TOSHIBA

SILICON GATE CMOS
262,144 WORDS x 16 BITS MULTIPORT DRAM

DESCRIPTION

The TC524262/265 is a 4M bit CMOS multiport memory equipped with a 262,144-words by 16-bits
dynamic random access memory (RAM) port and a 512-words by 16-bits static serial access memory (SAM)
port. The TC524262/265 supports three types of operations; Random access to and from the RAM port, high
speed serial access from the SAM port and transfer of data from any selected row in the RAM to the SAM. To
realize a high performance graphic frame buffer system the TC524262/265 features various special operations
such as the write - per - bit, the pipelined page mode, the block write and flash write function on the RAM port
and the read transfer operations from the RAM to the SAM port. In addition, extended fast page mode is
available where an output data remains valid during the CASL/CASU is high (TC524265 only). The TC524262/
265 is fabricated using Toshiba's CMOS silicon gate process as well as advanced circuit designs to provide low
power dissipation and wide operating margins.

FEATURES

Single power supply of 5V + 10% with a built-in
VBB generator

All inputs and outputs TTL Compatible
Organization
RAM Port : 262,144wordsX 16bits
SAM Port : 512wordsX16bits
RAM Port

Fast Page Mode (TC524262)

Extended Fast Page Mode (TC524265)

Read - Modify - Write

Pipelined Fast Page Mode

CAS before RAS Auto Refresh

Hidden Refresh

RAS only Refresh

Write per Bit (New / Old Mask Mode)
Masked Flash Write (New / Old Mask Mode)
Block Write

Masked Block Write (New/Old Mask Mode)
Load Mask Register / Color Register Cycle
512 refresh cycles/8ms

SAM Port

Addressable TAP Capability

Stop Address (Binary Boundary) Capability
Fully Static Register

Single Register/Split Register Mode Capability

RAM - SAM Transfer

Read/Real Time Read Transfer

Split Read Transfer

Package
TC524262/265SF : SSOP64 - P - 525
TC524262/265FT  : TSOP70 - P - 400
TC524262/265TR ~ : TSOP70 - P - 400A

TC524262
TC524265

target

KEY PARAMETERS
ITEM —60 | —170
tRAC RAS Access Time 60ns 70ns
(Max.)
tcac CAS Access Time 15ns 20ns
(Max.)
taa Column Address Access
Time (Max.) 30ns 35ns
trC Cycle Time (Min.) 115ns 130ns
tpc Page Mode Cycle Time 35ns 40ns
(Min.)
tsca Serial Access Time 15ns 20ns
(Max.)
tsce Serial Cycle Time (Min.) | 18ns 23ns
tracP | trac in Pipelined Fast 85ns 90ns
Page
tcact | tcac in Pipelined Fast 15ns 20ms
Page
tpcp Pipelined Fast Page
Mode Cycle Time 30ns 1 30ns
Iccy RAM Operating Current 00
(SAM : Standby) 10mA | 1
Iecza | SAM Operating Current
(RAM : Standby) 60mA | 60mA
Ieer Standby Current 10mA 10mA
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PIN NAME

AO0~A8 Address inputs

RAS Row Address Strobe
CASL/CASU Column Address Strobe
DT/OE Data Transfer/Output Enable
WB/WE Write per Bit/Write Enable
DSF1 DSF2 Special Function Control

W01 ~W1/1016

Write Mask/Data IN, OUT

SC

Serial Clock

SE Serial Enable
S101~S106 Serial Input/Output
QSF Special Flag Output
Vee/Vss Power (5V) / Ground
N.C. No Connection

PIN CONNECTION (TOP VIEW)

TC524262/265SF TC524262/265FT
vee 91 64 P sc vee 31 78
DT/OE &2 63 BEsE DT/OE 42 g
vss 3 62 P vss vss 33 68
so1 34 21 (3 5016 so1 4 67
WIO1 :g 8 wIi016 wWilo1 =45 g
S02 4 5 SO15 502 &6
wioz 7 58 Bwiois wiio2 7 64
vCC l:g 57 B2 vee vCC :8 %
s03 56 B2 5014 s03 O
wio3 410 55 Ewroia wioz ©510 8
S04 4 11 54 35013 s04 11
wiio4a & 12 53 Bwro1z wioa 312 5
vss 413 52 2 vss vss 13 S8 B
sos & 14 51 P 5012 sos 14 57
wios 15 50 Bwio1z2 wiros 15 56
so6 16 49 P so1 so6 16 55
wiro6 5 17 48 B2 wiron
vee 418 47 P vee
S07 4 18 46 B 5010
wio7 =420 45 Bwioio wioe =20 51
so8 421 44 B2 s09 vee 21 50
wrros = 22 43 2 wio9 so7 422 49
vss 423 42 B vss wiyo7 =4 23 48
ASL E 24 41 P psFy so8 24 47
WB/WE 25 48 [ DSF2 w08 425 46
RAS &4 26 39 B casu vss =426 45
A8 427 38 |2 qsF ASL =427 44
A7 8328 37 B ac WBWE 28 43
A6 & 29 36 B a1 RAS 0329 42
As @30 35 B a2 A8 30 41
Aas 431 34 B a3 A7 =331 40
vee 32 33 P vss A6 O %2 39
= Er s
. A4
525mil SSOP (0.8mm pitch) vce =35 36
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TC524262/265TR
sc 1 70 B vce
Se 2 28 £ DY /Of
vss 3 68 |2 vss
s016 4 67 2 so
WI/016 g 6 B wio1
SO15 5P 502
wio1s 7 64 P wioz2
Vee 5 8 g =RVdd
S014 O [2 503
wiio14 =10 21 2 w03
s013 1) 8 3 S04
wio13 & 12 59 B wioq
vss T3 13 58 B vss
5012 =414 57 B2 sos
wi/o12 15 56 B wios
so11 = 16 55 3 sos
wiio1n =20 51 B wiros
vee 21 50 P vcc
sO10 © 22 49 P so07
wii010 23 48 B wiro
s09 & 24 47 P sos
w09 & 25 46 P wio:
vss T4 26 45 BB vss
DSF1 27 44 BB CASL
pDSE2 328 43 P wew
CASU ©§ 29 42 BB Rras
QsF 30 41 2 A8
A0 &4 31 48 3 A7
Al 32 g 2 A6
A2 433 38 F a5
A3 34 37 P ag
vss 435 36 P vce
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BLOCK DIAGRAM
wl?/|o1~\{>v16/|o1s Sofale . si?lgs?o%’s?
W b T
PPPRPPe o |é$%§aguﬂ i -
l 2999929299 % l
OUTPUT BUFFER INPUT BUFFER TIMING GENERATOR SER’:LLJF‘F’;’;PUT
1\7? ﬁ
16 j
]
BLOCK L1
WRITE
CONTROL coror L
REGISTER
Upper(8bit)
COLOR
FLASH REGISTER
WRITE Lower(8bit) <}I
CONTROL
WM <I
REGISTER
Upper{8bit)
WRITE WRITE-PER W <)1
CONTROL BIT REGISTER
Lower(8bit) TRANSFER
; CONTROL
T |
—T L LI, )| - e
- - o
] — lr"j{i 0
- | X -
T 1
| T 1] -
1] 1]
— —w
= SHEH=T
-4 e [ ] - Py
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o le —
o % 512 CELL
g ‘ué — ARRAY —w § 5
L 22 — =2
— o |lwv b— — 6 - v
L I Iy m— —° | 53
L — — e QsF {>—o qsF
I_
9 SERIAL ADDRESS
COUNTER {9bits)
| ) "]
COLUMN ADDRESS ROW ADDRESS <;: REFRESH I I
BUFFER (9bits) BUFFER (9bits) COUNTER Vee Vss
FTTLTTTLT
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ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT NOTE
Vins Vour | Input Output Voltage — 1.0~7.0 v 1
Vee Power Supply Voltage —1.0~7.0 v 1
Topr Operating Temperature 0~70 °C 1
Tst6 Storage Temperature — 55~150 °C 1
TsoLpER Soldering Temperature * Time 260-10 °Cosec 1
Pp Power Dissipation 1 W 1
Iout 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 5.5 2
Viu Input High Voltage 24 — Vee+03 2
Vi Input Low Voltage -1.0 — 0.8 2

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

Note: This parameter is periodically sampled and is not 100% tested.
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D.C. ELECTRICAL CHARACTERISTICS (V¢ = 5V £ 10%, Ta = 0~70°C)

