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INTEGRATED CIRCUIT

TOSHIBA

TECHNICAL DATA

262, 144WORDS x 48ITS MULTIPORT DRAM

DESCRIPTION

TOSHIBA DIGITAL INTEGRATED CIRCUIT
TC524258AJ/AZ- 10, TC524258AJ/AZ-12
SILICON GATE CMOS

PRELIMINARY

The TC3242358AJ/AZ is a CMOS multiport memory equipped with a 262,144-words by 4-bits
dynamic random access memory (RAM) port and a 3512-words by 4-bits static serial access memory

(SAM) port.

The TC324258AJ/ AZ supports three types of operations; Random access to and from the

RAM port, high speed serial access to and from the SAM port and bidirectional transfer of data

between any selected row in the RAM port and the SAM port.
be accessed independently except when data is being transferred between them internally.

The RAM port and the SAM port can
In addition

to the conventional multigort videoram operating modes, the TC324258AJ/AZ features the block write
and flash write functions on the RAM port and a split register data transfer capability on the SAM

port.

The TCS324258AJ/AZ is fabricated using Toshiba's CMOS silicon gate process as well as

advanced circuit designs to provide low power dissipation and wide operating margins.

FEATURES
ITEM TC524258Al/AZ
-10 | =12
taac  RAS Accass Time (Max.) 100ns 120ns
teac  GAS Access Time (Max.) 30ns 3Sns
taa  Coiumn Address Accass Time (Max.) S3ns 55ns
12 Cycle Time (Min.) 180ns 2:0ns’
tac  Page Mode Cycie Time (Min.) 60ns 70ns
tsca Serial Access Time (Max.) 25ns 35ns
tscc  Serial Cycle time (Min.) 30ns 40ns
lccr  RAM Operating Current 110mA 100mA
(SAM : Standby)
lcc2a SAM Operating Current SadmA 4SmA
(RAM : Standby)
i--~  Standbv Current 10mA 10mA

e Single power supply of 5V £10% with a built-in

BB generator )
e All inputs and outputs : TTL Compatible

PIN NAME
AQ~A8 Address inputs
RAT Row Address Strobe
CAS Column Address Strobe
OT/0E Data Transfer/Outout Enable
WB/WE Write per 8it/Write Enable
OSF Soecial Function Controf
‘W1/101~wWa/i04 | Write Mask /Data IN, OUT
SC Serial Clock
3T Serial Enable -
SI01~S5iQ4 Serial input/Qutput
QSF Special Flag Outout
AVeervee Power (5V)/ Ground
T~¢. | No Connection

Organization
RAM Port : 262.144words X 4bits
SAM Port : 512wordsX 4bits
RAM Port

Fast Page Mode, Read - Modify - Write
CAS before RAS Refresh, Hidden Reiresh
RAS only Refresh, Write per Bit
Flash Write, Block Write
512 refresh cycles/8ms

SAM Port
High Speed Serial Read/ Write Capability
512 Tap Locations
Fully Static Register

RAM - SAM Bidirectional Transfer
Read/ Write/Pseudo Write Transfer
Real Time Read Transfer
Split Read/ Write Transfer

Package
TC524258AJ
TCS524258AZ : 400mil 28Pin Standard ZIP

PIN CONNECTION

TC524258A) TC524258A2
sc 01 280 Vss psFQt 20 winos
sio1 d2 270 sioa wanos U3 a0
si02 03 260 sI03 sio3 U5 61 sioa
5TOE Qe 250 3% Vss 47 8l sc
winotr s 241 wa104 sio1 g9 5102
w2102 (6. 230 wanoz  OTOE W1/101
WEWE 07 22 osF w2102 WB/WE
NC (8 211 T&3 NC RAS
Ra3 Q9 200 QSF A8 A6
A8 10 190 A0 AS Ad
As O 180 A1 Vee A7
.AS (12 1701 A2 A3 A2
Aa (13 16 A3 Al AQ
Ve Qe 150 A7 QsF &3

28Pin 400mii SO)J
JEDEC Standard

28Pin 400mil height ZIP
JEDEC Standard

: 400mil 28Pin Standard SOJ

9 Theinformation contained herein is presented only as a guide for the applications of our_products.
No resgansibility is assumed.by TOSHIBA for any infringements of patents or r other rights.of the
third parges which may result from its use. No license is granted by ihplm%hem:; i

under any patents or other rights of TOSHIBA or others.

2 The Products described in this document are strategic products subject to COCCM regulations.

- TC524258A) /AZ—1
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They shouid not be exported without authorization from the appropritae governmental authorities (as of May, 1989.)
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TOSHIBA

INTEGRATED

CIRCUIT

TC524258A5/AZ-10 , TC524258AJ/ AZ-12

TECHNICAL DATA
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INTEGRATED CIRCUIT
TECHNICAL DATA

TCS524258AJ/AZ-10 , TC524258AJ/AZ-12

TOSHIBA

ABSOLUTE MAXIMUM RATINGS

SYMBOL | ITEM RATING UNITS NQOTES
Vene Vour | input Output Voitage -1.0~7.0 v 1
Vee l Power Supply Vaitage -1.0~7.0 v 1
Toaz | Operating Temperature 0~70 C 1
7576 I Siorage Temparature ~55~150 s '
Tsouoer Soldering Temperature - Time 260-10 *C-sec i
Py Power Dissipation 1 w !
) lour Shor Circuit Output Current 50 mA 1

RECOMMENDED D.C. OPERATING CONDITIONS (Ta =0~70°C)

SYMBO0L PARAMETER MIN. TYP. MAX. UNIT NOTES
Vee Power Supply Voltage 4.5 5.0 5.5 v 2
Vin Input High Voitage 24 - 6.5 v 2
Vo Input Low Volitage -1.0 - 0.8 v 2

CAPACITANCE (Vce =5V, f=1MHz, Ta =25°C)

SYMaoL PARAMETER . MIN. MAX. UNIT
[ Input Capacitance - 7
Co input/ Qutput Capacitance - 9 pF
Co Output Capacitance (QSF) - 9

Note : This parameter is periodically sampled and is not 100% tested.

T e TC524258A)/AZ—3
: cron oan Le- . 1989-5-15
T T smerdea | TOSHIBA CORPORATIC
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INTEGRATED CIRCUIT
TOSHIBA TC524258AJ/AZ-10 , TC524258A1/AZ-12

TECHNICAL DATA

D.C. ELECTRICAL CHARACTERISTICS (Vcc=5V£10%, Ta=0~70°C)

TC31:258aa2-10 | TCs24258aKA2-12
RAM PORT SAM PQORT | SYMBOL UNIT ;NOTES
min, | max. | min. | max.
OPSAATING CURRENT Standoy | lcci - 110 - ‘ 100 3,4
RAS, TX5 Cydling )
Tag = t3¢ min. Active lecra - ‘ 158 ‘ - ' 143 3,4
t
STANS3Y CURRINT tancdy | lecs - 10 - \ 10
(F=3, T&&5=vi4)
Active lecza - SQ - . 4s 3.3
L]
RAS ONLY REFRESH CURRENT Standby lees - 110 - l 1C0 3,3
) TAS Cycling, TAS =iy ) "
ty¢c =tag MmN, Active fecza - 150 - 140 3.4 ‘
PAGZ MODE CURRENT Stancby { lecs - 90 - 80 3,4
<RA§=V;‘_, TA3S Cycling ) e
' tag = tog min. cive lecaa = 130 l - l 120 3.4
mA
CTAS 3£703s AT REFRESH CUARENT Standby lees - l 110 - 100 3.4
RAT Cycling, TRS 3efore RA§) _ ‘
tac = tac MmN, Acuve leesa - 150 - ‘ 140 3.4
DATA TRANSFER CURRENT Standby | lecs - 130 - 120 3.4
RAS, C&3 Cycling) -
tac = tae min. Active lecsa - 160 - 150 3.4
FLASH WRITE CURRENT Standdby | lecr - 110 - 100 3.4
(RAE, (%1 Cycling)
tac = tac min. Active lecra - 15Q - 140 3,4
3LCCK WRITE CURRENT Standby lees - 120 - 110 3.4
(RAS, TAT Cycling
tac = tac min. Active lccaa - 160 - 150 3,4
ITEM SYymaoL MIN. MAX. UNITS NOTES
INPUT LEAKAGE CURRENT ' hw - 10 10 A
OV <Viy<6.5V, All other 3ins not under test=0V
CUTPUT LEAKAGE CURRENT . low -10 10 A
0V <Voyr<S5.5V, Output Disable
QUTPUT "H" LEVEL VOLTAGE . 24 - v
lour=-2MmA |
e g B n
OQUTAUT "L” LEVEL VOLTAGE VoL _ 0.4 v
IOUT =2mA

TCS524258A1/AZ—4
; ' 1989-5-15
R TOSHIBA CORPORATION
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INTEGRATED CIRCUIT

TOSHIBA

TC524258AJ/AZ-10 , TC524258AJ/ AZ-12

TECHNICAL DATA

This Materi al

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(VCC =5V £10%, Ta=0~70°C) (Notes: 5, 6, 7)

TC3242S8AN/AZ-10 ‘ TCS24258AJ/AZ-12

sYmeoL PARAMETER MIN. MAX. MIN. ' MAX. UNIT INOTES
Tag Rarndom Read or ‘Write Cycie Time 180 210
Ty Read - Modify - Writa Cycle Time 245 285
(21d Fast Page Mode Cycle Time 60 70
toamw Fast Page Mode Read - Modify - Write Cycle 110 135

