TOSHIBA

SILICON GATE CMOS

TC5242598

target

262, 144WORDS X 4BITS MULTIPORT DRAM

DESCRIPTION

The TC524259B 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 TC524259B
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
TC524259B features the block write functions on the RAM port and a split register data transfer capability on
the SAM port. The TC524259B 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 KEY PARAMETERS
* Single power supply of 5Vt 10% with a built
in Vpg generator ITEM TC5242598
» All inputs and outputs : TTL Compatible —80 | — 10
*  Organization t RAS Access Time
c
RAM Port : 262, l44words X4bits B Max) 80ns | 100ns
SAM Port : 512wordsX4bits = =
+ RAM Port R Moy e 25ns | 25ns
Fast Page Mode Read - Modify - Write CAS ’
before RAS Refresh, Hidden Refresh RAS taa C'olumn Address Access 45ns 50ns
only Refresh, Write per Bit 1&2 Block Write Time (Max.)
Block Write (Mask 1&2) 512 refresh cycles / tre Cycle Time (Min.) 150ns | 180ns
8
ms tpe Page Mode Cycle Time
« SAM Port (Min.) 50ns 55ns
High Speed Serial Read / Write Capability - -
512 Tap Locations tsca Serial Access Time 25ns 25ns
Fully Static Register (Max.)
+ RAM- SAM Bidirectional Transfer tscc | Serial Cycle time (Min.) | 30ns | 30ns
Read / Write / Pseudo Write Transfer i t
Real Time Read Transfer fee FS’:T,{OET;ZE‘?,)C HTE L gsmA | 70mA
Split Read Transfer T -
ccaa | SAM Operating Current 50mA | 50mA
+ Package (RAM : Standby) ) )
TC524259B) : SOJ28 - P-400
TC524259B7 : ZIP28 - P-400 Ieca Standby Current I0mA | I0mA
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TC524259B

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/1I01 ~W4/104 Write Mask/Data IN, OUT
SC Serial Clock
SE Serial Enable
S101~S104 Serial Input/Output
QSF Special Flag Output
Ve Vss Power(5V)/Ground
N.C. No Connection

PIN CONNECTION (TOP VIEW)

TC5242598)
sc 01O 28 Vss
Sio1 2 27 {1 SI04
si02 {3 26 ] SI03
DT/OE [a 5 SE
wW1/101 [s 22 () wa/104
w2/102 (s 230 WwW3/103
WBWE {7 220 DSF
NC (s 2 [] CAS
RAS ]9 20{] QSF
A8 [] 10 190 AO
A6 O 18] A1
A5 []12 170 A2
A4 [} 13 16[] A3
Vcc EM 15] A7
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TC524259B

WI1/101~W4/104

lg IE SI01~SI104
a3 o e
LTt ?‘l EBEEE 2 | i ?fl
3 ?9299¢9¢ l <
SERIAL QUTPUT SERIAL INPUT
OQUTPUT BUFFER INPUT BUFFER TIMING GENERATOR BUFFER BUFFER

=

ﬁ;zg

BLOCK
WRITE
CONTROL 4 COLOR
REGISTER "5
(abit)
. WM1
WRITE WRITE-PER <r\_: reanner Kz
CONTROL 8IT (abit)
TRANSFER -
S CONTROL
) e
1] Tl
T T 17 -
L] L]
— ez ,
i —3 | " 2
b — .| & —is
SR — 512x512x4 —- |3 v
o B e | ——
w a | —_—
a3 (sz CELL
— — Ve
% g — ARRAY — § _5
=2 | w — g o -
Q| wn — — R
SO I — — " |: 52 R
L] — e« 3 &
] — — | QsF >0 qsk
TTT Open
NS L rom ov
9 i SERIAL ADDRESS
\ ROW DECODER COUNTER (9bits)
[ B
COLUMN ADDRESS ROW ADDRESS REFRESH
BUFFER (9bits) BUFFER (9bits) COUNTER Vee Vs

STITTITTI

A0~A8
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TC524259B

ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT NOTE
Vin- Your | Input Output Voltage — 1.0~7.0 A 1
Vee Power Supply Voltage — 1.0~7.0 \Y% 1
Topr Operating Temperature 0~70 °C 1
Tst6 Storage Temperature — 55~150 °C 1
TsoLDER Soldering Temperature « Time 260-10 °Cesec 1
Pp Power Dissipation 1 ' 1
Tour 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 4.5 5.0 55 v 2
Vi Input High Voltage 24 — 6.5 v 2
Vi Input Low Voltage -1.0 — 0.8 \% 2

+: -1V 20ns Pulse width
CAPACITANCE (V¢ =5V, f=1MHz, Ta = 25°C)
SYMBOL PARAMETER MIN. MAX. UNIT
C] Input Capacitance — 7
Input/Output Capacitance — 9
10 PF
Co Output Capacitance (QSF) — 9

Note: This parameter is periodically sampled and is not 100% tested.
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TC524259B

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

-80
ITEM (RAM PORT) SAM PORT SYMBOL UNIT | NOTE
MIN. MAX.
OPERATING CURRENT Standby Icct — 85 3.4
RAS, CAS Cycling
tRC = tre min. Active Iccia —_ 125 3,4
STANDBY CURRENT Standby Ieco — 10
RAS, CAS = vy
Active lecaa — 50 3,4
RAS ONLY REFRESH CURRENT Standby Iecs — 85 3,4
RAS Cycling, CAS = Vi
(tRc = trc min. ) Active Iccsa — 125 3,4
PAGE MODE CURRENT Standby Icca — 75 3,4
RAS = vy, CAS Cycling mA
tpe = trc Min. Active Iccaa — 115 3,4
CAS BEFORE RAS REFRESH CURRENT Standby Iccs — 85 3,4
RAS Cycling, CAS Before RAS
trC = tRC Min. Active Iccsa — 125 3,4
DATA TRANSFER CURRENT Standby Icce — 105 3,4
RAS, CAS Cycling
trc = tRc Min. Active Iccea — 145 3,4
BLOCK WRITE CURRENT Standby lccs — 95 3,4
RAS, CAS Cycling
(tRc = tgc min. ) Active Iccsa — 135 3,4
ITEM SYMBOL | MIN. | MAX [ UNIT | NOTE
INPUT LEAKAGE CURRENT
. L,y —10| 10 HA
0V < VN < 6.5V, All other pins not under test = 0V
OUTPUT LEAKAGE CURRENT
. Iog, —10 | 10 HA
0V < Vgyr £ 5.5V, OutputDisable
OUTPUT “H” LEVEL VOLTAGE
Vou 2.4 — v
oyt =-2mA
T “L” LEVEL VOLTAGE
OUTPUT G VoL . 04 v
Ioyt = 2mA
OUTPUT “L” LEVEL VOLTAGE v 0.4 v
Ioyr = 6mA OL (@5 )
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TC524259B

