TOSHIBA

SILICON GATE CMOS
262,144WORDS x 8BITS MULTIPORT DRAM

DESCRIPTION

The TC528267 is a 2M bit CMOS multiport memory equipped with a 262,144-words by 8-bits dynamic
random access memory (RAM) port and a 512-words by 8-bits static serial access memory (SAM) port. The
TC528267 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 and
the SAM. To realize a high performance graphic frame buffer system the TC528267 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 and masked write transfer operations between the RAM and the SAM port. In addition,
the TC528267 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 5 V+ 10% with a built-in
Vpg generator

All inputs and outputs : TTL Compatible

Organization
RAM Port : 262,144wordsX8bits
SAM Port : 512wordsX8bits
RAM Port

Extended Fast Page Mode, 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
Serial Read / Write Capability
Addressable TAP Capability
Stop Address (Binary Boundary) Capability
Fully Static Register, SIngle Register/Split
Register Mode Capability

RAM - SAM Bidirectional Transfer
Read / Real Time Read Transfer
Masked Write Transfer
Split Read / Masked Split Write Transfer

Package
TC528267) : SOJ40-P-400
TC528267FT : TSOP44-P-400B
TC528267TR  : TSOP44-P-400C

TC528267

target spec

KEY PARAMETERS
ITEM
—70 | —80
tRAC RAS Access Time 70ns 80ns
(Max.)
tcaC CAS Access Time 20ms 20ns
(Max.)
tAA Column Address Access
Time (Max.) 35ns 40ns
tre Cycle Time (Min.) 130ns | 150ns
tpe Page Mode Cycle Time 35ns 40ns
Min.)
t5eA Serial Access Time 20ns 2Sns
(Max.)
tsce Serial Cycle time (Min.) | 25ns | 30ns
trace | trac in Pipelined Fast 90ns | 95ns
Page ’
tcact | tcac in Pipelined Fast 20ns 20ns
Page
tpcp Pipelined Fast Page .
Mode Cycle Time 30ns 30ns
Iee RAM Operating Current
(SAM : Standby) 100mA | 85mA
Iecoa | SAM Operating Current
OmA | 50mA
(RAM : Standby) 60m m
Teer Standby Current I0mA | 10mA
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PIN NAME
AO0~AS8 Address inputs
RAS Row Address Strobe
CAS Column Address Strobe
DT/OE Data Transfer/Output Enable
WB/WE Write per Bit/Write Enable
DSF1 Special Function Control
DSF2
W1/101~W8/I08 Write Mask/Data IN OUT
SC Serial Clock
SE Serial Enable
SIO1~SI108 Serial Input/Output
QSF Special Flag Output
Veo/Vss Power (5V)/Ground
N.C. No Connection

PIN CONNECTION (TOP VIEW)

TC5282673 TCS28267FT TC528267TR
[
veer 1 a0 Vss! V! 07 [} Vs Vst [ 4 TPy
scll2 39 [ sos sc2 43 [Isios sios [Ja3 2 [sc
sions  3sflso7 si01 |3 22 [sio7 sio7 [Ja2 3 fsion
sio2a 3715108 sioz ] & 41 [Isios 5i06 {| a1 4 [ 5102
sio3lls 36 1505 s03[] s 40 [ sios 5105 (a0 ‘s {502
sioall e 35:]-S-E sical] 6 39 [JSE SE [ 39 6 [] 5104
OT/0El]7 3a[Jwssnos OTOE(| 7 238 Jwaioe weaos ({38 7 PDTIGE
wirior s a3 wrrior wioil]s 37 Qwinor wior Q37 8 [ wiior
wario2 ]9 32[iweros waiozll 9 36 [Jweroe weaos 36 9 [J wano2
wanosl 10 31 [Iwssios wanoaf] 10 35 fwsnos wenos 35 10 [l Wano
warnoa]1n 30 Va2
_Vsl12 sfloser wanoal] 13 32[1vg2 Vs2 [] 32 13 wan
We/WE 13 28 [J SF2 via[] 14 31 ] DSF1 OSF1 {131 14 ) vyea
Ras 14 27 [1CAS wewe [] 15 30 [JOsF2 DsF2 ] 30 1s[IWB/
asfl1s 26 oS RAs [ 16 20 RS TAS[] 29 16 [IRAS
arllie 2s[JA0 asf] 17 28 ) QsF Qsr[] 28 17148
as17 2apas arf] 8 27 a0 AOEZ? 18 1 A7
asflis z3fa2 a6 ] 19 261 a1 A1l 26 19 [j A6
aal]19 22[1a3 asfl 20 25 a2 a2l s 200 A4S
vezl20 21 vss3 aall 21 2af] a3 azll2a 21124
vee2 ] 22 23[Jvg3 ves3 23 22 I Ver?
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BLOCK DIAGRAM
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REGISTER ¢E
FLASH (8bit)
WRITE o
CONTROL
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ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT NOTE
Vine Vour | Input Output Voltage —1.0~7.0 A 1
Vee Power Supply Voltage —1.0~7.0 v 1
Topr Operating Temperature 0~70 °C 1
Tstg Storage Temperature — 55~150 °C 1
TsoLDER Soldering Temperature * Time 260°10 °Cesec !
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 4.5 50 5.5 v 2
Vin Input High Voltage 24 — 6.5 Vv 2
Vi Input Low Voltage -1.0 — 0.8 Vv 2

+1 -1V 20ns Pulse width
CAPACITANCE (V¢ =5V, f = 1MHz, Ta = 25°C)
SYMBOL PARAMETER MIN. MAX. UNIT
Cl Input Capacitance — 7
C Input/Output Capacitance — 9
i0 pF
Co Qutput 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)

-70 -80
ITEM (RAM PORT) SAM PORT | SYMBOL UNIT | NOTE
MIN. MAX. MIN. MAX.
OPERATING CURRENT Standby Ieey — 100 -— 90 3.4,5
RAS, CAS Cycling
tre = tre min. Active Iccia — 160 140 3.4,5
STANDBY CURRENT Standby Iecn — 10 — 10
RAS,CAS =Vy
Active Iccoa - 65 — 55 3.4,5
RAS ONLY REFRESH CURRENT Standby Icca — 100 — 90 3,4
RAS Cycling, CAS = Vy
(tRc = tgg min. ) Active Iccsa — 160 — 140 3.4.5
PAGE MODE CURRENT Standby Iecq — 90 — 80 3.4,5
RAS =Vy;, CAS Cycling
tpc = tpc min. Active Iccaa — 150 — 130 3.4.5
mA
CAS BEFORE RAS REFRESH CURRENT |  Standby Iees — 100 — 90 3.4.5
RAS Cycling, CAS Before RA!
fRe = tge min. Active Iecsa — 160 — 140 3.4,5
DATA TRANSFER CURRENT Standby Iccs — 135 — 125 3.4,5
RAS, CAS Cycling
tre = tre min. Active Iccsa — 195 — 175 3.4,5
FLASH WRITE CURRENT Standby leer - 100 — 90 3.4.5
RAS, CAS Cycling
tgc = Irc min. Active Iccra — 160 — 140 3.4,5
BLOCK WRITE CURRENT Standby Iecs — 110 — 100 3.4,5
RAS, CAS Cycling
tgre = tge min. Active Icesa e 170 — 150 3.4,5
ITEM SYMBOL MIN. MAX UNIT NOTE
INPUT LEAKAGE CURRENT
) o T —10 10 pA
OV £ Vi < 6.5V, All other pins not under test=0V
OUTPUT LEAKAGE CURRENT I 10 10 WA
0V < Vgur < 5.5V, OutputDisable o)
OUTPUT “H” LEVEL VOLTAGE Vo 24 . v
Ioyr =~ ImA
OUTPUT “L” LEVEL VOLTAGE Vor . 04 v
lour =2.1mA
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (V¢ = 5V £ 10%, Ta = 0~70°C)(Notes: 6,7, 8)

