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. This technical data may be controlled under U.S. Export Administration Regulations

and may be subject to the approval of the U.S. Department of Commerce prior to
export. Any export or re-export directly or indirectly, in contravention of the U.S.
Export Administration Regulations is strictly prohibited.

LIFE SUPPORT POLICY

Toshiba products described in this databook are not authorized for use as critical
components in life support systems without the written consent of the appropriate
officer of Toshiba America, Inc. Life support systems are either systems intended for
surgical implant in the body or systems which sustain life.

A critical component is any component of a life support system whose failure to
perform may cause a malfunction or failure of the life support system, or may affect its
safety or effectiveness.

The information in this databook has been carefully checked and is believed to be
reliable, however, no responsibility can be assumed for inaccuracies that may not have
been caught. All information in this databook is subject to change without prior notice.
Furthermore, Toshiba cannot assume responsibility for the use of any license under
the patent rights of Toshiba or any third parties.
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TOSHIBA

2M VRAM CROSS REFERENCE

FUNCTION BASIC & SPECIAL FEATURES IN Ci[t]SI;ICNgé}SE};(ETCél‘?I;ggggfiE(S)UT
Toshiba TC528257 TC528267
Micron MT42C8257 MT42C8256
NEC uPD482234 uPD482235
Hitachi HM538254

Note: This cross reference has been developed based on compatibility of feature sets. We recommend system
designers to check timing specifications in detail to ensure complete compatibility.
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TOSHIBA

OUTLINE DRAWINGS
o Plastic SOJ TC524258BJ
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+ Plastic ZIP TC524258BZ
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« Plastic TSOP
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« Plastic TSOP TC524258BTR
TSOP28 - P - 400C
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 Plastic SOJ TC528128BJ, TC528257]), TC528267)

S0J40 - P - 400

UNITinmm

40 21
o N s T e B o T A O o 5 s 0 e T e S O A0 s s B s B o o 0 s B o I s Qs 3 /@

10.16TvP
11.0540.12
9.31vP

LS QS S g e e s gy vy gy Sy ¢y gy
1 20

26.46MAX

26.040.12 u

0.7120.1

'!'!'|'|'l'!'!'l'!'!'!'l'!'!'!‘!'!'!

0.4310.1 570,18 ()

Weight : 1.55g (TYP.)

0.8MIN

3.510.2

1.27

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. B-5



« Plastic TSOP TC528128BFT, TC528257FT, TC528267FT
TSOP44 - P - 400B

UNITinmm
44 35 32 23
RRARRAAAAE nnnnnnnng_g:‘—ﬁ_ F ﬁl
= o
el =
®) , 1 |
FEBE8S008 BOCOROEEEE | S
H 10 13 22
0.805TYP 0.3+0.05 q
s:msm
l 18.81 MAX
18.4140.1 é ’;‘ -8
3| & %]
i v <
°'
1)

Leom

0.110.05

it @ 0.48g (TYP)

B-6 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



«+ Plastic TSOP TC528257TR, TC528267TR

TSOP44 - P - 400C
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* SSOP64-P-525
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TSOP70-P-400 TC524162/165FT, TC524162/165TR,
TC524262/265FT, TC524262/265TR
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TOSHIBA

SILICON GATE CMOS

TC524258B

target

262,144WORDS X 4BITS MULTIPORT DRAM

DESCRIPTION

The TC524258B 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 TC524258B
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. 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

TC524258B features the block write and flash write functions on the RAM port and a split register data transfer

capability on the SAM port. The TC524258B 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

« Single power supply of 5V * 10% with a built-in
Vpgp generator

« All inputs and outputs : TTL Compatible

*  Organization
RAM Port : 262,144words X 4bits
SAM Port : S512words X 4bits

« RAM Port
Fast Page Mode, Read - Modify - Write
CAS before RAS Refresh, Hidden Refresh
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
TC524258BJ : S0J28-P-400
TC524258BZ : ZIP28-P-400

KEY PARAMETERS
ITEM
—380 | —10
tRAC RAS Access Time 80ns | 100ns
(Max.)
tcac CAS Access Time 25ns | 25ns
(Max.)
tAA Column Address Access
Time (Max.) 45ns | 50ns
tre Cycle Time (Min.) 150ns | 180ns
tpc Page Mode Cycle Time Sons | 55ns
(Min.)
tsca Serial Access Time 25ns | 25ns
(Max.)
tsce Serial Cycle Time (Min.) [ 30ns | 30ns
lecy RAM Operating Current
(SAM : Standby) 85mA | 70mA
T .
SAM Operating Current
ccza
(RAM : Standby) S0mA. | S0mA
lcon Standby Current I0mA | 10mA

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TC524258B

. PIN NAME
AO0~A8 Address inputs
RAS Row Address Strobe
CAS Column Address Strobe
DT/OE Data Transfer/Output Enable
WB/WE Write per Bit/Write Enable
DSF Special Function Control

WI/IO1 ~W4/104

Write Mask/Data IN, OUT

SC

Serial Clock

SE Serial Enable
SIOI~SIO4 Serial Input/Output
QSF Special Flag Output
Veo/Vss Power (5V)/Ground
N.C. No Connection

PIN CONNECTION (TOP VIEW)

TC524258B)
sc 11O 28] Vss
SI0o1 2 270 slo4
si02 (03 26 [ Sl03
DT/OE [a 5[] SE
W1/101 [s 24 ] W4/104
w2102 0O 23 0 W3/103
WB/WE [ 7 221 DSF
NC Ea 211 CAS
RAS [ 20 QSF
A8 [ 10 1900 A0
A6 [ 11 180 A1l
A5 [12 170 A2
A4 [}13 160 A3
Vee [1a 15[ A7-

