SILICON GATE CMOS DIGITAL INTEGRATED CIRCUIT

TC528128AJ-10,-12

131, 072WORDS x 8BITS MULTIPORT DRAM
DESCRIPTION

The TC528128AJ is a CMOS multiport memory equipped with a 131,072-words by 8-bits dynamic
random access memory (RAM) port and a 256-words by 8-bits static serial access memory (SAM) port.
The TC528128AJ supports three types of operations; Random access to and from the RAM port, high
speed serial access to and from the SAM port and bidirectional transfer of data between any selected
row in the RAM port and the SAM port. The RAM port and the SAM port can be accessed
independently except when data is being transferred between them- internally. In addition to the
conventional multiport videoram operating modes, the TC528128AJ features the block write and flash
write functions on the RAM port and a split register data transfer capability on the SAM port. The
TC528128AJ 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
ITEM TC528128A) e Organization
—-10 -12 RAM Port : 131,072words X 8bits
trac  RAS Access Time (Max.) 100ns 120ns RASMA%{[ Port : 256wordsX 8bits
tcac CAS Access Time (Max. 30 5 * ort . .
tCAC c |S ccj:; 3 —— ‘i ax)T. " ssns :sns Fast Page Mode, Read - Modify - Write
an  Column Address Access Time (Max.) ns ns CAS before RAS Refresh, Hidden Refresh
trc__ Cycle Time (Min.) 180ns 210ns RAS only Refresh, Write per Bit
tpc _Page Mode Cycle Time (Min.) 60ns 70ns Flash Write, Block Write
tsca_Serial Access Time (Max.) | 25ns 35ns | o s Ag}%gf{r esh cycles/8ms
tscc_Serial Cycle time (Min.) 30ns 40ns High Speed Serial Read/ Write Capability
lcc1  RAM Operating Current 110mA 100mA _ 956 Tap Locations
(SAM : Standby) R.Aﬁln A 1‘};Iaﬂ;Bi.cd!{egi.s(:erl T .
) SAM Operating C " SOmA 25mA | @ - Bidirectional Transfer
cea RAM .gera d';g arren " " Read/ Write / Pseudo Write Transfer
( : Standby) Real Time Read Transfer
|lcc Standby Current 10mA 10mA Split Read/ Write Transfer
e Single power supply of 5V+10% with a built-in e Package
Vo generator 0V ¢ TC528128AJ : SOJ40-P-400
e All inputs and outputs : TTL Compatible
PIN NAME PIN CONNECTION
AO0~A8 Address inputs sc 1 40 [1 Vss1
RAS Row Address Strobe ::g; E § gg % g:gg
ES Column Address Strobe si03 da 370 sios
DT/OE Data Transfer/Output Enable si04 [I5 36 [1 sl05
WB/WE Write per Bit/Write Enable DT/OE [j6 350 SE
DSF Special Function Control \)’VV;//:gz’ E ; gg % W%IS?
W1/101~W8/108 Wri.te Mask / Data IN, OUT w3/103 09 320 we/108
EE Serial Clock wa/io4 [ 10 310 ws/105
SE Serial Enable Vear 011 30{1 Vss2
5101~5108 Serial Input/Output WB/WE [} 12 29 1 DSF
- NC 13 281 NC
QSF Special Flag Output RAS [ 1a 270 s
Vee/ Vss Power (5V) / Ground NC [ 15 26 [1 QsF
N. C. No Connection A8 [} 16 25{1 A0
A6 [J17 241 A1
A5 [}18 230 A2
A4 019 221 A3
Veez 020 21 A7
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BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT NOTE
Vin, Vout Input Output Voltage -1.0~7.0 v 1
Vee Power Supply Voltage -1.0~7.0 v 1
Torr Operating Temperature 0~70 °C 1
Tste ' Storage Temperature - 55~150 °C 1
TsoLDER Soldering Temperature - Time 260-10 °C-sec 1
Pp Power Dissipation 1 w 1
lout Short Circuit Output Current 50 mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE
Vee Power Supply Voltage 45 5.0 5.5 Y 2
Vi Input High Voltage 2.4 - 6.5 \ 2
Vi Input Low Voltage -1.0 - 0.8 v 2

CAPACITANCE (Vcc =5V, f=1MHz, Ta=25°C)

SYMBOL PARAMETER MIN. MAX. UNIT
G Input Capacitance - 7
Cio 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

(Vcc =5V * 10%, Ta=0~70°C)

