262, 144WORDS x 4BITS MULTIPORT DRAM

DESCRIPTION

PRELIMINARY

The TC32.4250BJ/5% is a CMOS multiport memory equipped with a 262,144-words by 4-bits dynamic random

access memory (RAM)

port and a 512-words by 4-bits static serial access memory (SAM) port. The

TCH24259B)/BZ supports three types of operations: random access to and from the RAM port, high speed
serial access to and from the SAM portand bidirectionaf transfer of data between any selected row in the RAM
port and the SAM port. The RAM port and the SAM port can be accessed independently except when data is
being transferred between.them internally. In addition to the conventional multiport video RAM operating

modes, the TCH24259BJ/BZ feature;

register data transfer capability on the

silicon gate process as well as advanced circuit de

s the block write and flash write functions on the RAM port and a split
SAM port. The TC524259BJ/BZ is fabricated using Toshiba’s CMOS
signs to provide low power dissipation and wide operating

margins.
FEATURES
ITEM TC52425981/82 e Organization
- 80 - 10 AM Port : 262,144wordsX4bits
trac RAS Access Time (Max.) 80ns 100ns RA%&AII\)A Port : 512wordsX4bits
tcac CAG Access Time (Max, 25 25 ¢ ort . .
CAC py “e:;dime; o )T. " asns sons Fast Pafge Mode , Read - Modify - Write
tan  Column Adcress fccess 178 (Max } ns ns CAS before RAS Refresh, Hidden Refresh
tac Cycle Time {Min) 150ns 180ns RAS only Refresh, Write per Bit 1&2
tec  Page Mode Cycle Time (Min.) 50ns 55ns Block Write , Block Write (Mask 1&2)
tsca  Serial Access Time (Max.) 25ns 2508 | o SAIE\)/Ilgf’;:{reSh cycles/8ms
tsge_Serial Cycle time (Min.) 30ns 30ns High Speed Serial Read/Write Capability
lcct RAM Operating Current 85mA 70mA 512 Tap Locations
(SAM : Standby) R Eull ?\}[atigdﬁegi.sterl Transh
lccoa SAN Operating Cusrent 50mA soma | ¢ RAM-SAM Bi irectional lransier
; Read / Write / Pseudo Write Transfer
(RAM : Standby) Real Time Read Transfer
lrc>  Standby Current 10mA 10mA Split Read Transfer
. %ingle power supply of 5V 10% with a built-in . Pac’}%%g4259BJ S0J28-P - 400
'pB generator nX-
¢ Ail inputs and outputs : TTL Compatible TC524259BZ : ZIP28-P-400
PIN_NAME PIN CONNECTION
AD~AR Address inputs TC5242598) TﬁlZSBBZ
A3 Row Address Strone sc 1 280 Vss pse 1 21l wanos
Cas Column_Address Strobe 5101 02 270 si04 wanoa {3 2D 3E
Dl_/OE Data Transfer/ Qutput Enable _si02 (3 261 SIO3 sio3 05 61 sios
W8 IWE Write per Bit/Write Enable BT/OE Q4 250 3E Vss E; g sc
|DSE_ special Function Control vwv;"g; E 2 24 % wanos b’?’;g'é i, 10 [} sl02
WIIO1—Wa/l04 | Write Mask / Data IN, OUT WEIII\WE ds i; q \[/)vsstloa w202 013 1‘24 g %%@‘g
5¢ Serial Clock NG 8 210 A% NC ] 15 16 0 &S
SE Serial Enable RAS 9 20[) QsF AB E 17 1sllas
1015104 Serial Input/ Output 22 E 1‘1’ :: % 2‘11 VAci dan 2 % :;
. 22
QSF Special Flag Output As 012 170 A2 A3 23 2401 A2
Vee/ Vsg Power (5V) / Ground A4 013 160 A3 a1 025 6D AC
N.C No Connection vee 014 150 A7 asr 027 28 F TAS

28Pin 400mil SOJ

JEDEC Standard

C-191

28Pin 400mil height ZIP
JEDEC Standard
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(vl -
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o |2 52 CELL ——
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L L QsF [>—oqsF
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ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT NOTE
Vine Vout Input Output Voltage ~1.0~7.0 v 1
Vee Power Supply Voltage -1.0~7.0 v 1
Torr Operating Temperature 0~70 °C 1
Ts16 Storage Temperature - 55~150 °C 1
TsoLER Soldering Temperature « Time 26010 °C-sec 1
Po Power Dissipation 1 w 1
lout Short Circuit Output Current 50 mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE
Vee Power Supply Voltage 45 5.0 5.5 v 2
VK Input High Voltage 24 - 6.5 Vv 2
Vi input Low Voltage -1.0 - 0.8 v 2

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

SYMBOL PARAMETER MIN. MAX, UNIT
C Input Capacitance - 7
Cio Input/ OQutput Capacitance - 9 pF
Co Output Capacitance (QSF) - 9

Note : This parameter is periodically sampled and is not 100% tested.
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TC524259BJ/BZ-80, TC524259BJ/BZ-10

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

TC52425981/B2-80 | TC524259B4/BZ-19
ITEM {(RAM PORT, SAM PORT | SYMBOL UNIT | NOTE
¢ ' MIN. MAX. MIN. MAX.
QPERATING CURRENT Standby cct - 85 - 70 3,4
RAS, TAS Cycling
tue = tre Min. Active lecra - 125 - 110 3,4
STANDBY CURRENT standby | leca - 10 - 10
(RAS, TAS =)
Active lccaa - 50 - 5S¢ 3,4
RAS OMLY REFRESH CURRENT Standby | lcca - 8s - 70 3,4
RAS Cycling, CAS =V -
tac = tre min. Active Icesa _ 125 - 110 3,4
PAGE MODE CURRENT standby | lcca - 75 - 60 3,4
RAS = vy, TAS Cycling " 5 .
tec = toc min. Active Iccan - 115 - 10 3,
mA
CAS BEFORE RAS REFRESH CURRENT Standby lecs - 85 - 70 3,4
RAS Cycling, CAS Befare RAS "
tre = tre Min. Active Iccsa - 125 - 110 3,4
DATA TRANSFER CURRENT Standby Iccs - 105 - 90 3,4
RAS, CAS Cycling —
tae = tre min. Active | lccea - 145 - 130 3,4
BLOCK WRITE CURRENT Standby | Iccs - 95 - 80 3,4
RAS, CAS Cycling
tre = tre Min. Active lecsa - 135 - 120 3,4
ITEM SYMBOL MIN. MAX, UNIT NOTE
INPUT LEAKAGE CURRENT
UT L u ' " -0 10 A
OVS VinS6.5V, All other pins not under test=0V
OUTPUT LEAKAGE CURRENT
, low) -10 10 HA
OV S Vour=5.5V, Output Disable
JTPUT “H" LEV C
OUTPUT "H"” LEVEL VOLTAGE Vo 24 _ v
loyt = - 2mA
OUTPUT “L” LEVE TA
L VOLTAGE VoL _ 0.4 v
lour =2mA
OUTPUT “L* LEV LTAGE
UTPUT “L* LEVEL VO {QSF} Voo (QSF) _ 0.4 v

loyT = 6mA
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TC524259BJ/BZ-80, TC524259BJ/BZ-10