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

SYI‘EBO PARAMETER Vi 'SOMAX. UNIT |NOTE
tre Random Read or Write Cycle Time 150
tRMW Read-Modify-Write Cycle Time 195
tpe Fast Page Mode Cycle Time 50
tpPRMW Fast Page Mode Read-Modify-Write Cycle 90

Time
tRAC Access Time from RAS 80 8,14
tAn Access Time from Column Address 45 8,14
tcac Access Time from CAS 25 8,15
toPA Access Time from CAS Precharge 45 8,15
toFFE Output Buffer Turn-Off Delay 0 20 10
tr Transition Time (Rise and Fall) 3 35 7
trp RAS Precharge Time 60
IRAS RAS Pulse Width 80 10000
fRASP RAS Pulse Width (Fast Page Mode Only) 80 100000
trsH RAS Hold Time 25
tosk CAS Hold Time 80
teas CAS Pulse Width 25 10000
tReD RAS to CAS Delay Time 20 55 14
tRAD RAS to Column Address Delay Time 15 35| ™ 14
tRAL Column Address to RAS Lead Time 45
terp CAS to RAS Precharge Time 10
tepn CAS Precharge Time 10
tep CAS Precharge Time (Fast Page Mode) 10
tASR Row Address Set-Up Time 0
tRAH Row Address Hold Time 10
tasc Column Address Set-Up Time 0
{CAH Column Address Hold Time 15
tAR Column Address Hold Time referenced to RAS 55
tres Read Command Set-Up Time
tRCH Read Command Hold Time 0 11
tRRH Read Command Hold Time referenced to RAS 0 11
twcH Write Command Hold Time 15
twer Write Command Hold Time referenced to RAS 55
twp Write Command Pulse Width 15
tRwL Write Command to RAS Lead Time 20
tewL Write Command to CAS Lead Time 20
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TC524259B

SYMBO PARAMETER 30 UNE NoTE
L MIN. MAX T
thg Data Set-Up Time 0 12
toH Data Hold Time 15 12
tHHR Data Hold Time referenced to RAS 55
twes Write Command Set-Up Time 0 13
tRWD RAS to WE Delay Time 100 13
tAwD Column Address to WE Delay Time 65 13
tewn CAS to WE Delay Time 45 13
tpze Data to CAS Delay Time
tpzo Data to OE Delay Time ns
toEa Access Time from OE 20 8
toEz Output Buffer Turn-off Delay from OE 0 10 10
toED OE to Data Delay Time 10
toEn OE Command Hold Time 10
tROH RAS Hold Time referenced to OE 15
tesr CAS Set-Up Time for CAS Before RAS Cycle 10
teHR CAS Hold Time for CAS Before RAS Cycle 10
trpc RAS Precharge to CAS Active Time 0
tREF Refresh Period 8] ms
twsr WB Set-Up Time 0
tRwWH WB Hold Time 15
trsr DSF Set-Up Time referenced to RAS 0
tRFH DSF Hold Time referenced to RAS(1) 15
tEHR DSF Hold Time referenced to RAS(2) 55
tpse DSF Set-Up Time referenced to CAS 0
topu DSF Hold Time referenced to CAS 15
tMs Write-Per-Bit Mask Data Set-Up Time 0
tMH Write-Per-Bit Mask Data Hold Time 15
trHs DT High Set-Up Time 0 s
tTHH DT High Hold Time 15
trLs DT Low Set-Up Time 0
triy DT Low Hold Time 15 10000
tRTH DT Low Hold Time referenced to RAS 65 10000
(Real Time Read Transfer)
taTH DT Low Hold Time referenced to Column 30
Address (Real Time Read Transfer)
tetH DT Low Hold Time referenced to CAS 25
(Real Time Read Transfer)
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TC524259B

SYMBOL PARAMETER 80 unrr| NOT
MIN. | MAX E
tESR SE Set-Up Time referenced to RAS 0
tREH SE Hold Time referenced to RAS 15
trrp DT to RAS Precharge Time 60
trp DT Precharge Time 20
trsD RAS to First SC Delay Time (Read Transfer) 80
tasp Column Address to First SC Delay Time 45
(Read Transfer)
tesp CAS to First SC Delay Time (Read Transfer) 25
frsL Last SC to DT Lead Time 5
(Real Time Read Transfer)
trsp DT to First SC Delay Time (Read Transfer) 15 ns
tsrs Last SC to RAS Set-Up Time (Serial Input) 30
tsrD RAS to First SC Delay Time (Serial Input) 25
tspp RAS to Serial Input Delay Time 50
tspz Serial Output Buffer Turn-off Delay from 10 50 10
RAS (Pseudo Write Transfer)
tsce SC Cycle Time 30
tsc SC Pulse Width (SC High Time) 10
tscp SC Precharge Time (SC Low Time) 10
tsca Access Time from SC 25 9
tsoH Serial Output Hold Time from SC ms
tsps Serial Input Set-Up Time 0
tSDH Serial Input Hold Time 15
SEA Access Time from SE 25 9
tsE SE Pulse Width 25
tsEp SE Precharge Time 25
174 Serial Output Buffer Turn-off Delay from SE 20 10
ts7E Serial Input to SC Delay Time
tszs Serial Input to First SC Delay Time ns
tsws Serial Write Enable Set-Up Time
tswH Serial Write Enable Hold Time 15
tswis Serial Write Disable Set-Up Time 0
tSWIH Serial Write Disable Hold Time 15
tsTs Split Transfer Set-Up Time 30
tSTH Split Transfer Hold Time 30
tsQD SC-QSF Delay Time 60 16
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TC524259B

NOTES:

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

All voltage are referenced to Vgg.
These parameters depend on cycle rate.
These parameters depend on output loading. Specified values are obtained with the output open.

An initial pause of 200} 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.

AC measurements assume tt = 5ns.

VIH (min.y @0 Vi (max ) are reference levels for measuring timing of input signals. Also, transition times
are measured between Vy; and Vi, .

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

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

LOFF (max.)» LOEZ (max.)» 1$DZ (max.) @0 tsE7 (max.) define the time at which the outputs achieve the open
circuit condition and are not referenced to output voltage levels.

Either tgcy or tgry must he satisfied for a read cycles.