TC528128AJ)-10 | TC528128AJ-12
ITEM (RAM POR SAM PORT | SYMBOL UNIT | NOTE
( n MIN. MAX. MIN. MAX.
OPERATING CURRENT standby | lccy - 110 - 100 3,4
RAS, CAS Cycling)
tre = tre Min. Active lccia - 150 - 140 3,4
STANDBY CURRENT standby | Icca - 10 - 10
(RAS, TAS =Vy)
Active lccaa - 50 - 45 3,4
RAS ONLY REFRESH CURRENT Standby lees - 110 - 100 3,4
RAS Cycling, CAS =V ) -
tre =t min. Active lccaa - 150 - 140 3.4
PAGE MODE CURRENT Standby lcca - 90 - 80 3,4
RAS =V, CAS Cycling X
tremtpe min. Active | lccan - 130 - 120 3,4
mA
CAS BEFORE RAS REFRESH CURRENT Standby lecs - 110 - 100 3,4
RAS Cycling, TAS Before RAS) -
tre = trc min. Active lecsa o= 150 - 140 3,4
DATA TRANSFER CURRENT Standby lece - 130 - 120 3,4
(RAS, CAS Cycling R
tre = tre min. Active Iccea - 160 - 150 3,4
FLASH WRITE CURRENT tandby | lcer - 110 - 100 3,4
RAS, TAS Cycling)
tre = trc Min. Active lccra - 150 - 140 3,4
BLOCK WRITE CURRENT standby | lccs - 120 - 110 3,4
< RAS, CAS Cycling
tre = trc mMin. Active lccsa - 160 - 150 3,4
ITEM SYMBOL MIN. MAX. UNIT NOTE
IN
PUT LEAKAGE CURRENT ) hw 10 10 A
OV=V|Ny=6.5V, All other pins not under test =0V
OuUT]
PUT LEAKAGE CURRENT ) low 10 10 oy
OV =Voyr=5.5V, Output Disable
OUTPUT “H"
UT “H" LEVEL VOLTAGE Vou 24 _ v
lour= -2mA
TPUT "L”
OUTPUT “L" LEVEL VOLTAGE VoL _ 0.4 v
lout=2mA
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS,
(Vcc =5V 10%, Ta=0~70°C) (Notes: 5, 6, 7)

TC528128AJ-10 TC528128AJ-12

SYMBOL PARAMETER e MAX. MIN. MIAX. UNIT | NOTE
tre Random Read or Write Cycle Time 180 210
tRMw Read - Modify - Write Cycle Time 245 285
tpc Fast Page Mode Cycle Time 60 70
tormw | Fast Page Mode Read - Modify - Write Cycle 10 135

Time
trac Access Time from RAS 100 120 8,14
taa Access Time from Column Address 55 65 8,14
tcac Access Time from CAS 30 35 8,15
tcpa Access Time from CAS Precharge 55 65 8,15
torr Output Buffer Turn- Off Delay 0 20 0 25 10
tr Transition Time (Rise and Fall) 3 35 3 35 7
trp RAS Precharge Time 70 80
trAs RAS Pulse Width 100 10000 120 10000
trasP RAS Pulse Width (Fast Page Mode Only) 100 100000 120 100000
trsH RAS Hold Time 30 35
tosH CAS Hold Time 100 120 ns
teas CAS Pulse Width 30 35
trep RAS to TAS Delay Time 25 65 25 80 14
traD RAS to Column Address Delay Time 20 45 20 55 14
trRAL Column Address to RAS Lead Time 55 65
terp TAS to RAS Precharge Time 10 10
teen CAS Precharge Time 15 20
tep CAS Precharge Time (Fast Page Mode) 10 15
tasr Row Address Set- Up Time 0 0
tRAH Row Address Hold Time 15 20
tasc Column Address Set-Up Time 0 0
tcan Column Address Hold Time 15 20
tar Column Address Hold Time referenced to RAS 70 85
tres Read Command Set- Up Time 0 0
treH Read Command Hold Time 0 0 11
tRRH Read Command Hold Time referenced to RAS 0 0 11
twcH Write Command Hold Time 15 20
twer Write Command Hold Time referenced to RAS 70 85
twe Write Command Pulse Width 15 20
trRwi Write Command to RAS Lead Time 25 30
towL Write Command to CAS Lead Time 25 30
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TC528128AJ-10 TC528128AJ-12

SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT I NOTE
tps Data Set-Up Time 0 0 12
toH Data Hold Time 15 20 12
toHR Data Hold Time referenced to RAS 70 85
twes Write Command Set-Up Time 0 0 13
trRwD RAS to WE Delay Time 135 160 ns 13
tawp Column Address to WE Delay Time 85 100 13
tewo CAS to WE Delay Time 65 75 13
tozc Data to CAS Delay Time 0
tozo Data to OE Delay Time 0 0
toea Access Time from OE 25 30 8
toez Output Buffer Turn - off Delay from OE 0 25 0 30 10
toeo OFE to Data Delay Time 25 30
toeH OE Command Hold Time 20 25
tROH RAS Hold Time referenced to OE 20 20
tesr CAS Set-Up Time for CAS Before RAS Cycle 10 10
teHR CAS Hold Time for CAS Before RAS Cycle 25 30
trpC RAS Precharge to TAS Active Time 0 0
tReF Refresh Period 8 8 | ms
twsr WB Set-Up Time 0 0
tRwH WB Hold Time 15 20
trsr DSF Set- UP Time referenced to RAS 0 0
tReH DSF Hold Time referenced to RAS (i) i5 20
trHR DSF Hold Time referenced to RAS (2) 70 85
tesc DSF Set-Up Time referenced to CAS 0 0
tern DSF Hold Time referenced to CAS 15 20
tms Write - Per - Bit Mask Data Set- Up Time 0 0 ns
tmH Write - Per - Bit Mask Data Hold Time 15 20
tHs DT High Set-Up Time 0 0
tTHH BT High Hold Time 15 20
tris DT Low Set-Up Time 0 0
trn DT Low Hold Time 15 10000 20 10000
tRTH DT Low Hold Time referenced to RAS 80 10000 95 10000