C-2

DSF
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TC524258B
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BLOCK DIAGRAM
W1/101~W4/104 I e $I01~5104
T 2 ¢ [22|¢";Um T 2 ¢F
| b togsars ] b
SERIAL OUTPUT SERIAL INPUT
OUTPUT BUFFER INPUT BUFFER TIMING GENERATOR it BUFFER
T
4 4
4 |
BLOCK
WRITE ]
CONTROL a COLOR
REGISTER <I
FLASH (4bit)
WRITE 2
CONTROL
. WM1
WRITE WRITE-PER <}: REGISTER .
CONTROL BIT (abit) NS
—~—-—4——' CONTROL
0
Iy 1 I’E__L—L
I | .| I || | 1
I L] i i
w -
FR=
-
SIS e 5
2|z e | g v
6 |« 512x512x4 o v
v -l
w a.
0|3 [s102 CELL —
2
3|2 ARRAY bl = _5
- w < wv m +
o wv g < = g
v e i
L] x| 3 A
L - QsF T>—o qsF
TT] ZAN
512 r—
o 111 SERIAL ADDRESS
ROW DECODER COUNTER (9bits)
[ _1d
COLUMN ADDRESS ROW ADDRESS <‘\: REFRESH
BUFFER (9bits) BUFFER (9bits) COUNTER Ve Vss
AO~AS
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TC524258B

ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT NOTE
Vine Vour | Input Output Voltage —1.0~7.0 A\ 1
Vee Power Supply Voltage —1.0~7.0 v 1
Topr Operating Temperature 0~70 °C 1
Tsto Storage Temperature — 55~150 °C 1
TsoLDER Soldering Temperature * Time 260-10 °Cesec 1
Pp Power Dissipation 1 w 1
Tout 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 55 A\ 2
Vi Input High Voltage 2.4 — 6.5 v 2
Vi Input Low Voltage —1.0 — 0.8 \% 2

CAPACITANCE (V¢ =5V, f = IMHz, Ta = 25°C)
SYMBOL PARAMETER MIN. MAX. UNIT
Gy Input Capacitance — 7
Cio Input/Output Capacitance — 9
Co Output Capacitance (QSF) — 9 Pr

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

C-4
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TC524258B

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

-80 -10
ITEM (RAM PORT) SAM PORT | SYMBOL UNIT | NOTE
MIN. | MAX. [ MIN. | MAX.
OPERATING CURRENT Standby Icct — 85 — 70 3,4
RAS, CAS Cycling
trc = trc Min. Active Iccia — 125 — 110 3,4
STANDBY CURRENT Standby Icc2 — 10 — 10
(RAS, CAS = VIH)
Active Icc2a — 50 — 50 3,4
RAS ONLY REFRESH CURRENT Standby Iccs — 85 — 70 3,4
RAS Cycling, CAS = Viy
(tRc =trc min. ) Active Iccsa — 125 | — 110 3,4
PAGE MODE CURRENT Standby Iccq — 75 — 60 3,4
RAS = Vy, CAS Cycling
tpc = trc min. Active Iccan — 115 — 100 3.4
mA
CAS BEFORE RAS REFRESH CURRENT |  Standby Iccs — 85 — 70 3,4
RAS Cycling, CAS Before RA
tRC = trc Min. Active Iccsa — 125 — 110 3,4
DATA TRANSFER CURRENT Standby Iccs — 105 — 90 3,4
RAS, CAS Cycling
trC = trc min. Active Iccoa — 145 — 130 3,4
FLASH WRITE CURRENT Standby Iccr — 85 — 70 3,4
RAS, CAS Cycling
trc = trc min. Active Iccra — 125 — 110 3,4
BLOCK WRITE CURRENT Standby Iccs — 95 — 80 3,4
RAS, CAS Cycling
trc = trc min. Active Iccsa — 135 — 120 3,4
ITEM SYMBOL | MIN. | MAX [ UNIT | NOTE
INPUT LEAKAGE CURRENT I 10 10 A
0V<VN<6.5V, All other pins not under test=0V 1M s
OUTPUT LEAKAGE CURRENT 1 —10 10 A
0V<Vour <5.5V, OutputDisable ow) H
OUTPUT “H” LEVEL VOLTAGE
X — \%
IOUT =-2mA VOH 24
OUTPUT “L” LEVEL VOLTAGE VoL . 0.4 v
IOUT =2mA

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TC524258B

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.

OPERATING CONDITIONS (V¢ =5V £10%, Ta = 0~70°C)(Notes: 5, 6, 7)

SYMBOL PARAMETER 80 10 UNIT |NOTE
MIN. | MAX. | MIN. | MAX.

tre Random Read or Write Cycle Time 150 180

tRMW Read-Modify-Write Cycle Time 195 235

tpc Fast Page Mode Cycle Time 50 55

tpRMW 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
teac Access Time from CAS 25 25 8,15
topa Access Time from CAS Precharge 45 50 8,15
toFF Output Buffer Turn-Off Delay 0 20 0 20 10
tt Transition Time (Rise and Fall) 35 35 7
trp 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

tRsH RAS Hold Time 25 25

tesh CAS Hold Time 80 100

Teas CAS Pulse Width 25| 10000] 25| 10000

treD RAS to CAS Delay Time 20 55| 20 75 14
tRAD RAS to Column Address Delay Time 15 35 15 500 ™ [ 14
tRAL Column Address to RAS Lead Time 45 50

terp CAS to RAS Precharge Time 10 10

tepN CAS Precharge Time 10 10

tep CAS Precharge Time (Fast Page Mode) 10 10

tAsR Row Address Set-Up Time 0 0

tRAH Row Address Hold Time 10 10

tasc Column Address Set-Up Time 0 0

tcAH Column Address Hold Time 15 15

tAR Column Address Hold Time referenced to RAS | 55 70

tres Read Command Set-Up Time

treH Read Command Hold Time 11
tRRH Read Command Hold Time referenced to RAS 11
twcH Write Command Hold Time 15 15

twer Write Command Hold Time referenced to RAS 55 70

twp Write Command Pulse Width 15 15

tRwL Write Command to RAS Lead Time 20 25

tewr Write Command to CAS Lead Time 20 25
C-6 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.




