TOSHIBA ——

SILICON GATE CMOS target spec
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 welt
as advanced circuit designs to provide low power dissipation and wide operating margins.

FEATURES KEY PARAMETERS
+ Single power supply of SV * 10% with a built-in ITEM
Vgg generator -8 | —10
= All inputs and outputs : TTL Compatible . RAS Access Time o Toon
« Organization (Max.) § §
RAM Port : 262,144words X 4bits s -
SAMPort:  SI2words X 4bits teac ?M S *)\Ccess Time 25ns | 25ns
ax.
+ RAM Port
Fast Page Mode, Read - Modify - Write taa Cf)lumn Address Access | o | sone
CAS before RAS Refresh, Hidden Refresh Time (Max.)
RAS only Refresh, Write per Bit tre Cycle Time (Min.) 150ns | 180ns
Flash Write, Block Write :
512 refresh cycles / 8ms trc Page Mode Cycle Time 50ns 55ns
(Min.)
» SAM Port Al A "
High Speed Serial Read / Write Capability tsca | Serial Access Time 25ns | 25ns
512 Tap Locations (Max.)
Fully Static Register tsce Serial Cycle Time (Min.) | 30ns | 30ns
« RAM - SAM Bidirectional Transfer lect RAM Operating Current 85mA | 70mA
Read / Write / Pseudo Write Transfer (SAM : Standby) m
Real Time Read Transfer 1 -
\ . SAM Operating Current
cc2A
Split Read / Write Transfer (RAM : Standby) 50mA | SOmA
N~y 1 d 10mA | 10mA
TC524258B : SOJ28-P-400 cc2 | Standby Current

TC524258BZ : ZIP28-P-400
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TC524258B

PIN NAME
AO~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~SI04 Serial Input/Output
QSF Special Flag Output
Veco/Vss Power (5V)/Ground
N.C. No Connection

PIN CONNECTION (TOP VIEW)

SC

SI01
S102
DT/OE
W1/101
W2/102
WB/WE
NC
RAS
A8

A6

A5

Ad

Vee

C-2

Imiminsininiaiaiaiaisimislml-)

TC5242588B)

O 28] Vss

2 271 SI04

3 26 {1 S103

a 5] SE

5 24 [] W4a/104
6 23] W3/103
7 221 DSF

8 211 CAS

9 20 QSF

10 190 A0

1 18 A1

12 170 A2

13 16 A3

14 s A7

DSF
W4/104
SIO3
Vss
S1I01
DT/OE
W2/102
NC

A8

A5

Vee

A3

Al

QSF

TC5242588B2
CoS =
::1:,’ C2]
-4 07
[ el
soges w5
-4 T3]
[ 93 r=
pagen 10
L1057
e il o
L 13, "3
b - [ M
153 rz
eI
BT
RN a7
50 o]
s 2.
ST
(38 ]
- - |
274 3]

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

W3/103
SE
SI04
SC
5102
W1/101
WB/WE
RAS

Ab

A4

A7

A2

A0
CAS



TC524258B

BLOCK DIAGRAM
W1/7101~W4 /104 5 8 $101~$104
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7T , ,
4 l
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WRITE |
CONTROL COLOR
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WRITE
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CONTROL BIT (abit) —
'—4J CONTROL
A ., -y
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o -t
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g 2 ARRAY 213 _s
6’ w 5 o C
g7 5 52
L x| & 3
1 Ll QsF —>—0 sk
TTT
512 [
9 111 SERIAL ADDRESS
ROW DECODER COUNTER (9bits)
I Tdl
COLUMN ADDRESS ROW ADDRESS <L; REFRESH
BUFFER (9bits) BUFFER (9bits) COUNTER Vee Vss
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TC524258B

ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT NOTE
Vv Vour | Input Output Voltage — 1.0~7.0 v 1
Vee Power Supply Voltage —1.0~7.0 \Y% 1
Topr Operating Temperature 0~70 °C i
Tsrg Storage Temperature — 55~150 °C 1
TsoLpER Soldering Temperature » Time 26010 °Cesec 1
Pp Power Dissipation 1 w 1
lout Short Circuit Output Current 50 mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT | NOTE
Vee Power Supply Voltage 45 5.0 55 v 2
Viu Input High Voltage 24 — 6.5 v 2
Vi Input Low Voltage —1.0 — 0.8 v 2

CAPACITANCE (V¢ =5V, f = 1MHz, Ta = 25°C)
SYMBOL PARAMETER MIN. MAX. UNIT
G Input Capacitance — 7
Cio Input/Output Capacitance — 9
Co Output Capacitance (QSF) — 9 PF

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

C-4

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.




