | Notes
Min Max | Min | Max
teo PDE to Valid PD bit 10 10 | ns
troorr PDE to PD bit in active 2 7 2 7 § A
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Notes:

1. AC measurements assumetr = 2§ A

2. ACinitial pauseof 200 us isrequired after power up followed by a minimum of eight
initialization cycles (‘any combination of cycles containing RAS-only refresh or CAS-before-
RAS refresh)

3. Operation with the t reo(max) limit insures that trac(max) can be met, treo(max) is specified asa
reference point only: if t rep is greater than the specifiedt reo(max) limit, then accesstimeis
controlled exclusively by tcac.

4.  Operation with the trap(max) limit insures that trac(max) can be met, tran(max) is specified asa
reference point only: if t rap is greater than the specified t rap(max) limit, then accesstimeis
controlled exclusively by taa.

Either toeo or tcoo must be satisfied.
Either tozo or tozc must be satisfied.

7. Vin(min) and V 1iL(max) are reference levels for measuring timing of input signals. Also,
transition times are measured between Vin(min) and Vi (max).

8. Assumesthat t rep<=treo(max) and t rap<=trap(max). If trep or trap is greater than the maximum
recommended value shown in this table, trac exceeds the value shown.

9. Measured with aload circuit equivalent to 1 TTL loads and 100 pF.

10. Assumes that treo>=treo(max) and treo + teac(max) >=trab + taa(max).

11. Assumesthat trap >=trap (Max) and trep +teac(max)<=trap + taa(max).

12. Either trer or trre must be satisfied for aread cycles.

13. torr(Max), toezimax), torr(max) and t wez(max) define the time at which the outputs achieve the
open circuit condition and is not referenced to output voltage levels.

14. twes, trwo, tewp, tawp, and tcew are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only: if t wes>=twcs(min), the cycleis an early write cycle
and the data out pin will remain open circuit (high impedance) throughout the entire cycle: if
trwo >=trwo(mMin), towo>=tcwo(min), tawo>=tawo(min) and t crw>=tcerw(min), the cycleis aread-
modify-write and the data output will contain data read from the selected cell: if neither of the
above sets of conditions is satisfied, the condition of the data out (at accesstime) is
indeterminate.

15. tosandton arereferred to CASleading edgein early write cycles and to WE |eadi ng edgein
delayed write or read-modify-write cycles.

16. trase defines RAS pulse width in extended data out mode cycles.
17. Accesstimeis determined by the longest among taa, tcacand teea.

18. Indelayed write or read-modify-write cycl es, OE must disable output buffer prior to applying
data to the device.
19. When output buffers are enabled once, sustain the low impedance state until valid datais

obtained. When output buffer is turned on and off within avery short time, generaly it causes
large Vcc/Vss line noise, which causesto degrade Vin min/ViL max level.
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20. trec(min) can be achieved during a series of EDO mode early write cycles or EDO mode read

21.

22.

23.

24,

25.

26.

27.

cycles. If both write and read operation are mixed in aEDO mode, RAS cycle { EDO mode mix
cycle (1),(2) } minimum value of CAScyclet wrc(tcas + t cp + 2t 1) becomes greater than the
specified thrc(min) value. The value of CAS cycle time of mixed EDO page mode is shown in
EDO page mode mix cycle (1) and (2).

Data output turns off and becomes high impedance from later rising edge of RAS and CAS.

Hold time and turn off time are specified by the timing specifications of later rising edge of RAS
and CA'S between torr and tox, and between torr and torr.

toon defines the time at which the output level go cross.  V o.=0.8V, Vor=2.0V of output timing
reference level.

Before and after self refresh mode, execute CBR refresh to all refresh addresses in or within 64
§ fperiod on the condition aand b below.

a. Enter self refresh mode within 15.6 us after either burst refresh or distributed refresh at equal
interval to all refresh addresses are completed.

b. Start burst refresh or distributed refresh at equal interval to all refresh addressed within 15.6us
after exiting from self refresh mode.

In case of entering from RAS-only-refresh, it is necessary to execute CBR refresh before and
after self refresh mode according as note 23.

For L_version, it isavailable to apply each 128 § Aand 31.2 usinstead of 64 § jfand 15.6us at
note 23.