-60 -70
ITEM (RAM PORT) SAM PORT | SYMBOL UNIT | NOTE
MIN. [ MAX. | MIN. | MAX.
OPERATING CURRENT Standby Icen — 110 — 100 3,4,5
RAS, CAS Cycling
trC = IRc min. Active Iccia — 160 — 150 3,4,5
STANDBY CURRENT Standby e | — {10 | — | 10
(RAS, TAS = V)
Active Iecon | — | 60 | — | 60 3,4
RAS ONLY REFRESH CURRENT Standby Iccs — 110 — 100 3
RAS Cycling, CAS = V|
(IRC = tge min. H) Active Iecsa — 160 | — 150 3
PAGE MODE CURRENT Standby Ieca | — | 100 | — | 90 3.4,5
RAS =V, CAS Cycling
tpe = tre min. Active Tecaa | — | 150 | — | 140 3.4,5
mA
CAS BEFORE RAS REFRESH CURRENT Standby lees — 110 — 100 3
RAS Cycling, CAS Before RA
tRC = fRC Min. Active lcesa | — | 160 | — | 150 3
DATA TRANSFER CURRENT Standby Icce — 130 — 120 3,4,5
RAS, CAS Cycling
tRe = R min. Active lccea | — | 180 | — | 170 3.4,5
FLASH WRITE CURRENT Standby leey — 110 — 100 3.4.5
RAS, CAS Cycling
(‘RC = tge min. Active Iccra — 160 — 150 3,4,5
BLOCK WRITE CURRENT Standby Iecs — 120 — 110 3.4.5
RAS, CAS Cycling
tRC = R Min. Active Iccga — 170 — 160 3.4.5
ITEM SYMBOL MIN. | MAX | UNIT | NOTE
INPUT LEAKAGE CURRENT | 10 10 A
0V < VN < Ve + 0.3V, All other pins not under test = 0V L) - H
OUTPUT LEAKAGE CURRENT : 10 10 A
0V € Vour < Ve + 0.3V, OutputDisable oL - H
OUTPUT “H” LEVEL VOLTAGE (RAM and SAM)
Vou 24 | — \
IOUT =-1mA
OUTPUT “L” LEVEL VOLTAGE (RAM and SAM)
VoL — | o4 v
IouT = 2.1mA

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (V¢ =5V £10%, Ta = 0~70°C)(Notes: 6, 7)

SYMBOL PARAMETER <0 70 UNIT |NOTE
MIN. MAX. MIN. MAX
tre Random Read or Write Cycle Time 115 130
tRMW Read-Modify-Write Cycle Time 140 180
tpc Fast Page Mode Cycle Time 35 40
tPRMW Fast Page Mode Read-Modify-Write Cycle 85 85
Time
tRAC Access Time from RAS 60 70 13
taa Access Time from Column Address 30 35 13
tcac Access Time from CAS 15 20 14
tepa Access Time from CAS Precharge 30 35 14
terz CAS to Output in Low-Z 0 0
toFF Output Buffer Turn-Off Delay 0 15 0 15 9,15
tr Transition Time (Rise and Fall) 3 50 3 50 8
trp RAS Precharge Time 45 50
tRAS RAS Pulse Width 60 10000 70 10000
fRASP RAS Pulse Width (Fast Page Mode Only) 60 100000 70 100000
trsH RAS Hold Time 20 20
tesu CAS Hold Time 60 70
teAs CAS Pulse Width 15 10000 20 10000
trep RAS to CAS Delay Time 20 40 20 50 13
tRAD RAS to Column Address Delay Time 15 30 15 350 ™ [13
TRAL Column Address to RAS Lead Time 30 35
tcrp CAS to RAS Precharge Time 5 5
tepn CAS Precharge Time 10 10
tep CAS Precharge Time (Fast Page Mode) 10 10
tASR Row Address Set-Up Time 0 0
TRAH Row Address Hold Time 10 10
tasc Column Address Set-Up Time 0 0
tcaH Column Address Hold Time 10 10
tres Read Command Set-Up Time
tRCH Read Command Hold Time 10
TRRH Read Command Hold Time referenced 1o RAS 10
twcH Write Command Hold Time 10 10
twp Write Command Pulse Width 10 10
twpz Write Command Pulse Width 10 10
twgz Write Command Output Buffer Turn-Off Delay 10 15 9
tRwL Write Command to RAS Lead Time 20 20
towL Write Command to CAS Lead Time 20 20
tps Data Set-Up Time 0 0 12
C-358 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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SYMBOL PARAMETER <0 7 UNIT |NOTE
MIN. MAX MIN. MAX
tpy Data Hold Time 10 10 11
twes Write Command Set-Up Time 0 0 12
tRWD RAS to WE Delay Time 80 90 12
tTAwD Column Address to WE Delay Time 50 55 12
tewd CAS to WE Delay Time 40 40 12
tnze Data to CAS Delay Time
tpzo Data to OE Delay Time
toEA Access Time from OE 15 20
toEZ Output Buffer Turn-off Delay from OE 15 5] " 9
toED OE to Data Delay Time 10 10
toEH OE Command Hold Time 10 10
tops Output Disable Set up time 0 0
tROH RAS Hold Time referenced to OE 15 15
tesk CAS Set-Up Time for CAS Before RAS Cycle 5 5
tCHR CAS Hold Time for CAS Before RAS Cycle 15 15
trpc RAS Precharge to CAS Active Time 0 0
tREF Refresh Period (512cycle) 8 8| ms
twsr WB Set-Up Time 0 0
tRwH WB Hold Time 10 10
trsR DSF Set-Up Time referenced to RAS 0 0
tREH DSF Hold Time referenced to RAS(1) 10 10
trsc DSF Set-Up Time referenced to CAS 0 0
tor DSF Hold Time referenced to CAS 10 10
tys Write-Per-Bit Mask Data Set-Up Time 0 0
tMH Write-Per-Bit Mask Data Hold Time 10 10
tTHS DT High Set-Up Time 0 0
f— DT High Hold Time 10 10
tres DT Low Set-Up Time 0 0
triu DT Low Hold Time 10 10000 10 10000{ ns
trTH DT Low Hold Time referenced to RAS 55 60
(Real Time Read Transfer) 10000 10000
taATH DT Low Hold Time referenced to Column 25 25
Address (Real Time Read Transfer)
tetn DT Low Hold Time referenced to CAS 20 20
(Real Time Read Transfer)
trrp DT to RAS Precharge Time 45 50
trp DT Precharge Time 10 15
trRsD RAS to First SC Delay Time (Read Transfer) 60 70
tasD Column Address to First SC Delay Time 30 35
(Read Transfer)
tesp CAS to First SC Delay Time (Read Transfer) 20 20
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SYMBOL PARAMETER 0 70 UNIT|NOTE
MIN. MAX. MIN. MAX.
trsL Last SC to DT Lead Time 5 5
(Real Time Read Transfer)
trsp DT to First SC Delay Time (Read Transfer) 10 10
SRS Last SC to RAS Set-Up Time (Serial Input) 18 23
tsce SC Cycle Time 18 23
tyc SC Pulse Width (SC High Time) 5 10
tscp SC Precharge Time (SC Low Time) 5 5
tsca Access Time from SC 15 20
tson Serial Output Hold Time from SC 5 5
tsEA Access Time from SE 15 20
tse SE Pulse Width 10 20
tsgp SE Precharge Time 10 20
tsez Serial Output Buffer Turn-off Delay from SE 15 5 9
tsTs Split Transfer Set-Up Time 18 23
t9TH Split Transfer Hold Time 18 23
tsQD SC-QSF Delay Time 15 20
troD DT-QSF Delay Time 15 20
tcop CAS-QSF Delay Time 15 20
troD RAS-QSF Delay Time 60 70
tRCDP RAS to CAS Delay Time (Pipeline mode) 20 35 20 40
tesHp CAS Hold Time (Pipeline mode) 45 50 ns
tRACP Access Time from RAS (Pipeline mode) 85 90
tcACl Access Time from CAS (1) (Pipeline mode) 15 20
teacs Access Time from CAS (2) (Pipeline mode) 50 50
tcasp CAS Pulse Width (Pipeline mode) 10 10
tepp CAS Precharge Time (Pipeline mode) 10 10
tpep Fast Page Mode Cycle Time (Pipeline mode) 30 30
tcon CAS Hold Time referenced to OE 5 5
(Pipeline mode)
tRSHI RAS Hold Time (1) (Pipeline mode) 20 20
tRsH2 RAS Hold Time (2) (Pipeline mode) 50 50
tewLp Write Command to CAS lead Time 10 10
(Pipeline mode)
tewp WE to CAS Delay Time (Pipeline mode) 30 30
toprp Output Buffer Tum - off Delay from RAS 0 15 0 15 9.15
(Pipeline mode)
toEp OE High width 10 10 16
tecs CAS High to OE Low (Fast Page mode) 10 10 16
tecnH OE High to CAS Low (Fast Page mode) 10 10 16
tTSAA Boundary TAP SC Set-up time 0 0
tSATT SRT inhibit after Boundary SC 36 46
C-360 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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A.C. MEASUREMENT CONDITION

RAM Output Reference Level 2.0v/0.8V

SAM Output Reference Level 2.0vV/0.8V

RAM Output Load 1 TTL and S0PF

SAM Output Load 1 TTL and 30PF

Input Reference Level 2.2V/1.0V.

NOTES:

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

2. All voltage are referenced to Vgq.

3. These parameters depend on cycle rate.

4. These parameters depend on output loading. Specified values are obtained with the output open.
(I out=@mA)

5. Address can be changed once or less while RAS=V|; . In case of Iy it can be changed once or less

during a fast page mode cycle (tpc).

6. 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 CBR dummy cycles must be required.

7. AC measurements assume tr 5ns. (Between V| (miny a0 VI (ay))

8. tOFF (max.)? tOEZ (max.)? ‘OFFP (max.)> tWPS {max.)* [WEZ (max.)» and tSEZ {max.) define the time at which the

outputs achieve the open circuit condition and are not referenced to output voltage levels.
9. Either tgcy or trpy must be satisfied for a read cycles.

10. These parameters are referenced to CASL / CASU leading edge of early write cycles and to WB / WE
leading edge in OE-controlled write cycle and read-modify-write cycles.