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 I — 85 — 70 3,4
RAS, CAS Cycling
tRC = trC min. Active Iccia — 125 — 110 3,4
STANDBY CURRENT Standby Ige) — 10 — 10
(RAS, CAS = Vi)
Active ICCZA — 50 — 50 3.4
RAS ONLY REFRESH CURRENT Standby Icos — 85 — 70 3,4
RAS Cycling, CAS = Vj
(1Rc = trc min. H) Active Iccsa — 125 — 110 3,4
PAGE MODE CURRENT Standby Icca — 75 — 60 3,4
RAS = Vy, CAS Cycling
tpc = trc min. Active Iccan — | ns | — | 100 3,4
mA
CAS BEFORE RAS REFRESH CURRENT Standby Iccs — 85 — 70 3,4
RAS Cycling, CAS Before RAS
tRc = RC min. Active ICCSA — 125 — 110 3,4
DATA TRANSFER CURRENT Standby Iccs — 105 — 90 3.4
RAS, CAS Cycling
tRc = trc min. Active Iccea — 145 — 130 3,4
FLASH WRITE CURRENT Standby Ieer — 85 — 70 3,4
RAS, CAS Cycling
(1Rc = tgc min. ) Active Icca — 125 | — 110 3,4
BLOCK WRITE CURRENT Standby Iecs — 95 — 80 3.4
RAS, CAS Cycling
tRe = trc Min. Active Iccsa o 135 — 120 3,4
ITEM SYMBOL MIN. | MAX | UNIT | NOTE
INPUT LEAKAGE CURRENT I —10 10 A
OV<VN<6.5V, All other pins not under test=0V 1w "
OUTPUT LEAKAGE CURRENT L —10 10 A
0VEV gy £5.5V, OutputDisable O(L) K
OUTPUT “H” LEVEL VOLTAGE Vou 24 - v
IOUT =-2mA
OUTPUT “L” LEVEL VOLTAGE VoL . 04 v
IOUT =2mA
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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.

fre Random Read or Write Cycle Time 150 180

tRMwW Read-Modify-Write Cycle Time 195 235

tpe 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
tepa Access Time from CAS Precharge 45 50 8,15
torF Output Buffer Turn-Off Delay 0 20 0 20 10
ty Transition Time (Rise and Fall) 3 35 3 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

sy RAS Hold Time 25 25

tcsu CAS Hold Time 80 100

teas CAS Pulse Width 25) 10000 25| 10000

trep RAS to CAS Delay Time 20 55 20 75 14
tRAD RAS to Column Address Delay Time 15 35 15 sol ™ 14
tRAL Column Address to RAS Lead Time 45 50

tcrp CAS to RAS Precharge Time 10 10

tepn CAS Precharge Time 10 10

tcp 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

trcs Read Command Set-Up Time 0

tRCH Read Command Hold Time 11
tRRH Read Command Hold Time referenced o RAS 0 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

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




TC524258B

SYMBOL PARAMETER 80 1 UNIT |NOTE
MIN. | MAX. | MIN. | MAX.
tps Data Set-Up Time 0 0 12
ton 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
tewp CAS to WE Delay Time 45 55 13
thzc Data to CAS Delay Time 0
tpzo Data to OE Delay Time 0 0 ns
toEA Access Time from OE 20 25 8
toEzZ 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
tesr CAS Set-Up Time for CAS Before RAS Cycle 10 10
teHr 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
tgsR DSF Set-Up Time referenced to RAS 0 0
tREH DSF Hold Time referenced to RAS (1) 15 15
tFHR DSF Hold Time referenced to RAS (2) 55 70
tpsc DSF Set-Up Time referenced to CAS 0 0
ter DSF Hold Time referenced to CAS 15 15
tvms Write-Per-Bit Mask Data Set-Up Time 0 0
t™MH Write-Per-Bit Mask Data Hold Time 15 15
trHs DT High Set-Up Time 0 0 ns
P DT High Hold Time 15 15
trLs DT Low Set-Up Time 0 0
trin 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)
teth DT Low Hold Time referenced to CAS 25 25
(Real Time Read Transfer)
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TC524258B8

SYMBOL PARAMETER 0 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

trRsSD RAS to First SC Delay Time (Read Transfer) 80 100

tASD Column Address to First SC Delay Time 45 50
(Read Transfer)

tesp CAS to First SC Delay Time (Read Transfer) 25 25

frsL. 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

tspD RAS to Serial Input Delay Time 50 50

tspy Serial Output Buffer Turn-off Delay from RAS 10 50 10 50 10
(Pseudo Write Transfer)

tsce SC Cycle Time 30 30

tge 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

tson Serial Output Hold Time from SC 5

tsps Serial Input Set-Up Time 0 0

tsph Serial Input Hold Time 15 15

tsEA Access Time from SE 25 25 9

SE SE Pulse Width 25 25

tsgp SE Precharge Time 25 25

tsgz Serial Output Buffer Turn-off Delay from SE 20 0 20 10

tszg Serial Input to SE Delay Time

tszs Serial Input to First SC Delay Time

tsws Serial Write Enable Set-Up Time

tswy Serial Write Enable Hold Time 15 15

tswis Serial Write Disable Set-Up Time 0 0

tswiH 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

1D RAS-QSF Delay Time 75 90
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TC524258B

NOTES:

10.

11.

12.

13.

14.

15.

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 200y 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 ty = 5ns.

ViH (min,) 31 Vi1, omax.) are reference levels for measuring timing of input signals. Also, transition times
are measured between Vyy and Vi .

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

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

tOFF (max.)» 'OEZ (max.) 'SDZ (max.) AN 3EZ (max,) define the time at which the outputs achieve the open
circuit condition and are not referenced to output voltage levels.