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

TC5242598)/ B2-80 TC5242598)/8Z-10

SYMBOL PARAMETER MIN MAX. MIN VAX. UNIT [NQTE
YRC Random Read or Write Cycle Time 150 180

trRMw Read - Modify - Write Cycle Time 195 235

tec Fast Page Mode Cycle Time 50 55

fo—— Fast Page Mode Read - Modify - Write Cycle 90 100

Time

traC Access Time from RAS 80 100 8,14
taa Access Time from Column Address 45 50 8,14
tcac Access Time from CAS 25 25 8,15
tcpa Access Time from TAS Precharge 45 50 8,15
torr Oulput Bufler Turn - Off Delay 0 20 Q 20 10
tr Transition Time (Rise and Fall) 3 35 3 35 7
tap RAS Precharge Time 60 70

tras RAS Pulse Width 80 10000 100 10000

trasp RAS Pulse Width (Fast Page Mode Only) 80 100000 100 100000

tasH RAS Hold Time 25 25

tesh TAS Hold Time 80 100 ns

tcas TAS Pulse Width 25 10000 25 10000

RCD RAS to CAS Delay Time 20 55 20 75 14
tRAD ®AS to Column Address Delay Time 15 35 15 50 4
taal Column Address to RAS Lead Time 45 50

terp TAS to RAS Precharge Time 10 10

tepn TAS Precharge Time 10 10

tep TAS Precharge Time (Fast Page Mode) 10 10

tasr Row Address Set-Up Time 0 0

tran Row Address Hold Time 10 10

tasc Column Address Set-Up Time 0 0

tean Column Address Hold Time 15 15

tAR Column Address Hold Time referenced to RAS 55 70

tRCS Read Command Set-Up Time 0 4]

tReH Read Command Hold Time 0 0 11
tRaH Read Command Hold Time referenced to RAS 0 Q il
twceH Write Command Hold Time 15 15

twer Write Command Hold Time referenced to RAS S5 70

twp Write Command Pulse Width 15 15

Trwi Write Command to RAS Lead Time 20 25

towe Write Command to CAS Lead Time 20 25
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SYMBOL b ARAMETER TC5242598)/BZ-80 TC524259B)/82-10 uniT | noTe
MIN. MAX. MIN. MAX.
tos Data Set-Up Time 0 0 12
on Data Hold Time 15 15 12
toHR Data Hold Time referenced to RAS 55 70
twes Write Command Set-Up Time 0 0 13
trwo RAS to WE Delay Time 100 130 ns 13
tawo Column Address to WE Delay Time 65 80 13
teven TAS to WE Delay Time 45 55 13
toze Data to CAS Delay Time 0 0
tozo Data to OF Delay Time 0 0
toea Access Time from OF 20 25 8
toez Qutput Buffer Turn - off Delay from OF 0 10 0 20 10
Toen OF to Data Delay Time 10 20
TOEH OE Command Hold Time 10 20
trROM RAS Hold Time referenced to OF 15 15
tese TAS Set-Up Time for CAS Before RAS Cycle 10 10
tenr TAS Hold Time for CAS Before RAS Cycle 10 10
trrC RAS Precharge to TAS Active Time 0 0
LREF Refresh Period 8 8 ms
Twsk WEB Set-Up Time 0 0
TRWH WB Hold Time 15 15
tesk DSF Set- UP Time referenced to RAS 0 0
taed DSF Hold Time referenced to RAS (1) 15 15
teHR DSF Hold Time referenced to RAS (2) 55 70
tesc DSF Set- Up Time referenced to CAS 0 0
tern DSF Hold Time referenced to CAS 15 15
ms Write - Per - Bit Mask Data Set- Up Time 0 0 ns
T Write - Per - Bit Mask Data Hold Time 15 15
trus DT High Set-Up Time 0 0
triu DT High Hold Time 15 15
tns DT Low Set-Up Time 0 0
Utk DT Low Hold Time 15 10000 15 10000
tRTH DT Low Hold Time referenced to HAS 65 10000 80 10000
(Real Time Read Transfer)
taTH DT Low Hold Time referenced to Column 30 30
Address (Real Time Read Transfer)
tern DT Low Hold Time referenced to CAS 25 25
(Real Time Read Transfer)
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SYMBOL P ARAMETER TC5242598)/B2-80 TC52425981/B2-10 uniT | noTe
MIN. MAX. MIN. MAX.
tee 3E Set-Up Time referenced to RAS 0 0
tREH TE Hold Time referenced to RAS 15 15
trre DT to RAS Precharge Time 60 70
trp DT Precharge Time 20 30
trso RAS to First SC Delay Time (Read Transfer) 80 100
tasp Column Address to First SC Delay Time 45 50
(Read Transfer)
tesn TAS to First SC Delay Time (Read Transier} 25 25
st Last SC Lo DT Lead Time 5 5
(Real Time Read Transfer)
trso DY to first SC Delay Time (Read Transfer) 15 15
tsrs Last SC to RAS Set- Up Time (Serial Input) 30 30
tsro RAS 1o First $C Delay Time (Serial input) 25 25
tso0 RAS o Serial Input Delay Time 50 50
tsoz Serial Output Buffer Turn-off Delay from RAS 10 50 10 50 10
(Pseudo Write Transfer)
tsce SC Cycle Time 30 30 ns
ts¢ SC Pulse Width {SC High Time) 10 10
tscp SC Precharge Time (SC Low Time) 10 10
Isca Access Time from SC 25 25 9
tsoH Serial Output Hold Time from SC 5 5
tsps serial Input Set-Up Time 0 0
tson Serial Input Hold Time 15 ° 15
tsea Access Time from SE 25 25 9
tse SE pulse Width 25 25
tsep SE Precharge Time 25 25
3124 Serial Output Buffer Turn - off Delay fram SE 0 20 0 20 10
|1¥43 serial Input to SE Delay Time 0 0
1525 Serial Input to First SC Delay Time 0 0
Lows Serial Wrile Enable Set-Up Time 0 0
tswn Serial Write Enable Hold Time 15 15
towis Serial Write Disable Set-Up Time [¢] 0
Lowiki Serial Write Disahle Hold Time 15 15
ts1s Split Transfer Set-Up Time 30 30
15TH Split Transfer Hold Time 30 30
tsao SC- QSF Delay Time 60 60 16
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NOTES :

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

2. All voltage are referenced to Vss.

3. These parameters depend on cycle rate.

4. These parameters depend on output loading.  Specified values are obtained with the
cutput open,

6. An initial pause of 200ps is required after power-up followed by any 8 RAS cycles (OT/OF
“high”) and any 8 SC cycles before proper device operation is achieved. In case of using
internal refresh counter, a minimum of 8 CAS before RAS initialization cycles instead of 8
RAS cycles are required.