TC524258B

SYMBOL PARAMETER 80 10 UNIT |NOTE
MIN. | MAX. | MIN. | MAX.
tps Data Set-Up Time 0 0 12
tpy Data Hold Time 15 15 12
tDHR Data Hold Time referenced to RAS 55 70
twes Write Command Set-Up Time 0 0 13
tRWD RAS to WE Delay Time 100 130 13
tAwD Column Address to WE Delay Time 65 80 13
tewd CAS to WE Delay Time 45 55 13
tpzc Data to CAS Delay Time
tbzo Data to OE Delay Time ns
torA Access Time from OE 20 25 8
toEz Output Buffer Turn-off Delay from OE 0 10 0 20 10
toED OE to Data Delay Time 10 20
toEH OE Command Hold Time 10 20
tROH RAS Hold Time referenced to OE 15 15
tosr CAS Set-Up Time for CAS Before RAS Cycle 10 10
tcHR CAS Hold Time for CAS Before RAS Cycle 10 10
trpc RAS Precharge to CAS Active Time 0 0
tREF Refresh Period 8 8| ms
twsr WB Set-Up Time 0 0
tRwH WB Hold Time 15 15
trsR DSF Set-Up Time referenced to RAS 0 0
tRFH DSF Hold Time referenced to RAS (1) 15 15
tFHR DSF Hold Time referenced to RAS (2) 55 70
trsc DSF Set-Up Time referenced to CAS 0 0
topy DSF Hold Time referenced to CAS 15 15
tvms Write-Per-Bit Mask Data Set-Up Time 0 0
tMu Write-Per-Bit Mask Data Hold Time 15 15
trEs DT High Set-Up Time 0 0 ns
traH DT High Hold Time 15 15
trrs DT Low Set-Up Time 0 0
trLH DT Low Hold Time 15| 10000 15{ 10000
tRTH DT Low Hold Time referenced to RAS 65| 10000 80| 10000
(Real Time Read Transfer)
tATH DT Low Hold Time referenced to Column 30 30
Address (Real Time Read Transfer)
tera DT Low Hold Time referenced to CAS 25 25
(Real Time Read Transfer)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TC524258B

SYMBOL PARAMETER 80 10 UNIT|NOTE
MIN. | MAX. | MIN. | MAX.
tesr SE Set-Up Time referenced to RAS 0 0
tREH SE Hold Time referenced to RAS 15 15
trRp DT to RAS Precharge Time 60 70
trp DT Precharge Time 20 30
trSD RAS to First SC Delay Time (Read Transfer) 80 100
tasp Column Address to First SC Delay Time 45 50
(Read Transfer)
tesp CAS to First SC Delay Time (Read Transfer) 25 25
trse Last SC to DT Lead Time 5 5
(Real Time Read Transfer)
trsp DT to First SC Delay Time (Read Transfer) 15 15
tsrs Last SC to RAS Set-Up Time (Serial Input) 30 30
tsrD RAS to First SC Delay Time (Serial Input) 25 25
%SDD RAS to Serial Input Delay Time 50 50
tspz Serial Output Buffer Turn-off Delay from RAS 10 50 10 50 10
(Pseudo Write Transfer)
tscc SC Cycle Time 30 30
tsc SC Pulse Width (SC High Time) 10 10
tscp SC Precharge Time (SC Low Time) 10 10
tsca Access Time from SC 25 25 ns 9
tsoH Serial Output Hold Time from SC 5
tsps Serial Input Set-Up Time 0
tspu Serial Input Hold Time 15 15
tsEA Access Time from SE 25 25 9
tsg SE Pulse Width 25 25
tsep SE Precharge Time 25 25
tsgz Serial Output Buffer Turn-off Delay from SE 0 20 0 20 10
tszg Serial Input to SE Delay Time
tszs Serial Input to First SC Delay Time 0
tsws Serial Write Enable Set-Up Time 0
tswH Scrial Write Enable Hold Time 15 15
tswis Serial Write Disable Set-Up Time 0 0
tswin Serial Write Disable Hold Time 15 15
tsTs Split Transfer Set-Up Time 30 30
tsTH Split Transfer Hold Time 30 30
tsop SC-QSF Delay Time 25 25
trop DT-QSF Delay Time 25 25
tcop CAS-QSF Delay Time 35 35
troD RAS-QSF Delay Time 75 90

C-8
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TC524258B

NOTES:
1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device.
2. All voltage are referenced to Vgg.
3. These parameters depend on cycle rate.
4. These parameters depend on output loading. Specified values are obtained with the output open.

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 refresh counter, a
minimum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required.

6. AC measurements assume ty = 5ns.

7. VIH (min)) a1d Vi1 (may ) are reference levels for measuring timing of input signals. Also, transition times
are measured between Vi and Vy; .

8. RAM port outputs are measured with a load equivalent to 1 TTL load and 100pF.
Dqyr reference levels : Vg / Vo =2.0V /0.8V.

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

10. tOFF (max.)» 'OEZ (max.)» 1SDZ (max.) @04 tsEZ (max.) define the time at which the outputs achieve the open
circuit condition and are not referenced to output voltage levels.