Either tycy 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 trwp» towp and tawp are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only. If twcs > twcs (min)» the cycle is an early write cycles and the data out
pin will remain open circuit (high impedance) throughout the entire cycle; If tgwp = thwn (miny lowp 2
tewD (min.) 04 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,y limit insures that tg oc (max.) can he met.
IRCD (max.) 18 specified as a reference point only : If ty - is greater than the specified
tRCD (max.) limit, then access time is controlled by teac.

Operation within the tRap (max.) limit insures that tgac (max, Can be met. tgop (max.) 18 specified as a
reference point only: If tg op is greater than the specified tg o (max., limit, then access time is controlled
by taa.
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TC524258B

TIMING WAVEFORM
READ CYCLE
tre
trag tgp
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w N /| \
lcre 't-;;: trs cPN
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TC524258B

WRITE CYCLE (EARLY WRITE)

tag
tras RP
_ em— tar
VA N / N\
tesy
|}ﬂ’, trep RSH teen
- teas
ms ol A A\ AN o
trap tray
BN RLTT] b} teay

G
4

RETY. o W [V

T

3 an

” eem

|
vl @l [
w e DR YR e Y

~W4/104 |
| Vou —,
ouT o OPEN

q

: "H" or “L”

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. Cc-11



TC524258B

WRITE CYCLE (OE CONTROLLED WRITE)

mow N T A - N
o :_/lfﬁ - - A — = ANV -
" @qf—@& o i
— :@fﬁm Z

e AiEEmEmE

H g
WMt DATA
L — -

D

Ww1/101 |

VALID
DATA-IN

D i

tonr

OPEN

"M or “L”

*1 WB/WE WI1/I01~W4/104 Cycle
0 WMI1 data Write per bit
1 Don’t Care Normal Write
WMI1 data 0: Write Disable

C-12

1: Write Enable
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TC524258B

READ-MODIFY-WRITE CYCLE

A0~A8

e VIH

DSF

,_ IN
W1/101
~Wa/104

L— out

N
\-

— ==
|  eve trep RsH teon
x:r : a0 \ - /‘
o [T g .
D e VO SR
twsr  trwg 1tres towp trwr
" T e Nl
” ST
2 el Tem
s, fy [P torp ™| Tt
x::‘ :%:wwn DATA &@ — o DATAIN W
ton ™ Byp—
77 -+ or L
*1 WB/WE WI/I01~W4/104 Cycle
0 WMI data Write per bit
1 Don’t Care Normal Write
WM1 data 0: Write Disable

1: Write Enable
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TC524258B

FAST PAGE MODE READ CYCLE

trase tre |
- L t o
Ve — N AR C
RAS " N %
RSH
tcre trcp tcr tep teen
| <> |« tcas
s Ym T tRAD ‘\ teas Z N toas ‘\ J F |
Vi tesH \ \4 r__.[_ﬁ \
tean RAL
ﬁf_ﬁ» Jl"‘“" tagcl 1 | tean tasc ; tasc tear
~ag VM ROW oL W COL_ Y oL.
A0~AB :?IAODD. R A5 | ADD.2 0 X
] T ( ! i
t R :
tres), B ML ] Lt =, tres gty l
WB/WE U %
Vi
trus trHH
je——
v g
bT/OE M
ViL
Lesc
tesh |
v r 3| tRFH |

1
FHR

t T
y
tozo 1 | tepa tepa
N VM
ViL Loeal ftorr toeal | torr toea orr
W1/101 teac teac o teac

] otz toez
~W4/104 trac taa ] tan taa iol 2
L _our You = OPEN J‘DATA-OU?E 4 DATA-OUT‘S____Z DATA-QUTH ..
Vou — A Y 1 x X 2 £ h Y L 4

m T"H® or "L"
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TC524258B

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trasp [
——\ t t
wmg Vm AR pc
Vi - \
l“"" treo tcp tep trsH teen
Vi = < teas| 1 \ tcas
[V trap %
Vi tcsH
tran tcan tean
tas . tasc, tasc
1
Viy ROW Y COL. v COL.
AQ~A8
' %ADD. PA ADD. 1 1 ADD. 2 f
t 1
1 tRwWH - ?CR t twen
WIR t WS, twew WeS [ |
WE/WE x::' % " twe | twe
tos| [tHe o |
BT/OE M
" 1EHR
RER 1 tesc tesg,
-t tcrH
OSF VM %«F“
Vie
tmH
tms s [ |
N Vi DATA-IN
l Vi 1
wi/101 R
~W4/104
Ve —
|—OUT V°“ OPEN
oL —

:"H" or "L”

*] WB/WE W1/I01~W4/104 Cycle
0 WMI 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-MODIFY-WRITE CYCLE

trase
tag e,
- h .
L o—-
teRMwW trsu
trcp K_p’
Viu — lcas j‘ﬁ trag ﬁ teas
AR I N N N\ "
k
SN2 g o g 1 gy Y S P e
vV ROW coL. coL. coL.
A0~AB v:: :}( ADD. x ADD. 1 m ADD. 2 D@m ADD. n
twsg 4 Ral
RWH twe
Vi R
WB/WE Vi 3@ ! y mg \;44
trhs LTI ]
P
e 0 Pl
) .
1 Ll IT sy
F|
DSF x::‘ 2
t 1328 ) to
TV iy _I toep! 1
Vie = DA wmt
— IN vy _J%u:r . O
w1/101 loag | |log2
~W4/104 tan
L Vou 7 oata S
ouT g, Y ouri Y
o trac —A
7//% T "H® or "L”
*] WB/WE W1/I01~W4/104 Cycle
0 WMI data Write per bit
1 Don’t Care Normal Write
WMI data 0: Write Disable