Time
taac Access Time from RAS 100 120 8,14
taa Access Time from Column Address S5 85 8,14
cac Access Time from CAS 30 35 8.15
era Access Time from CAS Precharge 55 65 8,15
tore Qutput Buffer Turn - Off Deiay 20 0 25 10
tr Transition Time (Rise and Fail) 35 3 35 7
trp RAS Precharge Time 70 80
taas RA3 Pulse Width 100 10000 120 10000
trase RAS Pulse Width (Fast Page Mode Onty) 100 100000 120 100000
tasH RAS Hold Time 30 3S
tesH CAS Hold Time 100 120 as
tcas TAS Pulse Width 30 35
taco RAS to CAS Delay Time 25 65 25 80 ) 14
t2a0 RAS to Column Address Delay Time 20 45 20 55 14
taaL Column Address to RAS Lead Time S5 65
rp CA3 to RAS Precharge Time 10 10
tean CAT Precharge Time 15 20
tcp TA3 Precharge Time (Fast Page Made) 10 15
tasR Row Address Set-Up Time Q Q
tramn Row Address Hold Time 15 15
tasc Column Address Set-Up Time 0 0
tcan Column Address Hold Time 20 25
tar Column Address Hold Time referenced to RAS 70 8s
tres Read Command Set-Up Time
treH Read Command Hold Time 11
ta’n Read Command Hold Time referenced to RAS 11
twex Write Command Hold Time 20 25
twer Write Command Hoid Time referenced to RAS 70 8s
twe Write Command Puise Width 20 25
tawi Write Command to RAS Lead Time 25 30
towe Write Command to TAS Lead Time 25 | - 30 _L~_'__

Copyri ght ed
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INTEGRATED CIRCUIT
TOSHIBA TC524258AJ/ AZ- 10 , TC528258A1/ AZ- 12

TECHNICAL DATA

- | 7C524258Ai/AZ-10 | TC524258ANAZ-12
SYMECL PARAMETER l VN, ‘ VIAX l VI MAX UNITS |NQTzES
s | Data Set-us Time | 9 f 0 12
1= !5ata =cid Time [ 20 ‘ | 25 ’ 12
o3 ! Data =oid Time referencec to IAS | 70 | [ gs |
Twes | Write Cammand Set-Uo Tima ', 0| 0 13
taws | TAS 12 WE Deiay Tima ! 135 | 160 s :
tawd | Column Accrass 10 WWE Cefay Time | 90 | | 105 | 13
iovs | TE3 <0 WE Dalay Time | 65 | | 75 | |
toze | Data 0 TAS Derav Time | 0| 0 |
) tozo | Data to OF Deiay Time | 0| 0
. t0za ! access Time from OF | 30 35
tozz 'Ou::u: 3uffar Turn - off Delay from Tt | 0 30 0 3s 10 (
toed IG-E :5 Data Delay Time 30 3s
oz | 8 command Hoid Time 25 30
tagM | #23 wiold Time referenced to OE 20 20
tesa | T35 set- Lo Time for CA3 3efore RAS Cycle 10 10
teuR | 3% Hold Time for TAS 3efore RAS Cycle | 30 30
tapc TAS Pracharge ta TAS Active Time 0 )
taes Refresn Period 8 8 ms
twsr 'WS_ Set-Uo Time 0 0
tawn | WE Hold Time 10 10
753 | OSF Set-UP Time referenced to RAS 0 ]
tags | DSF Hold Time refarenced to RAS (1) 10 10
Traz | 057 =old Time referenced to RAS (2) 70 85
tasC | 0S7 Set-Up Time referenced to T3 0 0
o= OSF =oid Time referencad to TAS 20 25
us \Write - Per - Bit Mask Data Set-Up Time 0 0 ns
YL Write - Per - 8it Mask Data Hold Time 10 10
trus DT High Set-Up Time 0 0
Trum BT High Hold Time 10 10
tris BT Low Set-Up Time 0 0
Trim DT Low Hold Time 10 10000 10 10000
taTH BT Low Hold Time referenced to RAS 80 10000 95 10C00
(Real Time Read Transfer)
tath DT Low Hold Time referenced to Column 35 40
Address (Real Time Read Transfer)
terw BT Low-Hold Time referenced to CAS 30 3s
(Real Time Read Transfer) B

RPR LI

SIS TC524258A)/AZ—6
B 1989-5-—15
TR roE-HIBA CORPORATION
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INTEGRATED CIRCUIT
TOSHIBA . TC524258AJ/ AZ- 10 , TC524258A1/ AZ- 12

TECHNICAL DATA

C TC524258Al/AZ-10 TC524258A5/AZ-12
SYMsoL PARAMETER UNIT [NOTSS
MIN. MAX. MIN. MAX.
tesa [ﬁ Set-Up Time referenced to RAS Q Q
tagH I 3T Hold Time referenced to RAS 10 10
trap | 5T w0 T3 Precharge Time 90 105
tra |57 Precharge Time 30 3s
tRsd 'TK to Sirst SC Deiay Time (Read Transfer) 100 120
TAsO Ceiumn Acdress to First SC Delay Time 60 70
(Read Transfer)
Wso CA3 10 First SC Deiay Time (Read Transfar) 30 35
¢ trsL Last SC to OV Lead Time 5 10
. (Real Tuﬁe Read Transfer)
trso DT to First SC Delay Time (Read Transfar) 1S 20
tsas Last SC to RAS Set-Up Time (Serial Input) 30 40
tsa0 RAS to First SC Deiay Time (Serial Inout) 25 30
, ts00 RAS to Serial Input Delay Time 50 60
50z Seriai Output 8uffer Turn - off Delay from RAS 10 S0 10 60 10
(Pseudo Write Transfer)
1<« SC Cycle Time © 30 40 ns
tsc SC Pulse Width (SC High Time) 10 15
tscp SC Precharge Time (SC Low Time) 10 15
Tsca Access Time from SC 25 35 9
tsom Serial Outout Hold Time from SC S .
tsos Serial Input Set-Up Time
tsoH Serial Input Hold Time 20 30
tsea Access Time from 3E 25 35 9
tse 3T Pulse Width 25 35
tsgp 3z Precharge Time 25 35
tsez Serial Output Buffer Turn - off Delay from 3E 0 20 0 30 10
ts2E Serial Input to SE Delay Time 0
tszs Serial Input to First SC Delay Time 0
Tsws Serial Write Enable Set-Up Time . S 10
tswH Serial Write Enable Hold Time 15 25
tswis Serial Write Disable Set-Up Time S 10
Tswin Serial Write Disable Hoid Time 15 20
tsrs Split Transfer Set-Up Time 30 40
TsTH Split Transfer Hold Time 30 40
Q0 SC-QSF Delay Time 25 35
trQo BT - QSF Delay Time . ‘ 25 35
tcqo TAS - QSF Delay Time 35 45
tagd | AAS- QSF Delay Time - ‘as 105
TR - e e e e e - 7C524258AI/AZ—7
e e mmeme—em e - - 1989—5-15
TmIsE Lo ¢ oTe e m e
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INTEGRATED CIRCUIT

TOSHIBA

TC524258AJ/ AZ- 10 , TC524258A/ AZ- 12
TECHNICAL DATA

This Materi al

NOTES :

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause
permanent darmage to the device.

2. All voltage are referenced to Vss.

3. These parameters depend on cycle rate.

i, These paramesers depend on output loading.  Specified values are obtained with th
output gpen.

5.  An initial pause of 200us is required after power-up followed by any 8 RAS cycles (DT/OE
“high") and any 8 SC cycles before proper device operation is achieved. In case of using
internal refrash counter, a minimum of 8 CAS before RAS initialization cycles instead of 8
RAS cycles are required. ‘

6. AC measurements assume tT=3ns.

7.  VIH(min) 30d VIL(max.) are reference levels for measuring timing of input signals. Also,
transition times are measured vetween Vg and VL.

8. RAM port outputs are measured with a load equivalent to 1 TTL load and 100pF.

DouT reference levels : Vo /VoL=2.4V/0.8V.

9. SAM port outputs are measured with a load equivalent to 1 TTL load and 30pF.
Doyt reference levels : Vou/VoL=2.0V/0.8V.

10. tOFF(max), POEZ(max),» tSDZ(max) and tSEZ(max.) define the time at which the outputs
achieve the ogen circuit condition and are not referenced to output voltage levels.

11. Either tpcy or tRRH must be satisfled for a read cycles.

12. These parameters are referenced to CAS leading edge of early write cycles and to WB/WE
leading edge in OE-controlled-write cycles and read-modify-write cycles.

13.  twes, tRWD, tcwp and tawp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twCSZtWCS(min), the cycle is an
early write cycles and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; If tRwWDZ tRWD (min), tCWDZ tCWD (min) and taWDS tAWD (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 sets of conditions is satisfied, the condition of the
data out (at access time) is indeterminate.

14. Operation within the tRCD(max.) limit insures that tRAC {max.) can be met.
tRCD (max.) is specified as a reference point only: If trcp is greater than the specified
tRCD (max.) limit, then access time is controlled by tcac-

15. Operation within the tRAD(max.) limit insures that tRAC (max.) can be met. tRAD (max.) is

specified as a reference point oaly: If tRaD is greater than the specified tRAD (max.) limit,
then access time is controlled by taa.