SYMBOL PARAMETER o i UNIT | NOTE
MIN. MAX. MIN. MAX.

tre Random Read or Write Cycle Time 130 150
IRMW Read-Modify-Write Cycle Time 180 200
tpc Fas: Page Mode Cycle Time 35 40
tPRMW Fas: Page Mode Read-Modify-Write CycleTime 90 90
tRAC Access Time from RAS 70 80 9,15
tAA Access Time from Column Address 35 40 9.15
leac Access Time from CAS 20 20 9,16
topa Access Time from CAS Precharge 35 40 9,16
oLy TAS to Output in Low-Z 0 0
l0ELZ OE to Output in Low-Z 0 0
toFF QOutput Bufter Tumn-Off Delay 0 15 0 15 11,17
tr Transition Time (Rise and Fall) 3 50 3 50 8
rp RAS Precharge Time 50 60
tRAS RAS Pulse Width 70 10000 80 10000
tEASP RAS Pulse Width (Fast Page Mode Only) 70 100000 80 100000
tRsH RAT Hold Time 20 20
[ TAS Hold Time 70 80
teas CTAS Pulse Width 15 10000 20 10000
trReD RAS to TAS Delay Time 20 50 20 60 15
RAD RAF to Column Address Delay Time 15 3s 15 40 15
IRAL Column Address to RAS Lead Time 35 40
lcrp TAS 10 RAS Precharge Time 5 N
tep TAS Precharge Time 10 10 ns
tcp TAS Precharge Time (Fast Page Mode) 10 10
fASR Row Address Set-Up Time 0 0
tRaR Row Address Hold Time 10 10
tasc Column Address Set-Up Time 0 0
teAH Colutmn Address Hold Time 12 15
RCS Read Command Set-Up Time 0 0
RCH Read Command Hold Time 0 0 12
TRRH Read Command Hold Time referenced to RAS 0 0 12
twen Write Command Hold Time 10 15
tywp Write Command Pulse Width 10 10
twpz Write Command Pulse Width 10 15 11
twEZ Write Command Qutput Buffer Turn-Off Delay 10 15 1
tRwL Wrile Command to RAS Lead Time 20 20
tewl Write Command to CAS Lead Time 15 20
[ Datz Set-Up Time [ 0 13
Py Date. Hold Time 12 15 13
twes Write Command Set-Up Time 0 0 14
tRwD RAS to WE Delay Time 95 105 14
tawp Column Address to WE Delay Time 60 65 i4
lewp TAY to WE Delay Time 45 45 14
CoH TAS Hold TIme referenced to OF 5 5
tRES RAS to SC boundary - reset Time 30 30
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SYMBOL PARAMETER 70 %0 UNIT | NOTE
MIN. MAX MIN. MAX.
pze Data to CAS Delay Time 0 0
tpzo Data to OF Delay Time 0 0
toEA Access Time from OF 20 20 9
topz Output Buffer Turn-off Delay from OF 15 15 11
oED OE to Data Delay Time 15 15
tOEH OE Command Hold Time 15 15 ns
tops Output Disable Set up time [} 0
tRoH RAS Hold Time referenced to OF 15 15
esR CAS Set-Up Time for CAS Before RAS Cycle 5 5
teHR CAS Hold Time for CAS Before RAS Cycle 10 15
trpc RAS Precharge to CAS Active Time 0 ]
IREF Refresh Period 8 8| ms
twsR WB Set-Up Time 0 0
tRwH WE Hold Time 10 15
trsR DSF Set-Up Time referenced to RAS 0 0
1RFH DSF Hold Time referenced o RAS(1) 10 15
tgse DSF Set-Up Time referenced to CAS 0 0
tepn DSF Hold Time referenced to CAS 12 15
s Write-Per-Bit Mask Data Set-Up Time 0 ¢
tMH Write-Per-Bit Mask Data Hold Time 10 15
tTHs DT High Set-Up Time 0 0
truH DT High Hold Time 10 15
tris DT Low Set-Up Time 0 0
trry DT Low Hold Time 10 10000 15 10000
tRTH DT Low Hold Time referenced to RAS 60 65
(Rezl Time Read Transfer) 10000 10000
tATH DT Low Hold Time referenced to Column 25 25 "
Address (Real Time Read Transfer)
tctn DT Low Hold Time referenced to CAS 20 20
(Real Time Read Transfer)
tTRP DT o RAS Precharge Time 50 60
tp DT Precharge Time 15 15
1RSD RAS to First SC Delay Time (Read Transfer) 70 80
Lash Column Address to First SC Deluy Time 35 40
(Read Transter)
tesp CAS 10 First SC Delay Time (Read Transfer) 20 20
lysL Last SC to DT Lead Time (Real Time Read Transfer) 5 5
trsp DT 10 Flrst SC Delay Time (Read Transfer) 10 15
(SRS Last SC to RAS Set-Up Time (Serial Input) 25 30
tsrD RAS to First SC Delay Time (Serial Input) 20 25
tspD RAS to Serial Input Delay Time 45 50
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SYMBOL PARAMETER 0 B UNIT | NOTE
MIN. MAX. MIN, MAX.
tsce SC Cycle Time 25 30
[ SC Pulse Width (SC High Time) 10 10
tscp SC Precharge Time (SC Low Time) 5 10
tsca Access Time from SC 20 25 10
1S0H Seria! Output Hold Time from SC 5 S
tsps Seria’ Input Set-Up Time 0 0
tSHH Seria Input Hold Time 10 Iy
{SEA Access Time from SE 20 25 10
tsE SE Pulse Width 20 25
Isgp SE Precharge Time 20 25
sz Serial Output Buffer Turn-off Delay from SE 5 20 11
IszE Serial to SE Delay Time 0 0
ts7s Serial Input to First SC Delay Time 0 0
tows Serial Write Enable Set-Up Time 0 0
tswH Serial Write Enable Hold Time 10 L5
Swis Serial Write Disable Set-Up Time 0 0
tSWiH Serial Write Disable Hold Time 10 10
tsTg Split Transfer Set-Up Time 25 30
tSTH Split Transfer Hold Time 25 30
S AAT Split Transter SC Set-Up Time from RAS 45 55 "
tSan Split Transter SC Hold Time from RAS 1} 0
5o SC-QSF Delay Time 20 25
trap DT-QSF Delay Time 20 25
tcop TAS-QSF Delay Time 20 25
RGD RAS-QSF Delay Time 70 80
tRCDP RAS 10 CAS Delay Time (Pipetine mode) 20 40 20 45
tesup TAS Hold Time (Pipeline mode) 50 35
kacP Access Tlme from RAS (Pipeline mode) 90 95
teac Access Time from CAS (1) (Pipeline mode) 20 20 10
tcac? Access Time From CAS (2) (Pipeline mode) 50 50 10
tease TAS Pulse Width (Pipeline mode) 10 10
tcpp TAS Precharge Time Pipeline mode) 10 10
tpcp Fast Page Mode Cycle Time (Pipeline mode) 30 30
TRSH! RAS Hold Time (1) (Pipeline mode) 20 20
RH2 RAS Hold Time (2) (Pipeline mode) 50 50
tewLp Write Command to CAS lead Time (Pipeline mode) 10 10
tcwp WE to CAS Delay Time (Pipeline mode) 30 30
LoFEP Outoft Buffer Turn-off Delay from RAS (Pipeline mode) 0 15 0 15 11,17
RAM Output Reference Level 2.0V/0.8V
SAM Output Reference Level 2.0V/0.8V
RAM Output Load 1 TTL and SOPF
SAM Output Load 1 TTL and 30PF
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NOTES:
1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device.
2. All voltage are referenced to Vgg.
3. These parameters depend on cycle rate.
4. These parameters depend on output loading. Specified values are obtained with the output open.
5. Address can be changed once or less while RAS=Vy; . In case of Iy, it can be changed once or less

during a fast page mode cycle (tpc).