11. Either tgcy or tgry must he 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. twess tRwps tewp and tawp are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only. If tycg 2 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 trwp 2 trwp (min.)> tcwp 2
tewD (min.) 204 tAwD 2 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 tycp (max.) limit insures that tg o ¢ (max,) €an he met.
tRCD (max.) 18 specified as a reference point only : If tgcp is greater than the specified
tRCD (max.) limit, then access time is controlled by tcac.

15. Operation within the tgAp (max,) limit insures that tgAc (max,) €an be met. tRap (max,) 1S specified as a
reference point only: If tg oy is greater than the specified tgop (max ) limit, then access time is controlled

by tpa-
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TC524258B

TIMING WAVEFORM

READ CYCLE

.
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TC524258B

WRITE CYCLE (EARLY WRITE)

tgp

T = e N

& W f t N1 / N_
<tA_sa’. ‘ M Tasc tm:

WS N :

tawH  twes

warwE f%{: @4— ‘:v Y 4

]JT—"i Bin [ TRwi.

"

el

R
lrsq IREH tesc oy teen
Vi =
DSF y %& %‘ W
tvs vy tos ton

e v weew.

—
w1/101
~W4/104
L— our \\;gr_ OPEN ‘
m : "H" or “L"
*] WB/WE W1/I01~W4/104 Cycle
0 WMI data Write per bit
1 Don’t Care Normal Write
WMI1 data 0: Write Disable

1: Write Enable
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TC524258B

WRITE CYCLE (OE CONTROLLED WRITE)

A0~AB
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tre

TN s \
x::f : _-/—!- t \\ teas / /—l- \—
tase | @R—AD tasc f:f:
D e YO o
4 . DAL/
| ey |
e SEW. /e
w2l %
s | e, 23] |0
w I%E/ ww 0wl R o X7
V7] - "H" or "L"
*1 WB/WE W1/I01~W4/104 Cycle
0 WMI1 data Write per bit
1 Don’t Care Normal Write
‘WMI1 data 0: Write Disable

1: Write Enable
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TC524258B

READ-MODIFY-WRITE CYCLE

AQ0~A8
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i Do | e NN
tan teac tor
trac -
32{‘ R OPEN _JQA\{&%&;
: "H" or "L”
*1 WB/WE W1/I01~W4/104 Cycle
0 WMI1 data Write per bit
1 Don’t Care Normal Write
WMI data 0: Write Disable

1: Write Enable
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TC524258B

FAST PAGE MODE READ CYCLE

AQ~AB

DSF

I————IN
W1/101
~W4/104

L—our

trasp trp
Vi — X tar trc
Vi — \ /
¢ TRsH
CRP treD tcp tcp teen
= |leteas o ~
Vi — traD *\\.ﬁ_,/ N<_lc_As_> i .\ 7
Vi — tesH r_zy ;Lt
1, tcan RAL
tIf'R’ i““ tasel || tean tasc tasc tear
 —y
Vin ROW coL.
Vi ADD. A A ADD.n
) 1
|ty
tRes ==l 1| tres | [TRey
Vin
Vi
trus| | tHH
S
Vin
ViL
tesc 1 1
tesr | tesc FSC, |
<] | treH t ! ter|
Vg = CFH teed | 4 <
T
1rHR 1
tozo gl { ! tcpa tepa
Vin
ViL R toea| | tore loea torr
N | teag toez teag oEz teag torz
toac  |<2R > tan taa <>
Von — g - y N- £ N
P DATA-OUT DATA-OUT)). DATA-OUT]
Voo — OPEN p s nadt oy e s LAV

V] :“H" or "L”
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trasp tap
L tar tec
RAS M N
t
lc'”’ trRcD tcp tep tRsH [, teen
teas teas
Vi = a-\ ‘ N 2 N | teas
CAS trAD /
ViL — tesH \r Z \ / \
tas tRAH , tcaH ¢ tcan T tRaL
- tasc ASC ~ tasc CAH
Vig ROW oL X COoL. [e] L v
A0~A8
ViL :%k ADD N App.1 f N\ ADD.2 N AoD.n Jf
twer
1 tRwH —t twen twen
W3R WCs, twen twes | <= twcs)
o ~
W8/ WE ‘\;‘" %Z “ twe twe twe
L 7/
t tewt,
trus tmul tow | cwiL ol
DT/OE x:r
TEHR | teeH
trew| | 4 tescy tesg | tesc
St tcrn terH
BT iw? I
[
tvh y
tvs 4 tos tox |<—> lou
<>
DATA-IN ¥

N VM - WM
[ Vi A _DATA 1 A

DATA-IN
‘ n i-

wi1/101 toHr
~W47104 D
L_our Vo~ OPEN

VoL —

m :"H" or “L”

*| WB/WE W1/I01~W4/104 Cycle
0 WMI data Write per bit
1 Don’t Care Normal Write
WMI1 data 0: Write Disable

1: Write Enable
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TC524258B

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

A0~A8

.

wi1/101
~W4/104

L ouT

C-16

trasp
tAr tre
| €|
Vin —_’\ tesy }—4\-
Vii —
teRMW trsH
fa e P
o t
Vi cas j‘ﬁ teag /+f1 teas /_ 7—
Vi — tas \r \: \-\-
t fas L tasg towl
tasg | |88H tcay | towt 4—:"* eyt tcan ] <
Vin " RoW x coL. coL. coL.
Vi ADD. /N ADD. 1 | ADD.2 ADD.n
twsg f I tRAL
vy LR e - tur
Vi _?( » 1,
ViL Y, 1 y CWD \ town \ tewn \
trwn
trus | [<tzenbl
Vi tREH 1 A Vg
Vi 77 tenr
tesr 1] ) Ltesc tesc) ltesg
tern
Vin
Vi 24 |
v, 1<R%Q b
tm ol _cl | t_ng tou
Vin HA wmiRp : DATA- |
ViL = AT to) ) IN 1
leag | |tosz
taa
Vo (8o (s (ors)>
- T
o trac e
V4 + "H" or "L”
*1 WB/WE W1/101~W4/104 Cycle
0 WMI1 data Write per bit
1 Don’t Care Normal Write
WMI data 0: Write Disable