At trasst 300 us, self refresh modeis activated, and not activated atrass £ %0us. It is undefined
withintherange of 10 us £ tkass£ %00 us . for trass£ 30 us, it is necessary to satisfy tres.

XXX:HorL (H:Virmin)<2Vin<=Viv(max), L: Vin(min)<=Vin<=2Vin(max))
[ Invalid Dout

When the address, clock and input pins are not described on timing waveforms, their pins must
be applied Vi+ or ViL.

10
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Timing Waveforms

{ras tre

= N J N

tCSH

tCRP

tr

tRCD

tRSH

tCAS

= N\

tRAD tRAL

tran tasc fean
M ROW ;‘P@ii COLUMN 0:0:0:‘:0:0:‘

{res tren

™1

ADDRESS

tan
High-Z
Dout
trac

fozc | tooo

{ozo o Joac toeo
R, XTI
% DR AR

* : Don't care

FIGURE 1. READ CYCLE
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tras )

e N 7

tRSH
tr
tRCD tCAS L tCRP
tCSH
—_— 'R
CAS \_‘ )%
tran | tasc fean |
T YO R
1 tWCS tWCH
_ RRRXRIXIIIIR) (RRRRIXXIIXKTIIIKKS
TE RN ALK
" fos fon

OXRIXIILIIIINS
SRR

DIN W D‘N

Dout

High-Z

* m : Don't care

** OE: Don't care

*** twes2 twes(min)

FIGURE 2. EARLY WRITE CYCLE
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{ras )
. \
RAS \_‘ ; j{ \—
tRSH
tr
tRCD tCAS L tCRP
tCSH ;
— AL
CAS \_‘ B
tasr| | tran tasc faer] | tean
ADDRESS M ROW i@i COLUMN 0:0:0:0:0:0:0:0:0:‘:‘:‘:’:’
tCWL ‘_.t|
tres :M
e KR
. tDH
tDZO tOEH
OE

RS - KL,
LI/

[« toez
Dour High-Z xx/ INVALID
\| OUTPUT

FIGURE 3. DELAYED WRITE CYCLE

V’V‘V’V‘V‘ . R
* KRR« Don'tcare

** Invalid Dout comes out,
when OE islow level.
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trwe
tras o tre
RS N )
< K N\__
tr
tRCD tCAS tCRP

— s\ i
CAS

3 7/

tRAD
=, [rey troe fer] Lo
Y
ADDRESS ROW % COLUMN
N,
tres fowp towr |
tawp | trwi ]

tRWD tWP
_ / \ ’ ’V‘V’v‘V‘V‘V’V’V‘V‘V
WE OOQOOOOOD

tan \§ Vi ‘t A A‘A’t A‘At‘t’t‘A

trac
tDH

{os e
tozc fcac
<to_ED foen
High-Z 7/_
Dout 3 Dout
N
foac {oez

{oz0 le=
% Rk
* m : Don't care

FIGURE 4. READ MODIFY WRITE CYCLE
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LG Semicon

tRAS

RAS
tr

tCRP

—_ 4
CAS

ADDRESS

0
LRRRKLS

Dout

FIGURE5. RAS

* OE,WE : Don't care
** Rrfresh address:

ONLY REFRESH CYCLE AO~A12 (AX0 ~ AX12)

tre fras | tre fras | |
—_ A N Y N
= A N, JZ N ,U \

t
tec trc tore
teen | tesk terr | teen tes terr A
N N L
CAS /( /_| ﬁ\
. #* K
ADDRESS
" tOFF
INVALID High-Z
Dout
Dout
* m : Don't care
** \WE:ViH
FIGURE 6. CAS BEFORE RAS REFRESH CYCLE
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{re {re {re
tras L lrp L tras 1 tre tras tre
(Read) 4 (Refresh) (Refresh)
ﬁs 3\ )\ N/ )\
K - R —
r a—s] tRsH tonr
tRCD tCAS —— tCRP
—_ N N/
CAS N /|
X £
{rab traL
tasr | [tran thse kst fcan
ADDRESS ROW 1 COLUMN
R
e—st tReH
tres trrH
— 4 N
tan
{orr
trac
P 4 N
Dout High-Z < Dour >_
K v
fozc foez
- S z@
fcop
tozo 1 1 foac foeo
\VAV/ vvvv’v VV\V\V\ '\