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.

twess tRwps towp and tawp are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only. If tyes 2 twes (min.j» 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.)» tewp
2 1ewWD (min.) @14 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.

Operation within the tgep (max,) limit insures that tg ac (max., €an he met.
tRCD (max.) 18 Specified as a reference point only : If tgep is greater than the specified
{RCD (max.) limit, then access time is controlled by tcxc.

Operation within the tgap (max; limit insures that tRac (max.) €an be met. trap (max,) is specified as a
reference point only: If tgsy is greater than the specified tgap limit, then access time is controlled

by taa.

max.)

This parameter measurement assumes Pull up resister = 820€2.
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TC524259B

READ CYCLE
tac
trac tep
—_— tag
Vig — A
RES ' _ N / \—
s
tcrp trep RSH tcpy
Vin — 4 \ teas / 4
TAs Vie —___/ \ / \__
trap tray,
task | (Trac Jasc tean
Vin ™7 ROW ¥ COLUMN
AO~AB ADDRESS >@§.— ADDRESS
LReH
[tncs | trRe
o= e VIR T
WE/WE 7 <
troH
v 1
BT/0E
toru
v,
o5t U V707
toea
Viy
I_ IN ViL teac tore
W1/103 taa otz
~W4/104 trac
Ve, — ¥
outr Yo OPEN 4 VALID DATA-OUT
VoL — L 5

V//% : "H" or "L
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TC524259B

WRITE CYCLE (EARLY WRITE)

e
tras ) tzp
m TN %
Lere tacp o tRsH teen
=l f e AN N
tRaD traL
tase | {Tran Tasc teay
A0~AB ¥:’C 7 \ ADDRESS }@1‘ DORESS ]
Jwse | tawn twes twen
E ) G
J1Hg | 3-7—'-">”| i !Z:\::L o
oo v U izizz:ii
FHR
Lesnt | tRentesc term
o ' 70 YD 7007
Ivs | (v tps oy
NS N W
L |
L our xg:‘: OPEN
m :“HY or "L
*] WB/WE *2 DSF *3IWI/I01~W4/104 Cycle
0 WM1 data Write per bit 1 (New Mask Mode)
0
1 Don’t Care Write per bit 2 (Old Mask Mode)
1 0 Don’t Care Normal Write (No Mask Mode)

WMI data  0: Write Disable
1: Write Enable
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TC524259B

WRITE CYCLE (OE CONTROLLED WRITE)

tre
1ras . gp
Vi — tar }——\
RAS ViL — \r ) W
| tcre | :iz‘; trsH tepn
o zr : j \\ teas / /r- \—
traD tral
tasr M tasc teay
AO~A8 3:‘5 %f\ggﬁss >@<r f\oolb%'\eﬂsh;
twsr LR—W>H
WB/WE x:[‘ _/ “ ///
I trus twer
BT/ OE \\2[‘ __?// o
DSF x:f :% L) )@
— 2D K
LA -
L— our xgr: OPEN
: "H" or "L”
*| WB/WE *2 DSF *3W1/101~W4/104 Cycle
0 WMI data Write per bit 1 (New Mask Mode)
0
1 Don’t Care Write per bit 2 (Old Mask Mode)
1 0 Don’t Care Normal Write (No Mask Mode)
WMI data  0O: Write Disable
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1: Write Enable
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TC524259B

READ-MODIFY-WRITE CYCLE

tamw
tras tge
—_— tar
== VK —
RES N N
IosH
tcrp trep tRsH teen
Viy — F teas 7
SV -/ \—\ / \_
trap t
tase | [Trap L&g; CAH
Vik 7 ROW COLUMN h
AO~AB ADDRESS %t ADDRESS )
et
twsr T 1lrwr | tres tewp trwt |
—7
wm i P )
trwp
1 trus tTHH | loen
— Vie =7 P s p
it teur -
tesk || tren trsc terH
Vi —_ - 7
o 1t P
L .
1 1ps
! DZC,
t o | 1
<5y Ji»‘ 3 I_ 7o igib =
Vin T VALID
— Ny 7% wwit pata )@ = X orAlD
W1/101 s toez
~W4/104 tRAC <
L Von —, A VALD X\__
OUT o OPEN {DATA-OUT/
m : "H" or "L”
*1 WB/WE *2 DSF *3 W1/101~W4/104 Cycle
0 WMI data Write per bit 1 (New Mask Mode)
0
1 Don’t Care Write per bit 2 (Old Mask Mode)
1 0 Don’t Care Normal Write (No Mask Mode)
WMI data  0: Write Disable

1: Write Enable
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TC524259B

FAST PAGE MODE READ CYCLE

AO0~AS8

S
3

9
9

[—‘IN
W1/101
~W4/104

l————OUT
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trasp trp
L t 1
Vin AR £C /L_K_—-
Vi —
RsH
I‘g; trcp tcp tas tepn
Vin “‘/r tRAD ‘-_——\'\4_,‘“5 -\ 7 WK
Vie tesH =
t AL
t CAH
t’ASR (RAH tAgC_' tasc [ tean I
Vi ROW W COL. coL.
Vit %ADD. N 1 N, ADD2 ADD.n
1
1 trey
tres thes T tres LR
1 ' BLLCE
Vin T 7
Vie /
s tTHK
=y
Vin
Vi 7
trsc |
trsR 1 trsc.
<] | taen AN terH
Vig — CFH |
V)
1eHR '
29-» -t tcpa
Vin
Vie
trac
Vou
OPEN
Voo —

T"H" or "L"
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TC524259B

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trasp trp
1
Ve — X tar PC
RAS Vi — \
lere trRCD tep tep tRSH 1cpN
| teas| ¢ teas | |
e Vi — N \-\ l X N\ | tcas
TAS RAD
ik —, tosH \ ) \ /
tRaH tcan tc trat
| tas 1= tasc, tasc, | = tasc ican
Aopg Vi HF FOW TOr Y oL oL N7
Vi N ADD. \ ADD.1 | | ADD.2 { ADD.n
tawi Wer tweH 1
twsr H twes | twen twes | | |~ twcs) WCH
WB/WE UM —% B twe twe twe //
Vi 7% i
It tow Towe towy,
ItTHs 1H) W 1 t ! trwl |
-Z 7
DT/OE x:‘* f 7
- trHR teem
}
tRrH tesc | tese | tesc
- tern cem
Vi ™ vy ) |
DSF 2
tMH
tms 0 tDs - e
[=—=
Vin
iN 7
ViL :%
W1/101
~W4/104
L _our vou ™ OPEN
oL —
% :“H" or "L
*]1 WB/WE *2 DSF *3 W1/I01~W4/104 Cycle
Write per bit 1 (New
0 WMI data pe ¢
Mask Mode)
0
Write per bit 2 (Old Mask
1 Don’t Care pe ¢
Mode)
Normal Write (No Mask
1 0 Don’t Care (
Mode)
WMI data 0: Write Disable