6. AC mcasurements assume ty=5ns.

7. Vi (min) and VL, (max) are reference levels for measuring timing of input signals. Also,
transition times are measurcd between Vi and Vi,

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

Dour reference levels : Vo /VoL=2.0V/0.8V.

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

10.  tOFF (max), YOEZ(max), 1SDZ(max) and tSEZ(max) define the time at which the outputs
achieve the open circuit condition and are not referenced to output voltage levels.

11.  Either treir or trry must be satisfied 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.  twcs, tRwWD, tcwD and tawp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twCS= twCS (min), the cycle is an
early write cycles and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; If tRWDZtRWD (min.), tCWDZ towD (min.) and tAWD=tAWD (min)
the cycle is a read-modify-write cycle and the data out will contain data read from the
sclected 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 tpgp is greater than the specified
tRCD (max.) limit, then access time is controlled by tcac.

156.  Operation within the tRAD (max) limit insures that tgrac (max.) can be met. tRAD (max.) is
specified as a reference point only: If trap is greater than the specified tRAD (max,) limit,
then access time is controlled by taa.

16. This parameter measurement assumes Pull up resister = 8200.
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TIMING WAVEFORM
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WRITE CYCLE (FARLY WRITE)

RAS

CAS

AD~A8

WB/WE

DT/OE

DSF

l,.___ IN

wWi1/101
~Wa /104
ot
b= our

Co {roH
E \ \ cas
tRaL

COLUMN
ADDRESS

twen

////////////

‘m’
N

C-200

o X
R OPEN
V4 ¢+ “H" or L”
1 WB/WE [ *2 DSF | *3 WI/IO1 ~ W4/104 Cycle
4] WM1 data Write per bit 1 (New Mask Mode)
° ] Don't Care Write per bit2 (Old Mask Mode)
i 1] Don‘t Care Normal Write (No Mask Mode)

WM1 d 0: Write Disable
1: Write Enable
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WRITE CYCLE (OE CONTROLLED WRITE)

1rC
- tRas PR /. —
Ve T o
Sy N N
1csu
cre treo tRSH tepn
3 tcas 7
e VM o \\_ﬁ r'
CAS vy — / / \
trap tral
lask TEAH tasC tean
Vin + ROW ONK COLUMN h
AO~AB ADDRESS . ADDRESS
towt
IR —
G s SO twe
Wi/ WE
Lins n
Vi
- R
lory
Viy
OSF  y,
s | oy | [olon
Vin [ VALID
" Ny, ‘ DATA-IN
W1/101
~Wa /104
-
L— gur Yoo OPEN

Vor -

V/////A T "H” or L”

*1 WBIWE | *2 DSF | *3 W1/101 ~ W4/i04 Cycle
0 WM1 data Write per bit 1 (New Mask Mode)
‘ i Don't Care Write per bit2(Old Mask Mode)
1 0 Don't Care Normal Write (No Mask Mode)

WM1 data: 0: Write Disable
1: Write Enable
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READ - MODIFY - WRITE CYCLE

Ai
[

AQ~A8

DSF

[_._ IN
WO
~W4 /104

- ouT

tamw
tras ..
[RURNEEER tar
Vig — \ J N
VJL - .
tesH
fere trep 1RSH tepy
t P’
o NN . I
. . /!
tcan
Vin COLUMN b
Vi ADDRESS
t t t e
WSR 1 RCS
S| 2WH CWD | LBl |
Vi 74 N 4
Vi — *1 / AWD \<—M->
trwo
| trHg tTHH |
|
Vin
Vi teng
tesA | |tren lesc tern
Vin 2
Vi —«/5/ - "2 'é//
tnze,)
tvis tvH toy
| > ipza
Vig —7Z VALID
Vi -2 WM1 DATA X7 Toin DATA-IN
teac
tas tOE,!
tRag e
Vou — 7 VALID K
Voo — OPEN —{paTa-outy
7 RTIT I
///% P *H® or "L
*1 WB/WE | *2 DSF | *3 W1101 ~ W4/104 Cycle
0 WM data Write per bit 1 (New Mask Mode}
0
1 Don't Care Write per bit2(Old Mask Mode)
1 0 Don't Care Normal Write (No Mask Mode)
WM1 data: 0: Write Disable

1:

Write Enable
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FAST PAGE MODE READ CYCLE
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Vig = ﬂ‘ traD % teas /t‘——\ cas r' 7,_
Vi o tes v__L
- T
tcaH RAL
task traH tag tean tasC tasc teaH
COL. COL.
{_ ADD.2 N ADD.n
1re
tRCH Bild
—{<—— s tres - tres tRﬂg
|
p
tesc tesc
|
o term e terH
Vi ™) -« ]
Vig N | R
1 TFHR | |
tozo l tcpa tera
Vih —7 Z .
Vie J// 7 7 ] 10€a| ltore loea toFF
1 1
tan CAC oz CAC toez
trac tan <>
e 4 N- o A N-
von OPEN —{DATA-OUT e DATA-OUT hem
oL — x 1 A X n A
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

|
|

O
>
ot

AQ~AB

=t
o
-
g
mj
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~
|
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r——- IN