6. An initial pause of 200 ps is required after power-up followed by any 8 CAS before RAS initialisation
cycles before proper device operation is achieved.

7. AC measurements assume ty = 5ns.

8. VH (min) a0 VI (max ) are reference levels for measuring timing of input signals. Also, transition times
are measured between Vi and V.

9. RAM port outputs are measured with a load equivalent to 1 TTL load and 50pF.
Doy reference levels : Vo / Vor, = 2.0V /0.8V.

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

1L tOFF (max) 'OEZ (max.)» 'OFFP (max »'WPZ (max.)» 'WEZ (max.)» 30d tSEZ (max,) define the time at which the
outputs achieve the open circuit condition and are not referenced to output voltage levels.

12, Either tgcy or tgry Must be satisfied for a read cycles.

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

14. twes, (Rwp: towp and tawp are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only. If tycg 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 tgwp 2 tRwWD (min.) tcWD
2 tewp (min,) A0 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.

15. Operation within the trep (nax,) limit insures that tg A (max ) €2t be met.
tRCD (max.) 18 Specified as a reference point only : If tpcy, is greater than the specified
tRCD (max.) limit, then access time is controlled by tcac-

16. Operation within the taap (max.) limit insures that tgAc max) €an be MeL. (RAD (max ) I8 specified as a
reference point only: If tg oy is greater than the specified trap (max.) limit, then access time is controlled
by tan

17. tore torpp timing is specified from either RAS or CAS rising edge, whichever occurs last.
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READ CYCLE
L1
thas tap
Vi — 3 ] —
L IV N / K
s
tcre e tasn tepn
Vig teas ]
2 v \ f / K
180 thal
tasr
y |<-—-> LY tean
H ROW COLUMN
A0~AB :%(Aooasss ADDRESS
l RC
tacs
WB/WE M
Vi
tROH
17Hs, tTHH
Viu
BT/OE Wi
lesg | | tpep Trsc e,
Vin
sk | | tres
W,
DSF2 ‘M
tozg, 1.
toea
N Vik
f Vi Tac torr
w1/101 tan 1082
~W8/108 taac 1
L— our ‘zg:‘: OPEN @EL VAUD DATA-OUT [
|
1
o toeLz
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WRITE CYCLE (EARLY WRITE)

g

ras trp
sy N s \
l}_p_r, ‘t;?; tRsH ey
= tcas
w . A , AN : /| / N
s G, [ s

wns 2 TR s VR 58 W00

e o B R aey

.
ok “%E’_fp% o
—our Yo

: “H® or “L"

Mask Mode *1 *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
WM1 data 0: Write Disable
1: Write Enable

Don’t care 1 or 0
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WRITE CYCLE (OE CONTROLLED WRITE)

tre

—tRag tgp
LV N - / N
, = =
= w_ A L) V] / N_
ey 0 o

ADDRESS ///////////////////////////

>
(=]
]
.3
o
< <
2 F
§ ”_§
§ [32
* 1
m
wy
w

WE/WE : /4

<
o~ g
=
]

H
OSF y,

Vi

Vi %‘ =
— w2 YN e
"Wii)som Vou OPEN

VA "H" o LT

Mask Mode *1 *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
WMI data 0: Write Disable
1: Write Enable
Don’t care CPor
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READ-MODIFY-WRITE CYCLE

RmMw
thas tep
W \ N
tosh
tcre tBep Tash tepn
o W W s VN
task M_tmn_, tasd le—tcan |
s 2 DN B WX s Y000
twsr |t Jtres towp “,“
w7 W Y/
Vi
| trwp
| bms trhn I I | toen
e 32 e
tsa | |tpeg, trsc| torn
DSF1 x::‘ %‘—»
tesk | | tae
DSF2 ‘\/,:[‘ %“
o e, [ e
— oA KTy NN
wi1/101 o HEAC \%
~W8/108 rac
L our o2 oren —HBL 0
_>"| soeiz ; "H" or "L"
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write
New Mask Mode 0 WM1 data Write per Bit
Old Mask Mode 0 Don’t care Write per Bit
WMI data 0: Write Disable
1: Write Enable
Don’t care cVor '
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EXTENDED FAST PAGE MODE READ CYCLE

RAS

AQ~A8

DT/OE

DSF1

DSF2

I—IN
W1/101
~W8/108

L-—OUT

H-76

Viu
Vi

Vi
Vi

Viy
Vi

Vin
ViL

Vin
Vi

Vin
Vi

ViK
Vi

Vig
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Vo
Vo

trasp kL
o tpe Z,——J\—
RsH
2l o @ 0] gl [
.. T N tcas N teas L |
Wl T N \ N
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tasr || tRak tasd | | tean | tasc | | H tasc Tean
ke Y I ) ]
. L. v L.
A28, A4 A2 A58:n
| 1 & | I \
treH s‘.ﬁ
AR e | taes - tres nagl
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=t
!
s [ tesc tesc
it tRFH teen ekew . FH
: tff tRFH
lozo | tcpa tcpa
- | JoeA| [torr - chA tore [ -~ toEn tore
| 4-C4¢ torz O
trac tan el <E2 1 | tadl s - toez
E — OPEN :quATA‘-OUT* 'DATAz-ouT'E }{OATA-OUT e
- 1 ]
t tg
—->—l<—- —-:-—|<— —"—l("
toEwz oz toeLz
m T*R* or o
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EXTENDED FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

SV N
I_‘Cf; trep - tep o tep
= T e |
tASL.tRAH_ f e tacc ‘t@‘-’l tasc fean tasc
AO~A8 ¥:f :o\g. . iDt)..l .'* ;g;.z
mm Yo S ey
w2 F | N
o v A e i |
on o N\
it = D wey wa
~W‘-ait):m zg“ K OPEN
D “H" or "L”
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EXTENDED FAST PAGE MODE READ-MODIFY-WRITE CYCLE

A0~A8

DY/OE

DSF1

DSk2

.

w1/101
~W8/108

-

ouT

H-78

trasp
tap
Vin = 7 tesy
w — N
eRMW | g5k
e tacD
Vig — \ Leas ; 5\ tcas E 7_'
Vi — tag h_
It 1 FASC,
tAiL _‘# Ycan towL i -&- [t teay i tca
Vin ROW x coL. coL. coL
Vi ADD ADD. 1 ADD. 2 ADD. n
twsg o] [
_ twe twe, twe
Vin
Wi % a y Ly -<—tmn——> tewn C‘y
tRwh
trus | |etansl
v l | |
H
Vi 4 JtRen
tesn gt ) | tese tesgy Rese |
Reru [tce,
Yin
Vi
tesr tReH
Vin
Vi
tMH 2 1D tns oz, It
ths, o7, | togp) t toep| | tg oipH
y e o > heF
A J'“ 2( *2 DATA- DATA- DATA-
L toea LK} toea Y YN 2 toea [P
=3~ rot—3-{
Idac toer he || toez 174
tay [y tad
Vor 3 R ' e
VoL — | TrRAC 33?1 4 Bﬁ?\z, 3\‘1{’An4>
- talz Rided Karq
- S tonr — &i‘l e \Z
m T “H" or "L*
Mask Mode *] *2 Cycle
No Mask Mode ] Don’t care Normal Write
New Mask Mode 0 WMI data Write per Bit
Old Mask Mode 0 Don’t care Write per Bit
WMI data 0: Write Disable
1: Write Enable
Don’t care Por 0’
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FLASH WRITE CYCLE

g N A: ) - N
e ] e T —— ———

= W[ N / N
. tnan leeo——tas ]

o 12 Do N

— W

N BRIRR

w T

vV
DSF2

Vin
Vi
wi/lon
~WB/108

{ Von ~,
out o

i
D 7, .