TC524258A)/A2—8

e _1989-5-15
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INTEGRATED CIRCUIT
TOSHIBA ' A TC524258AJ/AZ- 10 , TC524258A1/AZ- 12

TECHNICAL DATA

TIMING WAVEFORM

READ CYCLE

toc
t2a¢ ) t2a2
ta2 i
Vig = f————
RSy, \ / "\ ,
trew
| t¢ar tacs Tasy ! teon |
| - |
Viw — \\ toas / =
&3y, o /I i | | /| l
taa0 Taay [
, tasr Taan, _tasc tean
| 1
Vin =% ROW COLUMN
AQ~A8 Vi _//MADORESS %c ADORESS //////
| | tacH
|tncs | tarm l

W I %%

s 3 Tl ‘ //////////%» |
o5t W//,: Tz . | V..
— ~ w7 —

— our xg:‘ OPEN ¥ VALID DATA-QUT }———

m : "H” or "L

.y o |=T—7cs24258A17/A2-9
RS-\ TTSEET [TOSHIBA CORPORATION |
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INTEGRATED CIRCUIT

TOSHIBA TECHNICAL DATA

TCS524258A)/ AZ- 10, TC524258AJ/AZ-12

WRITE CYCLE (EARLY WRITE)

=l N — i l ,!f——\_
aomas 0 y}f:_:% TD@G!; §%éa!s“: '. ///////////////////X
wEwE | —//b( w)%;i\ - ‘Wc {/.;/////// ‘
T 4_////‘ W/ T
o5z U _'//7//\, - J//“%L' ~ W
o DR o
— our Vo

“H or "L°

:

*1 W8/WE W1/101~W4/104 Cycle
0 WM1 data Write per bit
Oon’t Care Normai Write
WM1 data: O: Write.Disaole

1: Write Enable

P

R AC SN I S R

Iz
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INTEGRATED CIRCUIT
TOSHIBA ' TC524258AJ/AZ-10 , TCS24258AJ/ AZ- 12

TECHNICAL DATA

WRITE CYCLE (OF CONTROLLED WRITE)

=l N = - -
o YT j — tmj\\L - = l/ / !TL
aomag 1" j%}:i%“:m@d; Coone — W%
| ]| s
o A :%W” o{:: W/W/W////%q&m i
o e
" e e

WM1 data: 0: Werite Disable
1: Write Enable

ey - T1C524258A1/AZ—11
bemz ik - - 1989=5-15
5er 9 Al TOSHIBA :CORPORATION -
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INTEGRATED CIRCUIT

TOSHIBA

TC524258AJ7/AZ-10, TC524258A)J/AZ-12

TECHNICAL DATA

READ - MODIFY - WRITE CYCLE

28 3 D Tﬁql 2‘8@5_’2%//////////1//{/_{/1///%//////////X
mw W | w1 ||

This Material Copyrighted By Its

:"H" or "L°

*1 WB/WE WI1/101~Wa/104 Cycie
0 WM1 data Write per bit
1 Don’t Care Normal Write
WM1 data: 0: Write Disabie

1: Write gnable

[N

Respecti ve Manuf acturer

TCS524258A1/A7—12
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INTEGRATED CIRCUIT TC524258AJ/AZ- 10 , TC524258AJ/ AZ- 12
TOSHIBA | o

TECHNICAL DATA

FAST PAGE MODE READ CYCLE

' taasp , ; e
g Yn T | taa . " tac ; 1
AS v,: - ‘L | | |
13 1
tCRP’ t2¢ tc? Leo ! t 3 teon
ke » 1 ey S Ky
- Vig — (220 "'\4———1:('\5 : w«-———gs ] \ )
=5 e - I 4
1w tesH - h T i
tasa *2amM  tasc] team | tasc . et tasc
[t

| , stow, |

o N X DD S YD 552 YK 5 XD
' _tlc_s?!____ tack ‘ | ﬁcs tRey ! tacs ﬂ_ﬁ

waw 7//1/////////4/ @r ‘ Z
'tmsh tTHH '

) 4
»

e Yo ,l K i, o T

w w2 Pl el Hhenl P
ol Y f b = ;, e to: =
T MP_{WSHL@?_

Bk Y

HEe TC524258A1/A7—13
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INTEGRATED CIRCUIT
TOSHIBA : TC524258AJ/AZ- 10 , TC524258AJ/ AZ- 12

TECHNICAL DATA

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

o= '/T
| Soam ' tGar |

tasa —-,——'1-— tasc ” |~<—-—’i tasc

2 wm e

' AQ0-A8

- . twes e ‘WCS" e ‘
i toat | AR l
, =

oo i | *<////////// /////// ////////////

T term
e et

o v NET B =] 2 T///////////////

| Ttk

tus | ->_r_i to.s!_,!__;___ s | (ton ‘22._[_‘?3—"’1
- ,

W1/101
~W4/104

L_our VYor ~ OPEN

*1 WB/WE l W1/101~W4/104 | Cycle
o] l WM1 data ' Write per dit
1 l Don't Care ' Normal Write

WM1 data: 0O: Write Oisable
1. Write Snable

=~ -TC524253A}/AZ— 14
et~ 1989=5-15
RS A i iBA CORPORATION
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INTEGRATED CIRCUIT
TOSHIBA : TCS24258AJ/AZ-10 , TC524258A3/AZ-12

TECHNICAL DATA

FAST PAGE MODE READ - MODIFY - WRITE CYCLE

trasp
tar tap
-
m ol N /SN
toamw tagi
Vg = = tcas ‘t-g' t ‘t'g—?- tca
N NS
IV s N AN |
tasa ‘t_:_.:: e o ltasg o tCNL!fASL ean [ Lw
| <
. AQ~A8 \\::: j}d‘i‘éé’_ X aoos / / Avo2 7 40 apoce ] ///////////////%
twsa . "::u . \ tray .
‘ we J WP J WP
wewE g :}q; 1 o Vu!/ ‘e wu!/ e N “\"/
trus . oo i
i ; |
— P’ » R o
OT/CE z:’: _j/ tarm “Hl:ﬁ%'! /A }/ l
tesa tzs ] Tl tesc,y : tese
- .“: 2 P i
= 2 M || Mzl Mz ﬁ////////////z
tn . e22Q) |1 tos | Rozo! | itozo tog|
tvs ; f »rzvck toep! 1 1t }‘o" tosc)_‘__!-l roy .’_T togp! | | =~
= = L oz | T A [t 3
o R e e
wi1/101 B teag ! [ioes toac! |leez ] lreag g‘ﬁg
~Wa4/104 P TY'Y | TV | taa
S Wa 7 S £, S ¢~ SR
RA | 4 4
m : “H® or “L°
*1 WB/WE W1/101~Wa/104 Cycle
0 WM1 data Write per bit
1 Don’t Care Normal Write
WM data: O0: Write Disable
1: Write Enable
Tgsgagﬂmu AZ—15 ‘

1989=5=15 |
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INTEGRATED CIRCUIT

TC524258AJ/AZ- 10 , TC524258A1/ AZ- 12
TOSHIBA TECHNICAL DATA \

RES ONLY REFRESH CYCLE

S t-.Hi

s 32 TR o D/

v N 200

tslt

. /_/r ‘ W////// 70

K
2

o -%L — \//////////////////////////// 7777
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INTEGRATED CIRCUIT
TOSHIBA ‘ TC524258AJ/ AZ-10 , TC524258A1/AZ- 12

TECHNICAL DATA

TAS BEFORE RAS REFRESH
tac
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ose \" :%///////{/////////////////////////////////////////////////////
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INTEGRATED CIRCUIT
TOSHIBA 4 TC524258A)/ AZ- 10 , TC524258A1/ AZ-12

TECHNICAL DATA ‘

EIDDEN REFRESH CYCLE
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INTEGRATED CIRCUIT

TOSHIBA

TECHNICAL DATA

TC524258A4/AZ- 10, TC524258AJ/AZ-12

LOAD COLOR REGISTER
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(Early Write)
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INTEGRATED CIRCUIT

TC524253A1/AZ-10 , TC524258A1/ AZ - 12
TOSHIBA TECHNICAL DATA \

READ COLOR REGISTER CYCLE

i Taio)

- ﬁ \\

t

=77

A0~A8 _’//////@{ROWADDRSSW l///////////////////////// / ‘

sTiTE " :7/////47' W//// fm

|twsa taww , tacs ‘ l l"':"_

ﬁ

‘ A

<

1tacH
IS b1

Tl %///r‘ T

él
)
~
2\'
]
<<

t2en

- T T =

|1oe | \

teac losz

wW1/101 Vou — {
~Wa/104 VoL —

O
w
<<

VALID QUTPUT |

taac ‘
i

: "HY or "L°

et S TC524258A1/AZ—20
e PES, __1989-5-15
TE-1 S E3mmBa [ITOSHIBA CORPCRATION

~ .