1: Write Enable
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TC524258B

RAS ONLY REFRESH CYCLE
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TC524258B

CAS BEFORE RAS REFRESH CYCLE

tre
1re trp
R e
Vi — q X tras y
RAS V:r _ / trPC \ { \
1

w TN Vo

BT/OE M
8
Vin
DSF
ViL
torr
jott——tp= |
W1/101 Vou — K
~W4/108 Vo — 's OPEN
Note : AO~AB = Don‘t Care ("H” or "L*) m :"H® or "L
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TC524258B

HIDDEN REFRESH CYCLE
tre tre
tras tgp tras trp
t
RAS Vih ~ ’\*———M», / \ }_J
i — S -
tcrp treo tRsH tepy
Vi — # r )
@& v /] / \_
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Vi =
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BT/0E ' _
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} tarH [
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WI/I01  Vou— X 4
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TC524258B

LOAD COLOR REGISTER CYCLE

W1/101

C-20
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Vin ROW )
i ADDRESS
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Vit | COLOR DATA-IN
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TC524258B

READ COLOR REGISTER CYCLE

3

tran

Vin
OT/GE Viu
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1 thsR trey
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Joea, torr
teac togz >
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TC524258B

FLASH WRITE CYCLE

Cc-22

— ) e
S fj F—_
B e N
s
P

mioan

OPEN

WMI Data

Cycle

Flash Write Disable

Flash Write Enable
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TC524258B

BLOCK WRITE CYCLE
tre
tras | trp
S — ==
I&’ :ﬁi'; AR5y I tepn 5
= AL w—y | A N
4D tcan el

tasR tRAH 4%

\/
WEE TN s e
% I
|

| [ - s —
N\ T
|<_‘M$_.4 et tos ] o
— WK = M -
~wa'f4our ng: I OPEN
: "H” or "L
*] WB/WE *2 W1/101~W4/104 Cycle
1 Don’t Care Block Write (Non Mask)

1: Write Enable

*3 COLUMN SELECT
W1/I01 - Column 0 (A} =0, Agc =0
W2/I02 - Column 1 (A;c =0, Agc =1
W3/103 - Column 2 (A= 1, Apc =0
W4/104 - Column 3 (A= 1, Agc=1

N

Wn/IOn
=0 : Disable
=1 : Enable
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TC524258B

PAGE MODE BLOCK WRITE CYCLE

W1/101 Vi
~W4a/104 Vi

R
twsr_
LEE e
i
"t
.
tcrn biLu i
tesm_ < lesc tesc,
DSF VW
Vo tDHR
[trars ton DH DH
s D! 1p
: \
. . » .

*| WB/WE *2 WI/101~W4/104 Cycle
0 WMI1 Data Masked Block Write
1 Don’t Care Block Write (Non Mask)
WMI data 0: Write Disable

1: Write Enable

*3 COLUMN SELECT

W1/IO1 - Column 0 (A, =0, Age =0
W2/102 - Column 1 (A, =0, Agc = 1 W“ﬂ?(;’_ Disable
W3/103 - Column 2 (Ajc= 1, Age =0 :l - Enable

W4/104 - Column 3 (A = 1, Age = 1
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READ TRANSFER CYCLE (Previous Transfer is WRITE TRANSFER CYCLE)

tre
tras ! tre
Viy — B tar
ms N /l \
toon
crp, tRcp trsH i e |
Vs e /1T f N
& ViL —/ \\
trap _tray
tasR trRaH TA___sg tcan
AO~AS x:t‘ ROW ADDRESS % SAMSTARTADDRESSW
AO~AB : TAP
ISR JRWH
v
WE/WE
LTS trim,
v
DT/OE '
SR tREH

wsuw A &5 @66 @

WI/101  Vou =
~W4/104 Vo, Y

SO SCC
C isc tsep

pled
sc x:’: B / \ Inhibit Rising Transient \lr /Mr\_
tee 1
tsos $74%

| son) pad
— e X I N
i - z‘DAV,z%g: X
QsF xgt‘: >< TAP MSB (A8)
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REAL TIME READ TRANSFER CYCLE

DSF

W1/101

OH
~W4/104 Vg

SC
H A
-

sC

SI01
~Sl04

-

ouT

QsF UoH

C-26

tre

—— =
terp taco trsH | teen |
/ - “—v 1 / |\
|t‘Aﬂ’ [than tasc Tean —a L
' RO ess >@§ SAM :orj:::«xksss
§ N N
-« 1OfF

OPEN

- tsca, tsca
s BBD e .
SOH ‘ SOH
OH VALID x VALID VALID VAUD x VALID
oL — ) DATA-OUT DATA-OUT DATA-OUT DATA-OUT DATA-OUT
Previous Row Data New Row Data
_ N TAP MSB (A8)