1: Write Enable
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TC524259B

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

trasP
tar trp
-3 tosy —
o s N
1pRMW trs
— bl k2
Vin — tcas teas X_‘- tcas /1
TAs Vi — tas \r ¢ \r \k ;
t‘i’Lt-*t—RAH ooy Al :_ic’—"}.%ﬁ towy .tAsL tcay tom, i v
Viy rRow “RA° coL. coL. cot.
AQ~AB ViL ADD. x ADD.1 ADD. 2 | app.n W///
twsr B tral
lwp, twp, twe
Vg = 'y N
WB/WE Vi _% 1 y :xx; \ / town w l/ town \ /
tTHs | trmp 0y
= Vig —% rd
BT/OE % KD /|
Vi = teue |2 \
tesr ) tese [ 111 tesgy tesg,
N tern teep
DSF x:': o "2 D\ f
tvn 1<9£9>| tog | it tps ! oz |
ty n (I toep T T, !‘I to I !o it ftogpl | oM
Vi — \A :&‘ 1 toFe At oara] | lozg
IN *3 DATA- DATA- Y] DaTA-
[— VL = ~ ¥Y to,&l _IN tora [ W NN 2 o] |Nnm
W1/101 fag | |log Kag| [togz, teac | [togy
~W4/104 tan tan taa
Vou = 2 K 2 2
I e ey Lo B —
m :"H" or "L”
*1 WB/WE *2 DSF *¥3 WI1/101~W4/104 Cycle
0 WMI1 data Write per bit | (New Mask Mode)
0
1 Don’t Care Write per bit 2 (Old Mask Mode)
0 Don’t Care Normal Write (No Mask Mode)
WM data  0: Write Disable
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1: Write Enable
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RAS ONLY REFRESH CYCLE

tzp

tac
tras |
= VYiu — N
RAS ViL — \r
t
tere tgpc[ lg}:
AS U

- N KRk 000000k
Wi
]<—>

ov/oe xr%’ ’W//////////////////%/////////////////////////////
o5k A %///////%/////// i

OPEN

N
\
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CAS BEFORE RAS REFRESH CYCLE

.

wW1/101
~War104

L
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1cap tcsh
- 1RCO
n
H \
L —

X"

t,
ASR KE£N
H ROW
L ADDRESS
R

e tOWL
1

twen

Loy

tog | ‘ ton

MASK DATA-IN W////

(Delayed Write)

-
9
I
E

o)
=]
t3

MASK DATA-IN

T

(Early Write)

P /] : "»" or "
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TC524259B

HIDDEN REFRESH CYCLE

V
AO~AE
twsr
trwh
e —— T ¢
WB/WE Vi

toea

KA S

WI/101  Von
~W4/104 Vg

VALID DATA-OUT —
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LOAD MASK REGISTER CYCLE

AQ~A8

C-78

t
LN twen
3 Vin 7 tenr
IL
1esR | [tren sC
| ] — ——
=/
it /
tokr

I
T tons o oH
Vin /

teen

WCR

tog | feten

MASK DATA-IN

ot

MASK DATA-IN

(Early Write)

towt
1
iwp
£
7
% m

W i

(Delayed Write)

00 ks

o or L
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TC524259B

LOAD COLOR REGISTER CYCLE

AQ~A8

DSF

—

WI1/7101
~W4/104

[

tre
tras trp
Vih — :\ i
Vi — / —
tere tesk
> trsH tepn
Viy — '\ teas /—
Vi —
t,
ASR tran
Vin 7% ROW
Vi ADDRESS
tew
twsr tMHI ‘—tc‘L>
v - we
Vin _% Y
Viu —/
N twer -
< twen Loew
Vim 7
Vi / temp
tesr | |tRry tesc teen
| [EE <5 e
Vin :// Y
Vi
tong
log ] I toH
V
w7 COLOR DATA-IN
V
i -
tonr ! ! oy (Delayed Write)
Vin

COLOR DATA-IN

(Early Write)

Lz

D "H" or “L”
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BLOCK WRITE CYCLE
tre
tras | trp
AN N )‘ N
1 terp };Z: tRSH | teen -
w i S N/ N\
trap tRal
tasr | tram t}ii tcan
S TN STEn ) G
sy | tawy twes twen
WEB/ WE xi’f :% *1 7 | toe_, |
twer tewt
s, | [, | { o |
5T/OF x:[' V%L K
tenR |
tesg tREH Tesc | teen I
o5 v R 0% %
tms vk tps oy
S S R
%0 |
L ouT xg:: OPEN
m : “H” or “L”
*] WB/WE *2 DSF *3W1/101~W4/104 Cycle
0 WMI1 data Block Write (Mask 1) (New Mask Mode)
0
1 Don’t Care Block Write (Mask 2) (Old Mask Mode)
i 0 Don’t Care Block Write (No Mask Mode)
WMI1 data  0: Write Disable
1: Write Enable
*4) COLUMN SELECT

C-80

W1/101 - Column 0 (A1C=0, AOC=0
W2/102 — Column 1 (A1C=0, AOC=1
W3/103 — Column 2 (A1C=1, AOC=0
W4/104 — Column 3 (A1C=1, AOC=1

Wn/IOn

=0 : Disable
=1 : Enable
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PAGE MODE BLOCK WRITE CYCLE

trasp trp
RAS Vm — \'\ tar
ViL — A
tesu tec tog asH
lcre trep tcp ‘e teey
o Vi ~ ' \-\ teas Z}f—i- teas g\ teas
Vit — traD \ / \c //
tran tean tean tRAL
tasr ~>| tasc tasc tasc an
AO~A8  ViH %‘ ROW AZC~, A2C~ A2C~
Vi X ADD. F A8C A8C nABC
tYNM
tws | [
BT/OE VM ~Z
DT/OE Y _%f
twsr &4 tV‘L‘E tweR twes, twes,
o = 'S | twen tweh, twen | |
B/ WE z:r _%‘ . t/ Twe : / Twe Twr
FHR 1 towd' T Rerr town terd, towd
ton | B e ot e |5 o | = S
DSF Vi _%{ *2 %
Vi — . tour|
[t
tms ENLH» tps 2: tps <—>tDH tos LD—H-»
WI/I01 Ve~ R . . 7
~W4/108 Vi 7 -\_3% ¢ N « X
m TR or LT
*] WB/WE *2 DSF *3 W1/I01~W4/104 Cycle
0 WMI 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)
WMI data  0: Write Disable
1: Write Enable
*4) COLUMN SELECT
W1/I01 — Column 0 (A1C=0, AOC=0 Wn/IOn
W2/102 — Column 1 (A1C=O, AOC=t1 =0 : Disable
W3/I03 — Column 2 (A1C=1, AOC=0 =1 : Enable