Wi/101
~W4/104

L——OUT

trase ,
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t t
Vin —-'_\—\ AR pC }L_J\—
Vit -
tcre trep tp tce Wen |, ten
> t t <
Vi = e CAS L, | "\ CAS | fr==———=si| 1cas
H tran \\ //
Vi - tesH I~ T
tran tean tean RAL
tasg 1~ tasc > tasc > tasc tcan
Vi ROW N O % oL oL
Vi N ADD. ADD. 1 4 N ADD. 2 {2 X ADD.n
taw IWeR twen tweh
twsr H f—twies twen twes | [ [ twesy
Ve 4
I8 . 7
1
t tew) tew QL
'tTHS :H.H L 1 I ! taw !
Vi 7
Vi
1FHR | Yern
tReH tesc )
t,
VIH - s CFH
Vi —7
K
tvs tps > 41—91»
|
Vi *3 DATA-IN DATA-IN
Ve 7\ 1 n
| . tonA J
Vou — o]
PEN
VoL —
% Ly w .
V7] "H” or L
*1 WB/WE | *2 DSF | *3 WI/IO1 ~ W4/I04 Cycle
0 WM1 data Write per bit 1 (New Mask Mode)
0
1 Don’t Care Write per bit2 (Old Mask Mode)
1 0 Don't Care Normai Write (No Mask Mode)
WiM1 data: 0: Write Disable
1: Write Enable
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FAST PAGE MODE READ - MODIFY - WRITE CYCLE
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AR k:d
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Vi = tesw
w T N
[
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| e bl pid
= T L t - !
—_— :/,'H \t CAS )ﬂ—ﬁ IPR {43 )t—\ CAS /"7"_"
L = tas 7 d *x
- kas A 1,
task_ taad 1| ey Wi <_Q ey b (SL lcay > l "m
Vi ROW coL. COiL. coL.
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(2 FE B ot g o -
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"
ViH
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N L *3 DATA- k\) DATA- DIATA-
r—— ViL — foea N 1 toEA. IN 2 toen . N n
W1/101 leag| |'QEz teag | |tosz, teac | [ipez
~Wa/104 tag tan PRIVl
L— our xOH— — 8@?‘{} 4_2 pATA [} v DATA- \F
- § OUT L(
o 1RAC ‘ = N
V7] " of "L
*1 WB/WE | *2 DSF | *3 W1/101 ~ W4/104 Cycle.
0 WM1 data Write per bit 1 (New Mask Maode)
0
1 Don't Care Write per bit2(Old Mask Mode)
1 0 Don't Care Normal Write (No Mask Mode)

WM1 data: O: Write Disable
1: Write Enable
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RAS ONLY REFRESH CYCLE
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TAS BEFORE RAS REFRESH CYCLE
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HIDDEN REFRESH CYCLE
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LOAD MASK REGISTER CYCLE
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LOAD COLOR REGISTER CYCLE
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BLOCK WRITE CYCLE
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0 WM1 data Block Write (Mask 1) (New Mask Mode)

0
1 Don't Care Block Write (Mask 2) (Old Mask Mode)

1 0 Don’t Care Block Write (No Mask Mode)

WM1 data: 0: Write Disable

1: Write Enable

*4) COLUMN SELECT

W1/101 — Column0 {A1C=0, AOC=0)

W2/102 — Column1 (A1C=0, AOC=1) wn/liOon
W3/103 — Column2 (A1C=1, AOC=0) =0 : Disable
Wa/104 — Column3 (A1C=1, AOC=1) =11 Enable
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PAGE MODE BLOCK WRITE CYCLE
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1 Don't Care Block Write (Mask 2) (Old Mask Mode)
1 0 Don't Care Block Write(No Mask Mode)

WM1 data: 0: Write Disable

1: Write Enable

*4) COLUMN SELECT

W1/i01 - Column 0(A1C = 0, AOC = 0)
W2/102 - Column 1{A1C =0, AOC = 1)
W3/103 - Column 2{A1C = 1, AOC = Q)
W4/104 -  Column 3(A1C =1, AOC = 1)
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READ TRANSFER CYCLE (Previous Transfer is WRITE TRANSFER CYCLE)
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REAL TIME READ TRANSFER CYCLE
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SPLIT READ TRANSFER CYCLE
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PSEUDO WRITE TRANSFER CYCLE
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WRITE TRANSFER CYCLE
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SERIAL READ CYCLE (BE=V[1)
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SERIAL WRITE CYCLE (SE=Vi1)
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PIN FUNCTION

ADDRESS INPUTS : Ag~ Ag

The 18 address bits required to decode 4 bits of the 1,048,576 cell locations within the dynamic
RAM memory array of the TC524259BJ/1BZ 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
following nine column address bits are latched on the falling edge of the column address strobe

(CES).
ROW _ADDRESS STROBE : RAS

A random access cycle or a data transfer 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 inveke 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 and data integrity. The RAM port is placed in standby
mode when the RAS control is held “high”.

COLUMN ADDRESS STROBE : CAS

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 KAS control, either read/write operations or
the special block write feature on the RAM part when the DSF input is held “low” at the falling
edge of RAS. Refer to the operation truth table shown in Table 1. TAS has minimum and
maximum pulse widths and a minimum precharge requirement which must be maintained for
proper 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/OFE

The DT/OE input is a multifunction pin. When DT/OE is “high” at the falling edge of RAS,
RAM port operations are performed and DT/OE 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.
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WRITE PER BIT/WRITE ENABLE : WB/ WE

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

When WI/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 (write transfer).

WRITE MASK DATA/DATA INPUT AND OUTPUT ; W, 1101~W4/104

When the write-per-bit (New Mask Mode) function is enabled, the mask data on the Wi /104
pins is latched into the write mask register (WM1) at the falling edge of RAS. Data is written
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 WB/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;/IOj pins after
the specified access times from RAS, TAS, DT/OE and column address are satisfied and will
remain valid as long as CAS and DT/OE are kept “low”.  The outputs will return to the
high-impedance state at the rising edge of either CAS or DT /0K, whichever occurs first.

SERJAL 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 pointer address is incremented in a wrap-around
mode to select sequential locations after the starting location which is determined by the column
nddress in the read transfer cycle. When the pointer reaches the mast 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 Vyi, level during read / pseudo write / wrile
transfer operations and sheuld not be clocked while the SAM port is in the standby mode to

prevent the SAM pointer from being incremented.
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SERIAL ENABLE : SE

The SE input is used to enable serial access aperation. In a serial read cycle, SE is used as
an output control. In a serial write cycle, SE is used as a write enable control. When SE is
“high”, serial access is disabled, however, the serial address pointer location is still incremented

when SC is clocked even when SE is “high”.

SPECIAL FUNCTION CONTROL INPUT : DSF

The DSF input is latched at the falling edge of RAS and CAS and allows for the selection of
various random port and data transfer operating modes. In addition to the conventional multiport
DRAM, the special features consisting of write per bit 2, block write, block write (mask 1 & 2) ,load

color /mask register and split read transfer can be invoked.