I twess tRwp» towp and tywp are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only. If tyes 2 twes (min.)» the cycle is an early write cycles and the data out
pin will remain open circuit (high impedance) throughout the entire cycle; If tRWD 2 [RWID (min.)» tcwD
2 tewD (min.y A1 AwD 2 LAwD (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.

12. Operation within the tyep (max ) limit insures that tgac (max.) Can be met. tpep (nax, 15 specified as a
reference point only: If trcp is greater than the specified tgep (max.) [imit, then access time is controlled
by tecac

13. Operation within the tgap (may.) limit insures that tgac (max.) €an be met. tgap (max, 1S specified as a
reference point only: If tg o5 is greater than the specified tRAD (max.) limit, then access time is controlled
by taa.

14. torr toppp timing is specified from either RAS or CASL / CASU rising edge, whichever occurs last.

15. TC524265 only
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TIMING WAVEFORM
READ CYCLE *Note 1, 2, 3
e l
LRV N - / N

AD
ASR AS
Vin ROW COLUMN
AO~AB %{ADDRESS >@< ADDRESS
RCS

IRCH
RRH
Ema—

‘D& -

O

Vin
. N vy
W1/ tan OEZ
~W16/1016 trac |
Von ' r
OUT  yq OPEN VALID DATA-OUT }——
a—— |
taz
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WRITE CYCLE (EARLY WRITE) *Note 1, 2, 4
w TN / N
A A N “‘ / N\
wo-sa W TP MOK_ oo ~ /////ﬁ////////////
WE/WE :%H1 | ti,: Vi
BRI T
vl |\l | e
e 9w ...,
— N x:r :%(_ *2 % DATAN
OuT  yo, = OPEN o e
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WRITE CYCLE (ﬁ CONTROLLED WRITE) *Note 1, 2, 4
s :—\f / N
T N /4 B S
s 2 DN YOX_ B8 WD
LM :% 1 t 1
s | T
wor o T RO

srayeasw
- vl ||
s tol

ltms | ‘Mﬂ 4

— ww DR 2 MR i W
~Wl—‘io::m- zg': : OPEN
V4 L
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write WMI data 0 :Write Disable
1 :Write Enable
New Mask Mode 0 WMI1 data Write per Bit Don’t care 1 or ‘0
0Old Mask Mode 0 Don’t care Write per Bit
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e

READ - MODIFY - WRITE CYCLE  *Note 1, 2, 3, 4
trmw
tBES 1gp
oV — 3
M \ /‘ A\
tesH
tcre tm 1RsH tepn
Vi — teas r
&SRS vy, _ [/ NN /!
%
tase [ Tx S0 tas tean
'<—> &
Vin ROW COLUMN %
AO~AB %Aoonsss % ADDRESS /////////////////////
ltwsn | tRu | Jtres towp t ‘
Vg R t
w22 D e Now T
lgwp 1
1 tus | 10EH
= ViH K
1rse | [trr
v
osF1 ! %
trsR R
||
Vin
DZC
s toy
I<-—~> inzo S
N Vm s VALID
— v 24 TotA DATA-IN
teac
W1/101 taa toe
~W16/1016 trac -
— our 7. oPeN %EA"T’X&;}
——f—
taz % T "H” or
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write WMI1 data 0 :Write Disable
1 :Write Enable
New Mask Mode 0 WMI data Write per Bit Don’t care 1% or ‘0*
Old Mask Mode 0 Don’t care Write per Bit
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FAST PAGE MODE READ CYCLE

trase tre
t
Vi Y pc
RA ViL — & /
tRsH
[tgg tRCD tep tep 4 tepn |
|e——CAS
_ b t Lt
ViH 1rAD \\ CAS - AS N
TASL/TASU v, _/r "y N N~ |/ N /
trat
1, tRaH ¢ tcaH
25_'; ; 856 e | tcan tasc i tasc | tcan I
~ Vin ROW coL. coL._ ) COL.
AO~AB . :%,ADD. K ADD.1 | ADD.2 . ADD n
i 1
4
t tReH
tacs), A | | taes — tRes | Jtrey
_V
WB/WE
trms ik
- e |
oT/oE UM
(%
= - tesc tesc,
\ }
Vi = 15 || teen "t e
DSF1
Vi
tes | tred
Vik -
DSF2
Vie
tozo i | tcpal tcpa
Vin
IN
‘ ViL loea| |tore toea L:o“ loea torr
t 1 > 1
W1/101 ac toez CAQ 34 CAQ
t, -
~W16/1016 trac |22 > n Tan toez
- } L
our Vo OPEN DATA-OUT - DATA-OUTY (bATA-OUT]
VoL — -L 1 P 2 * n A
— | == | — — | ——
z Lz taz

m C"HT or "L®
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) *Note 1, 2, 4

trase

trp
—_ tec
RS \ ZL_\L\_
ViL —
tere t t 1 t t
RCD P cp RSH PN
e teas | P tews | '
Vih — trAD *\ !—_\\ / "\ teas /
TR vy, _ 2 7
N traH N tcaR R tcan : RAL
ASR_ tasc, l ASC tasc CAH
AO~AS Viy ROW COL. COL. N COL.
Vi k_ADD. ADD. 1 ADD.2 4 ADD. n
t, tweR twen twn
tw&'r(wu i tWCS, twen twes | g tWCS[ R
— -
WB/WE x"" " twp twe twe
It i
T
It tows tow CWL
trus| [ IHH] I L I | [T tewr ! ‘
55,658 VM
DT/0E
Vi

.
1RFH 1L tesc tesc tesc_,
=3t tern term
DSF1 VK Bid > <
Vi - )
trsr tRe
psk2 VM Bid N L
Vie ¢
tvH
tms | &-»
— 2
¥ DATA-IN DATA-IN
2 n

=
N VM . R DATA-IN
Vi N i 1

wi/lo

~W16/1016
L _our Vo~ OPEN
Voo —
m : “HY or "L*

Mask Mode *] *2 Cycle

No Mask Mode 1 Don’t care Normal Write WMI data 0 :Write Disable
1 :Write Enable

New Mask Mode 0 WMI data Write per Bit Don’t care P or ‘0*
Old Mask Mode 0 Don’t care Write per Bit
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FAST PAGE MODE READ - MODIFY - WRITE CYCLE*Note 1,2, 3,4

trasP
trp
| |
Vg — 3 tosh
s N }_J(\
LpRMW tRsH
tren P
- 1 # #&_ t
AL/ AT Viy CAS teas CAS Van Ve
YO - “AS \ tasc \ kasc \* t
H ow
tasg | |84 day  tow toay ‘L‘I:";'v
Vin ROW cot. cot. coL.
twsg | I tRal
RyH twe [twe, twp
[ % / I/ | /
WB/WE Vi *1 y :;:\lvl:[: \ town. \ town \
tins to (3 tawn ‘Am.l)__, tAmIL
— Vi =
DT/OE V:r | [tREH
1 < 1 i;s&l Itesg
FH ter
Viy
osF1 ) i’
T
TSR tRFH
Y
osF2 !
tam 1pz, tng t, 1.4 toz ]t
tms ‘+ 0z toepl 4 T, togp| __#"3 to tom
v jg ' J= toac oz
IN H *2 DATA- DATA- b DATA-
I_ \"1 3 tQA'r IN toea IN 2 ! ¥ N g
wi1/101 ‘ ‘o5z deag | |'ogz leag | {togz
~W16/1016 taa taa | taa
Vou —, ; ;
U Vol e B Bt By p—————
{ — — -
tcuz taz teL
7 RIvLl s
m : "H” or "L
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write WMI data 0 :Write Disable
1 :Write Enable
New Mask Mode 0 WMI1 data Write per Bit Don’t care C1or ‘0
Old Mask Mode 0 Don’t care Write per Bit
pe
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EXTENDED FAST PAGE MODE READ CYCLE (TC524265 only)

trasp e
. — toc
RAS ™ N /
L -
RsH
l‘gﬂ; trep tep tcp N teon
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A0~AB :?S.R‘Bo. ADD1 N ADD 2 N ADD.n
acy
tres), | LTRags
— V,
WB/WE '
twez
NCH tTHH s
| ||
S5T/BE VW
DT/OE /
trsc |
T tesc tesc
Vin 154 H‘“FH tern tern <_tc‘”,
DSF1
ViL —~
tesR | tRen
Vin >
DSF2
ViL
twezl |
lozo ) | tepa) tepa
N VYR
ViL . 1oEa tea teag tore
W1/101 a0 t t
AA AA ¢
~W16/1016 trac g —
out VYou T OPEN DATA-OUT >z DATA,OUT >§ DATA-OUT -
Vou — N L N p 4
— | -—
CLZ

T "H" or "L”
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EXTENDED FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

C-370

(TC524265 only)
trasp trp
R
e Vm T X tre
RAS Vi _ \
Itc’“” tacp s tcp ens tep 1psH L teen
_ 1
Vin A \-\ N N CAS /
CASL/CAST _/l‘ 2 s N / / N /
t tRAH ) tean | N tean < tRAL
ASR_ | tasc ASC f tasc CAH
- Vi ROW COL. COL. N COL.
AO~AB Vi % ADD. ADD. 1 ADD. 2 X ADD.n
1
tawH : tweH 1
twsk twes twen twes | twes) | [+
\Y - « >
WE/WE VIH :% " twe twe twe
I8 X
trus | [HH) 4 tewl to tow top e
| LODS I < [tol He D! ko He S ItDEH*_’]
=758 VH
DT/0Ot
\{
t , LcrH
TREH 1 tesc FSC, tesc_,
0t tery tern
o e NN N,
ViL
1 t
DSF2 Vi FSR RFR
Vi %
tmu
tms |
| —
IN Vih — * DATA-IN DATA-IN f DATA-IN Y,
Vie p 1 i 3 2 n A
W1/101
~W16/1016
L_our Vou OPEN
VoL —
%2 e ey w
m : "H" or "L
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write WMI data 0 :Write Disable
1 :Write Enable
New Mask Mode 0 WMI data Write per Bit Don’t care Slor Ty
0Old Mask Mode 0 Don’t care Write per Bit