W4/104 - Column 3 (A1C=1, AOC=1
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READ TRANSFER CYCLE (Previous is WRITE TRANSFER CYCLE)

CSH
1R¢D
\\ teas / [
tral

Vin
CAS ViL
k]
traH lasg tcan
Ao~Ag WM D@QSAMSTARMDDRES
(8 . .
AO~AB : TAP
trwh
%
WBIWE

P E

N

BT/OE 2

DsF "

WI/1I01  Vou—
~W4/104 Vo —

I <4

RS ¢, s,
S5 | 1S5

Vin — i PR . 7 .
sC ViL — Inhibit Rising Transient
tsc i
t tszs
[t

I
lo
<
vy
a)

$03 | {%som] >
— WX o M7
~Sl|C_M_ out xg:: - ¢ oQ@ﬁE)C

m : "H" or L7
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REAL TIME READ TRANSFER CYCLE

CSH
RCO
Vih — 7 \ teas /
CAS Vi —
tasr RAH S tasc Tan

Vo =
AO~A8 R oRess )@( SAM START ADDRESS

AD~AB: TAP
{ tamn

[
B/WE
v
DT/OE
Vin
DSF v,
WI/10t Vo — X
~W4/104 Vo — £
Viy
SC oy,
Vi —
N OPEN
L= tsca
504 tsoH
SI01
~5104 "
Vo~ VALID x VALID VALID VALID VALID
OuT v DATA-OUT /Y DATA-OUT A\ DATA-OUT A\ DATA-OUT JAN DATA-OUT
|
Previous Row Data | New Row Data

Note : SE = Vv

m : "R or "L”
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SPLIT READ TRANSFER CYCLE

trAS tr
_ tar
RRS / N /]
tesh
llcnp trco tash
s Yn i N |/
L —
RAD 1rat
t
lASR uul tasc tean
- Viy ROW SAM START %/
AO~AB W!\DDRESS ADDRESS ()

1
! AQ~A7 . TAP

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

Note : 3F = v
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PSEUDO WRITE TRANSFER CYCLE

s N ) / N
tere :ﬁi tRsH f teen -
o Nl /7150 N\
trap _tra)
tray 3\_5; tean
AO~AB x:’: ROW ADDRESS D@( SAM START ADDRESS
' AO~AB : TAP
(LRWH
WE/WE z::
(T
oTioE
tREH
DSk ‘é:r
b 12 or
sc x::‘ \ Inhibit Rising Transient \J. /W
SC [
taeu | 1151«5F
w )
ts0p

) 1, I,
1502 <o [
tsez
Vin ! VALID
l—— Ny DATA-IN
tsca )
sio1 '
~$104 i
L Vou = VALID VALID K !
OUT yoL — DATA-QUT DATA-OUT) OPEN L
|
| lsoH
H
Serial Output Data ————ro | —— Serial Input Data
1 1

m T "HT or "L”
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WRITE TRANSFER CYCLE
tre
Vi Ty
RAS /] N
tRsH | teen |
Vi | ™
@Sy N\ /f 7\_
Al
tasg tcan
%
AD~A8 v:f | SAM START ADDRESS
AD~AB : TAP
Y
WE/WE "
Y
BTioE
v
DSE yyt
w1/101
~W4/104 v OPEN
tsce
g 1, L
Vin [ .
SC ViL Inhibit Rising Transien \ /

150! Lsor . SOH
Viu % VALID VALID
l_ Ny - 3 ///Wm{ DATA-IN ATA-IN
$101 ; !
~S104 i ;
| Vou — i :
out vg['_ : OPEN
Previo -— E—-» New Row Data
Row D
m t "H® or LY
*| DSF | *2SE Cycle
0 0 Write Transfer
1 Write Transfer
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SERIAL READ (SE =Vy;)

Ve =
ViL —

e

tsc_,
Vin —
Scr
soy
SO Vox —
~S104 VoL —

SERIAL READ (SE Controlled Outputs)

trHs LTHH
| | ———|

tsc | 1s

5CC SCC |
c_. &

tsca

tsca " tscp | tsca Yscp tsca "Yscp

Tson

son tson son

VALID 9
DATA-OUT

DATA-OUT

x VALID x VALID “x VALID
- DATA-OUT DATA-OUT XX .DATA-OUT

Note : SE= Vy_

e Vi~
RBS vy, _

sTIoE " 7

Vih —
T—P

:P trun

m :"H” or “L”

—

tsgp SCP

. tscc S¢S SCC |
Y. s, s, w
MM —

tscp tscp tscp

= VYu
SE v — \
.
Vin —
IN
— Vi = T5ea
t Isca
SI01 2SR, A
~$104 tsez tsca sog tsom
VALID

Ve, =
L out vg:_ X

| DATA-OUT

A VALID - vALID VALID
OPEN ——{ paTa0OUT x DATA-OUT x ATA-OUT
}—

m : "HY or "L”
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SERIAL WRITE CYCLE (SE = V)

RAT VM
RAS
Vie
5T/5E VH
DT/OE
Vie
Vin
sC
ViL
SI01 Viy
~Si04 V.

bt .
BiH Lk
|
Y/
s Iscc Iscc tsce ts¢c |
tsc | tsc_, | tsc tsC SC
- ﬁ 1soH V tspH A 5D VZ;LA IsoH
e Tscp T scp TsCP | T sep Ttsep
tsps °C sDs tsos tsps tsos ¢
has VALID ¢ VALID X VALID € VALID £ VALID
—_ X DATA-IN 4_ N DATA-IN 4- DATA-IN ,1_ \ DATA-IN ,1_ \. DATA-IN i
Note : SE= v 74 - "H or "L”

SERIAL WRITE (SE Controlled Inputs)

Vg —
RES gy _ L /
trus| TTHH
— = VIH T/
DTIOE /
tsce tscc tsce ts¢c sec |
T
toc ts¢ tsc 15¢ SC
Vi — tscp , 4 tscp A tscp |, A tscp tscp tscp
sc /A /
VL —
—\F:: tswin towin
tsws, sep Isws tsep tswn
Vi = Lswh | 17 = s_tswn ¥ 3. Hsys S
SE v:': . tswis \r
- tswis !
tse Tse Lse |
tsps tspu, tsos Ison 505, 150H,
Vin 7 VALID " VALID 7 VALID
— N ow _/ 77N pATA-IN // DATA-IN X7 {_ DATA-IN
5101
~$104
|____ Von
OPEN
ouT o
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PIN FUNCTION

ADDRESS INPUTS : Aj~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 TC524259B 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 (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 failing 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 / OFE 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 / OFE 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 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-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 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 (write transfer).