SPECIAL FUNCTION OUTPUT : QSF

QS is an open drain output signal which, during split register operation, indicates which half
of the split SAM is being accessed. Since QSF is an open drain output, it must be pulled up to
vee with an appropriate pull-up resistor. QSF “on” (low state) indicates that the lower split SAM
(Bits 0 thru 255) is being accessed and QSF* off” (open state) indicates that the upper split SAM
{Bits 256 thru 511) is begin accessed. After the QSF has toggled to either an open or low state, a
delay of tsps must be met before a split read trunsfer operation can be performed on the non-active
half of the split SAM.

STRIAL INPUT/QUTPUT ; SI01~S104

Serial input and serial output share common I/O pins.  Serial input or output mode is
determined by the most recent read, write 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 input mode.
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OPERATION MODE

The RAM port and data transfer operating of the TC524259BJ / BZ are determined by the state
of CAS, DT/OE, WE/WE, SE and DSF at the falling edge of RAS and by the state of DSF at the
falling edge of CAS. 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.

Table 1. Operation Truth Table

TAS falling edge  Y_

RAS falling edge ~{_ 0 0 ] 1
=g Yy S
FANDII>WB 5]
CANDT>WBE 0 1 0 1
0 * * * TAS before RAS Refresh >‘\
1 0 Y Q0 }write Transfer Write Transfer write Transfer write Transfer
1 0 Q 1 Pseuda Write Transfer Pseudo Write Transfer
1 0 1 * Read Transfer Split Read Transfer Read Transfer Split Read Transfer
1 1 0 * Pead /Write per Bit 1 Read /Write per Bit 2 Block Write (Mask 1) Block Write {Mask 2)
1 1 1 * Read / Write Load Mask Block Write Load Color
Table 2. Functional Truth Table
,RA§_L 'CKS’L Address w/10 Wit Register
rite
Functian —
e e e b - — . — — & L | Mask
o (Grroe e e ose || ose |mE L|ER L |RRS EREBANT 1 wmi | Color
CAS belore MAS Refresh | O * * * * - * - . - - - - -
Write Transfer 1 0 "] 0 g . Row TAP * * * - - -
Pseudo Write Transfer 1 0 s} 4] 1 * Row TAP * * * - - -
Write Transfer 1 0 a 1 * > Row TAP * * » - - -
Read Transler 1 o4 1 Q * * Row TAP * . * - - -
Sphit Read Transfer 1 o] 1 1 * * Row TAP * . * - - -
» « Load
Write per Bit 1 1 1 0 0 0 Row |Column| WM1 - DIN wM1 use -
Column Column Load
Black Write {Mask 1) 1 1 0 0 * 1 Row |A2C-8C| WMI | select - WM1 use use
wnite per Bit 2 1 1 0 1 * 0 Row |Column * - DIN | WMI use -
Column Column
Biock Write (Mask 2) 1 1 0 1 * 1 Row |A2C-8C d Soerect - WM1 use use
flead Write 1 1 1 0 * 0 Row [Column * - DIN - - -
Col
slack Write 1 1 1 0 * 1 Row A"ZE"ES * CS";}‘J?{‘ - - - use
Load Mask 1 1 1 1 * 0 Row * * - Wm1 - Load -
Load Color 1 1 1 1 * 1 Row * . - Color - - Load

* . 40" or “17 , TAP : SAM start address , — :not used
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If the special function control input (DSF) is in the “low” state at the falling edges of RAS and
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 read transfer, load mask, load color
register, write per bit 2 and block write (Mask 2), can be invoked. If the DSF input is “low” at the
falling edge of RAS and “high” at the falling edge of CTAS, the block write (No Mask, Mask 1) feature
can be invoked.

RAM PORT OPERATION

FAST PAGE MODE CYCLE

I'ast page 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 pseconds. For the initial
fast page mode access, the output data is valid after the specified access times from RAS, CAS,
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 falling edge of RAS is maintained

throughout the fast page mode write or read-modily-write cycle.

RAS-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 Bms refresh period. Although any normal memory cycle will perform the refresh

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

CAS-BEFORE-RAS REFRESH

The TC524259BJ/BZ 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. s When
the refresh operation is completed, the internal refresh address counter is automatically
incremented 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 TAS “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).
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[

wiro1
_— valid Data Output 4>———'
Wa/lD4 alid Data Dutey

Figure 1. Hidden Refresh Cycle

|«———Memory Cycle -——-J_—-’]F_\——“ Refresh Cycle ﬁ Refresh Cycle — |
RAS -I \ / I

WRITE-PER-BIT FUNCTION

S T e e e e

The write-per-bit function sclectively controls the internal write-enable circuits of the RAM
port. Two types of write-per-bit may be utilized-“New Mask Mode” or “Old Mask Mode”. The
state of the signals required to select the modes of write-per-bit are shown in table 3.

The write-per-bit 1 (New Mask Mode) function is enabled when WB/WE and DSF are held
“low” at the falling edge of RAS in a random write operation.  Also, at the falling edge of RAS,
the mask data on the W;/IO; pins are latched into a write mask register (WM1). New write mask
data must be presented at the W;/IOj pins at every falling edge of RAS. A “0” on any of the W;j
/10 pins will disable the correspending write circuits and new data will not be written into the
RAM. A “1” on any of the W;/IO; pins will enable the corresponding write circuits and new data
will be written into the RAM.

The write-per-bit 2 (0ld Mask Mode) function is enabled when WB/WE is “low” and DSF is
“high” at the falling edge of RAS in a random write operation. This function does not use the
data present on the W;/IO; pins at the falling edge of RAS as write mask data. Therefore, data on
the W;/10; pins at the falling edge of AS is a don't care (“H” or “L"). The write mask data
which is utilized by this function resides in the wrile mask register (WM1). The mask data is
placed into the _“WMl" write mask register by using either the “Load Mask Register Cycle”,
“Write-per-bit 1 (New Mask Mode) Function”, or “Block Write 1 (New Mask Mode) Function”

Table 3. Write-per-bit function truth table

At the falling edge of RAS (RAS™N) TASN
Function
TAS | DT/OE [WB/WE| DSF | W/IO DSF
H H H L * L Normal Write
H H L L WM1 L Write-per-bit 1 (New Mask Mode)
H H L H * L Write-per-bit 2 (Old Mask Mode)

* . don’t care (H or L)

An example of the write-per-bit function using a display application is shown in Figures 2 and
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CRT Display
jo](e][e][e][s][e]{e][e][e][e][e][e]
[s}[e][e][e][e] (e} (o] (o] [e][e]} (o] [e]
Ol0]0[0[0[CI0]I0[e[e]e|0
, clololo[o[olo]elclelolo
i Ojo[0[0[0[0[e{0]0]e[0j0
: Q|0j010[O|e e[ je]|e|OIO
: RO EEROEE
DSF { olo[o[elololo[C[ofe o)
°T lolie][ 1[e][e}[e][e][e] [e] (e} (o] (6]
WEIWE T\ 00 | £
Misk
W1 /10y : 3 O[@]0|0
W2110; I e OO wene OO0 Lo e
H No Write (Masked)
w103 7 wyse 10T e