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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EXTENDED FAST PAGE MODE READ - MODIFY - WRITE CYCLE
(TC524265 only)

trasP
trp
|
RAS UM _—j\ o
ViL —
termw 1RSH.
— s ¢
_ 1 = t
v, CAS teas CAS
RUTAST vy, _ . N N \-k
AS
k It t
tgan ASC, ASG, WL
tasg | _|B4H doany  tow ) loay)  tow tcan ““I";VL
Vin ROW coL. coL. coL.
tws| S
sg RWH twe twe, twe
e YH %{ A Y /
B/WE ViL *1 y :xg \ town \ town \
tTHs | tranbl
v | |
DT/OE M tReEH
oT/IOE ' _7|
R esc tesc) tesg,
Fl'i b F|
Vi T_,
DSF1  y, | .
tesR_ | tRen | |
A\
DSF2
tan | iRZ L to t 4t toz tos]
M O% toep) LoH}y toep '*h: togp] | | —» 0¥
Vig tozc tpzc I
Ny, 2 T yik 1 o2 i 1 Sy
L QEA, ! OFA | 19] )
W1/101 leag| |logz teag | logz ol [tosz
~W16/1016 taa tan AA
Vou =, " > >__ DATA. >—
out VoL — trAC 86?\1 8ﬁ'TrA2 ? OGTAn
—t - 1 —] -
taz taz taz
P RPTIPI
/////A C"H" or "L
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’'t care Normal Write WMI data 0 :Write Disable
1 :Write Enable
New Mask Mode 0 WMI data Write per Bit Don’'t care S or O
Old Mask Mode 0 Don't care Write per Bit
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FLASH WRITE CYCLE

.

W1/101
~W16/1016

L

ouTt

C-372

=D o
T e— ™

oo
2N e

N

1,

Ms v
IH “
L

L 0 00

OPEN

: “H" or "L”

VA

Mask Mode

New Mask Mode

WM data

Old Mask Mode

o}
=

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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BLOCK WRITE CYCLE (EARLY WRITE) *NOTE 1,2, 4
tre
tras ) tre
RAS z:’: : \r 4 | W
[&, tiig _ tRsH | 1PN .
UGS " AN sl A N
tasr tRaH R0 2; tcan L
AO~A8 \\2’: % ROW ADD. % ,&85 (A3C~A7C) //////////////////
1o twse tRwiy twes twen
| bia B v 8
wo ' P KT T
| THS timm { E:vwvt -
DT/OE x:;‘ %
SR tReH tes | ek
w 2L | 7 R
trsR tren
osr2 | %L Vi
L tvs tH tps tpH
o | i ,
— D YR - 7z
“Wierots
L— out xgr K OPEN
m D “HY or “L”
*3) COLUMN SELECT
Lower Byte
Mask WI1/101  -Column 0 (A2C =0, A1C =0, AOC = 0)
Mode *1 *2 W2/102  -Column 1 (A2C=0,AIC=0,A0C=1)
W3/103  -Column 2 (A2C =0, AI1C =1, AOC =0)
. W4/104  -Col 3(A2C=0,A1C=1,A0C =
NI‘\’AIZ;“:]‘ 1 12 Z?e‘ W05 Column 4 Eizc =1, 21c - (1), AOC = (l);
W6/106 -Column 5 (A2C=1,A1C=0,A0C=1)
W7/107 -Col 6 (A2C=1,AIC=1,A0C=0
Ne&xfk 0 \Z:Atal W8/108 czlﬂﬁ 7 EAZC =1,AIC=1, ioc = 1; Wn/IOn
Upper Byte =0 : Disable
s W9/109  -Col 0(A2C=0,A1C=0,A0C=0) =1:
Olr?/[i\f;:k 0 Izz;‘e‘ W10/1010 (621322 1 EAZC =0,A1C=0,A0C= 1) o Enable
W11/1011 -Column 2 (A2C =0, A1C = 1, AOC = 0)
W12/I012 -Column 3 (A2C=0,AIC=1.A0C=1)
o 0w D 01 Chmn 00— - -0
Don’t care 1 or 0" W15/I015 -Column 6 (A2C = 1, AIC = 1, AOC = 0)
W16/1016 -Column 7 (A2C=1,A1C=1,A0C=1)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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BLOCK WRITE CYCLE (DELAYED WRITE

*NOTE 1,2, 4

tre

tras

RAS v _ \ :
U " F— . = AN E% i Jr\.
|425R_, traH "A;i tcan
RS ST X G
i 700
wepl [ g ||\
v ||
] s | |t oy | ton
e N K e
L— our xgr: - OPEN T
ol el O e
St o | Vi e ACTIAY | wwon

WMI data 0 :Write Disable
1 :Write Enable

Don’t care

C-374

17 or O°

W12/1012
W13/1013
W14/1014
W15/1015
W16/1016

-Column 3 (A2C=0,A1C=1,A0C=1)
-Column 4 (A2C = 1, AIC =0, A0C =0)
-Column 5 (A2C =1, A1C=0. A0C=1)
-Column 6 (A2C =1, A1C=1, AOC =0)
-Column 7 (A2C=1,AIC=1.A0C=1)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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FAST PAGE MODE BLOCK WRITE CYCLE *NOTE 1, 2,4

trasp trp

-
RS Vi T N
ViL —

fere treD tep <L> EPM
. v\ teas ZF% teas teas
CASL/TAST ___/r i\ N N %
AO~A8 VM
Vi

L » \
*
It -
tesR | ﬂ| tesc - [~ tesc_ | T sc
DSF1 Vin
Ve

tRFR
trse L <o

. 7| | M 00077 T

tou tou

t
tms <~—|H> tos -t f tos | o tos -
W1/101 Vin * « *
9 N
~W16/1016 Vi % -K_.13 : ¢ W

:"H" or "L

*3) COLUMN SELECT
Lower Byte
Mask | . |« WI/IO1  -Column 0 (A2C = 0, AIC = 0, AOC = 0)
Mode W2/102  -Column 1 (A2C =0, A1C =0, AOC = 1)
= W3/103 -Column2 (A2C =0, AIC = 1, AOC = 0)
NoMask | | Dom't | w4104 Column 3 (A2C=0, AIC = 1. AOC = 1)
Mode care | Ws/105 -Column4 (A2C = 1, AIC = 0, AOC = 0)
W6/106  -Column 5 (A2C = 1, AIC = 0, AOC = 1)
NewMask | | WMLl 37107 Column 6 (A2C = 1. AIC = 1, AOC = 0)
Mode data | wgNO8 -Column7 (A2C =1, AIC = 1. AOC = 1) Wn/lOn
=0 : Disable
. | Upper Byte
Old Mask | | Dom’t | \wo/109  _Column 0 (A2C = 0, AIC = 0. AOC = 0) = 1: Enable
Mode care | W10/1010 -Column 1 (A2C = 0, AIC = 0, AOC = 1)

WI11/I011 -Column 2 (A2C =0, AIC =1, AOC = 0)
W12/I012 -Column 3 (A2C=0,A1C=1,A0C=1)
W13/1013 -Column 4 (A2C =1, A1C =0, AOC = 0)
W14/1014 -Column 5 (A2C =1, A1C =0, AOC = 1)
W15/1015 -Column 6 (A2C =1, A1C = 1, AOC = 0)
W16/1016 -Column 7 (A2C=1,A1C=1,A0C=1)

WMI data 0 :Write Disable
1 :Write Enable
Don’tcare  :’1’ or ‘0*

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-375
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RAS ONLY REFRESH CYCLE

tras I tgp

——
™ \
-
tcre tgpcl iCRP

Vi — r

ATy, / V
t ”
IASR tRAH

w2 D s Y0007k X%
w2 YT
——as

o] s
o2 W ) Vi /i

W1/101 Vou
~W16/1016 Vo — OPEN

2

F

|

!
N

: "H" or "L"
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HIDDEN REFRESH CYCLE
trc tre
trAS trp tras LB
— Vi — A 4
RAS Vie — \ / \c
tcre trep tRsh o tow teen
e VT Fé
TSRS v, /] /
traD traL !
t
(=255  Lpag [esg  |eap
Vi ROW COLUMN
AO~AB ADDRESS D@g ADDRESS
twsr
tRes | tRRH taw
e VH T
WB/WE Vi
trhs | tmg 1ok
— Vg — F
DT/OE Vi —| /
trsR - tsc tery
1 RFH '
\"
DsF1 M %
tes
i LReH
%
osF2 g
togz Jaga toFrE
1OFE ] taa, ‘._St{CA toez
wi 1ot Vor — >—— VALID DATA-OUT }—
~W16/1016 v
oL — 7
[
toz

V] - "Hor U
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CBR AUTO REFRESH CYCLE

tre
tre tep
=
Ve — £ b Y tRAS ,
RAS Vi — / trec \ \
tesk

e N V. )