This Material Copyrighted By Its Respective Manufacturer



INTEGRATED CIRCUIT
TOSHIBA , TCS24258AJ/ AZ-10 , TC524258A1/ AZ- 12

TECHNICAL DATA

FLASH WRITE CYCLE

tac
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INTEGRATED CIRCUIT
TC524258AJ/A2- 10 , TCS524258AJ/ AZ - 12

TOSHIBA TECHNICAL DATA

BLOCK WRITE CYCLE
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INTEGRATED CIRCUIT
TOSHIBA

TC524258AJ/ AZ-10 , TC524258AJ/AZ-12

TECHNICAL DATA

PAGE MODE BLOCK WRITE CYCLE

RAS Vig — ’kl Tar
V!L — i

tesw | 1 tac toc
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INTEGRATED CIRCUIT

TOSHIBA TECHNICAL DATA A A T
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INTEGRATED CIRCUIT

TOSHIBA

TC524258AJ/ AZ- 10 , TC524258AJ/AZ-12

TECHNICAL DATA

REAL TIME READ TRANSFER CYCLE
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INTEGRATED CIRCUIT

TOSHIBA

TECHNICAL DATA

\ TC3524258Al/AZ-10 , TC524253A)/AZ-12

SPLIT READ TRANSFER CYCLE
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This Material Copyrighted By Its Respective Man

L Lower SAM 0 -~ 255

Upper SAM 256~ 511

TCS524258A) /AZ— 26
1989—=5=15
TOSHIBA CORPORATION
s ¢

-
~ g

uf acturer




INTEGRATED CIRCUIT
TOSHIBA

TC524258AJ/AZ- 10 , TC528258AJ/ AZ- 12
TECHNICAL DATA

PSEUDO WRITE TRANSFER CYCLE
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INTEGRATED CIRCUIT
TOSHIBA TC524258A1/ AZ-10 , TC524258A/AZ-12

TECHNICAL DATA

WRITE TRANSFER CYCLE
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INTEGRATED CIRCUIT

TOSHIBA TECHNICAL DATA

TC524258AJ/AZ-10 , TC524258AJ/AZ-12

SPLIT WRITE TRANSFER CYCLE

tac

t2as

l.i...
Vig = N tar 1
w0 / \' - N\
togw | J
tasy | | !______.t‘:"“
tas | l | 3
R —
1 T, R t :
j

| tcam

tacd

M
taan |
L2aH, asc |
— i
!

s U ;f///////@gosm }@ﬁ“&é‘;‘:?’, S

l ' AC~A7 : TAP
WSR

wE/WE V" I////////i W//W/V/ 7
LN

// 77777777

tasu I t5TH

ose U ///////////{ A T

W1/101  Vow — £ WM1 ‘
~W4/104 Vor — }_ﬂk DATA :t OPEN

11 1 4 [
St | nobse (28 (anEe e 33 & '(§?? N3

© :M{\

[ R S
22234 z,, _3sh i<-( 256))(( zs7)X( RT R 309 )((510) X(gﬁ’ z<"’n)
I

tsQo tsQo

i L Lower SAM 0 ~ 255
Upper SAM 256~ 511

| A

Qs¢F

Note:3E = V
A . . JC524258A)/AZ =29
Lioo. . e 207 1989515
2T - : Tgizaf q:c,éngw- CORPORATION

9
This Material Copyrighted By Its Respective Manufacturer




INTEGRATED CIRCUIT

TOSHIBA

TECHNICAL DATA

TC524258AJ/ AZ-10 , TC524258A1/AZ-12

SERIAL READ CYCLE (S2=Vn1)
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INTEGRATED CIRCUIT
TOSHIBA | TC524258AJ/AZ-10 , TC524258AJ/ AZ- 12

TECHNICAL DATA

SERIAL WRITE CYCLE SE=Vi)
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INTEGRATED CIRCUIT
TOSHIBA TC524258AJ/ AZ-10 , TC524258A)/ AZ- 12

TECHNICAL DATA

PIN FUNCTION

ADDRESS INPUTS : An~ A3

The 18 address bits required to decode 4 bits of the 1,048,576 cell locations within the dynamic
RAM memory array of the TC324258AJ/ AZ are multiplexed onto 9 address input pins (Ag=~Ag).
Nine row address bits are latched on the falling edge of the row address strobe (RAS) and the
Sliowing aine colum=n address bits are latched on the falling edge of the coiumn address strode

(CA3).
ROW _ADDRESS STROBE : R3S

A random access cycle or a data traasfer cycle begins at the falling edge of RAS. RAS is the
control input that latches the row address bits and the states of CAS, DT/OE, WB/WE, SE and
DSF to invoke the various random access and data transfer operating modes shown in Table 2. {
RAS has minimum and maximum pulse widths and a minimum precharge requirement which must
be maintained for proper device operation ard data integrity. The RAM port is placed in standby
mode when the RAS control is heid “high”.

COLUMN ADDRESS STROBE : T3S

TAS is the control input that latches the column address bits and the state of the special
function input DSF to select, in conjunction with the RAS control, either read/write operations or
the special biock write feature on the RAM port when the DSF input is held “low” at the falling
edge of RAS. Refer to the operation truth table shown in Table 1. CAS has minimum and
maximum pulse widths and a minimum precharge requirement which must be maintained for
proger device operation and data integrity. CAS also acts as an output enable for the output
buffers on the RAM port.

DATA TRANSFER/QUTPUT ENABLE : DT/OE

The DT/OF input is a multifunction pin. When DT/OE is “high” at the falling edge of RAS,
RAM port operations are performed and DT/ OF is used as an output enable control. When the
DT/OE is “low” at the falling edge of RAS, a data transfer operation is started between the RAM
port and the SAM port.

TC524258A) /AZ—32
1989—-5-15
TOSHIBA CORPORATICN
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INTEGRATED CIRCUIT -
TOSHIBA , TC524258AJ/ AZ-10 , TC524258AJ/ AZ- 12

TECHNICAL DATA

WRITE PER BIT/WRITE ENABLE : W3/ WE

The WB/WE input is also a multifunction pin. When WB/WE is “high” at the falling edge of
RA3, during RAM port operations, it is used to write data into the memory array in the same
manner as a standard DRAY. When WB/WE is “low” at the falling edge of RAS, during RAM
port operations, the write-per-dit function is enabled. The WB/WE input also determines the
direction of data transfer between the RAM array and the serial register (SAM).

When WB/WE is “high” at the falling edge of RAS, the data is transferred from RAM to SAM
(read transfer). When WB/WE is “low” at the falling edge of RAS, the data is transferred from
SAM to RAM (masked-write transfer).

WRITE MASKX DATA/DATA INPUT AND OUTPUT : W;/10:~W3/104

When the write-per-bit function is enabled, the mask data on the Wi/IO;i pins is latched into
the write mask register (WM1) at the falling edge of RAS. Data is writtea into the DRAM on
data lines where the write-mask data is a logic “1”. Writing is inhibited on data lines where the
write-mask data is a logic “0”. The write-mask data is valid for only one cycle. Data is written
into the RAM port during a write or read-modify-write cycle. The input data is latched at the
falling edge of either CAS or WEB/WE, whichever occurs late. During an early-write cycle, the
outputs are in the high-impedance state. Data is read out of the RAM port during a read or
read-modify-write cycle. The output data becomes valid on the W;/IO; pins after the specified
access times from RAS, CAS, DT/OF and column address are satisfied and will remain valid as
long as CAS and DT/OE are kept “low”. The outputs will retura to the high-impedance state at
the rising edge of either CAS or DT /0E, whichever occurs first.

SERIAL CLOCK : SC

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in
or out of the SAM registers at the rising edge of SC. In a serial read, the output data becomes
valid on the SIO pins after the maximum specified serial access time tsca from the rising edge of
SC. The serial clock SC also increments the 9-bits serial pointer (8-bits in split register mode)
which is used to select the SAM address. The plointer address is incremented in a wrap-around
mode to select sequential locations after the starting location which is determined by the column
address in the read transfer cycle. When the pointer reaches the most significant address location
(decimal 511), the next SC clock will place it at the least significant address location (decimal 0).
The serial clock SC must be held at a constant Vi or Vi level during read/pseudo write/ write
transfer operations and should not be clocked while the SAM port is in the standby mode to
prevent the SAM pointer from being incremented.

. _|z=_Tcsza7s8AIIAZ=33
e} 2. 1989-5=168 —
OGS 24 [FEEHIBA CORARORATION
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TOSHIBA

INTEGRATED CIRCUIT
TECHNICAL DATA

TC524258AJ/AZ- 10, TC524258A1/AZ-12

This Materia

SERIAL ENABLE : 52

The SE input is used to enable serial access operation. In a serial read cycle, SE is used as

When SE is
“high”, serial access is disabled, however, the serial address poinier location is still incremented

an output control. In a serial write cycle, SE is used as a write enable control.

when SC is clocked even when SZ is “high”

SPECIAL FUNCTION CONTROL INPUT : DS¥F

The DSF input is latched at the falling edge of RAS and CAS and allows for the selaction of
various raadom port and data transfer operating modes. In addition to the conventional multizort
DRAMI, the special features consisting of flash write, block write, load color register and split

read/ write transfer can be invoked.

SPECIAL FUNCTION QUTPUT : QSF

QSF is an output signal which, during split register mode, indicates which half of the split
SAM is being accessed. QSF “low” indicates that the lower split SAM (Bit 0-~233) is being
accessed and QST “high” indicates that the upper split SAM (Bit 256~3511) is being accessed. QSF
is monitored so that after it toggles and after allowing for a delay of t3Ts, split read/write transfer
operation can be performed on the non-active split SAM.

SERIAL INPUT/OQUTPUT : SIO1~SI04

Serial input and serial output share common VO pins.  Serial input or output mode is

determined by the most recent read, writa or pseudo write transfer cycle. When a read transfer
cycle is performed, the SAM port is in the output mode. When a write or pseudo write transfer
cycle is performed, the SAM port is switched from output mode to input mode. During subsequent

write transfer cycle, the SAM remains in the iaput mode.

TC524258A1/AZ—34
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INTEGRATED CIRCUIT

TOSHIBA

TC524258AJ/AZ-10 , TC524258A1/AZ-12

TECHNICAL DATA

This Materi al

OPERATION MODE

The RAM port and data transfer operating of the TC524258AJ/AZ are determined by the state
of CAS, DT/OE, WB/WE, SE and DSF at the falling edge of RAS and by the state of DSF at the

falling edge of CAS.