WRITE MASK DATA / DATA INPUT AND OUTPUT: W, /10, ~W4/10,

When the write-per-bit (New Mask Mode) function is enabled, the mask data on the Wi/IOi 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 Wi / IOi 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 be held at a constant V| or V; level during read / pseudo write / write transfer
operations and should not be clocked while the SAM port is in the standby mode to prevent the SAM pointer
from being incremented.
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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 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

QSF 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 V¢ with an appropriate putl-
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 'STS must be met before a split read transfer operation can be
performed on the non-active half of the split SAM.

SERIAL INPUT / OUTPUT: SIO1~SI04

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, 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.

CASfallingedge  § |\ Table 1. Operaton Truth Table
N\
e N . e s I R
RAS falling edge i i N 0 ‘ 0 i 1 i 1
s e e = DS s ! - -  —
~ CAS\ DI @\SE\{ 0 i 1 | 0 ! 1
o W T S B o
0o x| o= * TAS before RAS Refresh ‘ ‘ e
e e ) e = T e ~
1 0 0 Write Transfer Write Transfer with ‘ ' Write Transfer

‘Write Transfer

i i —f—— -

Pseudo Write Transfer 1 ' Pseudo Write Transfer

717 ; 0 ’f Vl P Read Transfer _fs;n Read Tranrs-frem B Read Transfer ;Spli( Read Tm;lsf;rii N
,,], jl ‘ 9 : i }lead/Wrile per 7Bi} 1 o ‘ Read/Write per Bit 27 ] Efk Wn'f Q}askﬁl) ,,,; lilgcli yfxf FMask 2) B
1 ‘ 1 o :7 Read/Write "m;gmd Mask - ‘ BlockWrite Load Color -
Table 2. Functional Truth Table
RAS ¥ CAS v Address W0 Register
Wi
ronetor CAS DT/ | WB/ DSF| SE | DSF |RAs v |cas v |Ras v {cas v CAS ¥ M:st: WM | Colo
OE | WE WE v 1 .
CAS before RAS Refresh 0 * * * * - * - * - B R R R
Write Transfer 1 0 0 0 0 * Row TAP WMI * * WIM l;o;d -
Pseudo Write Transfer 1 0 0 0 1 * Row TAP * * * - - -
Write Transfer 1 0 0 1 * * Row TAP WM1 - * WIM I:);d N
Read Transfer 1 0 1 0 * * Row TAP * * * - - .
Split Read Transfer 1 0 1 1 * * Row TAP * * * R - R
Write per Bit | 1 1 0 0 * 0 Row Column WMI1 - DIN WlM 1;0: -
Block Write (Mask Z) 11 {ojo|+ 1 Row E;‘C‘":g wMi CSZII‘;E " - w]M [;";d use
Write per Bit 2 TN T VN T * Row * WM ; « WlM LUO: use
Block Write (Mask 2) 1 1 1 0 * 0 Row Column * - DIN - - .
Block Write 11|10 * 1 Row E‘Z"C‘";‘Z . CS":;:‘I“ . N U
Load Color 1 1 1 1 * * Row * * Color - - | Load
*:“0”or “1”, 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 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.

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 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-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 6pecified 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 TC524259BJ/BZ also offers an internal-refresh function. When CAS is held “low” for a specified
period ('CSR) 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 “Jow” while cycling RAS.

HIDDEN REFRESH

A hidden refresh is a CAS-before-RAS refresh performed by hoiding 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 Cycie —>
AS / l \ / \ / l

CAS \
W1/101
W4/sIO4 _-< Valid Data Output

Il

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. 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, /10,
pins are latched into a write maslc register (WM1). New write mask data must be presented at the W; / 10, pins
at every falling edge of RAS. A “0” on any of the W, / IO, pins will disable the corresponding write:¢ircuits 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 (Old 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 Wi/ I0;
pins at the falling edge of RAS as write mask data. Therefore, data on the W, / 10; pins at the falling edge of
RAS is adon't care (“H” or “L”). The write mask data which is utilized by this function resides in the write mask
register (WM1). The mask data is placed into the “WM1” 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 *) CAS ~
p— p——— Function
CAS | DT/OE | WB/WE | DSF| W/IO DSE
H H L * L Normal Write
H L L WMI L Write-per-bit 1 (New Mask Mode)
H H L H * L Write-per-bit 2 (Old Mask Mode)

An example of the write-per-bit function illustrating its application to displays is shown in Figures 2 and 3.
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CRT Display
o] o] [e] [e][e]} (el e] (e](e](e][e] (o]
oloololo[o]o[olo]ofo
[¢] (] (e} (o) (@) (o) (o] (63 AL L) (O]
o] (] [e)[e]e] [e]{e] (2 {e] (] [e}{e}
[s][e](e)(e) ) (C} (D (S} P) (] (e)(e)
: [¢](e){e{=1 P I () (e
o : O[o|ojolelo[o]olo|elo]O
DT/0E :H [e)[e](e)L ) [e] [e) (o) (6] (e} (][]
[¢] (e} [ J{e)[e]) (] (e]le) (e] (] (o] (o]
DSF : : 4
tL
WEIWE 75\ 7770 770000 Qlel0lo
: L'O"Write
W1 /104 Mask Z No Write (Masked)
“1" Write

V2110, Dt VO~ o OO0 o

W3/103 Mask

WaliO0 T D e TP

W, /10y =1 : Write Mask
W, /10, = H : Write

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

LOAD COLOR REGISTER

The TC524259B 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 I/O blocks. The load color register cycle
is initiated by holding CAS, DT /OE, WB / WE and DSF “high” at the falling edge of RAS and by holding DSF
“low” at the falling edge of CAS. The data presented on the W;/ IO, 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 (Aq 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 TC524259B has an on-chip 4 bit register (WM register) which provides the I/O mask data during the
write-per-bit (New and Old Mask Mode) and Block Write (New and Old Mask Mode) functions. Each bit of the
mask register corresponds to one of the DRAM /O blocks. The mask data must be specified in the WM 1 register
by using the load mask register cycle prior to the execution of “Write-Per-Bit 2” and “Block Write 2” old mask
at the falling edge of RAS and by DSF “high” at the falling edge of CAS. The data presented on the W, / 10,
lines are subsequently latched into the mask register at the falling edge of either CAS or WB / WE, whichever
occurs later. The mask data which is latched into the WM1 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 (Aq 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 colutnn 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~A8C) 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; /10, pins at the falling
edge of CAS. 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 CAS, and DT /OE “high” at the falling edge of RAS and DSF
“high” at the falling edge of CAS. The state of the WB / WE and DSF inputs at the falling edge of RAS will
select one of the three modes of block write as shown in the following table 4.