Lz

v D) N
0000000000000

W1/101 Vor = -
~W16/1016  vo _ OPEN

Note : A0~ A8 = Don’t Care ("H" or “L") m D "H" or "L

C-378 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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CBR AUTO REFRESH & STOP REGISTER SET CYCLE

N

2
ol
< <
Il\i
/]

Vi
X “ H
N

rE

5w i) N zqzzizzzz7z2727,
o W i

tors

:
g
p

>
o
¢
>
®
<
-~ I
w
41
o
o
>

W1/101 Vor — N OPEN
~WI16/1016 V r

P "H" or "L”
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CBR AUTO REFRESH & RESET CYCLE

tre

tre tre
R
Viy — i b tras !
ViL — / trPC \ \
tesr

s T N
o v T
e 1w T
OS2 G

torr
W1/101 Vou =
~W16/1016 Vo, — OPEN

Note : A0 - A8 = Don’t Care ("H" or “L") m tYH" or "L"
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LOAD MASK/COLOR REGISTER CYCLE

*Note 5

teen

towl
1
twe

D
%

r 1

twc

H

SR tEpH trsc
-
%‘

W Dz A

Doy [ [ Ton

Y4

N

v
w1'; tos DH (Delayed Write)
~W16/1016 !
— WK X000
(Early Write)
CASL CASU *] 2 Cycle
0 Mask data [Load Mask Register
0 0 1 Color data | Load Color Register
o | 0 Mask data  |Load Mask Register (Lower Byte)
1 Color data |Load Color Register (Lower Byte)
. 0 0 Mask data |Load Mask Register (Upper Byte)
1 Color data |Load Color Register (Upper Byte)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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READ MASK / COLOR REGISTER CYCLE

=
sty :__/T“ t N o / /J—m—”l\_
o/oE ! :W t T 4

e amw %f’_f'
-

wi1/101 Von o
~W16/1016 VoL — tegz @r *2 VALID OUTPUT
1
V4 @ "Hor "L
CASL CASU *1 *2 Cycle
B 0 0 Mask data |Load Mask Register
1 Color data |Load Color Register
0 | 0 Masky data |Load Mask Register (Lower Byte)
] Color data |Load Color Register (Lower Byte)
: 0 0 Mask data |Load Mask Register (Upper Byte)
1 Color data |Load Color Register (Upper Byte)

C-382 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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PIPELINED FAST PAGE READ CYCLE *Note 6

tttttttt

D77

1 teag 1
CCCCC ~«QFEE
wior ; " i
o, — N DoutA Doyr8 DourC
wi6/1016 ViL — acs o X out xt out

S THT or LT

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-383
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PIPELINED FAST PAGE WRITE CYCLE *Note 6
w N N
trepp Icase tcpp tpce _ tRsHp
tepp tRSH1
sy Yy \ N /S
task "-.neln :Ai& ‘;AH tasc| |tcam tasc i?n tasc| [tean
AQ-A8 x:f:%( RA }@QLCA <] [« @
' towee
Lws| [taw twes| [twen twes| [twen twes| |twen 4
W8/ WE x::‘ g W g
| WWeR
Vgis'] bl tos | |tom s |ton tos | {toH os) Lo
= = =
s K 2 Yo YKo W oo o]
DT/OE Vs
esR Yesc| |tcr tesc | {tern tesc| |torm trsc| |term tesc| |t
psF1 Vin [~ %‘* f%* L,%
Vi
JReH
o5z ‘%ﬂ i,
% : "H" or "L”
Mask Mode *] *2 Cycle
No Mask Mode 1 Don’t care Normal Write WMI data 0 :Write Disable
1 :Write Enable
New Mask Mode 0 WMI data Write per Bit Don’t care 17 or ‘0°
Old Mask Mode 0 Don’t care Write per Bit
C-384 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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PIPELINED FAST PAGE READ - WRITE CYCLE

tesHe
mRs uM T N
ViL — h
CCCCCCCCCC N
TASL/ TATT N
1, tran tasc | [t
(e IS | |

W1/I0t~ Vi .
WI6/1016 v _’ "2
FSR RFH SC F
v
S\l
FsR | |ty
T

Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write WMI1 data 0 :Write Disable
1 :Write Enable
New Mask Mode 0 WMI data Write per Bit Don’t care 0:1"or "0
Old Mask Mode 0 Don’t care Write per Bit

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-385
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PIPELINED FAST PAGE WRITE - READ CYCLE

W N

N

Icsme,

tece trsH
trepP N tepp
ASP
AL ITAST " _
L/TASTy, _
tasa | |tn . caH teaH lcan tcan
AH ASC 1ASC tasc tasc
<= [ = = =
Vi =
A0-a8 UM RA }@( ca e cc co
s “cur
wsR| | tryvh T Tl tRCs
twes| Rwe 4 |
WB/WE VY
B/WE YW . T
Vi 1 CWLP tcacz
t1us twc SA—CL 1,
57,08 Y
DT/OE
H H
W1/101~ vy
W16/1016 v,

Vin

DSF1
Vie

Dsf2

Mask Mode *] *2 Cycle
No Mask Mode 1 Don’t care Normal Write
New Mask Mode 0 WMI data Write per Bit
Old Mask Mode 0 Don’t care Write per Bit

C-386

T

m T "HT e LT

WMI data 0 :Write Disable
1 :Write Enable
Don’'t care 1 or O

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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PIPELINED FAST PAGE WRITE - BLOCK WRITE CYCLE

tesne tocp

V= /_
RAS vy — 8 2
1RsH2
taope Lepe tcase tRsM1
Vin = /
CASLITATU v, _ '\__/_A N / \,L b \ 4
lean
tas| [tran tasc LC:H tasC tasc e

r<—-> -]
ViH
RA

Vi :%(

twsrl | tawn
twes
-
Vie — !

AQ-AB B

twen
Vi

twen
- S
trms | (Tra — -
BTIoE M J %
tws | fvu tos | [ton tos ton tos tpH
= ] [ t= ~—
\iv\:v/1lso/‘|o1s \\j:r _ 2 @( DinvA " "
tesc
tesr | | trem tesc | [ter
el ) T
tesr | | tapn
2w 78 X%
m N an or “L.
*3) COLUMN SELECT
Lower Byte
Mask %] S WI/I01  -Column 0 (A2C =0, AIC = 0, AOC = 0)
Mode W2/102  -Column | (A2C =0, A1C =0, AOC = 1)
W3/103  -Column 2 (A2C =0, AIC = 1, AOC = 0)
NoMask | | Don't W4/04  -Column 3 (A2C=0,A1C=1,A0C = 1)
Mode care W5/105  -Column 4 (A2C = 1, AIC = 0, AOC = 0)
W6/106  -Column S (A2C = 1, AIC = 0, AOC = 1)
NewMask | WMI W7/107  -Column 6 (A2C = 1. AIC = 1, AOC = 0)
Mode data W8/108  -Column 7 (A2C =1, AIC =1, AOC = 1) Wn/l0n
Upper Byte =0 : Disable
OldMask | | Don't | w9109  Column 0 (A2C = 0, AIC = 0, AOC = 0) =1 Enable
Mode care W10/1010 -Column 1 (A2C =0, A1C = 0, AOC = 1)
WI11/I011 -Column 2 (A2C = 0, AIC = 1, AOC = 0)
o W12/1012 -Column 3 (A2C =0, AIC = |, AOC = 1)
WMl data 0 :Write Disable  y 31013 -Column 4 (A2C = 1, AIC = 0, AOC = 0)
, L:Write Enable  w14/1014 -Column 5 (A2C = 1. A1C = 0, AOC = 1)
Don’tcare 1" or *0* WI5/1015 -Column 6 (A2C = 1. AIC = 1, AOC = 0)
W16/1016 -Column 7 (A2C = 1, AIC = 1. AOC = 1)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-387
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READ TRANSFER CYCLE
= Vi
RAS

DSF1

DSF2

wWi/101
~W16/1016

sC

501~5016

QSF

C-388

k14 tRsH |
7 s/ f
trap tRaL
tasr Y;_xsg
ROW ADDRESS @ SAM START ADDRESS
AO~A7 : TAP
WSR trwH
tre

AT

25CC

Ay g

Inhibit Rising Transient
|
trqp t t
tsca Q | SCA, SOY
s N
N/ vaLD VALID
—/ \DATA-OUT, DATA-QUT
{rQD

TAP MSB (A7)

: "H" or "L”

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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REAL TIME READ TRANSFER CYCLE

1re
tra: . trp
Ve _ N / \
RAS 0 :
CSH
tcre tacp trsH | teon i
e Vi T \ teas / i
TASL/TASY v, _/ o \
LT
t
| ASR RAH tasc tcan
Vin
AO~A8 ¢ £ss % SAM START'ADDRESS
A0~A7: TAP
RRRRRRR ] ATH ¢

wW1/101 Vou
~W16/1016 Vg,

H
SC oy

tsca '
QD
504 OH
{—=
Vou = VALID VALID VALID VALID x‘ VALID
501~5016 " DATA-OUT JA DATA-OUT A\ DATA-0UT A\ DATA-OUT 4 DATA-OUT
.
Previous Row Data 1 New Row Data
Vou — N
TAP MSB (A7
asF O (A7)
% .
SE 4 L

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-389
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SPLIT READ TRANSFER CYCLE

el RCD
<
Vin — <
TR/, _ / \\
1a:

&
5 2‘?2‘%

C"H" or "L"

Note:3E = V|

C-390 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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READ TRANSFER CYCLE (SE = Vy; )

HH
5T/6E VK Y
oTIoE A
$CC $CC tscc $CC SCC |
tsc | Isc_ sc_, e, s
Vih —
SC
o —_\’EF!‘_*H—» mej—b =
SCP tsca SCP tsca e |_tsca SCP tsca tsce tsca lce
] 5oy Yson Yo Json
501 Von — VALID x VALID VALID VALID VALD x' VALID
~5016 Vo, — DATA-OUT . DATA-OUT DATA-QUT DATA-QUT DATA-OUT ATA-OUT
|
= % D"H" or “L”
Note : SE= v, L, or

SERIAL READ CYCLE (SE Controlled Outputs)

. Vy —
RAS ' /
rHg

o708 z;:: s
o e SN

tsca
Von = VALID VALID ¢ VALD VALID VALID
501~5016 ;" >< DATA-OUT x DATA-OUT >_°PEN—Z DATA-OUT DATA-OUT ATA-OUT

m : “H" or "L"

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-391
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PIN FUNCTION

ADDRESS INPUTS : Ag~ Ag

The 18 address bits required to decode 16 bits of the 4,194,304 cell locations within the dynamic RAM
memory array and they 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 (CASL/CASU).