: "H" or "L*
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SPLIT READ TRANSFER CYCLE

tac
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s /N 41 N
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PSEUDO WRITE TRANSFER CYCLE

DSF :”

W1/i01  Voy
~W4/108 Vo

H
sc Vie
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SIO1
~S104
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QsF oM
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SAM START ADDRESS

Y38,
ST
<—s—>

AO~AB : TAP

OPEN

nnnnnnnn

l‘;& tscc
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/]

JW«

VALID
DATA-IN
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_  DATA-OUT x DATA-OUTY OPEN
I tson E tcop
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{ —— Serial Input Data
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WRITE TRANSFER CYCLE
P tre
tras tre
LR N / N
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R ep i teen ;
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OSF vy

Wi/101%

OH
~W4/104 Vg,

SC
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SPLIT WRITE TRANSFER CYCLE

Viy
DSF

Vie
W1/101  Vou

~W4/104 VoL

SIO1 Vin
~5108 V)

QSF H
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SAM START N0
7/ ADDRESS (n)

N WM1 X
P4 pata ) OPEN
11
3 (dse oy iy e &3 G &l
= 511 n n+1 n+2 \/ 2 -
_(255) ;(n4256)X(n+257)><(n+258) X %sgg) X & X i %(nznz)ss
o= |~ |
% ................ tsq0
i L Lower SAM 0 ~ 255
Upper SAM 256 ~ 511
V2 -
Note : 3F =
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SERIAL READ CYCLE (§E=VIL)

L 4 \

$CC $CC tsec $CC |

SCC
sC sC C | bse | Jsc
Viu —
sC
ViL —
SCP tsca tscp tsca “Tscp tsca | tsce tsca SCP tsca SCP

lsoy Jsoy tsom Lsoy Json
SI01  Voy = VALID x VALD x VALID x VALID x VALID ~ VALID
~$104 VoL — DATA-OUT DATA-OUT DATA-OUT DATA-OUT DATA-OUT ATA-OUT

Note : 3= vV VA 0" or L

SERIAL READ CYCLE (ﬁ Controlled Outputs)

J
Vi — /
RAS ViL —
trH|

7

G

tscc tscc SCC Lsce |

<<

DT/OE

tsc 1sc tsc %
Vin = 7 7
Tt Wﬁwﬁmﬁ%ﬁw
scP scp tsgp_! SCP SCP SCP tsce
Vi —
3E
Vi - / \L

tsze
- |
Vi —
IN Vv,
L -
tsca @ tsea tsca tsca

~5104 tsop tsez sca tsop lsoy

L Vou = VALID VALID 4 VALD VALID VALID
ouT  yo >< DATA-OUT x DATA-OUT >'_°"EN —{_paraour x DATA-OUT x ATA-OUT

@ "H" or "L*
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SERIAL WRITE CYCLE (SE=Vy;)

LA N
oTioE U ' -
© 0 __\#i;khﬁimi:\t%ilfw
Note : 5E= vy, $"H* or L7

SERIAL WRITE CYCLE (SE Controlled Inputs)
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— N o DATA-IN DATA-IN DATA-IN
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l___ Vou —
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out Vou —
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PIN FUNCTION

ADDRESS INPUTS : Ao~ 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 (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
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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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 410,

When the write-per-bit function is enabled, the mask data on the W;/I0, 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 V| or V; 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 haif 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~S104

Serial input and serial output share common I/O pins. Serial input or output mode is determined by the
most recent read, write or pseudo write transfer cycle. When a read transfer cycle is performed, the SAM port
is in the output mode. When a write or pseudo write transfer cycle is performed, the SAM port is switched from
output mode to input mode. During subsequent write transfer cycle, the SAM remains in the input mode.
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OPERATION MODE

The RAM port and data transfer operating of the 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.

S
CAS falling edge "IN Table 1. Operaton Truth Table
N _ -DSF : e R
AS falling edge v N 0 ! 0 1 1
B DSFY R B et B
CAS T/ WB)\\E -
oF we SE 0 1 0 1
0 * * * CAS before RAS Refresh -
{ 0 0 0 Masked Write Transfer ‘ Split Write Transfer with {;’lasked Write Transfer  Split Write Transfer with
L i - :
! 0 0 1 : Pseudo Write Transfer " Mask Pseudo Write Transfer : Mask
: i ’ | ) N R
1 0 1 *  Read Transfer Split Read Transfer Read Transfer Split Read Transfer
! ! 0 ¥ Read/Write per Bit Masked Flash Write Masked Block Write Masked Flash Write
! ot ¥ 'Read/Write Load Color Block Write Load Color
Table 2. Functional Truth Table
RAS ¥ Cas Y Address W/IO Register
Wri
Function . - Y M:.::
TAS | DT/OE | WB/WE |DSF|SE| DSF |RaAS ' |cAS Vv |Ras 1 |cas v ‘:TAES ' WMI | Color
CAS before RAS Refresh 0 * * *x - * - * - - B - .
Load
Masked Write Transfer 1 0 0 o]0 * Row TAP WMI1 * * WMI se -
Pseudo Write Transfer 1 0 0 0 (1 * Row TAP * * * - - -
Load
Split Write Transfer t 0 0 1 * * Row TAP WMI - * WMI use -
Read Transfer 1 4] 1 0 | * * Row TAP * * * - -
Split Read Transfer 1 0 ! L= * Row TAP * * * - - -
Write per Bit 1 1 0 of*] o Row Column | WMI . DIN |wMi L:’;d .
Column Column Load
as i 1 1 0 0 * R WMI - WMI1
Masked Block Write 1 ow A20-8C M Select wse | %€
Masked Flash Write 1 1 0 1| * * Row * WM1 } ¥ WM L;):ed use
Read Write 1 1 1 0 |* 0 Row Column * - DIN - -
Cotumn Column
i 1 0 * 1 R * - - - S
Block Write 1 ! ow A2C-8C Select use
Load Color 1 1 1 1 * * Row * * - Color - - Load