W4l 10y 7T Wrte \ 77 '0' rive 0 o~ NoO Wrrite (Masked)
L Write

W, /10 =L : Write Mask
W, /10; = H : Write

Figure 2. Write-per-bit 1 timing cycle Figure 3. Corresponding bit-map

LOAD COLOR REGISTER

The TC524259BJ / BZ is provided with an on-chip 4-bits register (color register) which is used
in the block write function. Each bit of the color register corresponds to one of the DRAM IO
blocks. The load color register cycle is initiated by holding TAS, DT/OE, WB/WE and DSF
“high” at the falling edge of RAS and by holding DSF “low” at the falling edge of TAS. The data
‘presented on the W;/I0j lines are subsequently latched into the color register at the falling edge of

CAS or WB/WE, whichever occurs later. During the load color register cycle, a valid row address
(Ag thru Ag) is not required. However, the memory cells of the row address which is latched at
the falling edge of RAS is refreshed.
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LOAD MASK REGISTER

The TC524259BJ /BZ has an on-chip 4 bit register (WML register) which provides the IO
mask data during the write-per-bit (New and Old Mask Mode) and Block Write (New and Old
Mask Mode) functifgns. Each bit of the mask register corresponds to one of the DRAM I/O blocks.
The mask datd must be specified in the WM1 register by using the load mask register cycle prior
to the execution of “Write-Per-Bit 2” and “Block Write 2” old mask mode functions. The load
mask register cycle is initiated by holding CAS, DT/QE, WB/WE and DSF “high” at the falling
edge of TTAS and by DSF “high” at the falling edge of CAS. The data presented on the W;/I0;
lines are subsequently latched into the mask register at the falling edge of either CAS or WH/WE,
whichever occurs later. The mask data which is latched into the WMI1 register will also be
updated by the write-per-bit 1 (New Mask Mode) or Block Write 1 (New Mask Mode) functions.
During the load mask register cycle, a valid row address (Ag thru Ag) is not required. However,
the memory cells of the row address which is latched at the falling edge of RAS is refreshed.

BLOCK WRITE

Block write is a special RAM port write operation which, in a single RAS cycle, writes the
data in the color register into 4 consecutive colunn address locations starting from a selected
column in a selected row. Three modes of block write operation may be selected-No Mask Mode,
New Mask Mode, Old Mask Mode. Column mask capability is applicable on all three modes. The
seven most significant column addresses (A2C~AS8C) are latched at the falling edge of CAS to
designate the starting column address and the two least significant column addresses (AOC~A1C)
are “don’t care”. The column mask data is also provided on the W;/I10; pins at the falling edge of
TAS. This column mask data will enable/disable the write operation on any of the 4 consecutive
column address locations.

A block write cycle is selected by holding TAS, and DT/OK “high” at the falling edge of RAS
and DSF “high” at the falling edge of CAS. The state of the WB/WE and DSF inpuis at the
falling edge of TAS will select one of the three modes of block write as shown in the following
table 4.

When the DSF input at the falling edge of RAS is “low”, the state of WB/WE selects either
“No Mask Mode” or “New Mask Mode”. 1f WB/WE is “high” at the falling edge of RAS, the
block write (No Mask Mode) is selected. If WB/WE is “law” at the falling edge of RAS, the block
write 1 (New Mask Mode) is selected and the mask data on the W;/I0; pins are latched and used
like the write-per-bit 1 (New Mask Made) function.

'If DSF is “high” and WB/WE is “low” at the falling edge of RAS, then the block write 2 (0Old
Mask Mode) is selected and the mask data stored in the “WM1"” register is used. The IO masking

for this function is used in the same manner as the write-per-bit 2 (Old Mask Mode)..

Cc-227



TC524259BJ/BZ-80, TC524259BJ/BZ-10

Table 4. Block Write function truth table

At the falling edge of RAS (RAS\) TASN
Function
CAS | DT/OE |WB/WE| DSF |[w,/10;| DsF W; /10
H H H L * H Column Mask | Block V_Vrite (No Mask Mode)
H H L L wWM1 H Column Mask | Block Write (Mask 1) {New Mask Mode)
H H L H * H Column Mask | Block Write (Mask 2) (Old Mask Mode)

* : don’t care (H or L)

An example using the block write 1 (New Mask Mode) function with a data mask on W31 /103,
W4/104 and column 2 is shown'in Figure 5. Also, an example using a window clear clear and fill
application is shown in Figure 6.

W f —
> ——:—‘H —

H
WE/WE ‘ ’///// // 7227772777777

L
DT/0E ’//// /// 7222727777777

DSF [ ] vH \
Wi/ 1Q; Maskbnamcmumn Select W
L W;/10¢ : Column @
H : Write

) —> W,/10; : Column i
[H :";JAO ?(’laSk } W;3/103 : Column2 [ L : Write Mask
L :Mask Enable W4/104 : Column 3

Figure 4. Block Write Timing

C-228



TC524259BJ/BZ-80, TC524259BJ/BZ-10

wro | o ! 0 “Ma‘“
W,/10; 1 1 0 r_J‘> W2 /10, 0 0 ////////j 0
W3 /103 ] o 1 W3 /103 1 :////////A,/ 1
Wa/104 0 1 1 <__Mask

Mask

Figure 5. Example of Block Write Operation

!
IR

Figure 6. 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 eyele is initialed by holding the DSV signal “low” at the falling edge of KAS 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” ut 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.

RAS )

; 3 A
S U O Ty Ty N Yy Yy B
DSF % : M M H H

o1 H H H T l_J H L_____
L
.. v — v R L N — -

Block Write Cycle Read / Write Cycle Block Write Cycle

Figure 7. Fast Page Mode Block Write Cycle
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SAM PORT OPERATION
The TC524259BJ/BZ 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 porl 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. 7The 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 TAS 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

gonnE D RR— EICoE

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 seclected by the row address at the falling edge of RAS. The starting location in the
SAM registers for the next serial write is selected by the column address at the falling edge of

TAS. The truth table for single register mode SAM operation is shown in Table 5.