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 CASL/CASU, DT/OE, WB/WE, DSF1 and DSF2 to invoke
the various random access and data transfer operating modes shown in Table 1.

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 : CASL/CASU

CASL/CASU is the control input that latches the column address bits which are also used for the tap
address during the transfer operations. The state of the special function input DSFI is read at the CASL/CASU
falling edge to select the block write mode or load register functions in conjunction with the RAS control. CAS
before RAS refresh operations are selected if the signal is “low” at the RAS falling edge.

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. If it is “low”, a data transfer operation
is activated between the RAM and the SAM.

C-392 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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WRITE PER BIT/WRITE ENABLE : WB/WE

The WB/WE input is also a multifunction pin. When the signal 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.
If the signal is “low” at the RAS falling edge, the write - per - bit function is enabled.

WRITE MASK DATA/DATA INPUT AND OUTPUT : W,/I0;~W /10,

Data is written into the RAM through W,/10,~W 4 /10 pins during a write cycle. The input data is
latched at the falling edge of either CASL/CASU or WB/WE, whichever occurs late. In a read cycle data is read
out of the RAM on the W/, pins after the specified access times from RAS, CAS, DT/OE and column address.
The Lower and Upper 8 bits are also used as the column address mask during a block white cycle. The each 8
bits correspond to Lower/Upper byte column.

When the write-per-bit function is enabled, the mask data on the W,/IO,; pins is latched into the write mask
register at the falling edge of RAS. In a load mask and color register cycles, the data on the W10, pins is stored
into the write mask register and the color register respectively.

SERIAL CLOCK: SC

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted out of the SAM
registers at the rising edge of SC. The serial clock SC also increments the 9-bits serial pointer which is used to
select the SAM address. The SC pin must be held at a constant Vi or Vi level during read transfer operations
and should not be clocked while the SAM is in standby mode to prevent the SAM pointer from being
incremented.

No control signal disable SC input, and in any time SC toggle cause SAM pointer drarge regardless Sout
(controlled by SE).
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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.
When SE is “high”, serial access is disabled, however, the serial address pointer location is still incremented
while SC is clocked.

SPECIAL FUNCTION CONTROL INPUT : DSF1, DSF2

DSF1 is latched at the falling edge of RAS and CAS to select the various TC524262/265 operations. If the
signal is kept “low”, the basical functions featured in conventional multi - port DRAM are enabled. To use the
block write, the flash write and the load register functions or the split transfer operations, the DSF 1 signal needs
to be controlled as shown in Table 1.

When the DSF 2 signal is “high” at the falling edge of RAS, pipelined page mode operations are enabled.
The pipeline mode is supported with the read, write and block write functions.

SPECIAL FUNCTION OUTPUT: QSF

QSF is an output signal which, during split register mode, indicates which half of the split SAM is being
accessed. QSF “low” indicates that the lower split SAM (Bit 0~255) is being accessed and QSF “high” indicates
that the upper split SAM (Bit 256~511) is being accessed. QSF is monitored so that after it toggles and waiting
a delay of tgrs, split read transfer operation can be performed on the non-active split SAM.

SERIAL OUTPUT: SO;~SO ¢

Serial output SO;~SO, 4 are the output pin of SAM register. SAM data out is valid t5c, after SC rising
edge. These SO~SO output is controlled by SE. SO is going to Hi-Z state when SE goes high.

OPERATION MODE
The RAM port and data transfer operating of the TC524262/265 are determined by the state of CASL/

CASU, DT /OE, WB /WE, DSF 1 and DSF 2 at the falling edge of RAS and by the state of DSF1 at the falling
edge of CAS. The Table 1 shows the functional truth table for a listing of all available RAM port and transfer

operations.
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Table 1. Functional Truth Table

RASI v CASY
CASL/| DT/ | WB/ Mnemonic Function
casu| o | wg | DSFl | DSF2 | DSFI Code
0 * * 0 * — CBR  |CBR Auto Refresh & Option Reset 1 2)
0 * 0 1 * — CBRS CBR Auto Refresh & Stop Register Set?)
0 * 1 1 * — CBRN  [CBR Auto Refresh
1 0 1 0 * * RT Read Transfer
1 0 1 1 * * SRT Split Read Transfer
1 1 0 0 0 0 RWM | Read Write (New/O1d Mask)!
1 1 0 0 0 1 BWM  |Block Write (New/O1d Mask)!
| 1 0 1 * * FWM | Flash Write (New/Old Mask)"
1 1 1 0 0 0 RW Read Write (No Mask)
I 1 1 0 0 1 BW Block Write (No Mask)
1 1 0 0 1 0 RWM (P) |PFP Read Write (New/01d Mask)!)
1 1 0 0 1 1 BWM (P) |PFPY Block Write (Newfold Mask)!)
1 1 1 0 1 0 RW (P) |FFP% Read Write (No Mask)
1 1 1 0 1 1 BW (P) |PFP® Block Write (No Mask)
1 1 1 I * 0 LMR Load (O1d) Mask Registerl)
1 1 1 1 * 1 LCA Load Color Register

Note: *=0or I, - = Not applicable.

1) After LMR operation, RWM, BWM, FWM, RWM (P), BWM (P) use old mask. Either CBR
operation or LMR operation with no mask bits resets the old mask mode to new mask mode.

2) CBRS operation determines binary boundaries in the SAM. CBR operation resets the boundaries.

3) PFP stands for pipelined fast page mode.

4) The state of CASL/CASU is defined as Logical “AND” of CASL and CASU state.

—
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RAM PORT OPERATION

1. READ WRITE FUNCTION : RW

The TC524262 / 265 is equipped with the read write function which is identical to the conventional
dynamic RAM's one and supports read, early write, OE controlled write and read-modify-write cycles as shown
in the timing charts. Extended fast page (TC524265) and pipelined page modes are also available with the read
write cycles by performing multiple CAS cycles during a single active RAS cycle.

1.1 EXTENDED FAST PAGE MODE (TC524265)

Extended fast page mode allows faster access to the memory in an actual system than the conventional fast
page mode. An output data remains valid after the CAS signal goes high to prepare the next output data. Thus,
the system has longer period to read the data from the RAM. Read, write and read-modify-write cycles are
available during the extended fast page mode.

2. WRITE-PER-BIT (MASKED WRITE) FUNCTION : RWM

The write-per-bit (masked write) function selectively controls the internal write enable circuits of the
RAM port. When WE is held “low™ at the falling edge of RAS, during the RWM cycle. the write mask is
enabled. At the same time, the mask data on the W/IO, pins is latched into the write-mask register. The /O mask
data maintains in a single RAS cycle, a page (New Mask Mode). When a load mask register function (LMR) is
performed, the write mask data on the W;/IO; pins is latched into the write-mask register. After the LMR
operation, the data at the falling edge of RAS during the RWM cycle is ignored and the I/O mask data that was
stored in the write-mask register is used (Old Mask Mode) until the mode is reset by either CBR operation or
LMR operation with no mask bits. The truth table of the write-per-bit functon is shown in Table 2.

Table 2. Truth table for write-per-bit function

At the falling edge of RAS
S S S Write Mask Register Function
CASL/CASU | DT/OE | WB/WE Wi/10/; (i = 1~16)
1 «— Write Enable
0 — Write Disable (New Mask)
H H L
* 1 Write Enable
* 0 Write Disable (Old Mask)

Note:* = | or 0, « = The data on W,/10; is latched.

3. BLOCK WRITE AND MASKED BLOCK WRITE : BW &B WM

Block write is a special RAM port write operation which, in a page, allows for the data in the color register
to be written into § consecutive column address locations starting from a selected column address in a selected
row. The block write operation can be selectively disabled on an /O basis and a column mask capability is also
available.
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A block write cycle is performed by holding CASL/CASU, DT/OE “high” and DSFI “low” at the RAS
falling edge and by holding DSF1 “high” at the CASL/CASU falling edge. If the DSF signal is “low” at the
CASL/CASU falling edge, a normal read write operation will occur. Therefore, a combination of block write,
read and write operations can be performed during a fast page mode cycle. The state of WB/WE input at the
falling edge of RAS determines whether or not the IO mask is enabled (WB/WE must be “low” to enable the
1/O mask, BMW mode or “high” to disable it, BW mode). The 1/O mask is provided on the W /IO, input at the
RAS falling edge. After LMR operation, however, the old mask is used for the /O mask function. The column
mask data on the W/IO; input must be provided at the CASL/CASU or WB/WE falling edge whichever is late,
while the six most significant colunm address (A3C ~ A8C) are latched at the falling edge of CASL/CASU. This
latched column address determines the start column address of consecutive block.