*:40"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 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 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 (tcsg) 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 —/':l_‘_\—;Refresh Cycle —>I<— Refresh Cycle —>i
RAS

CAS \ /—"
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 /IOi pins, their corresponding write circuits will remain enabled

so that new data is written. The truth table of the write-per-bit function is shown in Table 3.

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

At the falling edge of RAS
— — —— Function
CAS DT/OE WB/WE | Wi/IOi (i=1~4)
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.

RS —— I

734 —»———\H —
Ao~As @R;w i Coluimn

DSF

iU

WEIWE 70 70 7700007,

W, /10, Mask

W2/10: 7 wire YOI 1~ wive AL

W3/103 Mask

Wal104 T ie D - rve ET0000

L, o

W, /10;=L : Write Mask

W, /10, = H : Write

Figure 2. Write-per-bit timing cycle

CRT Display

[0} [e][e](e] 0] (e] (¢] (e][e][e](e][e]
o] (s][e][e][e] (][] [e][e][e)[e])[e]
[o](e](e][e][e){e)(s][S1L I IT[S]
olojo[Cciojo[o]elO]e|OlC
olojo[ololo[e[o]jC[e]OlO
olojo[o|c|e|ee|e(e[O]O
[e]{e)[e) (Y[ 1 (e} [e] (e} (e[ ] (e][e}
olojojelol0]0|Clo]e O

olo|ejo|Clojolo|010l010

4

ke

L

"0 Write

No Write (Masked)

“17 Write

No Write (Masked)

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 1/O blocks and the flash write operation can be selectively controlled on an 1/
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 puseconds.

Selected

ro~r0 N 0000000, *ow
WEIWE 7 OTT0I. oor

: Register .. _. ,d] ] d’] ]
o5t 7T ~ o<
w10 o X Write Enable  Write Disable
WM1 H: Write
L: Write tnhibit
Figure 4. Flash Write Timing Figure 5. Flash Write
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W////////;
2227

A \\ Clear

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 /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/O 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, and
column 2. Block write is most effective for window clear and fill operation in frame buffer applications, as
shown in the examples in Figure 9.

RAS —\ : —
S — —

Ao~As ) Rém: \)m( Colunim AC~A8C N7

sTH N

W;/10¢ : Column 0
[H - No Mask J W,/10; : Columnt | H : Write

: W3/10;3 : Column2 [ L : Write Mask
L :Mask Enable W4/10; : Column 3

Figure 7. Block Write Timing
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«— Mask

Mask Data Column Rggilstt,;r Column | Column | Column | Column
Select Data 0 1 2 3
W, /10, 0 1 0 W1/10;
W,/10; 1 1 [} @ W /10, 0 0 0
W3/103 1 [ 1 W3/103; 1 1 1
Wy/10, 0 1 1 W4/10,4
Mask

FAST PAGE MODE BLOCK WRITE CYCLE

Figure 8. Example of Block Write Operation

HrrT

Figure 9. Examples of Block Write Application

«— 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

Read/Write Cycle

Block Write Cycle

Figure 10. Fast Page Mode 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

!"l of1]2]------ |o+>| e — [ 509 [ 510|511 }_»I

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 | C | SE FUNCTION Preceded by a
. L Enable Serial Read
Serial Output Mode - - Read Transfer
H Disable Serial Read
) L Enable Serial Write R
Serial Input Mode H I , ¥ | Write Transfer
! H Disable Serial Write
. _ L Enable Serial Write R
Serial Inut Mode | N . - 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 location

Tap location

511

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 | Celt Array Cell Array

0 g ¢
512x4 > | 2s6x4 }-‘l 256 x4 J—:_oﬁ

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 Ag~Ag select
one of the 512 rows of the memory array to or from which data will be transferred and the column address Ag~Ag
select one of the tap locations in the serial register. The selected tap location is the start position in the SAM port
from which the first serial data will be read out during the subsequent serial read cycle or the start position in
the SAM port into which the first serial data will be written during the subsequent serial write cycle. During split
data transfer cycles, the most significant column address (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/WE | SE | DSF

H L H * | L |Read Transfer RAM - SAM 512x4 Input — Output
H L L L | L [Write Transfer SAM —» RAM 512x4 Qutput — 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

% : “H” or “L”

READ TRANSFER CYCLE

A read transfer consists of loading a selected row of data from the RAM array into the SAM register. A
read transfer is invoked by holding CAS “high”, DT/OE “low” WB/WE “high” and 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 12 shows the operation block diagram for read transfer operation.