OPEN

Mask Mode

*1

New Mask Mode

WMI1 data

Old Mask Mode

Don’t care

WMI data

Don’t care

0: Flash Write Disable
1: Flash Write Enable
SQor ‘7

ViZAq - ™ or"L”
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BLOCK WRITE CYCLE (EARLY WRITE)

tras \ tap

— D W

~W8/108
L— our :’,‘; OPEN
V4 - "H o LT
Mask Mod *1 *2
ask hlode *3 COLUMN SELECT
No Mask Mode 1 Don’t care W1/I01 - Column 0 (Ayc=0. Agc=0 Wn/IOn
W2/102 - Column 1 (A =0, Agc=1 ~0- Disable
New Mask Mode | © WM data W3/103 - Column 2 (A c=1. Agc=0 =1 Enable
WA/104 - Column 3 (A;c=1, Agc=1
0Old Mask Mode 0 Don’t care
WMI data 0: Write Disable
1: Write Enable
Don’t care ‘0or ‘T

H-80 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC528267

BLOCK WRITE CYCLE (DELAYED WRITE)

mS N / N\
,(EBL, :c«sc: tRsy . teen -
® W/ N — LN
et |
WB/WE ) % . )
1 m tops e toEH
sTioE U % W N
1 tRE tesc | F |
W N
DSF2 :’,:’L‘
y I<_tM§__’ MH. DH
— v w2 ] ..
w1710t
~wffaou7 You ™
oL — ) - o
Mask Mode ®] *) *3 COLUMN SELECT
W1/I01 - Column 0 (A =0, Agc=0
No Mask Mode 1 Don't care W2/102 - Column 1 (A =0, Agc=! n/l? n. .
W3/103 - Column 2 (A =1, Age=0 =0: Disable
NewMask Mode | 0 | WMI data W4/104 - Column 3 (Ajc=1, Age=1 J = D10k
0ld Mask Mode 0 Don’t care
WM1 data 0: Write Disable
1: Write Enable
Don’t care 0or '’
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FAST PAGE MODE BLOCK WRITE CYCLE

trase p
s Ve TN
Vi — J
tec tog rsh
toe] a5 o = ]
he—om-= P P
g Vm b "“‘Sﬁ* ; tcas L[ teas
Vii = trap \ N\ /,
RAH | tean toan traL
task | tasc [ tas tasc
AO~A8 VM ROW A~ 26~ A~
Vi ADD. _A A
THH
tyus
BT/TE Vi
Vi trwH
twsr we | o tweg

twa Twey
WE/WE Vm
v, " WE  twe, J T
I 1
tern teeg term
t, FHL tese 3 e PR
esn . | 8L s tesc tesc n
DSF1 Vin
Vi

tRFH

tes |

e W

tou tou

v
tms L—-» tos Ry tos tox 1os
W1/101 Vi N f

~WB/IO8 Vi :%g 2 '3 '3 *3

m t"H" or L

Mask Mode *1 *2 *3 COLUMN SELECT
W1/101 - Column 0 (Ac=0, Agc=0 WO
No Mask Mode 1 Don’t care W2/102 - Column1 (Ac=0, Age=1 (;‘ Disabl
W3/103 - Column 2 (Ajc=1, Agc=0 o E::;l:
New Mask Mode 0 WM1 data W4/104 - Column 3 (A =1, Apc=1 T
Old Mask Mode 0 Don’t care
WMI data 0: Write Disable
1: Write Enable
Don’t care C0or ‘17
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S ONLY REFRESH CYCLE

PC, tcre
L

2] L

- TR S50es Y0k 7
—_—
- v Bl ||

o v Vi

wi/101 Vou
~WB/108 Vg OPEN

1

BT/OE

T UHT or LY
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HIDDEN REFRESH CYCLE
tre tac
tpas 4 1ras t
Vg — e F
w g N 4N ) \
terp D tasH o ten
& ViL -_/ . \\ \.
RAD taay 1
. tasp M t!icﬁ Teay
ROW OLUMN
Ao~a8 :%(Aoonsss % ADDRESS
| twsr
trcs |} hrm |
wEIWE "
trhi trou
DT/OE
esc Crn
Ltﬂf
DSF1{
tarn
DSF2
Joeg,
1 CaG, h?
AN
taac m
Y.v\:v/alziog }— VALID DATA-OUT ]
[t
toez m . *H" or *L"
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CBR AUTO REFRESH CYCLE
754 zll: - _/' tarc "\‘ ‘ tras |;|¢—“-\_
S Vi

WE/WE UM
ViL

BT/OE U™
Vi

Vin

DSF1 Vi

Vi =

DSF2 Vi

Wi/101 Vou —
~WB/I0B Vo —

OPEN

Note : A0~ A8 = Don't Care ("H" or “L") ] - "H” or L7
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CBR AUTO REFRESH & STOP REGISTER SET CYCLE

tac
tre tre
-
Vi —  — tans
RAS Vi — / tarc ! K
1
icpn
I

tc: L
= cHr }

Vi//////
P ..ﬁAﬂ_-l
ooress M

1 t
WSR RWH

"

g
L
~

b3
Q
>
<«
<<
- I
v
Q
-
p-3

|

DSFt

DSF2

w1/101 Vou N
~W8/108 VoL — T

OPEN

P "H" or L7
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CBR AUTO REFRESH & RESET CYCLE

tac

e N ﬁf \__
S | Vo

Viy
WB/WE Vi

Vin
BT/IOE Vit

Vin

OSFt
ViL

o o

tore

W01 Vou = L
~W8/108 Vo, — — OPEN

Note : AG- A8 = Don't Care ("H” or "L") VA : "H" or "L”
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LOAD MASK/COLOR REGISTER CYCLE

Wi/101
~W8/108

L

H-88

Y

*2

— N

{Delayed Write)

m : "HY or "L*

{Early Write)
1 *2 Function
0 Mask data Load Mask Register Cycle
1 Color data Load Color Register Cycle
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READ MASK/COLOR REGISTER CYCLE

AO~A8

DT/OE

W8/ WE :

OSF1

DSF2

W1/101
~W8/108

tre
laas
Vik — 3 P d
Vi - \ ./
tes
terp TRCD t
] fe— RSH
Vih =
Vi —
tasp

tray

Vin
vy m ROW ADDRESS

1

trnm

Vin
ViL

R/
KT

—

| loea
teag J
Viu
Vi
trag
i
Vou =
Vo T *2 VALID OUTPUT
toez
*1 *2 Function
0 Mask data Read Mask Register Cycle
1 Color data Read Color Register Cycle
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PIPELINED FAST PAGE READ CYCLE

W1/101
Vv

out You 2 ) 3
~ VoL— X o -”,: DourC
W8/108VOL T tcacz 1 X’ d

tTHs t’r n )
BACP tcon | tcon loez
w G| K N - =
ICH

w2 WG W//////////////////////////////////

V74 - "H or v
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PIPELINED FAST PAGE WRITE CYCLE

1
Aol
———
RAS x _ \_
tacpp case teee tecp e 3BSH2_
teee tashy
S Vm T
vie - N N \ N/
4 tcan tasc| [tean tasc| [tcan tasc| |tean
v '-—» ‘1 — frae] [em
A0-A8 vﬁ'%{ RA c8 cc @
) towp
2 twek twes| [twen twes| [twen — £
WB/WE VY
ViL %
0s | [tow t ? os| |ioH
y = 2 |8 =
it N o Ko Ve
THs | [tThe
BI/OE  Vm
tarn
S Crh tsc Fsc| |term
V7

ese tesc] [tee rsc _tg
V,
F1 Vi
sl ulat .