The block write is most effective for window clear and fill operation in frame buffer applications.
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Figure 1. Block Write Operation

S —'—M I Example (Shown on Lower byte. The sanie manner on Upper byte)

(H W10

g%na) _Q—_—\ /— 1 2 3 4 5 6 7 8
; : WM1 Register (Lower) 1 1 @ @ 1 @ 1 @

A0~A8 % Row %Ed“m“ A@W Column Select (Lower byte) § 1 @ 1 1 1 @ @ 1

— m S R . — Color Register (Lower) 1loli1]olil1]ofo
; Result Q

ullo N7/ wiio
H 1] 2 [ 3] 4[5 [ ] 1 8

DSF1 %-QL—/ Column @ 1 1 0

DSF2 7\ L Column 1 /

Z Column 2 0 1 0
Y
wio QKL YKs covmn M X072 g"i“""‘ i 1 z 1 g
Early Write olumn
wio 2 X0 Coomn Vs X, [t
Delayed Write { Column €
*1 *2 Mask Mode Column 7 1 0 1 ]
1 {Dont Care No Mask Mode Application
0 |WM1 New Mask Mode 7
0 | Dot Care | Old Mask Mode ¢ High Speed Window Cear %
® High Speed Rectangular Fili

*3) COLUMN MASK

Lower Byte Upper Byte
WI/IO1 -Column 0 (A2C =0, AIC=0,A0C=0) W9/I09 -Column0(A2C=0.AIC=0.A0C=0)
W2/102 -Column 1 (A2C=0,A1C=0,A0C=1) W10/1010 -Column 1 (A2C=0,A1C=0,A0C=1)
W3/103 -Column 2 (A2C =0, A1C = 1, AOC = 0) W11/I011 -Column 2 (A2C=0,AI1C=1,A0C=0)
W4/104 -Column 3 (A2C=0,AI1C=1,A0C=1)  WI21012 -Column 3 (A2C =0,A1C=1,A0C=1)
W5/105 -Column 4 (A2C = 1, A1C = 0, AOC = 0) W13/1013 -Column 4 (A2C=1,A1C=0,A0C=0)
W6/106 -Column 5 (A2C=1,AIC=0,A0C=1) W14/1014 -Column 5 (A2C=1,A1C=0.A0C=1)
W7/107 -Column 6 (A2C =1,A1C =1, AOC=0) W15/1015 -Column 6 (A2C=1,A1C=1,A0C=0)
W8/108 -Column 7 (A2C=1,A1C=1.A0C=1) W16/1016 -Column 7 (A2C=1,A1C=1,A0C=1)

4. FLASH WRITE : FWM

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 /O blocks and the flash write operation can be selectively controlled on an I/
O basis in the same manner as the write-per-bit operation.

A flash write cycle is performed by holding CASL/CASU “high”, WB/WE “low™ and DSF1 “high™ at the
falling edge of RAS. The mask data must also be provided on the W,/10; inputs in order to enable the flash write
operation for selected 1/0 blocks. After a LMR operation, however, the old mask in the mask register is used for
the 1/O block masking.

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. Assuming a cycle time of 130ns, a plane clear operation can be completed in less than
66.6 pseconds.
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Figure 2. Flash Write Operation

Example (Shown is lower only. The same manner in upper byte.)

H
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—

Row ’//////// /////

Y2777
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I

o 00000, coir

: don't care {H or L)

Register

Mask
Data (WM1)

*

Mask Mode Application : High Speed Plan Clear

Mask Data

New Mask Mode

Don’t Care (H or L)

Old Mask Mode

512 Columns
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5. PIPELINED FAST PAGE MODE : RWM (P). BWM (P), RW (P), BW (P)

Pipelined fast page mode allows much faster access to the memory than the conventional page mode.
Read, write and block write cycles are available at the pipelined fast page mode timings.

A pipelined fast page mode is performed by holding DSF 2 “high” at the falling edge of RAS. A pipelined
fast page read, write and block write operations can run at 30ns cycle time. Also, those mode can be selected
every CAS cycle by the status of DT/OE, WB/WE and DSF 1 pin. There are, however, penalties on the
performance as follows :

(I) Two CAS cycles are required for the read operation. The first access, hence, takes longer than page mode.
Also, one CAS cycle is needed to read out the data before the write cycle starts in the same page.

(2) One dummy cycle is needed to complete the write and block write operation. The cycle is, thus, needed
between the write and the read operation and is required before the page ends.

A system designer needs to carefully estimate the system performances with the pipelined page mode and
the conventional page mode in order to decide which mode shouid be used.

6. LOAD (OLD) MASK REGISTER : LMR

The TC524262/265 has an on-chip 8 bit write-mask register which provides the 1/0 mask data during the
masked functions such as the write-per-bit (RWM), masked block write (BWM) and flash write (FWM)
functions. Each bit of the write - mask register corresponds to one of the DRAM I/O blocks. After the mask data
is specified in the write-mask register by using the load mask register (LMR) cycle, the old mask mode is
invoked during the masked functions.

The IO mask data in the write - mask register maintains until another LMR operation is performed during
the old mask mode. The LMR cycle is initiated by holding CASL/CASU, DT/OE, WB/WE and DSF1 “high” at
the falling edge of RAS and by DSF1 “low” at the falling edge of CAS. The data presented on the W/IO, lines
are subsequently latched into the write-mask register at the falling edge of either CASL/CASU or WB/WE,
whichever occurs later. The old mask mode is reset to the new mask mode by a CAS before RAS refresh cycle
(CBR). During the LMR cycle, the memory cells of the row address which is latched at the falling edge of RAS
are refreshed.

Figure 3 State Diagram of Mask Mode

LMR with at least one mask bit.

//_—_\,

( New Mask Mode ) ( 0Old Mask Mode )

ﬂ\‘_—//

CBR
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7. LOAD COLOR REGISTER : LCR

The TC524262 / 265 is provided with an on-chip 8-bits register (color register) for use during the block
write or flash write function. Each bit of the color register corresponds to one of the DRAM 1/O blocks. The load
color register cycle is initiated by holding CASL/CASU, WB/WE, DT/OE and DSF1 “high” at the falling edge
of RAS. The data presented on the Wi/IO; lines is subsequently latched into the color register at the falling edge
of either CASL/CASU or WB/WE, whichever occurs later. During the load color register cycle, the memory
cells on the row address latched at the falling edge of RAS are refreshed.

8. REFRESH

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is accomplished by
performing a memory cycle at each of 512 rows in the DRAM array within the specified 8 ms refresh period.
The TC524262/265 supports the conventional dynamic RAM refresh operations such as RAS only refresh, CAS
before RAS refresh and hidden refresh.

8.1 CAS before RAS Refresh and Option Reset : CBR

The CBR cycle reset the following functions, performing the CAS before RAS refresh operation at the
same time. .

» To reset the old mask mode to the new mask mode for the masked functions.

 To reset the stop register and remove the binary boundaries for the split SAM operation.
The systems which implement neither the old mask mode nor the binary boundary in the SAM is
recommended to use the CBR cycle for refresh operation.
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8.2 CAS before RAS Refresh : CBRN

The CBRN cycle performs only the CAS before RAS refresh operation. The systems which implement
either the old mask mode or the binary boundary in the SAM usually use the CBRN cycle for refresh operation
except for at the required stop register set or option reset cycles. The CBRN cycle must not be used during the
initialization after power - up.

8.3 CAS before RAS Refresh and Stop Register Set : CBRS

The CBRS cycle sets the stop register to place binary boundaries in each half SAM, performing the CAS
before RAS refresh operation at the same time. The CBRS cycle is initiated by CASL/CASU and WB/WE
holding “low” and by DSF 1 “high” at the falling edge of RAS. At the same time the data on the address pins.
Ag - Ay is latched and the binary boundaries in each half SAM will be available when a split transfer operation

is performed.
Figure 4 Stop Register and Binary Boundary Location
Stop Register Value Binary Boundary Locations
Ay - Ay
ARARARAE N | | S e
00111t | [ | [ ] | 127, 255, 383, 511
000111117 ‘ | | ] Ir I ] 1 ] 63, 127, 191, 255, 319, 383, 447, 511
ooooriv [TTTTTTITIITTTTTL] Rafeadlulsrudyrdfstes =
vooootvrr  [[[]][IITHTTII (ITTITTIITTTIITT 3857308783 225 %l isa s 3,

287, 303, 319, 335, 351, 367, 383, 399,
415, 431, 447, 463, 479, 495, 511

000000111
000000011
These values are not allowed to be set.

000000001

0000000060
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NOTE

OE control of Extended Fast Pace mode Read cycle (TC524265)

When OE is toggled while CAS is “low” level in fast page mode read cycle, the same data is valid on WI/
O. However, the data will not be valid when OE goes low with CAS high condition. The data will come out in
following CAS cycle. Such a O control have to satisfy togp (10ns min), tgcg (10ns min), tgcn (10ns min)
Please refer following Figure.