1: Write Enable
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RAS ONLY REFRESH CYCLE

W1/101

Ol
~W4/104 Vo

RAS I
—
H \
L — .
) tere tﬁpc| i&gﬁ

) N

P N e
*
*as

tgp

F

B

s

OPEN

: "H" or "L”
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CAS BEFORE RAS REFRESH CYCLE

e
0

torr
|~—>|
WI/101  Vou —

Note: AO-A8 = Don't Care ("H" or "L") m :"H" or "L"

DSF
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HIDDEN REFRESH CYCLE
tre trRe
tRas trp tras L trp
— tar
e 3 L— }_
RAS VIL —_ \r / \r
t N
tcrp tReD tRsh tenr tepn
Vg — £ - \ r
@ ) _ /] N | / N
trao traL
tasr tﬁf“ té;i (;A
Vi 7 ROW COLUMN
AO~AB ADDRESS ADDRESS
twsr
! treH tawn
WB/WE
trou
DT/OE
lesc tern
tenR
DSF
toea torE |
[ — tan |G loez.
W1/101  Vou= X b
~W4/108 Vo — g L VALID DATA-OUT

V7] : " or"L”
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LOAD COLOR REGISTER CYCLE

wmuwl N N

w it f 2
AO~AB %:?onss: H - -

DT/OE %‘m n B WL: '

o WG]
] [

V:r W COLOR DATA-IN W/////

w1/101 " 1pHR tos | | toH (Delayed Write)
~W4/104 T I

— W0 o M

(Early Write)

-

VA : "H" or "L”
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READ COLOR REGISTER CYCLE

C
tras tre
Vin — 3 Vr‘——é
Sy _ N N
itcnp trsh tepn
Vi — teas
&Sy, _ / \ / / \
tasr tRAH
Vi
A0~p8 !

W1/101  Vou— I
~W4/104 Vo — L VALID OUTPUT }——
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FLASH WRITE CYCLE

w ol N N
N

= w_f 0 7 —
o 32 Do o N
w0 B ||
e 0 G| N

tesr 1,

W F ||

1, t
MS MH

W e R o W i

out o - OPEN

m : "H” or "L"

‘WMI1 Data Cycle

0 Flash Write Disable

1 Flash Write Enable
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BLOCK WRITE CYCLE

AS . trp
tar X——s
— \__.

&

<< <<
- X

|ll l]

AN/ T R

traD traL

e

>

o

2 |

<< <<

-~ T Lol 4
}g

R tRAH
s o0 NN e M
s

tRwWH

Dl

N i 000000,

FHR |

tren

T T

t
MH

toH

.

*2

W1/101
~W4/104

v
L— our You

!

OPEN

I N @_ |

: "H" or "L"

*1 WB/WE *2 W1/I101~W4/I04 Cycle
0 WMI Data Masked Block Write
1 Don’t Care Block Write (Non Mask)
WMI1 data 0: Write Disable
1: Write Enable
*3 COLUMN SELECT

W1/I01 - Column 0 (A =0, Agc =0

W2/102 - Column 1 (A =0, Agc = 1 W“/I?Sl‘ Biable
W3/103 - Column 2 (A = 1, Agc = 0 =0:

=1 : Enable

W4/I04 - Column 3 (Ajc=1,Apc=1
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TC524258B

PAGE MODE BLOCK WRITE CYCLE

trasp rp
RAS Vi —’__\'\ tar
ViL — .
tesH tec tpc TRSH
tere tep
\ tre . tep . . teen
s Vm — -\ CAS f——\-\ CAS t"—"\-\ CAS
ViL — traD \ \
[tRaH tcan tcan traL
tasr ~>| tasc tasc tasc téﬁﬂ
A0~A8 VM %‘ROW A~y Axc~ Axc~
Viu NLADD. X _Asc A N _Asc *_Asc
THH
s :
DT/OE Vm ‘7
ViL —
TRwH
twsr
WB/WE Vi E R
Vie *x
tFHR | t,
1, CFH terH
tes | [BHE tesc [ < g tesc_, ’|
ViL = toHR |
MH ton o itoH

t,
tms <> tps <> tps |<—>| tos <>
WI1/101  Vin — . -, N i
~Wa4/104 Vi :%g 2 3 A 3 X "3

V/////A :"H” or “L”

*1 WB/WE *2 W1/I01~W4/104 Cycle
0 WMI1 Data Masked Block Write
1 Don’t Care Block Write (Non Mask)
WM1 data 0: Write Disable

1: Write Enable

*3 COLUMN SELECT
W1/I01 - Column 0 (A =0, Apc=0
W2/102 - Column 1 (A =0, Agc = 1 W"/IS(;‘, Disable
W3/I03 - Column 2 (Ajc=1,Ac =0 -1 : Enable
W4/104 - Column 3 (Ajc =1, Agc =1 o
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TC524258B

READ TRANSFER CYCLE (Previous Transfer is WRITE TRANSFER CYCLE)

o i — Ne=l /T TR
o @ﬁﬁzfjmmz
e N,
o i

trsp tsce
bep | |tsc tsep
Vi — 8 Lo R y
sC Vi — Inhibit Rising Transient
tse N
ts $25
|