T3 falling edge v N

)y

The Table 1 and the Table 2 show the operation truth table and the
functional truth table for a listing of all available RAM port and transfer operation, respectively.

Tabie 1. Operation Truth Table

S

— — r -
AT failing edge v | [ ] | 0 1 | 1
SF - :
DT SW A .
Cﬁ\ 2 —av%\i'. 0 | 1 0 | 1
0o j * i TAS before RAS Refresn >-<
1 | 0 [o] [} Masced Write Transier Saiit Write Transfer with Masked Write Transter Spiit Write Transter with
1 0 0 1 Pseudo Wr:te Transter Mask Pseudo Write Transfer Mask
1 o] 1 * Read Transter Spiit Read Transfer Read Transfer Sohit Reaa Transfer
1 1 o * | 2ead/Write ser it Maskea Flash Weite Masked Slock Write Masked Flasn Write
1 1 1 * | Read/write Load Color 3lack Write Load Color
Tabie 2. Functional Truth Table
RAS 1_ ?.'?ﬁ_ Address W/i0 . Register
Write
Function S R B _ — __# g CAS-L Mask
CAs|DT/OEW3/We| OSF [Se| osf |Ras Y_|Cas Y_|[mas Y_|Cxs T_ WY wMm1 | Color
CAS before RAS Refrash | O . - . . - . - . - - - - -
Load
Masked Write Transter | 1 "] 0 0 0 . Row. TAP | WMt - . wM1 use -
Psaudo Write Transfer 1 0 o} 0 1 hd Row TAP . b . - - -
Load
Solit Write Transter 1] o 0 I Row | TAP | wMmt | - o WMt | e -
Read Transfer 1 0 1 Q . hd Row | TAP . . . - - -
Solit Read Transter 1 0 1 1 . * Row TAP . . . - - -
Load
Wwrite per 8it 1 1 ) 0 . Q Row [Column} WM1 - OIN | wM1 use -
Column Coiumn Load
Masked 3lock Write 1 1 0 0 . 1 Row [a2¢.8C] WM1! |satect - wM1 use use
Load
Masked Flash Write 1 1 0 1 . . Row |- * WM1 - . wM1 use use
Read Write 1 1 1 "] . o Row [Column . - DIN - - -
Column fumn
3lock Write 1 1 1 0 . 1 Row 1a2C-3C - C?e.ea - - - use
Load Coior 1 1 1 1 . hd Row b - - Color - - Load

If the special function control input (DSF) is in

™ : uon or uln . .

TAP : SAM start address ,
the “low” state at the falling edges of RAS and

- : not used

CAS, only the conventional multiport DRAM operating features can be invoked : CAS-before-RAS

refresh, write transfer, pseudo-write transfer, read transfer and read write modes.

If the DSF input is

“high” at the falling edge of RAS, special features such as split write transfer, split read transfer, flash

write and load color register can be invoked.

If the DSF input is “low” at the falling edge of RAS

and “high” at the falling edge of CAS, the block write special feature can be invoked.
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INTEGRATED CIRCUIT
TOSHIBA TC524258AJ/ AZ- 10 , TC524258A1/ AZ - 12

TECHNICAL DATA

RAM PORT OPERATION

FAST PAGE MODE CYCLZE

Fast pags mode allows data to be transferred into or out of multiple column locations of the
same row by performing multiple TAS cycle during a single active RAS cycle. During a fast page
cycle, the RAS signal may be maintained active for a period up to 100 useconds. For the initial
fast page mode access, the output data is valid after the specified access times from R3S, CTAS.
column address and DT/OE. For all subsequent fast page mode read operations, the output data
is valid after the specified access times from CAS, column address and DT/OE. When the
write-per-bit function is enabled, the mask data latched at the failing edge of RAS is maintained
. throughout the fast page mode write or read-modify-write cycle.

EAS-ONLY REFRESH (

The data in the DRAM requires periodic refreshing to prevent data loss.  Refreshing is
accomplished by performing a memory cycle at each of the 512 rows in the DRAM array within
the specified 8ms refresh period. Although any normal memory cycle will perform the refresa

operation, this function is most easily accomplished with “RAS-Oaly” cycle.

CAS-BEFORE-RAS REFRESH

The TC524253AJ/AZ also offers an internal-refresh function. When CAS is held “low” for a
specified period (tcsr) before RAS goes “low”, an internal refresh address counter and on-chip
refresh control clock generators are enabled and an internal refresh operation takes place. When
the refresh operation is completed, the internal refresh address counter is automatically
incramensed in preparation for the next CAS-before-RAS cycle. For successive CAS-before-RAS
refresh cycle, CAS can remain “low” while cycling RAS.

HIDDEN REFRESH

A hidden refresh is a CAS-before-RAS refresh performed by holding CAS “low” from a previous
read cycle. This allows for the output data from the previous memory cycle to remain valid while
performing a refresh. The internal refresh address counter provides the address and the refresh is
accomplished by cycling RAS after the specified RAS-precharge period (Refer to Figure 1).

je——AMemory Cycle ———=l=—— Refresh Cycle ——>{==——— Refresh Cycle ——=|

W1/101
il J Vvalid Data T ' - 4>——
Wa/l04 ——————< id Data Qutput

Figure 1. Hidden Refresh Cycle
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TECHNICAL DATA

WRITE-PER.BIT FUNCTION

The write-per-bit function selectively controls the internal write-enable circuits of the RAM
port. When WB/WE is held “low” at the falling edge of RAS, during a random access operation,
the write-mask is enabled. At the same time, the mask data on the W;/IO; pins is latched onto
the write-mask register (WMI1). When a “0” is sensed on any of the W;/IOQ; pins, their
corresponding write circuits are disabled and new data will not be written. Whena a “1” is sensed
on any of the W;/IO; pins, their corresponding write circuits will remain enabled so that new data
is written. The truth table of the write-per-bit function is shown in Table 3.

Table 3. Truth table for write-per-bit function

At the falling edge of RAS
) Function
TAS | OT/OE | WB/WE | Wi/10; (i=1~4)
H H H - Write Enable
1 Write Enabie
H o] L
Q Write Mask

An example of the write-per-bit function illustrating its application to displays is shown in
Figures 2 and 3.

RAS ——\ /"_ CRT Display
=3 - i___J——_ olololelolelololololole
: ; SIolICIcICICICICICICIOT
~ - CloICIOICICIOICI @080
Ao~as Flow IO ICIC @IC 81010
; olol0I0ICIoTe 0o eIcIo
BT/TE in Qlo|0I0ICieie e{@{ei0IC
; - OloICICIeI0I0RIS 81010
DSF { : olciole0ICIoClCIec
Ty : OlCIeICICloloI0|CICIOI0
VW A\ 0. | 7T LA

wy 10, M 277777777 [O] i e}
: H FY L
w110, et O~ s OO —
; L———— No Write (Masked)
Ws1103 7 wn T,
W;/10, % write W “0° Weite W// //ﬁ//;/,

A
— Write

W, /10, 8L : Write Mask . -
W, /10, = H : Write e

“1° Write

No Write (Masked)

Figure 2. Write-per-bit timing cycle Figure 3. Correébcnding bit-map
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TECHNICAL DATA

LOAD COLOR REGISTER/READ COLOR REGISTER

The TC524233AJ/AZ is provided with ar on-chip 4-bits register (color register) for use during
the flash write or block write operation. Each bit of the color register corresponds to one of the
DRAM IO biocks. The load color register cycie is initiated by holding CAS, WB/WE, DT/OE
and DSF ‘“high” at the falling edge of Ras. The data presented on the W;i/IO; lines is
subseguertly latched inte the color register at the falling edge of either CAS or WB/WE.
whichever occurs last. The data sicred in the color register can be read out by performing a read
color register cycie. This cycle is aczvated by holding TAS, WB/Wt, DT/0OE and DSF “high” at
the falling edge of RAS and by holding WB/WE “high”at the falling edge of CAS and throughout
the remainder of the cycle. The data in the color register becomes valid on the W;/I0; lines after
the specified access times f{rom RAS and DT/OF are satisfied. During the load/read color register
cycle, valid Ag~A3 row addresses are not required, but the memory cells on the row address (
latched at the falling edge of RAS are refreshed.

FLASH WRITE

Flash write is a special RAM port write operation which in a single RAS cycle, allows for the
data in the color register to be written into all the memory locations of a selected row. Each bit
of the color register corresponds to one of the DRAM UO blocks and the flash write operation can
be selectively controlled on an /O basis in the same manner as the write-per-bit operation.

A flash write cycle is performed by holding CAS “high”, WB/WE “low” and DSF “high” at the
falling edge of RAS. The mask data must also be provided on the Wi/10j lines at the falling edge
of KAZ in order to enable the flash write operation for selected /O blocks (Refer to Figure 4 and 3).

Flash write is most effective for fast plane clear operations in frame buffer applications.
Selected planes can be cleared by performing 512 flash write cycle and by specifying a different
row address location during each flash write cycle (Refer to Figure 6). Assuming a cycle time of
180ns, a plane clear operation can be completed in less than 92.2 pseconds.