* m : Don't care

FIGURE 7. HIDDEN REFRESH CYCLE
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trase
tRHCP tRF‘
J— o V2
RAS
N A N
t
T fesn thec .. trs
treo . eas ter feas ter fcas fcre
CAS K y Y y——
I N_ Y]
tRAD tRAL
tesn
fase trar fasc I |£CAH tasc teau tasc feau
> | | ja— [ | —
< — P ¥ 4
ADDRESS ROW COLUMN COLUMN COLUMNN
N _ K Y 3
trcria tron
tRCS tRCHC tRRH
WE
J— twez
tOHR
fcea tcra torr
tA A tA A tOFF
OE —» toac teac teac
1 Vi
trne L
Tan —
1 .
CAC toon foon OH
=1 ot 1
i h 4 K 4 p 4 N
Dout ngh Z &( Dout 1 /&r Dout 2 /&( Dout N /_}—

* m : Don't care

FIGURE 8. EXTENDED DATA OUT MODE READ CYCLE
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tras
tRF‘
— t PRH
RAS ’\ - /-‘
R 7 _
tr -t {crp
thec thec thec
fesn ter ter ter
trsu
CAS \K fcas /" 3\ fcas 1_5\ fcas /'1_3'\ fcas /"’_
I 3 7 K A K| | 7
tRCHR | tRCHC
tres tren tres l—leRH )
T B " .’-< <—: tren
=22 (1Y s
tRAL
b fean tasc tean tasc fean tasc| [tean
tASR’ -tRAH -1‘<_ e T [«
ADDRESS ROW COLUMN 1 COLUMN 2 COLUMN 3 COLUMN N W
R T— T— /D K k
tea fear teaL | tea | T | tore
! tore
tOHR
ton
tcor
= R0 A
tCF‘A tCPA -pl. = togz
| tan tan
] | feac . OEZ ] tenc
LDOH foac
High-Z ' 71— N
Dout 9 < Dout 2 Ai@( Dout 3 } Dout N \;—
p X e P4

FIGURE 9. EXTENDED DATA OUT MODE READ CYCLE ((YE CONTROL)*

*NOTE : EDO Hi-Z control by OE or WE. OE rising edge disables data outputs. When OE goes high
during CAS high, the datawill not come out until next CAS access. When WE goes low during
CAS high, the datawill not come out until next CAS access.
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FIGURE 10. EXTENDED DATA OUT MODE EARLY WRITE CYCLE
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FIGURE 11. EXTENDED DATA OUT MODE DELAYED WRITE CYCLE
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FIGURE 12. EXTENDED DATA OUT MODE READ MODIFY WRITE CYCLE
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FIGURE 13. EXTENDED DATA OUT MODE MIX CYCLE (1) %
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FIGURE 14. EXTENDED DATA OUT MODE MIX CYCLE (2) ®
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FIGURE 15. TEST MODE CYCLE
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FIGURE 16. TEST MODE SET CYCLE
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FIGURE 16. CAS BEFORE RAS REFRESH COUNTER CHECK CYCLE (READ)
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FIGURE 17. CAS BEFORE RAS REFRESH COUNTER CHECK CYCLE (WRITE)
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Package Dimension

Unit: mil (mm)
* (1 mil = 1/1000 inches)
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| .“I.'"C" .'i"IIBII uA...""
450(11.43) ~—>! !— 1450(36.83) —!gﬁ—L 2150(54.61)
| 1700(43.18) 250(6.35)
- ol
4550(115.57)
5013.78(127.35)
157.48(4.0) max.
(Front Side)

125(3.175)
—
_>| | 39. 37(1 0)

DETAIL "C"

| O 168 MMM () OO (] D00 850
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DETAIL "B"
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e
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mﬂ]mmmmu ,

4
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50(1.27)
—_—

Y

590 15)

1

DETAIL "A"

NOTE : 1. Toleranceson al dimensions +/-5 (0.127) unless otherwise specified.
2. Thickness includes Plating and/ or Metallization.
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