— NI
QsF \\;gf: X TAP MSB (A8)

T v o
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TC524258B

REAL TIME READ TRANSFER CYCLE

w1/101
~W4/104

sC

Sl01
~Si04

b ouTt

QSF

C-26

O — N
e L N/ T F [N
¢ DB WD oo NI
" e
=\l N
) (‘;;; EST <4 tsoH
vt = X ot P ontdun ) oatigun )X ontciun o
v — Xr TAP MSB (A:)N —

m : "H" or "L
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TC524258B

SPLIT READ TRANSFER CYCLE

RAS VH T
RS v = / N AN
CSH,
t t teen
| CRP, RCD trsH | |
o= xm = i *'\ teas / /r N
o —
traD TRAL
1,
lA TRAHI AS tcaH
a8 VH T ROW SAM START }/7
Ao~a8 M 7 ADDRESS%\ ADDRESS (n) 1

A0~A7 : TAP

w i T ’///////%///////////////////////%//////

511 n n+1 n+2 253 5
(255) (n+256) (n+257) (n+258) "t (509) (510) (511) (n)

sc

SI01 Vi
~5104 vy

OH
QsF Vo

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

V) 1" or 1"

"‘I
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TC524258B

PSEUDO WRITE TRANSFER CYCLE

A0~A8

WB/WE

DSF

W1/101
~W47/104

sC

QSF

c-28

tre
tras trp
Vig — N e—— tar |
ViL — \ % N
tosH
tcre treD [ | tepn ;
v~ £ teas /r
v /] N /
trap tRAL
<LASR traH Tasc TcAn
\\;:r -\_ ROW ADDRESS % SAM START ADDRESS
AO~AB : TAP
<LWSR tRWH
Vin
ViL
WL (£ 00 A
ViH
\
JEsR tren
Vin
ViL -
JOFF
v b OPEN
VoL — £ e
tsrs 3(2 t‘—"’c e
Vin £ e - \L
Vi — / \ Inhibit Rising Transient /
SC T
leﬁﬂ» <£5§-E——> tsws
Vi 7 )
tspp R
tioz o] [lsn
1
Y - VALID
Vi — DATA-IN
tsca ,
1
|
Von — VALID VALD N H
VoL —__ DATA-OUT X DATA-OUT.)/ OPEN T
I Jsoml | i tcop g
| roD ;
Vou — 1
Vor — x TAP MSB (A8) |
H
i

Serial Output Data <——!

——> Serial Input Data

V2] : "H" or "L”
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WRITE TRANSFER CYCLE

Wi1/101
~W4/104

sC

AN

trsH

,,,,,

IN

/17

trap
tasr tRAH Tasc tcan
ROW ADDRESS @ SAM START ADDRESS
A0~A8 : TAP
twsr WH,

OPEN l

H y o P ’
L \ Inhibit Rising Transien
SC
tesr 1,

tsog | 5o tcqp

1s
>

tsps | [tsoH
| ~—>| | >

NI N TN

H tRaD
I
OPEN
s
X TAP MQB (A8)
Previous ———1 ———> New Row Data
Row Data
wWM1 d 0: Transfer Disable % : "H" or “L"
1: Transfer Enable ///%
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SPLIT WRITE TRANSFER CYCLE

W1/101
~W4/104 VoL

SI01
~S104 V.

SF
sk VoL

C-30

Von —

Vih —

Vou

I\

/

tean

SAM START )
ADDRESS (n)

A0~A7 : TAP

RI
| | <>

tm
t

(n

4

, MH
WMT %
L pata P

bttt

(

i\

— OPEN
1
Dse @bl @hhle e &3 & &h | "5t

...........................................................

n n+1 n+2 N/ e 2 234 2 |
+2551>Q"+3579<(H+Z5B)X &9 X G X & %<n+"

|~€——>

Note

:SE
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TC524258B

SERIAL READ CYCLE (SE=V;)

Vin
Vi

O VM

sC

SIO1
~5104

Vi

Vin
Vi

Vou
VoL

5CC

N

, tHs

N

tTHH_

3_\!;:!

tsc
e

tsc

tsc

SCC
tsc

Isc

> /|
RE Y
tscp

ScP tsca “isce tsca tsca Ttscp tsca tsca Yscp
tsoy lsou tson 1504 Ison
- VALID x‘ VALID *x VALID ’X‘- VALID ’X’- VALID X VALID
— >< DATA-OUT DATA-OUT £\ DATA-QUT DATA-OUT _¥N_ DATA-OUT _¥'N DATA-OUT

Note : SE= Vy.

SERIAL READ CYCLE (§ITZ Controlled Outputs)

RAS

a
3
a

Viy
ViL

Vin
VL

Vin
ViL

Vi
Vi

Vin
Vi

Vou
VoL

|

V4 :"H" or "L

—

trHs
S
3

t

tscc

tsce

ts tscc

tscc

_\R—}{ W el | | W | g
- /_‘ N
tsze
- tsca tseA tsca tsca
oy tsez tsca 150H Loy
~ VALID “VALID 7 VALID ¥ VALID VALID
- >< DATA-OUT N DATAQUT P OPEN _<P' DATA-OUT x DATAOUT X DATA-OUT

: "H" or "L
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SERIAL WRITE CYCLE (§E=VIL)

Vi =
RAS
Vi — .
tTHS tTHH
PiLUS

w N i

BT/OE
tscc tsec tscc tscc. tscc |
. tsc,, tsc | tsc | tsc Jsc
Viu —
sC
PR O e N O A
1 tsce tscp tscp Tsee SCP tsee
SDS tsps tsDs s0s tsps
SI01 Vi — VALID Y\~ VALID ¥ VALID YA VALD VALD
~si04 VL — A DATA-IN 4 N paTa-in SN DATA-IN \ DATA-IN _# DATA-IN
(|
Note : SE= V. V] - "H" or "L”