Vi
o 2 G

V7] - v or "L

Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write
New Mask Mode 0 WMI data Write per Bit
0Old Mask Mode 0 Don’t care Write per Bit
WMI data 0: Write Disable
1: Write Enable
Don’t care o0
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PIPELINED FAST PAGE READ-WRITE CYCLE

N
RAS . _
1
Vi =~ leasp
(734 Vi —
task

twsr] | tay
WB/WE v - teact
tozp Lac2
toea
BT/t /? N
1
t
r«—— B teacz toact I
V ]
w1/101 . 4
IR &N NEgwe gw
tcom K
Lesk | | trem tesc | [ter tesc| | ten tesc trsc H
Vin
DSF1 y,
tesk | | ta

.

: "H" or “L"

w T

Mask Mode *1 *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
WMI data 0: Write Disable
I Write Enable
Don’t care lor ‘0
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PIPELINED FAST PAGE WRITE-READ CYCLE

AT Vm ___‘_\ yl—
ViL — N
tesie thcp ETTTIA
letRCDE 1cpp
Vo =" -
[ S
Vi — \
1AsR
AD-A8 VM )
Vie

Vin .
WEIWE y, %

tns

torep

tcacz

Vin teac i
BY/OF vy
s | |tvm tos | ftow tos tow o0 toea O |tosz
e

e =%

w110t Viu . i 1~
~W8/108 V.L:%( 2 @‘v OmA %{. OB Y Dourt Dourt)
tesh | | trew tesc | [teem tesc| te, tesc| |ter tesc | [teen tesc | Jeru tese | tern
Vin 2

sk | | trew

w7 N

D "H" or LY

Mask Mode *] *2 Cycle
No Mask Mode 1 Don’t care Normal Write
New Mask Mode 0 WM1 data Write per Bit
Old Mask Mode 0 Don’t care Write per Bit
WMI1 data 0: Write Disable
1: Write Enable
Don’t care C1or
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PIPELINED FAST PAGE WRITE-BLOCK WRITE CYCLE

Vin N
LY Vi N

t,
e

tasr
v
AO : AB " %
Vi RA ca

ASC

1

= wes| |t
B
tps

H
twsh wH
t <
[
tycs
trus | [(Tuw
Vin ‘%

DT/0E ViL ~Z W
s | ftmn
>l ]

W1/101 Vi 77 . Vil

~W8/108 V1L :72% 2 b O
tesr | | trem tesC

F
-
Vi —Z

tesp | |t

w2 T

: °H” or "7

Mask Mode *1 *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
WMI data 0: Write Disable
{: Write Enable
Don’t care CPor '
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READ TRANSFER CYCLE (Previous Transfer is Write Transfer Cycle)

taas J trp
vy —m——
w2 N /* N
S
H..'er_. 1RCD tash ; Yep
thap tray
tasr traH Iasg tean
AO~AB z::‘ ‘ SAM START ADDRESS

AO~AB : TAP

WOIWE
oTIoE M
DSF1 z::‘
DSF2 :,'::‘

w1/101 Vou =
~W8/108 VoL

SRS C|
Vig — £ "—\_
SC oy _ )
5]
1sos | |tso
Vi — VALID
[ N v A DATA-IN
S101 Loy
~S108 icop
1 Vou — ! 7 VALD D<
ouT yor { paTAOUT
oL — tRQD
Von™ _>< TAP MSB (AB)
QSF v
Note : 3E = V;, U4 - H”or L
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REAL TIME READ TRANSFER CYCLE

DSF2 :"

W1/i01
~W8/108

H-86

tras

| RP
= / N
ter [ tRsH | teon -
—r toas \
—/ irap \ / ﬂ
tasp | [tran T Teal toal
> -—A3C,. H

O Ess )@( SAM START ADDRESS

twsa| |trwn

AO~AB : TAP
| taTy

OPEN

SCC |
o tsce }_\_}SL—\ 150

SCA
tTQD St

s Row Data

oH VALID VALID LiD 'x VALID
oL — DATA-OUT DATA-OUT DATA OUT DATA OUT YN DATA-OUT
'
1
'

New Row Data

X TAP MSB (A8)

] ¢ H or L
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SPLIT READ TRANSFER CYCLE

P
s /N 1 N
tesH
(e o ot ot
Vik — R ¥
= W /! N—e—/ [/ N
tRaD TRaL
tase| [Tran, tasc tean

'« TS O e T

AQ~A7 : TAP

AO~A8

twsk| | tawn

ww Y T | T
e\ .

RFY tsTh

trsaa

S

3 |nse nin iy e & & & | "t

B NN NN

SO Vi T 510 511 1 2 253 254 255
~si08 vy — (59 XK (355 X(m-nZSS)X(n'l'zsn)QnTzsa)X """"""" X 9 A 610 ’< (517) X

l tsq0 15q0
Vou __\. ............ ? ............................................... —
SF
e Vou —, I ..... : /Z ...........
(Boundary) Z- Lower SAM 0 ~ 255 (Boundary)
Locati Location
ocation L Upper SAM 256 ~ 511

" or Lt
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MASKED WRITE TRANSFER CYCLE

DSF2

wW1/10%
~W8/108

sC

r.__ IN
SIO1
~$108

L— out

QsF

on — > '<‘ "
L — -
t

SR
[l i
L -
lspg tsoH

tre

Ny

N

| leen

N—

AN

t_EAD 1

traH

trat

H A row apDRess

t tRwH

.

@&Eﬁa :RES. ///////////////////////

Vi

- h3%

725

W

JEs
T

IREH

0000

Y,
FF—"

W 000000

.

) OPEN

sc
P

e et

VALID
DATA-IN
¥

VALID

| teo, Sor] [ty
VALID
DATA-IN ATA-IN
1

TAP MSB (A8) ;

i
{ — New Row Data

' ] - Hoor Lt

Note : 5E = vy

Mask Mode

*1

New Mask Mode

WMI data

0ld Mask Mode

Don’t care

‘WMI1 data

0: Transfer Disable

1: Transfer Enable
Don’t care Q0 or D
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MASKED WRITE TRANSFER CYCLE (Previous Transfer is Read Transfer Cycle)

tre

w N — A
e ‘n_zg TRsH '.._‘CPN__.‘
& - N/ TSN
A0~AB z:t‘ ! |<_RA;!VTADDRESS )@(ﬁ::ﬁ:r:n::?ess ////////////////////////
wwe N
wee |

DSF1

<<
=

I
-~
R S ST

B
toms et 155 m} e, (g,

Vi £ [ I . i
sC V::'I_ _ / - inhibit Rising Transient \ /

| sos  tsop
Vin = VALID
— Mo DATA-IN
tsca '
1
)
1
h
.
:

S0t
~5108

Vo — VALID VALID
out o' paTaouT X DATA-OUTkl OFEN
I tson !
Vou ™ ' :
QsF o _ : >< TAP MSB (48) 1
Serial Output Data -<—§ E—n— Serial Input Data
W////, : "H” or "L”
Mask Mode *1
New Mask Mode WM1 data
Old Mask Mode Don’t care
WMI1 data 0: Transfer Disable
1: Transfer Enable
Don’t care 0 or 1
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MASKED SPLIT WRITE TRANSFER CYCLE

AQ~AB

DT/OE

DSF1

DSF2

W1 /101
~W8/1i08

sC

SIO1
~$I08

QsF

H-100

ViH
v

Vi
Vi

Vin
Vie

Vin
Vie

Vi

ViK
Vi

tre
tras tep
_ / N 1 N
LeoH
. terp T asn N
./ Jox / N
— taso
[t tagc
w SAM START
DRESS f ADDRESS (n)
tawn AO~A7 : TAP
trm
et
tREH t5TH
tus 15,
torr tmn
JHk “ j} OPEN
éﬁ_ (ne256) (287 (a2l e ) &0 | e
I I R R W