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

If DSF is “high” and WB / WE is “low” at the falling edge of RAS, then the block write 2 (Old Mask
Mode) is selected and the mask data stored in the “WMI1” register is used. The /O masking for this function is
used in the same manner as the write-per-bit 2 (Old Mask mode).
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Table 4. Block Write function truth table

At the falling edge of RAS (RAS ™) CASN
— Function
CAS | DT/OE | WB/WE | DSF | W, /10, DSF
H H H L * H Block Write (No Mask Mode)
H H L L WM H Block Write (Mask 1) (New Mask Mode)
H H L H * H Block Write (Mask 2) (Old Mask Mode)

An example using the block write 1 (New Mask Mode) function with a data mask on W; /10, , W, /10,
and column 2 is shown in Figure 5. Also, an example using a window clear clear and fill application is shown

in Figure 6.
RAS ’_\ : /
B e
DT/OE \:/
osF o
W; /10

Wy /104

H :No Mask
L :Mask Enable

Figure 4. Block Write Timing

W, /10,
W3/10;
W3/10,

: Column 0

:Column 1 { H : Write
:Column2 { L :Write Mask
: Column 3
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W /10 0 1 0 W1 /10y %//////4%////%;//////%%///% Mask
o, ; ; o E{> "W, /10, 0 0 /////////n
W3/103 1 0 1 W3/103 i 1 i ! //%V

W4 /10, 0 1 1 Wa/104 %////%%//% %%////% Mesk

Mask

Figure 5. Example of Block Write Operation

Figure 6. Example of Block Write Application

FAST PAGE MODE BLOCK WRITE CYCLE

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

J
:

|

DSF : : :
A v I v N I I v
L
;_ﬂ <\ Y JH’_/
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 TC524259B 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 cycie. 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

o1 ]2] - |‘+"] ------------------ [ 509 [s10 511
_ 3

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 5.
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Table 5. Block Write function truth table

SAM PORT DT / OE at the —_—
OPERATION falling edge of RAS | SC |SE FUNCTION Preceded by a
Serial Output Mode I IL-I ]])Einszll))]; SSir;ifll:{ZZi Read Transfer
. L Enable Serial Write .
Serial Input Mode H I |g Disable Serial Write Write Transfer
. L Enable Serial Write .
Serial Input Mode I H Disable 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 transfer 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 (511 or 255)
and finally wraps around to the least significant bit, as illustrated in the example below.

F"I'U ------ FEF ) (TR

REFRESH

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

The TC524259B 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
——

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

0 U J

L 512x4 K> | 2s6xa {»‘| 256x 4 }—o_b<:>

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

As shown in Table 6, the TC524259B supports four types of transfer operations: Read transfer, Split read
transfor, 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 read transfer operations.
During a data transfer cycle, the row address Ag~Ag select one of the 512 rows of the memory array to or from
which data will be transferred and the column address Ag=Ag select one of the tap locations in the serial register.
The selected tap location is the start position in the SAM port from which the first serial data will be read out
during the subsequent serial read cycle or the start position in the SAM port into which the first serial data will
be written during the subsequent serial write cycle. During split 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 4. Block Write function truth table

at the falling edge of RAS

CAS|5T/OE|WB/WE|SE|DSF Tranfer Mode Transfer Direction | Transfer Bit| SAM Port Mode
H L H *| L Read Transfer RAM - SAM 512x 4 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 L *1 H Write Transfer SAM —» RAM 256 x 4 Output — Input
H L H *1 H | Split Read Transfer RAM - SAM 256 x 4 Not Changed

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 SIO lines after the specified
access time tgc, from the rising edge of the subsequent serial clock (SC) cycle. The start address of the serial
pointer of the SAM is determined by the column address selected at the falling edge of CAS.

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

SAM Start Address ON

{] 5101~4

\ OFF
[TTTTTTT ......................... TTTT @

SAM Serial Read

T 7110

512 x 4bits

Ag~Ag .

<— Selected Row

512x512x 4 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 Vy; or Vi, after the SC high time has been satisfied. A rising edge of the SC clock must not occur until
after the specified delay trgp, from the rising edge of DT / OE, as shown in Figure 10.
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TAS / \_ /A
Ao~As 7 Row Y__SAN Sar X

WB/WE 7777777 "

ST/ I RN

OSF 7722272772 L V7277222277722 77777 7777 2

o \Inhibit Rising Transition .\ ?\\ /’T\—

: t*rso,;

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 tgc, for the following
serial clock is satisfied. This feature allows for the first bit of the new row of data to appear on the serial output
as soon as the last bit of the previous row has been strobed without any timing loss. To make this continuous
data flow possible, the rising edge of DT / OE must be synchronized with RAS, CAS and the subsequent rising
edge of SC (tgy. torys and trg /trsp must be satisfied), as shown in Figure 11.

The timing restriction tyg; /tysp are 5ns min / 15ns min. The split read transfer mode eliminates these
timing restrictions.

RAS ———— —
—_— RTH e
@&s ~ . —
A~ A8 Row address YD s start Address
LN/
DSF 2 .

S|O1~Sl04

X X X X XX ) S

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 executed simply by performing a
write transfer cycle. A write transfer is invoked by holding CAS “high”, DT / OE “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 and “low”, WB / WE at the falling edge of RAS, a write transfer is invoked independent of the

state of SE.
= \ /
S ) Sho i
WEIWE .. O T
Ut .
W1 /104~W4/104 ————@ :
sc [\ __/ i Inhibit Rising Transition \ m
SI01~S104 m [.)ata in
DSF

U Y,

Mask Data 0 : Not Transferred
1 : Transferred

*]1 DSF| *2 SE Operation
0 L Write Transfer
1 L or H | Write Transfer

The row address selected at the falling edge of RAS determines the RAM row address into which the data
will be transferred. The column address selected at the falling edge of CAS determines the start address of the
serial pointer of the SAM. After the write transfer is completed, the SIO lines are set in the input mode so that
serial data synchronized with the SC clock can be loaded.
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SAM Start Address <:

\ [_EE_Q—H*“D S101~510,4
R ATeT e T

; SAM
I E— 11
Ap~Ag -g 512 x 4bits
pe -« Selected  Mask
o ) Row Data
3 512x 512 x 4bits
< Memory Cell Array

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 Vy; or Vi during the RAS cycle. A rising edge of the SC clock is only allowed after the
specified delay tggp from the rising edge of RAS, at which time a new row of data can be written in the serial
register.