SERIAL WRITE CYCLE (SE Controlled Inputs)
|

[ Vig — freee—
RAS ViL — X
trHs

trun

e 12 T

1,

|56 s, | s, G, <35
., i 1t 4 J h i
sc :’/:C N tscp / scP A‘_"\ts& / tscp / tscp Iscp
tswiH tswin

tsws tsep tsws SEP tswh
Vin ____\ tswH r; tswh _:—%gs DAL N
SE v, — / N /

t tswis
Tt SWIS T Tse |
tss tsoy tsps soH tsps, tson,
Viy VALID VALID VALID

— N | DATA-IN DATA-IN | DATA-IN
o]}
~Sl04

L our JoH T OPEN

VoL —

@ "H" or "L"
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TC524258B

PIN FUNCTION

ADDRESS INPUTS : Ay~ 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 TC524258B are multiplexed onto 9 address input pins (Ay~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 (CAS).

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 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 and data

integrity. The RAM port is placed in standby mode when the RAS control is held “high”.

COLUMN ADDRESS STROBE : CAS

CAS 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 block 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 proper device operation and data integrity. CAS also acts as an output enable for the
output buffers on the RAM port.

DATA TRANSFER/OUTPUT ENABLE : DT/OE

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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TC524258B

WRITE PER BIT/WRITE ENABLE : WB/WE

The WB/WE input is also a multifunction pin. When WB/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 WB/WE is “low” at the falling edge of RAS during RAM port operations, the write-per-hit 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 MASK DATA/DATA INPUT AND OUTPUT : W{/I0;~W /10,4

- When the write-per-bit function is enabled, the mask data on the W;/IO; 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;/IO; pins after the specified access times from RAS,
CAS, 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/OE, 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 tgc, 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 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 he held at a constant Vyy or Vy level during read / pseudo write / write transfer
operations and should not he 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 operation. 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 flash write, block write, load color register and split read / write transfer can be invoked.

SPECIAL FUNCTION OUTPUT : 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 0~255) is being accessed and QSF “high” indicates
that the upper split SAM (Bit 256~511) is being accessed. QSF is monitored so that after it toggles and after
allowing for a delay of tgrg, split read / write transfer operation can be performed on the non-active split SAM.

SERIAL INPUT/OUTPUT : SIO1~SI104

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 TC524258B 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. 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.

CAS fallingedge  ~y Table 1. Operaton Truth Table
RAS fallingedge §_ | oo ’ 0 } 0 1 . 1
CAS\DI/\WB/. 58 m 0 i 1 0 1
0 * * * r CAS before RAS Refresh
1 0 0 0 |Masked Write Transfer Split Write Transfer with | Masked Write Transfer Split Write Transfer with
1 0 0 1 Pseudo Write Transfer Mask Pseudo Write Transfer Mask
1 0 1 * | Read Transfer Split Read Transfer Read Transfer Split Read Transfer
1 1 0 * | Read/Write per Bit Masked Flash Write Masked Block Write Masked Flash Write -
1 1 J 1 * | Read/Write Load Color Block Write Load Color

Table 2. Functional Truth Table

RAS V_ cas L Address WO Register
. Write
Function 1 Mask
CTAS | DT/OE | WB/WE|DSF|SE| DSF |RAS V_|cAs Y_|RAs Y. |cas © %QES + WM1 | Color
CAS before RAS Refresh 0 * * N - * - * - - - - -
Load
Masked Write Transfer 1 0 0 0]0 * Row TAP WMI1 * * WM1 use -
Pseudo Write Transfer 1 0 0 0|1 * Row TAP * * * - - -
« Load
Split Write Transfer 1 0 0 1 * * Row TAP WMI1 - WM1 use -
Read Transfer 1 0 1 0 [ * * Row TAP * * * - - -
Split Read Transfer 1 0 1 1] * * Row TAP * * * - - -
Load
Write per Bit 1 1 0 0 |* 0 Row Column WMi1 - DIN WMI1 use -
Column Column Load
. * )
Masked Block Write 1 1 0 0 1 Row A2C-8C WMI Select WMI1 wse | IS¢
Masked Flash Write 1 1 0 1| * * Row * WMI1 _ * WMl 1::::? use
Read Write 1 1 1 0 |* 0 Row Column * - DIN - - -
Column Column
a * * - - -
Block Write bt te ! Row | aacsc Select use
Load Color 1 1 1 1 | * * Row * * - Color - - |Load

*:“0” or “1”, TAP : SAM start address , : not used

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 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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RAM PORT OPERATION
FAST PAGE MODE CYCLE

Fast page mode allows data to be transferred into or out of multiple column locations of the same row by
performing multiple CAS 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 puseconds. 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-modify-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 8ms 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 TC524258BJ/BZ also offers an internal-refresh function. When CAS is held “low” for a specified
period (tcgp) 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 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 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)

- ~——Memory Cycle —>|<—— Refresh Cycle ——>|<——— Refresh Cycle —>
AS \ / \ / l' \ /—‘—

CAS \ U
W1/101
§ ——< Valid Data Output >—
W4/104

Figure 1. Hidden Refresh Cycle
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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 Wi / IOi pins is latched onto the write-mask register (WM1). When a “0”
is sensed on any of the Wi / IOi pins, their corresponding write circuits are disabled and new data will not be
written, When a “1” is sensed on any of the Wi/ I0i 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
— P ——— Function
CAS DT/OE B Wi/IOi (i=1~4)
H H H * Write Enable
1 Write Enable
H H .L
0 Write Mask