: Sel
Ag~AS % W// T2 RQO:VQEd-r// I
WB/IWE D\ T, Color
: Register -ceue-- -0 ™) 2! O
OSF Z iw QL \><
W, 110, Aoy YL L, ; . Write €nable . Write Disable
WM k: Write
‘L: Wnte inmont
Figuré 4. Flash Write Timing Figure 5. Flash Write
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Figure 6. Plane clear application exampie
BLOCK WRITE

. Block write is also a special RAM port write operation which, in a single RAS cycle, allows for
. the data in the color register to be written into 4 consecutive column address locations starting
from a selected column address in a selected row. The block write operation can be selectively

controlled on an VO basis and a column mask capability is also available.

A block write cycle is performed by holding CAS, DT/OE “high” and DSF “low” at the falling
edge of RAS and by holding DSF “high” at the falling edge of TAS. The state of the WB/WE
input at the failing edge of RAS determines whether or not the IO data mask is enabled (WB/WE
must be “low ” to enable the VO data mask or “high” to disable it). At the falling edge of RAS,
a valid row address and O mask data are also specified. At the falling edge of CAS, the starting
column address location and column mask data must be provided. During a block write cycle, the
2 least significant column address locations (AOC and Al1C) are internally controlled and only the
seven most significant column addresses (A2C~A8C) are latched at the falling edge of CAS.

(Refer to Figure 7).

An example of the block write function is shown in Figure 8 with a data mask on W1/10,,
W4/104 and column 2. Block write is most effective for window clear and fill operation in frame
buffer applications, as shown in the examples in Figure 9.

w— .
= %,. ; —_——
Ao~As %Dow M@'vm AIC~W

IH \

WE/WE /,C_D'V/// 7727227272222

OTICE ZZ WWW/ 7222/ 222
OSF " A}
W10, D el Comn sene X777,
l W, /10, : CoiumnQ e
. - W3/10; : Column 1 { H : Write
H :No Mask W3 /103 : Column 2 { L : Write Mask
L :Mask Enable

W;/10, : Column3 S
Figure 7. Block Write Timing '
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Mask D Coiumn é?"?;f | Coiuma | Coiumn | Coiumn | Coiumn
ask Data | caiact BT ‘ ] 1 2
W, /10 0 1

Wz/lozl 1 g 1 l‘ 0 :> wzuczl c 0 W 0
l i
T ;

W13/10; 1 2 1 W3/103 1 l ! W 1
oy 5 . . 77 7 as,
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Figure 8. Example of Block Write Operation
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Figure 9. Examples of Block Write Application

FAST PAGE MODE BLOCK WRITE CYCLE

Fast page mode block write can be used to perform high speed clear and fill operations.
The cycle is initiated by holding the DSF signal “low” at the falling edge of RAS and a fast page
mode block write is performed during each subsequent TAS cycle with DSF held “high” at the
falling edge of CAS. ’

If the DSF signal is “low” at the falling edge of TAS, a normal fast page mode read/write
operation will occur. Therefore a combination of block write and read/write operations can be

performed during a fast page mode block write cycle. Refer to the example shown in Figure 10.

Sy A
o3 ——u—t__r—t_r‘\_r'l_r*ﬁ_r—x_r‘\_r‘u_
OSF ™ H H r:-m—‘____

- R L S | W 7
g Y g

Block Write Cycle Read/Write Cycie Block Write Cycle

-Figure 10. Fast Page Mode Block Write Cycle
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SAM PORT OPERATION

The TC524258AJ/ AZ is provided with a 512 words by 4 bits serial access memory (SAM) which
can be operated in the single register mode or the split register mode.

SINGLE REGISTER MODE

When operating in the single register mode, high speed serial read or write operations can be
' performed through the SAM port independent of the RAM port operations, except during
. read/ write/ pseudo-write transfer cycles. The preceding transfer operation determines the direction
of data flow through the SAM port. If the preceding transfer operation is a read transfer, the
SAM port is in the output mode. If the preceding transfer operation is a write or pseudo write
transfer, the SAM port is in the input mode. The pseudo write transfer operation only switches
the SAM port from output mode to input mode; Data is not transferred from SAM to RAM.
Serial data can be read out of the SAM port after a read transfer (RAM—SAM) has been
performed. The data is shifted out of the SAM port starting at any of the 512 bits locations.
The TAP location corresponds to the column address selected at the falling edge of CAS during the
read transfer cycle. The SAM registers are configured as circular data registers. The data is
shifted out sequentially starting from the selected tap location to the most significant bit and then
wraps around to the least significant bit, as illustrated below.

Start. address : Tap location

01]2]-=-=m- ]‘-lrl ------------------- [sos[smlsnj—»l

Subsequent real-time read transfer may be performed on-the-fly as many times as desired,
within the refresh constraints of the DRAM array. Simultaneous serial read operation can be
performed with some timing restrictions. A pseudo write transfer cycle is performed to change the
SAM port from output mode to input mode in order to write data into the serial registers through
the SAM port. A write transfer cycle must be used subsequently to load the SAM data into the
RAM row selected by the row address at the falling edge of BAS. The starting location in the
SAM registers for the next serial write is selected by the column address at the falling edge of
CAS. The truth table for single register mode SAM operation is shown in Table 4.
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Table 4. Truth Table for SAM Port Operation

SAM PORT 5T/CE at 10
OPERATICN failing adge of TAS ¢ 52 FUNCT:ON Preceded by 3
— L iEna'oie Seriai Read
- emiie A = L Reagd Transier
Serial Quisu: Moce H %DISED‘Q Serial Read l
L ;Ena‘oie Sertai Write ‘
_!—L i 1 Write Transfer

Serial inaut Moce " Il Disabie Seriai Write l
s — L Znapie Seriai Write l
Al tAput | S Pseudo Write Transfer
. Serial input Mode H lDisable Serial Write \

SPLIT REGISTER MODE

In split register mode, data can be shifted into or out of one half of the SAM while a split
read or split write transfer is being performed on the other half of the SAM. A normal (Non-split)
read/ write/ pseudo write transfer operation must precede any split read/write transfer operation.
The non-split read, write and pseudo write transfer will set the SAM port into output mode or
input mode. The split read and write transfers will not change the SAM port mode set by
preceding normal transfer operation. RAM port operation may be performed independently except
during split transfers. In the split register mode, serial data can be shifted in or out of one of the
split SAM registers starting from any at the 258 tap locations, excluding the last address of each
split SAM, data is shifted in or out sequentially starting from the selected tap location to the most
significaat bit (255 or 511) of the first split SAM and then the SAM pointer moves to the tap
location selected for the second split SAM to shift data in or out sequentially starting from this tap
location to the most significant bit (511 or 253) and finally wraps around %o the least significant

bit, as illustrated in the example below.

Tap lc_acation Tap lo_cation
e e e S I Il e o i ey
1 255 259 J St

REFRESH

The SAM data registers are static Qip-‘lop, therefore a refresh is not required.
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DATA TRANSFER OPERATION

The TC524258AJ/AZ features two types of internal bidirectional data transfer capability
between RAM and the SAM, as shown in Figure 11. During a normal (Non-split) transfer,
512 words by 4 bits of data can be loaded from RAM to SAM (Read Transfer) or from SAM to RAM
(Write Transfer). During a split transfer, 258 words by 4bits of data can be loaded from the
lower/ upper half of the RAM into the lower/upper half of the SAM (Split Read Transfer) or from
the lower/upper half of the SAM into the lower/upper half of the RAM (Split Write Transfer).

The normal transfer and split transfer modes are controlled by the DSF special function input

signal .
. 512 columns 256 columns 253 columns
S12x256x4. |512x256x4
512 512x512x4 stz |Memory Memory
. rows Memory Cell Array rows | Cell Array Cell Array
| 512x4 = [ 2s8xe h[ 256x4 o o
Figure 11. (a) Normal (Non-split) Transfer (b) Split Transfer

As shown in Table 5, the TC524258AJ/AZ supports five types of transfer operations: Read
transfer, Split read transfer, Write transfer, Split write transfer and Pseudo write transfer. Data
transfer operations between RAM and SAM are invoked by holding the DT/OF signal “low” at the
falling edge of RAS. The type of data transfer operation is determined by the state of CAS,
WEB/WE, SE and DSF latched at the falling edge of RAS. During normal (Non-split) data transfer
operations, the SAM port is switched from input to output mode (Read transfer) or output to input
mode (Write transfer/Pseudo write transfer) whereas it remains unchanged during split transfer
operations (Split read or split write transfers). During a data transfer cycle, the row address
Ag~Ag select one of the 512 rows of the memory array to or from which data will be transferred
and the column address Ag~Ag select one of the tap locations in the serial register. The selected
tap location is the start position in the SAM port from which the first serial data will be read out
during the subsequent serial read cycle or the start position in the SAM port into which the first
serial data ‘will be written during the ~subsequent: serial write cycle. During split data transfer
cycles, the most significant column address (ASC) is controlled internally to determine which half
of the serial register will be reloaded from the RAM array.
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Table 5. Transfer Modes

at the falling eage of XAS l
- Transfer Mode Transfer Diraction | Tranmsfer 3it | SAM Port Mode
=3 | ovor |wawz| s | oost
H \ L ‘ - ‘ . [ S ‘ Read Transier ‘ RAM = SAM | S12x4 \ input — Qutput
Ho| oL ‘ L ' A ‘Write Transfer ‘ SAM — RAM ! s12x4 \ Outout = lnput
- ‘ L | L ‘ [ } [ i,?se-.;co Write Transier % - ‘ - ‘ Sutput  — lmout
oL \ WOl | lSoiiz Read Transier l RAM — SAM \ 356x4 | Not changed
, = i L | L l - \ = ‘ Solit Write Transier || SAM — RAM \ 258 x4 ‘ Not changed
. " or "L"

READ TRANSFER CYCLE

A read transfer consists of loading a selected row of data from the RAM array into the SAM
register. A read wransfer is invoked by holding TAS “high”, DT/OE “low” WEB/WE “high” and
DSF “low” at the falling edge of RAS. The row address selected at the falling edge of RAS
determines the RAM row to Dde transferred into the SAM. The transfer cycle is completed at the
rising edge of OT/0OF. When the transfer is completed, the SAM port is set into the output mode.
In a read/real time read transfer cycle, the transfer of a new row of data is completed at the
rising edge of DT/ OF and this data becomes valid on the SIO lines after the specified access time
tsca from the rising edge of the subsequent serial clock (SC) cycle. The start address of the serial
pointer of the SAM is determined by the column address selected at the falling edge of Cas.