C-230



TC524259BJ/BZ-80, TC524259BJ/BZ-10

Table 5. Truth Table for SAM Port Operation

SAM PORT DT/OE at the _
OPERATION falling edge of RAS SC SE FUNCTION Preceded by a
L Enable Serial Read
Serial Output Mode —rL H Disable Serial Read Read Transfer
L Enable Serial Write
serial input Mode H _J—L H Disable Serial Write write Transfer
L Enable Serial Write
Serial Input Mode ﬂ " Dreable Serial Write Pseudo Write Transfer

SPLIT REGISTER MODE

In split register mode, data can be shifted out of one half of the SAM while a split read
iransfer is being performed on the other half of the SAM. A normal (Non-split) read transfer
operation must precede any split read transfer operation. The non-split read transfer will set the
SAM port into output mode. The split read 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 out of one of the split
SAM registers starting from any at the 256 tap locations, excluding the last address of each split
SAM, data is shifted out sequentially starting from the selected tap location to the most significant
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 out sequentially starting from this tap location to the most
significant bit (611 or 955) and finally wraps around to the least significant bit, as illustrated in

the example below.

Tap chation Tap chation

REFRESH

The SAM data registers are static flip-flop, therefore a refresh is not required,
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DATA TRANSFER OPERATION

The TC524259BJ/BZ features two types of internal data transfer capability between RAM and
the SAM, as shown in Figure 8. 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 read transfer, 256 words by 4 bits of data can be loaded from the lower/upper half of the
RAM into the lower/upper half of the SAM (Split Read Transfer). The normal transfer and split
transfer modes are controlled by the DSF special function input signal .

512 columns 256 columns 256 columns

S12x256x4 ]512x256x4
512 512x512x4 512 |Memory Memory
rows Memory Cell Array rows | Cell Array Cell Array

R 0 U
| 512x4 = | 2564 ’-‘l 256 x4 l—o_°¢:>

Figure 8. (a) Normal (Non-split) Transfer (b) Split Read Transfer

As shown in Table 6, the TC524259BJ/BZ supports four types of transfer operations: Read
transfer, Split read transfer, Write transfer, and Pseudo write transfer. Data transfer operations
between RAM and SAM are invoked by holding the DT/OE signal “low” at the falling edge of
‘RAS. The type of data transfer operation is determined by the state of CAS, WB/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) wherecas it remains unchanged during split read transfer operations.
During a data transfer cycle, the row address Ap~Ag select one of the 512rows of the memory
array to or from which data will be transferred and the column address Ap~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 read transfer cycles, the most significant column
address (A8C) 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 edge of RAS
Transfer Mode Transfer Direction | Transter Bit SAM Port Mode
€AS | DY/OE |WB/WE] SE | DSF
H L H * L | Read Transfer RAM — SAM S12x4 Input —» Output
H L L L L | Wwrite Transfer SAM —> RAM S12x4 Qutput = Input
H L L H L | Pseudo Write Transfer - - Qutput =» Input
H L L - H |write Transfer SAM —» RAM 256 x4 OQutput = Input
H L H * H | Split Read Transfer RAM —> SAM 256x4 Not changed

T H” 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 transfer is invoked by holding CAS “high”, DT/OE “low” WB/WE “high” and
DSE “low” at the falling edge of RAS. The row address selected at the falling edge of RAS
determines the RAM row to be transferred into the SAM. The transfer cycle is completed at the
rising edge of T/OF. 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 TT/OE and this data becomes valid on the SIO lines after the specified access time
tgca 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.

Tigure 9 shows the operation block diagram for read transfer operation.

SAM Start Address ON
—{7] 5101~4
CFF
T?TTT?T ......................... ??m [:>
SAM P Serial Read

«— Selected Row

Ap~Ag ‘

512x 512 x4 bits
Memory Cell Array

Row Decoder

Figure 9. Block Diagram for Read Transfer Operation

In a read transfer cycle (which is preceded by a write transfer cycle), the SC clock must be
held at a constant Vi, or Viy, after the SC high time has been satisfied. A rising edge of the sSC
clock must not occur until after the specified delay trsp from the rising edge of DT/OE, as shown

in Figure 10.
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o ] u \
wo~ss T2 T o NSRS~
W IV
o710t D, L / 1 777777

ost

sc T\ [ {_Inhibit Rising Transition | \ /\} F{\_

L I

510 - { Dout_X

Figure 10. Read Transfer Timing

In a real time read transfer cycle (which is preceded by another read transfer cycle), the

previous row data appears on the SIO lines until the DT/OE signal goes “high” and the serial

access time tgca 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 socon 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/OE must be synchronized with RAS, CAS and the subsequent rising edge of SC (tpTy, tori,

and trgr/trsp must be satisfied), as shown in Figure 11.

The timing restriction t7sL/trsp are 5ns min/15ns min. The split read transfer mode eliminates

these timing restrictions.

DT/t Z777A .
SC trgL = 5ns T trsp = 15ns
) G S G

S104~S104 Y X ) G ¢

Previous Row Data ~—:=—New Row Data

Figure 11. Real Time Read Transfer
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WRITE TRANSFER CYCLE

A write transfer cycle transfers the contents of the SAM register into a selected row of the
RAM array. If the SAM data to be transferred must first be loaded through the SAM port, a
pseudo write transfer operation must precede the write transfer cycles. However, if the SAM data
to be transferred into the RAM was previously loaded into the SAM via a read transfer, the SAM
to RAM transfer can be execuled simply by performing a write transfer cycle. A write transfer is
invoked by holding CAS “high”, DT/OF “low”, WB/WE “low”, SE “low” and DSF “low" at the
falling edge of RAS. Also if DSF is “high” under the condition of a “high” CAS, “low” DT/OE

e

and “low”, WE/WE at the falling edge of RAS, a write transfer is invoked independent of the state

of SEL.
S e I e U
&5 S w \ I
O /1) TN 7/ ST
1w | T
5T/ 7 , :
W1 /i01~W4/ 104 —-—'—@ ;
sc N {"__Inhibit Rising Transition \ f—\__/-\_
si0,-s0,  SHEEEIERY—
DSF :

Mask Data 0 : Not Transferred
t @ Transferred

*1 DSF | *2SE Operation
L L Write Transter
H Lor H | Write Transfer

Figure 12. Write Transfer Timing

The row address selected at the falling edge of RAS determines the RAM row address into
which the data will be transferred. ‘The column uddress 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 leaded.
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256 columns 256 columns

512 : Active SAM QSF Level
rows lower SAM “Low"
\ upper SAM "High”

| W
7 256 bit%[ 256 bit |

Active Non-Active

Figure 14. Split Register Mode

Last SC

L?z‘; SS)C First sC el First 5C
\ "“:l_wi—g:""" \
Qsk “ow” /ﬁ \ “low”

lower SAM : Active upper SAM : Active {ower SAM : Active

Figure 15. QSF Output State During Split Register Mode

SPLIT READ TRANSIER 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 16 and 17,
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 tsrs, from the
change of slate of the QSF output, is satisfied.