PSEUDO WRITE TRANSFER CYCLE

A pseudo write transfer cycle must be performed before loading data into the serial register after a read
transfer operation has been executed. The only purpose of a pseudo write transfer is to change the SAM port
mode from output mode to input mode (A data transfer from SAM to RAM does not occur). After the serial
register is loaded with new data, a write transfer cycle must be performed to transfer the data from SAM to
RAM. A pseudo write transfer is invoked by holding CAS “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 SE 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
(ABC) is controlled internally to determines which half of the serial register will be reloaded from the RAM
array. QSF is an output in which indicates which half of the serial register is in an active state. QSF changes
state when the last SC clock is applied to active split SAM, as shown in Figure 15.
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256 columns 256 columns

512 Active SAM QSF Level
rows Lower SAM “Low”
Upper SAM “High”

| 1/
7,256 bit é[ 256 bit |

Active Non-Active

Figure 14. Split Register Mode

Last SC Last SC F

(255) l_ First SC 1) irst SC
g U LU l M
N i >
QsF "low” / \ “low”

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

Figure 15. QSF Output State During Split Register Mode

SPLIT READ TRANSFER CYCLE

A split read transfer consists of loading 256 words by 4 bits of data from a selected row of the split RAM
array into the corresponding non-active split SAM register.

Serial data can be shifted out of the other half of the split SAM register simultaneously. The block diagram
and timing diagram for split read transfer mode are shown in Figure 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 tgrg, from the change of state of the QSF output, is satisfied.

256 x4

T 17
EALOM 7]
\

{

SI10

Figure 16. Block Diagram for Split Read Transfer
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o wm — ¥
S e v I
WBIWE 77 \ A7 77777, // 77
OT/IOF 7277777 2277772277277, ///////// 727777,
DSF i 227 ///////////
as ] — -

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
Transfer pllt Read Transfer Spht Read Transfer

i
i)

Ay

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 transfer. Figure 19 illustrates an example of split
register operation sequence after device power-up and initialization. After power-up, a minimum of 8 RAS and
8 SC clock cycles must be performed to properly initialize the device. A read transfer is then performed and the
column address latched at the falling edge of CAS sets the SAM tap pointer location which up to that point was
in an undefined location. Subsequently, the pointer address is incremented by cycling the serial clock SC from
the starting location to the last location in the register (address 511) and wraps around to the tap location set by
the split read transfer performed for the lower SAM while the upper SAM is being accessed. The SAM address
is incremented as long as SC is clocked. The following split read transfer sets a new tap location in the upper
split SAM register address 256 in this example and the pointer is incremented from this location by cycling the
SC clock.

Vee -——-/ Pseydo

Pause Dummy Read Split Read Split Read At
(20045) Cycle Transfer Transfer Transfer Transfeer
A A —A— —A

! serial Output! ‘ i : i serial
i b i i i Input
j sn : 1 - e
SAM : Upper : Upper
Pointer '% . 1AM Upper
255 Jcoee " : : P | SAM
........... 7 Devices (2) 1 ' | same ! Reset/setsaM ~iLower
R ; Lower B int 7 SAM
eset/Set SAM ; SAM L pointer \
0 l _pointer : A, ;
I

! Pointer Location |

Undefined

Figure 19. Example of Split SAM Register Operation Sequence
The next operation is a pseudo write transfer which switches the SAM port from output mode to input
mode in preparation for either write transfers or split write transfers. The column address latched at the falling

edge of CAS during the pseudo write transfer sets the serial register tap location. Serial data will be written into
the SAM starting from this location.
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TRANSFER OPERATION WITHOUT CAS

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).

ST /i
Proper
CAS L / \ Transfer
Cycle
Address 7772224 Row X2 SAN st X )
RAS  — L )
AT Not
Allowed

Address 7725 Row X

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.
RAS T L /
TAS L /
Addresses Wr{?w %ap aFdress m

AOR~ASBR AOC~A7C (A8BC is don‘t care:High or Low)

During a split transfer, it is not allowed to set the last address location (AOC~AT7C=FF), in either the
lower SAM or the upper SAM, 1, 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.

e W e W oY —

s [ N
Address  —(Row YTap D~ (Row TYTap2)

lower SAM : Active
QSF upper SAM : Non-active

ZTf T Tower SAM : Non-active
| st First upper SAM : Active
'\ tfo(k Clock

N ]

L [ PP B I i s ik

Multiple Split read transfer into upper SAM

i Serial access of upper SAM
Serial access of lower SAM i

| starting at Tap N location
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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

Y 4 N
QsF b
st | tsTs tstH | tss tsTh | tsTs

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

Figure 20. Split Transfer Operation Allowable Periods

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

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).

Ty |
] 1

1
Next Transfer ! Lo

! Next Transfer Operation is allowed.
1

|
]
o . —
!
CAS \ / 5 \ ,
1
DT/OE \ / T e A sa—
'
1}
DSF ! /I
i
QsF —y
i
]
« AN
| | - T T T Tmmemee
Transfer Operation 1 130ns,
]
1
|
i
!

Not Allowed
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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 below).

:4—»:
Next Transferi
Not Allowed |

Next Transfer Operation is allowed.

1
i
1
CAS \ / E \
1
BT/OE \ / T (Y S
i
DSF !
i
QsF
1
< AL
: e B T B S R PO
Transfer Operation : 130ns,
1
]
1
1
1

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 minimum delay is satisfied after the QSF signal toggles.

QSF Y

! 1

! 1

1 . |

E&M'“—,:«_Normal Transfer Operation Allowed
1

! i

| '

Split Transfer—.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-111



TC524259B

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 V¢ supply is turned on. After power-up, a pause of 200 pseconds minimum is required with RAS
and DT/ OF held “high”. After the pause, a 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 CAS-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
TC524258B is automaticaily set as follows.

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

State after power-up

SAM port Input Mode
QSF High-Impedance
Color Register all “0”

WMI1 Register Write Enable

TAP pointer Invalid
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