Figure 12 shows the operation block diagram for read transfer operation.

SAM Star: Address ON

D SIQy~a
OFF

DD R e — 2999 :>

|

SAM ! Serial Read

HERAN /1

512 x 4bits

0 0 i~ Selected Row

$12x512x4 bits
Memory Cell Array -

Ag~Ag

Row Decoder

Figure 12. Block Diagram for Read Transfer Operation

In a read transfer cycle (whick is preceded by a write transfer cycle), the SC clock must be
held at a constant Vip or Vid, after the SC high time has been satisfied. A rising edge of the SC
clock must not occur until after the specified delay ttsp from the rising edge of DT/OE, as shown
in Figure 13.
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=3 / Tn L /e

Aa~A8 ZZL 007 R;w T2(_SAM san___ 7707 777 72

WBIWE 7 n 22 7 A

TTITT - [ I G777 227

0SF 77777 L 7777277772777 ///:"/ A

. sc T [ \_innibit Rising Tracsition LIL—‘[?\\L_/—i\_

. - sio - ———( Dout X

Figure 13. Read Transfer Timing

In a real time read ‘ransfer cycle (which is preceded by another read traasfer cycle), the
previous row data appears on the SIO lines until the DT/OE signal goes “high” and the serial
access time tsca for the following serial clock is satisfied. This feature allows for the first bit of
the new row of data to appear on the serial output as soon as the last bit of the previous row has
been strobed without any timing loss. To make this continuous data flow possible, the rising edge
of DT/ OF must be synchronized with RAS, CTAS and the subsequent rising edge of SC (tRTH, tCTH.
and trsL,tTSD must be satisfied), as shown in Figure 14.

The timing restriction tTSL/tTSD are Sns min/15ns min. The split read transfer mode eliminates

these timing restrictions.

RS — /
TRTH
&3 g m /
g
Ao~As Row Address /K 5aM Stact Address Z

VIV Tl |-

o5t Y|

oISt 77 i 7

) sc trsy = 5ns { | trsp = 15nS

~ TN TN TN N TN TN T
510,510 ) EE G SR SN S SR S

ey

Previous Row Data ——Ea—New Row Data

" Figure 14. Real Time Read Transfer
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A write tramsfar cycle consist of loading the content of the SAM register into a selected row of
the RAM array. If the SAM data %o be transferred must first be loaded through the SAM port, a
pseudo write transier operation must precede the write transfer cycles. However, if the SAM port
data to be transferred into the RAM was previously loaded into the SAM via a read transfer, the
SAM to RAM sansfer can be executed simply by performing a write transfer directly. A write
cransier is invoked by holding CAS “high”, DT1/0E “low”, WB/WE “low”, SE “low” and DSF “low”
at the falling edge of B=S. This write transfer is selectively controlled per RAM LO biock by
setting the mask data on the Wi /10; lines at the falling edge of RAS (same as in the write-per-oit
operation). Figure 15 and 16 show the timing diagram and block diagram for write transfer

operations, respec:ively.

= \ I S W

———

>

=3 I e \ T

B —

rg~ns TN Row K _sAM sun Q770

VEIWE T .. 7 T
BYVICE zz2Z 7\ L Z 705 // Z A
W, /101~Wa/10s ——-—@
S O 2
sc  __/ \ F \ Inhibit Rising Transition \ ‘ g“—\___/—_j_
Si0y=510a Data in { Data in‘i‘ﬁ ——r_—w' Datain C
osF 777 ‘L 77777777777 LA 777

11
H
H

Mask Data 0 : Not Transferred
1 : Transfarred

Figure 15. Write Transfer Timing

The row address selected at the falling edge of WAS determines the RAM row address into
which the data will be transferred. The column address selected at the falling edge of Cas
determines the start address of the serial pointer of the SAM. After the write transfer is
completed, the SIO lines are set in the input mode so that serial data synchronized with the SC

clock can be loaded.
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£z
SAM Start Address <:'-1 $10,~$104
N\ ’ : ON

??????? ............. ??T? - W14 /10, W, /10, W3/103 W4/ 104

I[ ,  SAM J 20207 @
RIS S LU 4 4

l\ 512 x ébits é.ﬁj \T[ fT \ﬂ

= 1 CO T
: S e s Selected . Mask .o “ge ye
a | ] Row Data =
3 S12x 512 x &bits Transfer
= Memory Cell Array operation
. is inhibited.

Figure 16. Block Diagram for Write Transfer Operation

When consecutive write transfer operations are performed, new data must not be written into
the serial register until the RAS cycle of the preceding write transfer is completed. Consequently,
the SC clock must be held at a constant Vi or Vig during the RAS cycle. A rising edge of the
SC clock is oaly allowed after the specified delay tsrp from the rising edge of RAS, at which time
a new row of data can be written in the serial register.

PSEUDO WRITE TRANSFER CYCLE

A pseudo write transfer cycle must be performed before loading data into the serial register
after a read transfer operation has been executed. The only purpose of a pseudo write transfer is
to change the SAM port mode from output mode to input mode (A data transfer from SAM to RAM
does not occur). After the serial register is loaded with new data, a write transfer cycle must be
performed to transfer the data from SAM to RAM. A pseudo write transfer is invoked by holding
TAS “high”, DT/OF “low”, WB/WE “low”, SE “high” and DSF “low” at the falling edge of RAS.
The timing conditions are the same as the one for the write transfer cycle except for the state of
SE at the falling edge of RAS.

SPLIT DATA TRANSFER AND QSF

The TC524258AJ/ AZ features a bi-directional split data transfer capability between the RAM
and the SAM. During split data transfer operation, the serial register is split into two halves
which can be controlled independently. Split read or split write transfer operations can be
performed to or from one half of the serial register while serial data can be shifted into or out of
the other half of the serial register, as shown in Figure 17. The most significant column address
location (A8C) is controlled internally to determines which half of the serial register will be
reloaded from the RAM array. ~QSF is “an output in which indicates which half of the serial
register is in an active state. QSF charigés state when the last SC clock is applied to active split
SAM, as shown in Figure 18. A
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256 columns 256 coiumns

s12 ‘ Active SAM ‘ QS7 Levei
rows i lower SAM l “Low”
| \‘ upoer SAM ' "Hign”
I
l b
T e >
Z 15500 4| 2560 |
Active Non-Acuve
. Figure 17. Split Register Moga
1]
Last SC c Last SC . ‘
(255) l—' First SC 511 First SC

« MU U UL
QsF “low” A \ o eow®

lower SAM : Active upper SAM : Active lower SAM : Active

Figure 18. QSF Output State Ouring Split Register Mode

SPLIT READ TRANSFER CYCLE
A split read transfer consists of loading 256 words by 4 bits of data from a selected row of the

split RAM array into the corresponding non-active split SAM register.

Serial data can be shifted out of the other half of the split SAM register simultaneously. The
block diagram and timing diagram for split read transfer mode are shown in Figure 19 and 20,
respectively. During split read transfer operation, the RAM port input clocks do not have to be
synchronized with the serial clock SC, thus eliminating timing restrictions as in the case of
on-the-fly read transfers. A split read transfer can be performed after a delay of tsTs, from the
change of state of the QSF output, is satisfied.

- 258x4

E”’;};tivg "3 | l
Sio
Figure 19. Block Diagram for Split Read Transfer
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TECHNICAL DATA
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Figure 20. Timing Diagram for Split Read transfer

A normal (Non-split) read transfer operation must precede split read transfer cycles as shown

in the example in Figure 21.