,

( Boundary
\.Location

X

50

Note : 3E = vy L

)

~su n n+1 ne2
_(255) A+ ZSEJX(n Lasn Nin+ zss)X """"""" X &3 X &3 x &% X ny2s6
[

i

L Lower SAM © ~ 255

Upper SAM 256 ~ 511

Mask Mode *1
New Mask Mode WM1 data
Old Mask Mode Don’t care
WML data 0: Transfer Disable
1: Transfer Enable
Don’t care 0or 1’
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SERIAL READ CYCLE (SE = Vy;)

RS N
e 1: T

e, tsc tsc tsc JIsc,

Vih =
SC
Vi _Mwmmmv
SCP sca SCP tsca 5o tsca SCP tsca " lscp tsca " tscp
ioy, Jso Y501 [ tson 5o
$101 Vow = VALID % VAUD VALID x VALID x VALID f VALID
~SI108 Vo, — DATA-OUT DATA-OUT DATA-OUT DATA-OUT DATA-OUT DATA-OUT

Note : 5€= V;, 72 R

SERIAL READ CYCLE (SE Controlled Outputs)

w } /S
S|

trh:

w2 G
= W A : \
— " z:r : tsea - s tsca tsca
2508 tsop o tSEZ tsca, lsoy | Loy,
L onr 32{‘: pATAGUT X DATAGUT [ OPEN —"<:_ DATAOUT R DATAOUT JRLDATA-OUT

: "H" or "L
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SERIAL WRITE CYCLE (SE = Vy1)

Ve =
RAS '
vy —
trug tTHM,

N N \

ﬂ___!ssc tscc t5¢cc tscc tscc |
SC tsc ts¢ tsc | Isc
Vi = J
sC H
Vi —._\JF_J tsoH / tspH V:ijy tsom
Ger | T | R =t B B
tsps ¢ tSDS SICP ‘SDS SCP S.CP A
sloy Viy = ALD % VALD FVALD %2
~SI0B  Vy — DATA-IN DATA-IN DATA-IN J
L}
Note : 3E= V|, m $“H" or "L"

SERIAL WRITE CYCLE (SE Controlled Inputs)

Vi —
RAS Vi —
trus) t

xS .

tscc tsce tscc tscc
1, 1.
Vik tscp
SC vy __\;

|

iscp

N

tscp /- tsce /- tscp
swiH
Tows,

sep Lsws 1,
oV = town | & Ywr g g [«
SE oy, / \ /
- towis tswis
e 1se st |
505 tspy tsps 150 505 L
Vi VALID £ VALID —VALID
iN
— Vi — DATA-IN | DATA-IN DATA-IN
SI01
~5108
L out 33:': OPEN
m : "HT or “L”
PIN FUNCTION

ADDRESS INPUTS : Ag~Ag

The 18 address bits are required to decode 8 bits of the 2,097,152 cell locations within the dynamic RAM
memory array and they are multiplexed onto 9 address input pins (Ay~Ag). Nine row address bits are latched on
the falling edge of the row address strobe (RAS) and the following nine column address bits are latched on the
falling edge of the column address strobe (CAS).
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ROW ADDRESS STROBE : RAS

A randor access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the control input
that latches the row address bits and the states of CAS, DT/OE, WB/WE, DSF1 and DSF?2 to invoke the various
random access and data transfer operating modes shown in Table 1. RAS has minimum and maximum pulse
widths and 2 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 which are also used for the tap address during
the transfer operations. The state of the special function input DSF1 is read at the CAS 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.
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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
the 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. The WB/WE input also
determines the direction of data transfer between the RAM array and the SAM.

WRITE MASK DATA/DATA INPUT AND OUTPUT: W, /10,~Wg/1Og

Data is written into the RAM through W ,/10,~Wg/IOg pins during a write cycle. The input data is latched
at the falling edge of either CAS or WB/WE, whichever occurs late. In a read cycle data is read out of the RAM
on the W; / 1O; pins after the specified access times from RAS, CAS, DT/OE and column address. The 4 least
bits are also used as the column address mask during a block write cycle.

When the write-per-bit function is enabled, the mask data on the W/1O; pins is latched into the write mask
register at the fzlling edge of RAS. In a load mask and color register cycles, the data on the W /10 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 in or 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 Vy or Vy level during read and masked
write transfer operations and should not be clocked while the SAM is in standby mode to prevent the SAM
pointer from being incremented.

H-104 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC528267

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 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 TC528267 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 DSF1 signal needs
to be controlled as shown in Table 1.

When the DSF2 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 after
allowing for a delay of tgrg, split read/write transfer operation can be performed on the non-active split SAM.

SERIAL INPUT/OUTPUT : SIO;~SI0g

Serial input and serial output share common 1/O pins. Serial input or output mode is determined by the
most recent read or masked write transfer cycle. After a read cycle, the SI/Oi pin is in the output mode. When
a masked write transfer cycle is performed, the SI/Oi is switched from output mode to input mode,

OPERATION MODE

The RAM port and data transfer operating of the TG528267 are determined by the state of CAS, DT/OE,
WB/WE, DSF1 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

RAS ¢ CAS v
Mnemonic Code Function

CAS |DT/OE |WB/WE |DSF1|DSF2| DSF1

0 * * 0 | * - CBR CBR Auto Refresh & Option Reset 2
0 * 0 1 * - CBRS CBR Auto Refresh & Stop Register 2
0 * 1 1 * - CBRN CBR Auto Refresh
1 0 0 0 * * MWT Write Transer (New/Old Mask)!
1 0 0 1 * * MSWT Split Write Transfer (New/Old Mask)"
1 4] 1 Q * * RT Read Transfer
1 0 1 1 * * SRT Split Read Transfer
1 1 0 0 0 0 RWM Read Write (New/Old Mask)"
i 1 0 0 0 1 BWM Block Write (New/Old Mask) !
1 1 0 1 * * FWM Flash Write (New/Old Mask)"
) 1 ) 0 0 0 RW l:/[e::e\z;l;c l\:llv;;l;)Extended Fast Page
1 I 1 0 0 1 BW Block Write (No Mask)
1 | 0 0 1 0 RWM(P) | PFP? Read Write (New/Old Mask)"
1 1 0 0 1 1 BWM(P) | PFP? Block Write (New/Old Mask)!
1 | 1 0 1 0 RW(P) PFP? Read Write (No Mask)
1 1 1 0 1 1 BW(P) PFP Block Write (No Mask)
1 1 1 1 * 0 LMR Load (Old) Mask Register”
1 1 1 1 * ] LCR Load Color Register
Note : * =0 or 1, - = Not applicable

1) After LMR operation, MWT, MSWT, RWM, BWM, FWM, RWM (P), BWM (P) use old mask.
CBR operation 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

RAM PORT OPERATION
1. READ WRITE FUNCTION : RW

The TC528267 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 and pipelined page modes are also available with the read write cycles by
performing multiple CAS cycles during a single active RAS cycle, a page.
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1.1 EXTENDED FAST PAGE MODE

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 WB/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 Wi/IOi pins is latched into the write-mask register. The I/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 Wi/IOi 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 /O mask data that
was stored in the write-mask register is used (Old Mask Mode) until the mode is reset by CBR operation. The
truth table of the write-per-bit function is shown in Table 2.

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

At the falling edge of RAS
—— T ——— Write Mask Register Function
CAS | DT/OE | WB/WE | W10, (i=1~8)
1 — Write Enable
0 — Write Disable (New Mask)
H H L
* 1 Write Enable
* 0 Write Disable (Old Mask)

Note:* =1 or 0, « = The data on WV/IOi is latched.