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

RAS .___., e CRT Display
Ws——e———\ olololololololololololo
iH \___ olo|olojolo|olo[ololole
- : — olo[o[o[olo[ololelelelo
Ao~As ER?W mﬂ{mn SRR olololololololelolelolo
o ; : olo[o[olo[o[e[o|o]e[o[o
DT/OE =~ H : Olo|o[o[C[e[e|e[e[e[O[O
i REOREREOEE
DSF : : OJojo]elolo]o]c]ole]o
T : o|o]e]ojc|ojo]o]o]oo]o
WEIWE 7\ 0 | 7000 4

wiio, P 77T rrﬁ—;o
Wa10: Y U s OO, (-

No Write (Masked)

Ws/103 2 vk 1 1 wiite
: : L No Write (Masked
We1104 7 . use L7 Ot

[

W,/710;=L : Write Mask
W, /10;=H : Write

)
O
o

Figure 2. Write-per-bit timing cycle Figure 3. Corresponding bit-map
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LOAD COLOR REGISTER/READ COLOR REGISTER

The TC524258B is provided with an 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 I/O blocks. The load
color register cycle is initiated by holding CAS, WB/WE, DT/OE and DSF “high” at the falling edge of RAS.
The data presented on the W;/IO; lines is subsequently latched into the color register at the falling edge of either
CAS or WB/WE, whichever occurs last. The data stored in the color register can be read out by performing a
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;/IO; lines after the specified access times from RAS
and DT/OE are satisfied. During the load/read color register cycle, valid Ay~Ag 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 J/O blocks and the flash write operation can be selectively controlled on an I/
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 W,/IO; lines at the falling edge of RAS in order to
enable the flash write operation for selected I/O blocks (Refer to Figure 4 and 5).

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.

Selected

ros U 0700000, "o +mﬁ zf%
WBIWE 7. (7770 <o !

Register -ce-_- .,é O
DSF /Z iH W : \>< /
WilI0i ZX wwi X7 7777 Write Enable  Write Disable
WM1 H: Write
L : Write Inhibit
Figure 4. Flash Write Timing Figure 5. Flash Write
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Figure 6. Plane clear application example

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 I/O 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 CAS. The state of the WB/WE input at the falling edge
of RAS determines whether or not the 1/O data mask is enabled (WB/WE must be “low “ to enable the I/0 data
mask or “high” to disable it). At the falling edge of RAS, a valid row address and I/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 A1C) 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 W~ /IO, W, /10,4 and
column 2. Block write is most effective for window clear and fill operanon in frame buffer applications, as
shown in the examples in Figure 9.

Ao~As %Row )m(caumn AC~A8C N7

RN

W8/ WE //_V///// T2

N

Ill‘

Wi/ 10; 4 Mmask Datamcolumn Selem
| W;/10¢ : Column0

. W;/10; : Column1 [ H : Write
[t{ 3?40 '\kﬂ?k bl ] W3/103 : Column2 [ L :Write Mask
- Mask Enable W4/10; : Column3

Figure 7. Block Write Timing
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Column

' Select

W1/10,

1

W;/104

W, /10,

1

W, /10,

o

Column | Column | Column

_

<«— Mask

W3/103

0

W3/103

Wy/104

Wy/104

SRR

INNN

Figure 8. Example of Block Write Operation

Figure 9. Examples of Block Write Application

FAST PAGE MODE BLOCK WRITE CYCLE

Mask

<«— Mask

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 CAS cycle with DSF held “high” at the falling edge of CAS.

If the DSF signal is “low” at the falling edge of CAS, 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.

Block Write Cycle

v

Read/Write Cycle

Figure 10. Fast Page Mode Block Write Cycle

Block Write Cycle
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SAM PORT OPERATION

The TC524258B is provided with 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

= [ JE— EDEDEn

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 RAS.
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 DT/OE at the -
OPERATION | falling edge of RAS | SC | SE FUNCTION Preceded by a
i L Enable Serial Read
Serial Output Mode . - Read Transfer
H Disable Serial Read
. L Enable Serial Write X
Serial Input Mode H R - . — | Write Transfer
- H Disable Serial Write
. L Enable Serial Write .
Serial Inut Mode L , - —— Pseudo Write Transfer
H Disable 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 256 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 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 in or out sequentially starting from this tap location to the most significant bit (511 or 255)
and finally wraps around to the least significant bit, as illustrated in the example below.

Tap lqcation

Tap location

REFRESH

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

The TC524258B 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, 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) 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 256 columns

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

0 0 8 |
512x4 K> | 2s6x4 w——"(—ﬁ,,

Figure 11. (a) Normal (Non-split) Transfer (b) Split Transfer

As shown in Table 5, the TC524258B supports five types of transfer operations: Read transfer, Split read
transfer, Write transfor, Split 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) whereas it remains unchanged during split
transfer operations (Split read or split write transfers). During a data transfer cycle, the row address Ay~Ag select
one of the 512 rows of the memory array to or from which data will be transferred and the column address Ay~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 (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
— T — Transfer Mode Transfer Direction | Transfer Bit | SAM Port Mode
CAS|DT/OE|WB SE|DSF

H L H * 1 L |Read Transfer RAM — SAM 512x4 Input — Output
H L L L | L |Write Transfer SAM — RAM 512x4 Output — Input
H L L H| L |Pseudo Write Transfer —_ — Output — Input
H L H * | H |Split Read Transfer RAM - SAM 256x4 Not changed
H L L * | H |Split Write Transfer SAM - RAM 256x4 Not changed

* : G‘H” Or G‘L,Y
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 DSF “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 DT/OE. 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/OE and this data becomes valid on the SI