DATA TRANSFER OPERATION

The TC524262/265 features internal data transfer capability between the RAM and the SAM. as shown in
Figure 5. During a normal transfer, 512 words by 16 bits of data can be loaded from RAM to SAM (Read
Transfer). During a split transfer, 256 words by 16 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! input signal

512 columns 256 columns 256 columns
512x256x16 |512x256x 16
512 512x512x 16 512 |Memory Memory

rows Memory Cell Array rows | Cell Array Cell Array

U g 1
L 512x16 —l]:> Lzsexw )»]L 256 x 16 }—Z_D:>

Figure 5. (a) Normal Transfer (b) Split Transfer
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Table 3. shows the truth table of each Transfer Modes

RAS )
sty [ o [ wor [ oo | o | Tmerde | i | TR | A pon oo
CASU | OE WE
H L H L RT Read Transfer RAM ~ SAM |512x16 Input ~ Output
H L H H SRT Split Read Transfer RAM —SAM |256x16 Half SAM active

9. READ TRANSFER CYCLE : RT

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 CASL/CASU *high”, DT/OE “low” WB/WE “high” and DSF 1 “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 start address of the serial pointer of the SAM (TAP address) is determined by the
column address selected at the falling edge of CASL/CASU. By doing a tight timing control between the DT/
OE rising edge and SC falling edge, a real time read transfer operation can also be performed.

Figure 6 shows the operation block diagram for read transfer operation.

Figure 6. Block Diagram for Read Transfer Operation

TAP Address

N/ > = I

LTTTTTTT ......................... TT?? :>

SAM I Serial Read
[T/ 101
K512x16bits

Ag~Ag

7 R~ Selected Row

512x512x 16 bits
Memory Cell Array

Row Decoder

In a read 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 tygp from the rising edge
of DT/OE and the falling edge of RAS and CASL/CASU as shown in READ TRANSFER CYCLE timing chart.
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10. SPLIT READ TRANSFER CYCLE : SRT

A split read transfer consists of loading 256 words by 16 bits of data from a selected row of the half RAM
array into the corresponding half SAM in stand-by mode, Serial data can be shifted out of the other half of the
SAM in active mode simultaneously, as shown in Figure 7. The most significant column address (A8C) is
controlled internally to determine which half of the SAM will be reloaded from the RAM array. During the split
read transfer operation, the RAM port control signals do not have to be synchronized with the serial clock SC,
thus eliminating the timing restrictions as in the case of real time read transfers. Prior to the execution of the
split read transfer operation, a (normal) transfer operation must be performed to determine the absolute tap
address location. QSF is an output that indicates which half of the SAM is in the active state. QSF changes state
when the last SC clock is applied to the active SAM, as shown in Figure 8.

256 columns 256 columns

~ ™~ ™~
/ Active SAM QSF Level
512 256x16 .
rows lower SAM Low
\ upper SAM "High”

|
g Active alStand-'by-I

N

SIO

Figure 7. Split Read Transfer

Read
Transfer/_\ Split Read® Split Read m

??????

Flgure 8. Example of Consecutive Read Transfer Operations

RAS TAPZ 255 TAP3
— o ""jff:: ffﬁ::fff::f WW
QsF 1\ \

—p— --4: —— —
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NOTES

(1)

Transfer operation without CASL / CASU.

The SAM tap location is undefined if CASL / CASU is maintained at a constant “high” level during a
transfer cycle. A transfer cycle with CASL / CASU held “high” is, hence, not allowed.

RAS \ /
RS Altowed
Address 20 Row X777 777777747

(2) In the case of multiple split transfers performed into the same half SAM, the tap location specified
during the last split transfer, before QSF toggles, will prevail, as shown below.
w7\ S\ /
s \/ | e Y
Address  —(Row 1 XTap 1)—{Row 2 {Tap 2)—5—Row N)Tap N
lower SAM : Active -
QSF upper SAM : Non-active i | lower SAM : Non-active
T Last First upperSAM : Active
\ C?ock. Clock
N '
S P sy B
E Multipie Split transfer into upper SAM E Serial access of upper SAM
1 Serial access of lower SAM ! starting at Tap N location
1 1
(3) Split transfer operation allowable period.
Figure 9 illustrates the relation ship 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. A split transfer is not allowed during to tgyy + tsrs. In the case that the CBRS
operation is executed and the binary boundary in each half SAM is set or updated, an additional period
is applied, as shown in Figure 9.
Last First Last First Last First
Clock  Clock Clock  Clock Clock  Clock
X 4 RV
QsF 4
Trsaa tsaar
SRT SRT CBRS—SRT
Split I I 1 s ! BN tsTH jisTS
Read/Write
Transfer YES NO YES NO YES NO YES
allowed.
Figure 9. Split Transfer Operation Allowable Periods
The stop register and binary boundary are explained in the CBRS operation and the SAM port operation.
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4) A normal transfer may be performed following split transfer operation provided that a tgrg minimun
delay is satisfied after the QSF signal toggles.

QsF

Split Transfer . tsts Min. Normal Transfer Operation Allowed

(RS SN

SAM PORT OPERATION

The TC524262 / 265 is provided with 512 words by 16 bits serial access memory (SAM) which can be
operated in the single register mode or the split register mode. High speed serial read can be performed through
the SAM port independent of the RAM port operation.

11. SINGLE REGISTER SERIAL READ OPERATION

Serial data can be read out of the SAM port after a read transfer has been performed. At every rising edge
of the serial clock, the data is read 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. Subsequent real - time read transfer
may be performed on-the-fly as many times as desired.

= S —— EaERE

12. SPLIT REGISTER MODE

The split register mode realizes continuous serial read operation. The data c4n be shifted into or out of one
half of the SAM while a split read transfer is being performed on the other half of the SAM. Thus, the tight
timing control at a real time read operation is eliminated with the split read operation. A normal read transfer
operation must precede any split read transfer operation in order to set the TAP address. Also, a CAS before
RAS refresh and stop register set cycle (CBRS) can be performed to specify the binary boundaries in the SAM.
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In the split register mode, serial data can be read from one of the split registers starting from any of the
256 tap locations. The data is read sequentially from the 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 read
the data sequentially to the most significant bit (255 or 511) and finally wraps around to the least significant bit,
as illustrated in the example below.

Tap location ) Tap location _
« SRT is executed _’ ;_No SRT is executed _'
[—Hll ------ [ ([T T [
01 2 255 256 S

13. SPLIT REGISTER MODE WITH BINARY BOUNDARY

After a CBRS cycle is performed, the binary boundary, which is stated in 8.3. CAS before RAS refresh
and stop register set, is set when a SRT cycle is performed. The serial data is read from one haif of the SAM
starting the tap location to the next binary boundary, while another SRT cycle is performed. Then, the SAM
pointer moves to the tap location in the other half SAM and the data is read from the half SAM sequentially. If
any SRT operation is not performed before the next boundary, the SAM pointer does not jump to the other half
SAM, as illustrated in Figure 10.
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@ SRT; - CBRS — SRT; — SRT3 — SRT4 -
(TAP)) 1 (TAP) (TAP3) (TAP,)

New Boundary Set

ple : CBRS is executed during this period.

l<-— CBRS _):SRTZ | ,— This is the time point that SRT2 is executed.

AP By : Old
. Boundary
Bo B
New Boundary
is set by
Transfer Cycle (SRT)
after CBRS.
SRT4
|—
By : New
Boundary

Figure 10. Operation of Spit Register Mode with Binary Boundary

The binary boundary is reset by a CBR cycle and the SAM operation mode returns to the normal split
register mode, as shown in Figure 11.

SRT, sr, R

Bo : Oid
Boundary

By CBR I
Real Time Reset

\

Figure 11. Binary Boundary Reset
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Fig. 12 shows the relation between CBR and SC on binary-boundary-reset. When Nth SC-clock accesses

old binary address is reset and (N + 1)th SC clock accesses old boundary address (old stop address) + 1 on the
same split SAM, not jump to TAP address.

RAS CBR

0ld Stop Address
Figure 12. CBR and SC relation of binary-boundary-reset
In an actual system which uses the binary boundary a CBRS cycle is executed to determine a type of the
boundary location. Then, a normal RT transfers a row of data into the SAM and set the initial tap location at the

same time. An SRT cycle follows it before the SAM pointer reaches to the boundary location. The SRT cycle
makes the binary boundary jump effective, as illustrated in Figure 13.

RAS —\CBRS Y " /—w——%—
o — T

DT/OE . : fj—
SC e -
: [:% 1on‘

Figure 13. Binary Boundary Jump Set Sequence

There are additional timing specifications, trgaa and tga a1 to determine the period that does not allow a
split transfer, as illustrated in Figure 14.
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Boundary Boundary 15t

Boundary 4,
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Figure 14. Timing Specification to allow SRT operation
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 Ve supply is turned 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 CBR 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”.

INITIAL STATE AFTER POWER-UP

When power is achieved with RAS, CASL/CASU, DT/OE and WB/WE held “high”, the internal state of
the TC524262 / 265 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 setting cycle is performed after the initialization of the device
is performed (200 pseconds pause followed by a minimum of 8 CBR cycles) and before valid operations begin.

State after power-up
QSF High-lmpedance
Color Register all “0”
Write Mask Register Write Enable
TAP pointer Invalid
Stop Register Default Case
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