3. BLOCK WRITE AND MASKED BLOCK WRITE : BW & BWM

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 4 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 CAS, DT/OE “high” and DSF1 “low” at the RAS falling edge
and by holding DSF1 “high” at the CAS falling edge. If the DSF signal is “low” at the CAS falling edge, a 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 I/O mask is enabled (WB/WE must be “low” to enable the /O mask, BMW mode or “high” to disable it,
BW mode). The I/O mask is provided on the Wi/lOi 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 Wi/IOi input must be
provided at the CAS or WB/WE falling edge whichever is late, while the seven most significant colunm address
(A2C~AS8C) are latched at the falling edge of CAS.

An example of the block write function is shown in Figure | with a mask on W1/103, W4/10,. W¢/10,
Wg/IO0g and column 1. The block write is most effective for window clear and fill operation in frame buffer

applications.
Figure 1. Block Write Operation
RAS —'—\ Y Example

oS f ‘; — w/lo
AO~A8 %Row %column AC~BC W WM1 Register 11 @ @ 1 @ 1 @
WB/WE o /— Column Seiect | 1 @ 1{11=-t=|-]-

: . : Color Register 1101|011 ]O0f0O
DSF1 % ;._/ Result {}
o2 D i s

|:w/|o %L'jz %'S:C&:h}mn Mask Early Write
wio DX T N~ Y veoves wi

Column 0

7.

Column 1

Column 2

Column 3 1
*1 *2 Mask Mode
*3 COLUMN SELECT
1 Don’t Care | No Mask Mode W /10 - Column 0 (A1C=0, AOC=0
W,/10, - Column 1 (A1C=0, AQC=1
0 WMI1 New Mask Mode W53/10; - Column 2 (A1C=1, AOC=0
W,/10, - Column 3 (A1C=1, A0C=1
0 Don’t Care | Old Mask Mode
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4. FLASH WRITE : FWM

Flash write is also a special RAM port 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 CAS “high”, WB/WE “low” and DSF1 “high” at the falling
edge of RAS. The mask data must also be provided on the Wi/IOi inputs in order to enable the flash write
operation for selected I/0 blocks. After a LMR operation, however, the old mask in the mask register is used
for the I/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 Hsec.

Figure 2. Flash Write Operation

&l

/._ Example 1/0g
H
@& T\ 2
D e
WBIWE _-\_r';_/

H

[[{e]3

10,
103
‘ [z
z [ A |

G

1
IS
-‘.Hu
!

T/0E . n Mask
DSF1 ﬂ
wo O . oo Mesk
Register
DSF2 : don't care {H or L} l Mask
Data (WM1)
* Mask Mode

Mask Data New Mask Mode

Don't Care (H or L) Old Mask Mode
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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 DSF2 “high” at the falling edge of RAS. A pipelined
fast page read, write and block write operations can run at 30ns cycle time for 70ns version. Also, those mode
can be selected every CAS cycle by the status of DT/OE, WB/WE and DSF1 pin. There are, however, penalties
on the performance as follows :

(1) Two CAS cycles are required for the read operation. The fast 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 duramy 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 should be used.

6. LOAD (OLD) MASK REGISTER : LMR

The TCS528267 has an on-chip 8 bit write-mask register which provides the I/O mask data during the
masked functions such as the write-per-bit (RWM), masked block write (BWM), flash write (FWM) and write
transfer (MWT, MSWT) functions. Each bit of the write-mask register corresponds to one of the DRAM /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 tunctions. The 1/O 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 CAS, 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 Wi/IOi lines are subsequently latched into the write-mask register at
the falling edge of either CAS 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 calls of the row address
which is latched at the falling edge of RAS are refreshed.

Figure 3. State Diagram of Mask Mode

LMR Cycle

/"__\

LNew Mask Mode ) ( Old Mask Mode )

-_ =

CBR Cycle
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7. LOAD COLOR REGISTER : LCR

The TC528267 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 I/O blocks. The load color
register cycle is initiated by holding CAS, WB/WE, DT/OE and DSF1 “high™ at the falling edge of RAS. The
data presented on the Wi/IOi lines is subsequently latched into the color register at the falling edge of either
CAS 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 TC528267 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
initiatization 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 falf SAM, performing the CAS
before RAS refresh operation at the same time. The CBRS cycle is initiated by CAS holding “low” and by WB
/WE and DSF1 “high” at the falling edge of RAS. At the same time the data on the address pins, Ay - Ag 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
Ag-Ag
011111111 Last Address of each block
I I I 255, 511 Default Case

001111111 | | |L ] T 127, 255, 383, 511

000111111 ] | l l TI T ! [ _] 63, 127, 191, 255, 319, 383, 447, 511
cooortinr [ [ LI [TIILTTTTTTTT gogianuististaddisds™ =

000001111 1 [ 1 l 15, 31, 47, 63, 79, 95, 111, 127, 143,
J 159, 175, 191, 207, 223, 239, 255, 271,
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.
0000006001

000000000
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NOTE

OE control of Extended Fast Page mode Read cycle

When OE is toggled while CAS is “Low” level in fast page mode read cycle, the same data is valid on W1/
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 OE control have to satisfy togp (10ns min), tgeg (10ns min), tgey (10ns min).
Please refer following Figure.

RAS \
TAS \
Add 2K R_X_C )
OF T\
—
w0 ——— CA_) CA ) ¥ CB

DATA TRANSFER OPERATION

The TC528267 features two types of internal bidirectional data transfer capability between the RAM and the
SAM, as shown in Figure 5. During a normal transter, 512 words by 8 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 8 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 DSF1 input signal

512 columns 256 columns 256 columns

512x256x8 |512x256x8

512 512x512x8 512 |Memory Memory
rows Memory Cell Array rows | Cell Array Cell Array

g g @
[ 5128 Jj o= [ 2s6xs ]-i| 256x8 }—4‘0(_5

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

RAS v Mnemonic
Code Transfer Mode g’rans:er Tra;s‘fer SAM Port Mode
TAS | DT/OE | WB/WE | DFS1 rection !
H L H L RT Read Transfer RAM — SAM| 512x8 | Input — Output
H L L L WT Write Transfer (New/Old Mask) SAM — RAM| 512x8 | Output — Input
H L H H SRT Split Read Transfer RAM — SAM| 256x8 Not changed
H L L H SWT | Split Write Transter (New/Old Mask) | SAM — RAM| 256x8 Not changed

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 CAS “high”, DT/OE “low” WB/WE “high” and DSF1 “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. At the same time, the SAM port is set into the output mode. The start address of the serial pointer
of the SAM (T AP address) is determined by the column address selected at the falling edge of CAS. 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 ON
N 0 sons
OFF
R R P11 —>
SAM P Serial Read
M7 1]

512 x 8bits

512x512x8 bits
Memory Cell Array

Ag~Ag - Selected Row

Row Decoder

In a read transfer cycle (which is preceded by a write transfer cycle), the SC clock must be held at a
constant Vyj or Vy, 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 TAS | as shown
in READ TRANSFER CYCLE timing chart.
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10. WRITE TRANSFER CYCLE : WT

A write transfer cycle consists of loading the content of the SAM register into a selected row of the RAM
array. The write transfer is invoked by holding CAS “high”, DT/OE “low”, WB/WE “low”, and DSF1 “low” at
the falling edge of RAS. 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 (TAP address). 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.

The write transfer is selectively controlled per RAM I/O block by setting the mask data on the Wi/lOi lines
at the falling edge of RAS (some as in the write-per-bit operation). Before the serial clock starts loading the data
into the SAM through SIO pins, the write transfer operation with all 1/O blocks disabled must be performed in
order to change the SAM port from output. Please note that the conventional pseudo write transfer is not
available in the TC528267. The mask function is switched between the new and old mask mode by the LMR
and CBR cycle.