Read
m Split Readﬁ Selit Read m

W QI
QsF "—'\l .
—

< X

Figure 21. Example of Consecutive Read Transfer Operations

. . ) ) - TC524258A1/A2—49
T 1989—=5-15
- — . IOSHIBA CORPORATION

This Material Copyrighted By Its Respective Manufacturer
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TOSHIBA

TC524258A)/AZ-10 , TC524258Al/ AZ-12

TECHNICAL DATA

SPLIT WRITE TRANSFER CYCLE

A split write transfer consists of loading 2358 words by 4 bits of data from the non-active split

SAM register into a selected row of the corresponding split RAM array.
Serial data can be shifted into the other half of the split SAM register simultaneously. The

block diagram and timing diagram for split write transfer mode are shown in Figure 22 and 23,

respectively. During split write transfer operation, the RAM port input clocks do not have to be

synchronized with the serial clock SC, thus allowing for real time transfer. A split write transfer

can be performed after a deiay of tsTs. from the change of state of the QSF output, is satistied.
p g T

&3
[
Ag~Ag
WB/WE
OT/GE

DSF
W1 /'°1~W‘/ IOA

QsF

Vo000
t

N B

[ ] g Ani'ye

o

L,/;J

SIO

e

Figure 22. Block Diagram for Split Write Transfer
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Figure 23. Timing Diagram for Split Write Transfer
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TC524258AJ/AZ-10 , TC524258A)/ AZ-12

A pseudo write transfer operation must precede split transfer cycles as shown in the example
in Figure 24. The purpose of the pseudo write transfer operation is to switch the SAM port from
output mode to input mode and to set the initial tap location prior to split write transfer
operations. ‘

Pseudo Write Transfer Spiit Write Transfer

/;ﬂTtWrite Transfer /—\
\

R \_f 7 ‘L/ 7 \_‘J /
. QsF \ \ /I
; | : | F
AP ¥ —_ —
Ol BN

T
T 1 1 1

Figure 24. Example of Consecutive Write Transfer Operations

SPLIT-REGISTER OPERATION SEQUENCE (EXAMPLE

Split read/ write transfers must be preceded by a normal (Non-split) transfer such as a read,
write or pseudo write transfer. Figure 25 illustrates an example of split register operation
sequence after device power-up and initialization. After power-up, a minimum of 8 RAS and 8 SC
clock cycles must be performed to properly initialize the device. A read transfer is then performed
and the column address latched at the falling edge of CAS sets the SAM tap pointer location which
up to that point was in an undefined location.

Subsequently, the pointer address is incremented
by cycling the serial clock SC from the starting location to the last location in the register (address
511) and wraps around to the tap location set by the split read transfer performed for the lower
SAM while the upper SAM is being accessed. The SAM address is incremented as long as SC is
clocked. The following split read transfer sets a new tap location in the upper split SAM register
address 256 in this example and the pointer is incremented from this location by cycling the sC
clock. :
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TECHNICAL DATA
Vee .—/

Pause ODummy Read Soiit Read Split Reaa P\xz:?'eo
(200us) Cycle Transier Transfer Trans.er Transter
A oy e —Hr—

Add.

Y ROWWROVVX IAP .’- < s

-

t _/—:“W—L_

5
|

=/ U o o

) B0 __ L—)——

wame —/

Hign-Z : ;
QsF —(—__—\ “Low" |

sc T o [ mmuwummmnmwm It mwmmmumn  mmm
P : H P
i : Serial Output ; P : Serial
; i ¥ Input
i L i
A ST 7
o Dew:es(n : : f B _
sam moenserlil ¥ | Upper : 2 lupper § 5
Pointer it i SAM : . i SAM : : Upper
255 oo - : “ i W SAM
T i T Cower Tower
........... - Devices (2) . Cower 2| sam f/ Regt/SetSAN{ L sam
Reset/ Set SAM SAM : pointer \
0 | pointer : A ;

Pointer Location l
Undefined

Figure 25. Example of Spilit SAM Register Operation Seguence

The next operation is a pseudo write transfer which switches the SAM port from output mode to
input mode in preparation for either write transfers or split write transfers. The column address
latched at the falling edge of CAS during the pseudo write transfer sets the serial register tap
location. Serial data will be written into the SAM starting from this location.

TRANSFER OPERATION WITHOUT TAS
During all transfer cycles, the CAS input clock must be cycled, so that the column address are
latched at the falling edge of CAS, to set the SAM tap location. If CAS was maintained at a
" constant “high” level during a transfer cycle, the SAM pointer location would be undefined.
Therefore a transfer cycle with CAS held “high” is not allowed (Refer to the illustration below).
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=\ s
Proper
3 \ / Transfer
Cycle
Address 772K __Rew 78 SAM Stant {777 A ’
= — _ \ -
T3 Not
Allowed
Address 0 Rew W R A
. TAP LOCATION SELECTION IN SPLIT TRAN SFER OPERATION

(a) In a split transfer operation, column addresses AOC through A7C must be latched at the
falling edge of CAS in order to set the tap location in one of the split SAM registers. During
a split transfer, column address ASC is controlled internally and therefore it is ignored
internally at the falling edge of CTAS.

m T\ _/
o — e
Addresses Z7777k_Row  XZZA__Tao addressW
AOR~AS8R AOC~A7C (ASC is don't care:High or Low)

During a split transfer, it is not allowed to set the last address location (AOC~A7C=FF), in
either the lower SAM or the upper SAM, as the tap location.

(b) In the case of multiple split transfers performed into the same split SAM register, the tap
location specified during the last split transfer, before QSF toggles, will prevail. In the
example shown below, multiple split transfers are performed into the upper SAM (Non-active)
while the lower SAM (active) is being accessed at the time when QSF toggles, the first SC
serial clock will start shifting serial data starting from the Tap N address location.

s\ T I
o S

Address  —(Row 1 Tap 1 — (Row 2 {Tao 2—5—{Row NXTap N——

lower SAM : Active -
QsF upper SAM : Non-active iy | lower SAM : Non-active
1 E?“ first upper SAM : Active
\ ack

o MU T B LI

Muitipie Split transfer into upper SAM E Serial access of upper SAM
! . “Serial access of lower SAM ! starting at Tap N focation
] .

ST - i 2{377C528258AJ/AZ=53
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TECHNICAL DATA

This Materi al

SPLIT READ/ WRITE TRANSFER OPERATION ALLOWABLE PERIOD

Figure 26 illustrates tke relationship between the serial clock SC and the special function

output QSF during split read/ write transiers and highlights the time periods where split transfers
are ailowed, relative to SC and QSF.

Last First Last First Last First
Clock

Cock Clock Cock Ciock Clock

PSSR R N S VR S N SNSRI N U ) W
- )|

.
~

“ [} e —————
Qs? T L T
THl i5TS sTm | TS et LTS
Reac/\Write
Transter YZS | NO YES NO YES NOC YZS
ailowed. ‘

Figure 26. Split Transfer Operation Allowable Periods

As indicated in Figure 26, a split read/write transfer is not allowed during the period of

tSTH + ISTS-

SPLIT TRANSFER CYCLE AFTER NORMAL TRANSFER CYCLE

A split transfer may be performed following a normal transfer (Read/ Write / Pseudo-write
transfer) provided that a minimum delay of 30ns from the rising edge of the first clock SC is
satisfied (Refer to the illustration shown beiow).

] )

]

Next Transfer !
Not Allowed |}

mT W
= T I
DT/CE I .
os¢ —

QsF Y :
sc L e
Transfer Qoeration E ::349—'1—,%
.

Next Transfer Operation is ailowed.
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TECHNICAL DATA

NORMAL READ TRANSFER CYCLE AFTER NORMAL READ TRANSFER CYCLE |

Another read transfer may be performed following the read transfer provided that a minimum

delay of 30ns from the rising edge of the first clock SC is satisfied (Refer to the illustration shown

\ ]
'

Next Transfer;
Not Allowed |

Next Transfer Operation is allowed.

below).
.
, ' DSF ' l
QsF x—% !
sc LU
\ Transfer Operation i :.30nsé
.

NORMAL TRANSFER AFTER SPLIT TRANSFER
A normal transfer (read/write/pseudo write) may be performed following split transfer
operation provided that a 30ns minimun delay is satisfied after the QSF signal toggles.

QSF

30ns Min.

Split Transfer —«—Normal Transfer Operation Allowed

PP SR 5 X

RFRTTTET T
TOSHFY BA&WQRA‘TION

’i_r\

t .
DN
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TOSHIBA TC524258AJ/AZ- 10 , TC524258AJ/ AZ- 12

TECHNICAL DATA

POWER-UP

Power must be applied to the RAS and DT/OE input signals to pull them “high” before or at
the same time as the Vcc supply is turned on. After power-up, a pause of 200 pseconds minimum
{s required with RAS and DT/OE heid “higa”. Alter the pause, 2 minimum of 3 R&S and 8 SC
dummy cycles must be periormad to stabilize the internal circuitry, before valid read, write or
transfer operations can begin. During the initialization period, the DT/ OFE signal must be held
“high”. If the internal refresh counter is used, 2 minimum 8 TAS-before-RAS initialization cycles

are required instead of 8 RAS cycles.

INITIAL STATE AFTER POWER.UP

. When power is achieved with RAS, TAS, DT/OE and WEB/WE held “high”, the internal state
of the TC5242358AJ/AZ is automatically set as follows.

However, the initial state can not be guaranteed for various power-up conditions and input
signal levels. Therefore, it is recommended that the initial state be set after the initialization of
the device is performed (200 pseconds pause followed by a minimum of 8 RAS cycles and 8 SC
cycles) and before valid operations begin.

State after power-up

SAM gort Input Mode

QSF High- Impedance

Color Register all “0”

WM1 Register Write €nable

TAP pointar Invalid
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OUTLINE DRAWINGS
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TOSHIBA .. LNicAL DATA

¢ Plastic ZIP
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Umt: mm
3.05MAX
36.2=C.2 ' !
| l
s 1«
sl §
bt B
. : 2‘
CP Lo (
T e o d ~—
o CC ﬁ' :—b = R S
Rk ok T
+
— 1 . ”05 Olm o :
0.935TYP 1.27 |
0.25 34
254
é;E:rJq__fi__ﬁ__Jﬁ__ji__fL_J{_____Ji__ﬁ___ A f
N & 8§ =5 = & | T W § d H 1
12

28

Note: Each lead pitch is 1.27mm.
All dimensions are in millimeters.

Toshiba does not assume any responsibility for use of any circuitry described ; no
circuit patent licenses are implied, and Toshiba reserves the right, at any time without
notice, to change said circuitry.
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