SAM Start Address ON

{7] s101-a

\ _
TTTTTT? ..................... FFT?TT :>

SAM Serial Read

T 7100

512 x 4bits

J=— Selected Row

512x 512 x4 bits
Memory Cell Array

¢
>
@
Row Decoder

Figure 12. 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 Vyy, 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 13.
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SR e
[ — i T\
Ao~ho WRJW Y s
W/ WE
T/ . / [ I
ost
sc T\ f Uinhibit_Rising Transmon~\ 1 \3 j\L

: LI I
SIo - {_Dout__

Figure 13. 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- tory> and trg/trsp must be satisfied), as shown in Figure 14.

The timing restriction tygy / tysp are Sns min / 15ns min. The split read transfer mode eliminates these
timing restrictions.

ﬁ's'__[ o —

SIO1~S10, Y X Y Y L X X [

Previous Row Data —-><-— New Row Data

Figure 14. Real Time Read Transfer
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WRITE TRANSFER CYCLE

A write transfer cycle consist of loading the content 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 port 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 directly. 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. This write transfer is selectively controlled per
RAM I/O block by setting the mask data on the Wy/IO, lines at the falling edge of RAS (same as in the write-
per-bit operation). Figure 15 and 16 show the timing diagram and block diagram for write transfer operations,
respectively.

s — —\

™ S H O\ /
rie 000 Réﬂ'm S
W/ WE

It 7 ///////////////////////////////
W1/101~W,/104 ——(@
S . .

sC /[ L/ \_____Inhibit Rising Transition __ \ f——\__/_\_
S101~5104 Data In{Data In }
OSF 72722777\ p7zz72772222 2 7

Mask Data 0 : Not Transferred
1 : Transferred

Figure 15. Write Transfer Timing

The row address selected at the falling edge of RAS determines the RAM row address into which the data
will be transferred. The column 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 AQ‘ESS $101~5104
ARl L e o,

lJlll-ff---Si“-n ------ IIHI % % %
e (g

Ao~Ag |3
e «— Selected  Mask  ~y» “ye gy wyn
1 1
e . Row Data 2 !
2 512 x 512 x 4bits Transfer
« Memory Cell Array operation
is inhibited.

Figure 16. Block Diagram for Write Transfer Operation

When consecutive write transfer operations are performed, new data must not be written into the serial
register until the RAS cycle of the preceding write transfer is completed. Consequently, the SC clock must be
held at a constant Vy_or Vi during the RAS cycle. A rising edge of the SC Clock is only allowed after the
specified delay tgpp, 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 DATA TRANSFER AND QSF

The TC524258B features a bi-directional split data transfer capability between the RAM and the SAM.
During split data transfer operation, the serial register is split into two halves which can be controlled
independently. Split read or split write transfer operations can be performed to or from one half of the serial
register while serial data can be shifted into or out of the other half of the serial register, as shown in Figure 17.
The most significant column address location (A8C) is controlled internally to determines which half of the
serial register will be reloaded from the RAM array. QSF is an output in which indicates which half of the serial
register is in an active state. QSF changes state when the last SC clock is applied to active split SAM, as shown
in Figure 18.
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256 columns 256 columns

512
rows

| WA
%256 bitzl 256 bit |

Active Non-Active

Figure 17. Split Register Mode

Last SC . Last SC .
First SC r
(255) irs (511) First SC

< UL e LT LTI

QsF "low” / \ "low”

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

Figure 18. 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 biock diagram
and timing diagram for split read transfer mode are shown in Figure 19 and 20, respectively. During split read
transfer operation, the RAM port input clocks do not have to be synchronized with the serial clock SC, thus
eliminating timing restrictions as in the case of on-the-fly read transfers. A split read transfer can be performed
after a delay of tgrg, from the change of state of the QSF output, is satisfied.

256x4
‘/ X

| |/
g Active al /1
(K

i

S0

Figure 19. Block Diagram for Split Read Transfer
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w0 /e
soie VLTI o muw SO
WBIWE 7772 77727727 // 22 ///////////////
OVIOF 77z 7777727277777 //////////////////////////// 227
> 5 S — 4‘&.- R
QsF X IS X

Figure 20. Timing Diagram for Split Read Transfer

A normal (Non-split) read transfer operation must precede split read transfer cycles as shown in the
example in Figure 21.

Read
Transfer Spllt Read Transfer Spllt Read Transfer

RAS
QsF 1\ / \ \ ]\ VA
[
— - 5 l : =+ :fh--

??????

Figure 21. Example of Consecutive Read Transfer Operations
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SPLIT WRITE TRANSFER CYCLE

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

Serial data can be shifted into the other half of the split SAM register simultaneously. The block diagram
and timing diagram for split write transfer mode are shown in Figure 22 and 23, respectively. During split write
transfer operation, the RAM port input clocks do not have to be synchronized with the serial clock SC, thus
allowing for real time transfer. A split write transfer can be performed after a delay of tgpg, from the change of
state of the QSF output, is satisfied.