SAM Start Address 1 <:]

ON

512 x 8bits
(27

512x512 x 8bits
Memory Cell Array

Ag~Ag

-— Selected
Row

Row Decoder

W, /104 W;/10; W3/103 W,;/10, W;s/10g Wg/10g W7 /10; Wjy/10g

tEER T

Mask  wya e iy " -
i 1 " 1+ win wpyn waw
Data g ! g !
Transier operation Transfer operation
is inhibited. is inhibited.

Figure 7. 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 Vpy 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 setial
register.
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11. SPLIT READ TRANSFER CYCLE : SRT

A split read transfer consists of loading 256 words by 8 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 8. 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 9.

256 columns 256 columns

TN TN

/ Active SAM QSF Level
512 2568 lower SAM “Low”
rows

\ upper SAM “High”

=

SIO

Figure 8. Split Read Transfer

Read
Transfe"/_\ Split Read(ans:e\ Split Read m

W

AP1 1 TAPZ 5 TAP!

L\ “/“T\ ii

T ¥ ———— =

N

N

TYTYYY

Figure 9. Example of Consecutive Read Transfer Operations
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12. SPLIT WRITE TRANSFER : MSWT

A split write transfer is the similar function to the split read transfer. The difference is that the transfer
direction is from the stand-by half SAM into a selected row of the corresponding half RAM array. Also, serial
data can be shifted into the other half of the SAM simultaneously, as shown in Figure 10. New and old mask
capability is supported in the MSWT cycle as is in the write transfer operation. Prior to the execution of the split
write transfer operation, a write transfer operation, in which all IO blocks are usually disabled. must precede to
switch the SAM port from output mode to input mode and to set the initial TAP location for the serial input
operation.

256 columns 256 columns
P

512

Tows

\

\
| stand-by | [ Active 1
/J

SI0

Figure 10. Block Diagram for Split Write Transfer

VA

Pseudo Write Transfer Split Write Transfer /Sth Write Transfer
7 Y 7 —7 \ X
2sse i L

RAS /S
A

Pl

5C

QSF

——t s, T —

AR AT
T T 1 1 L] 1

Figure 11. Example of Consecutive Write Transfer Operations
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NOTES

(D Transfer operation without CAS.
The SAM tap location is undefined if CAS is maintained at a constant “high” level during a transfer
cycle, A transfer cycle with CAS held “high” is, hence, not allowed.

RAS \ —
TAS Not
................................................................................................................... Allowed
Address K Row__ Y
(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.

RAS T\ /L /-—5$—\ /
&3 L/ A A A U

Address  —(Row1{Tap 1)— (Row 2YTap 55— {Row N )Tap

tower SAM : Active
QsF upper SAM : Non-active

A lower SAM : Non-active
1 0'5?“ First  upper SAM : Active
Y ock Clock

SR I I P I i A

1

! V

! Multiple Split transfer into upper SAM E Serial access of upper SAM
)
1
'

Serial access of lower SAM ! starting at Tap N location

3) Split transfer operation allowable period.
Figure 12 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. A split transfer is not allowed during to tgry + tgys. 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 12.

Last First Last First Last First
Clock  Clock Clock  Clock Clock  Clock
SC . \
LA LE L $1d k.
. .
Q5F *7
t tsaat
SRT  terlters) SAT torw|ters | CBRS—SRT T4 el
Split i [ sTH | IsTs
Read/Write
Transfer YES NO YES NO YES NO YES
allowed.

Figure 12. 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 (read/write) may be performed following split transfer operation provided that a tgrg
minimun delay is satisfied after the QSF signal toggles.
QsF e
i tgrg Min.

]
[l
T

Split Transfer —»- —«——Normal Transfer Operation Allowed

(5) Binary-Boundary SET/RESET Cycle Timing.
When the address counter of serial-access-memory (SAM) pointed as the last address of each boundary
address. (15, 31, 47, 63,79, 95, 111, 127, 143, 159, 175, 191, 207, 223, 239, 255, 271, 287, 303, 319,
335,351, 367, 383,399, 415, 431, 447, 463, 479, 495, 511), the boundary-set or change by CBRS-cycle
or the boundary-reset by CBR-cycle may cause the unexpected operation of SAM counter or QSF
status.

If the system design with these timing is required. Please contact to our local sales office.

SAM PORT OPERATION

The TC528267 is provided with 512 words by 8 bits serial access memory (SAM) which can be operated
in the single register mode or the split register mode. High speed serial read or write operations can be performed
through the SAM port independent of the RAM port operation.

13. SINGLE REGISTER SERIAL READ OPERATION

Serial data can be read out of the SAM port after a read transfer has been performed. The read transfer
operation changes the SAM port to the output mode. 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.

Start address : Tap location

= F] e Wl

14. SINGLE REGISTER SERIAL WRITE OPERATION

During the serial write operation, the data is written into the SAM at every rising edge of the serial clock.
A write transfer cycle, at which all /Os are usually masked, must be performed to change the SAM port to the
input mode. The tap location, which is the start address of the serial write, is set by the column address at the
falling edge of CAS. After the data is filled in the SAM, the serial clock must stop toggling and a write transfer
eycle is subsequently used to load the SAM data into the RAM selected by the row address at the falling edge
of RAS. The tap address is set during the same cycle for the next serial write opration.
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15. SPLIT REGISTER MODE

The split register mode realizes continuous serial read or write operation. The data can be shifted into or
out of one half of the SAM while a split read or write 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 / write transfer operation must precede any split read/write transfer operation in order to set the SAM port
into output mode or input mode, as the split read or write transfer operations will not change the SAM port mode.
Also, a CAS before RAS refresh and stop register set cycle (CBRS) can be performed to specify the binary
boundaries in the SAM.

In the split register mode, serial data can be read from or written into one of the split registers starting from
any of the 256 tap locations. The data is read or written 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 or write 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

{¢ASRT is executed i ;.No 5RTis executed _,

16. 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 or written into one half
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 or written into 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 12.
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@ SAT| ~ CBRS ~ SRT; - SRT3 = SRTy e
TAP) 1 (TAP;) (TAP) {TAPY

New Boundary Set

’—E——— Example : CBRS is executed during this period.

‘(—— CBRS —)—-_s,“-z yr This is the time paint that SRT2 is executed.

B T e R
: ) ¥ : Boundary
B Bo
New Boundary
is st by
Transfer Cycle (SRT) .
after CBRS. /_— No SRT is executed
' SRT3
3 By : New
Boundary

Figure 12. Operation of Split 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 13.
Fig. 14 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.

| SRT, |

By : Old
Boundary

By CBR
Real Time Reset

\

Figure 13. Binary Boundary Reset
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Old Stop Address

Figure 14. 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 15.

T LA s T A
oS : IR A R T A

Ag-Ag
DT/OE :
sc : sk %ﬂ
: TAP1 Egg:g:;y Al

Figure 15. Binary Boundary Jump Set Sequence

There are additional timing specitications, tygaa and tgaar to determine the period that does not allow a
split transfer, as illustrated in Figure 16.
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Boundar,
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Period 8 i i i
eri TA‘A N EMT N Period B (y:\ R lj“'y R Period B r5aa tsaar | Period B
4+t > Lt bl < — <+t >
g S em—
tsTs tsts ts1s
1srH et st
[ i s
'Period Ayl 'Penod A N < Period A »
Peried A Spiit Transfer operations are not allowed.
Period B :  Split Transfer operations are allowed.
Figure 16. Timing Specification to allow SRT operation

Power must be applied to the RAS and DT/OE input signals to pull them “high™ before or at the same time
as the V- supply is turned on. After power-up, a pause of 200 pseconds minimum is required with RAS and
DT/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, CAS, DT/OE and WB/WE held “high”, the internal state of the
TC528267 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 § CBR cycles) and before valid operations begin.

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