-~ 256x4

| L/
E Active 2[ / |
o

SIO
Figure 16. Block Diagram for Split Read Transfer
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SAM Start Address <:]D $10,~5104
R ¢ ON

512 x 512 x 4bits
Memary Cell Array

M
Ag~Ag °
<
Y Mask
e Data
3
o
-3

Figure 13. 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 Vg, or Vi during the RAS cycle. A rising edge of the
SC clock is only 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 execuled. The only purpose of a pseudo write transfer is
to change the SAM port mode {rom output mode to input mode (A data transfer from SAM to RAM
does nol 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
TKS “high”, DT/OE “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
ST at the falling edge of RAS.

SPLIT READ TRANSFER AND QSF

The TC524259BJ / BZ features a split read transfer capability between the RAM and the SAM.
During split read transfer operation, the serial register is split into two halves which can be
controlled independently. Split read transfer operations can be performed to one half of the serial
register while serial data can be shifted out of the other half of the serial register, as shown in
Figure 14. The most significant column address location (A8C) is controlled internally to
determines which half of the scrial 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 changes

state when the last SC clock is applied to active split SAM, as shown in Figure 15.
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OISt Y, [T /////////// DN,
ose LN, ////////////////////
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Figure 17. 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 18.

Read
Transfef/‘\ Split Readgfer\ Split Read m

s¢ _J\JWWWWW\NVW\NWWWWWWWWWW """""""
QSF

Jl P

1
18]
U
e n
/1) 1

T T T T

) T 1
+ ¥ 1 --q: e— ¥ _——_—h--‘
T T 1 T 1

¥
T

TV TY

Figure 18. Example of Consecutive Read Transfer Operations
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SPLIT-REGISTER OPERATION SEQUENCE (EXAMPLE)

Split read transfers must be preceded by a normal read iransfer. Figure 19 illustrates an
example of split register operation sequence after device power-up and initialization. After
power-up, a minimum of 8 TAS and 8 SC clock eycles must be performed to properly initialize the
device. A read transfer is then performed and the column address latched at the falling edge of
TAS 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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SAIA
Pointer

255

Pause Dummy Read
{200ps) Cycle Transfer
o

Split Read
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S

Split Read
Transfer

Pseudo

Write
Transfer

A

* Serial Output? i

E Serial

Input

i Upper

Reset/ Set SAM
nointer H

; Upper i
s . A
.......... i ; g
i | Lower i
M Reset/Set SAV]
|

pointer \ ,

Pointer Location !
Undefined

Figure 19.

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,

TRANSFER OPERATION WITHQUT CAS

Serial data will be written into the SAM starting from this location.

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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RAS T\ A
Proper
TAS \ / Transfer
Cycle
nddress VI Row XTI __ShN Sen X100
RAS \ /
o Not
CAS Allowed

address I Row N

TAP LOCATION SELECTION IN SPLIT READ TRANSFER OPERATION

(a) In a split read 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 read transfer, column address A8C is controlled internally and therefore it is ignored
internally at the falling edge of CAS.

e T\ /A

TS \ Y A

Addresses 000 Row N7 Tap address N
AOR~ABR AOC~AT7C (A8C 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
cither the lower SAM or the upper SAM, as the tap location.

(b) In the case of multiple split read transfers performed into the same split SAM register, the tap
location specified during the last split read transfer, before QSF toggles, will prevail. In the
example shown below, multiple split read 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.

A T\ 7\ aa\ a
m T\ T [
Address  —(Row L)(Tap 1)— (Row 2 YTap 2)—S—Row NXTap N

lower SAM : Active -
QSF upper SAM ;: Non-active | lower SAM : Nan-active
T Last  First UpperSAM :Active
v Clock Clog

S O PR U O B Iy B

Multiple Split read transfer into upper SAM E Serial access of upper SAM

Serial access of lower SAM ! starting at Tap N location

)
1
1
|t eeeee
'
]
|
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SPLIT READ TRANSFER OPERATION ALLOWABLE PERIOD

Figure 26 illustrates the relationship between the serial clock SC and the special function
output QSF during split read transfers and highlights the time periods where split read transfer
are allowed, relative to SC and QSF.

Last First Last First Last First
Clock  Clock Clock  Clock Clock  Clock

e _[TLALF L FLFLI L o KLSL]

N '\ \
QSF
tom | tsrs torm | tsrs tsti | tsTs

Split { | |
Read/Write
Transfer YES NO YES NO YES NO YES
allowed.

Figure 20. Split Transfer Opcration Allowable Periods

As indicated in Figure 20, a split read transfer is not allowed during the period of tstH + tsTs.

SPLIT READ TRANSFER CYCLE AFTER NORMAL READ TRANSFER CYCLE

A split read transfer may be performed following a normal 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 below).

:-<—->:
i
Next Transfer!

Not Allowed |

Next Transfer Operation is allowed.

t
)
A N/ \ |
)
CAS \ / |
1 —
_ ]
DY/0E \ / T N S
[
'
)
DSF ! /———————-—\-——.—
]
QsF Y
1
H
« AL
1 o == e e
Transfer Operation ! 130ns;
H
]
,
)
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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 aliowed.

below).

j

S e
)

s S T
;

DSF ;

QsF B
]

s : S O
| ‘ i

Transfer Operation : 130ns;

1]
1
i
I

NORMAL TRANSFER AFTER SPLIT READ TRANSFER

A normal transfer (read/write/pseudo write) may be performed following split read transfer

operation provided that a 30ns minimun delay is satisfied after the QSF signal toggles.

!
QSF Y
i o
Split Transfer— le30ns Min. __: . Normal Transfer Operation Allowed
! ]
' 1
1 1
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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 Vg supply is turned on. After power-up, a pause of 200 pseconds minimum
is required with RAS and IT/OE held “high”. After the pause, 2 minimum of 8 RAS and 8 SC
dummy cycles must be performed to stabilize the internal circuitry, before valid read, write or
transfer operations can begin. During the initialization period, the DT/OE signal must be held
“high”. If the internal refresh counter is used, a 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, CAS, DT/OE and WB/WE held “high”, the internal state
of the TC524258BJ/BZ 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 recomuncnded 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 port Input Mode

QSF High- Impedance

Color Register all “Q"

WM1 Register Write Enable

TAP pointer Invalid
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