Figure 22. Block Diagram for Split Write Transfer

LT e U /_——\_
as H _ /
oA 77700700 Row X SAM
WBIWE 777772 - 777777777 /////////// ////////////////// 227727
DT/OF 77772 Y7227 // 27777727777,
DSk 72222222 2727777727777 ///////// 2272777,
W1/101~W4/10, ——@) ;
—— N e,
st — = X

Figure 23. Timing Diagram for Split Write Transfer
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A pseudo write transfer operation must precede split transfer cycles as shown in the example in Figure 24.
The purpose of the pseudo write transfer operation is to switch the SAM port from output mode to input mode
and to set the initial tap location prior to split write transfer operations.

Pseudo Write Transfer mrite Transfer /Sth Write Transfer /_\
/ 7. \\ 7 \_]_/* /.
s RRRARRRAR RSN SO OO OO UOPRUE SUORSVEVRPUTOTRS UUUURORRTUIN TN

e
T

Figure 24. Example of Consecutive Write Transfer Operations

RAS

SPLIT-REGISTER OPERATION SEQUENCE (EXAMPLE)

Split read / write transfers must be preceded by a normal (Non-split) transfer such as a read, write or
pseudo write transfer. Figure 25 illustrates an example of split register operation sequence after device power-
up and initialization. After power-up, a minimum of 8 RAS and 8 SC clock cycles must be performed to properly
initialize the device. A read transfer is then performed and the column address latched at the falling edge of CAS
sets the SAM tap pointer location which up to that point was in an undefined location. Subsequently, the pointer
address is incremented by cycling the serial clock SC from the starting location to the last location in the register
(address 511) and wraps around to the tap location set by the split read transfer performed for the lower SAM
while the upper SAM is being accessed. The SAM address is incremented as long as SC is clocked. The
following split read transfer sets a new tap location in the upper split SAM register address 256 in this example
and the pointer is incremented from this location by cycling the SC clock.
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Pause Dummy  Read Split Read split Read Feeudo
(200.5) Cycle Transfer Transfer Transfer Transfger
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DT/OE /
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sam per S
Pointer i SAM Upper
255 ] oo i ‘ P i SAM
........... " Devices (2) L_L/; 2 ;:\:nerj ! Reset/SetsaM '__-'éz"'\";r
Reset/Set SAM / SZ‘:AE' 4 pointer \ /
0 pointer H ;
[

Pointer Location |
Undefined

Figure 25. 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.

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).
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RAS T\ [
l Proper
CTAS \ / Transfer
Cycle

Address 27722278 _Row Y7L SAM Start )

RAS T\ A

s e zﬁ;wed
Address 7777777228 Row W 777 )

TAP LOCATION SELECTION IN SPLIT TRANSFER OPERATION

(a)

In a split transfer operation, column addresses AOC through A7C must be latched at the falling edge of

CAS in order to set the tap location in one of the split SAM registers. During a split transfer, column

address A8C is controlled internally and therefore it is ignored internally at the falling edge of CAS.

Addresses

(b)

RAS
CAS
Address

QSF

sC

C-54

RAS

T\

s \

—
p—
V777772 _Row KX Tan oddress Y7777 007 0 7,

AOR~ASBR

AQC~A7C (ABC is don't care:High or Low)

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

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

\ Jann ¥,
_/ N e W
—(Row 1 XTap 1) {(Row 2 XTap 2)—%—{Row NXTap N}

lower SAM : Active
upper SAM : Non-active

A\

/r L’
1 Last  First
v Clock Clock

S [ I P I B I

lower SAM : Non-active
upper SAM : Active

Multiple Split transfer into upper SAM
Serial access of lower SAM

Serial access of upper SAM
starting at Tap N location

]

)

1
le————— ———
'

1

|
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SPLIT READ / WRITE TRANSFER OPERATION ALLOWABLE PERIOD

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

Split

SC

QSF

Read/Write
Transfer
allowed.

SPLIT TRANSFER CYCLE AFTER NORMAL TRANSFER CYCLE

Last First Last . First Last First
Clock Clock Clock  Clock Clock  Clock
\ Ay ‘\
X %\ ' ——————
tsTH| tsTs sTH | tsTs tstr| tsts
I | |
YES NO YES NO YES NO YES

Figure 26. Split Transfer Operation Allowable Periods

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

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

Transfer Operation

o
30ns,

]
' i

Next Transfer :

Next Transfer Operation is allowed.

oTIoE T\ [ Y
DSF E w0
QsF X '

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).

Transfer Operation

' .
30ns;
Hamar
Next Transfer :

Not Allowed " |

Next Transfer Operation is allowed.

s Ay -
BT/OE \ / : | A

DSF g

QsF & E

« B e Epinin i nls W

NORMAL TRANSFER AFTER SPLIT TRANSFER

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

QsF Y

30ns Min.

|
1
Split Transfer_>i<.—___, «—-Normal Transfer Operation Aliowed
1
1
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POWER-UP

Power must be applied to the RAS and DT/OE input signals to pull them “high” before or at the same time
as the V¢ supply is tuned on. After power-up, a pause of 200, pseconds minimum is required with RAS and
DT/OE 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 automatically set as follows.

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

State after power-up
SAM port Input Mode
QSF High-Impedance
Color Register all “0”
WMI Register Write Enable
TAP pointer Invalid
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