(Real Time Read Transfer)
tatH DT Low Hold Time referenced to Column 35 40

Address (Real Time Read Transfer)
tetH DT Low Hold Time referenced to CAS 30 35

(Real Time Read Transfer)
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TC528128AJ-10 TC528128AJ-12
SYMBOL PARAMETER WIN. MAX. WIN. MAX. UNIT | NOTE
| tesr SE Set-Up Time referenced to RAS 0 0
tREH SE Hold Time referenced to RAS 15 20
trrp DT to RAS Precharge Time 90 105
trp DT Precharge Time 30 35
trsp RAS to First SC Delay Time (Read Transfer) 100 120
tasp Column Address to First SC Delay Time 55 65
(Read Transfer)
tcsp CAS to First SC Delay Time (Read Transfer) 30 35
trse Last SC to DT Lead Time 5 10
(Real Time Read Transfer)
trso DT to First SC Delay Time (Read Transfer) 15 20
tsrs Last SC to RAS Set- Up Time (Serial Input) 30 40
tsro RAS to First SC Delay Time (Serial Input) 25 30
tsop RAS to Serial Input Delay Time 50 60 )
tspz Serial Output Buffer Turn - off Delay from RAS 10 50 10 60 10
(Pseudo Write Transfer)
tscc SC Cycle Time 30 40 ns
tsc SC Pulse Width (SC High Time) 10 15
tsce SC Precharge Time (SC Low Time) 10 15
tsca Access Time from SC 25 35 9
tson Serial Output Hold Time from SC 5 5
tsps Serial Input Set-Up Time
tsoH Serial Input Hold Time 15 20
tsea Access Time from SE 25 35 9
tse SE Pulse Width 25 35
tsep 3E Precharge Time 25 35
tsez Serial Output Buffer Turn - off Delay from SE 0 20 0 30 10
tsze Serial Input to SE Delay Time 0
tszs Serial Input to First SC Delay Time 0 0
tsws Serial Write Enable Set-Up Time 5 10
tsw Serial Write Enable Hold Time 15 20
tswis Serial Write Disable Set-Up Time 5 10
tswiH Serial Write Disable Hold Time 15 20
tsTs Split Transfer Set-Up Time 30 40
tsTH Split Transfer Hold Time 30 40
tsqQp SC- QSF Delay Time 25 35
trqo DT - QSF Delay Time 25 35
tcqp CAS - QSF Delay Time 35 45
trQD RAS - QSF Delay Time 85 105
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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 Vgs.

3. These parameters depend on cycle rate.

4. These parameters depend on output loading. Specified values are obtained with the
output open.

5. An initial pause of 200us is required after power-up followed by any 8 RAS cycles (DT/OE
“high”) and any 8 SC cycles before proper device operation is achieved. In case of using
internal refresh counter, a minimum of 8 CAS before RAS initialization cycles instead of 8
RAS cycles are required.

6. AC measurements assume tT=5ns.

7. VIH (min) and Vi1, (max.) are reference levels for measuring timing of input signals. Also,
transition times are measured between Viyg and Viyg.

8. RAM port outputs are measured with a load equivalent to 1 TTL load and 100pF.

Dour reference levels : Voug/VoL=2.4V/0.8V.

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

10.  tOFF (max.) > YOEZ(max.), tSDZ(max) and tSEZ(max.) define the time at which the outputs
achieve the open circuit condition and are not referenced to output voltage levels.

11. Either trcH or tRRH must be satisfied for a read cycles.

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

13. twcs, tRwD, tcwp and tAwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcSZ 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=tRWD (min.), tCWD= tCWD (min.) and tAWDZ= tAWD (min.)
the cycle is a read-modify-write cycle and the data out will contain data read from the
selected cell: If neither of the above sets of conditions is satisfied, the condition of the
data out (at access time) is indeterminate.

14. Operation within the tRCD(max.) limit insures that tRAC (max) can be met.
tRCD (max.) is specified as a reference point only: If trcp is greater than the specified
tRCD (max.) limit, then access time is controlled by tcac.

15. Operation within the tRAD(max) limit insures that trac (max.) ¢an be met. tRAD (max.) is

specified as a reference point only: If tRap is greater than the specified trap (max.) limit,
then access time is controlled by taa.
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TIMING WAVEFORM

READ CYCLE
tre
mow T N . N
tcre :;S:g trRSH teen
_— 3‘,? : 7 \\ tcas / /-F \=-
tasr ﬁm lasc tt}:%
Vin A ROW COLUMN
WE/WE M
trROH
DT/OE 1
terH
toea
IN tcac tore
W1I/I: tanc toez
~wW8/108
L our zg:': OPEN <: VALID DATA-OUT [y

m : "H" or “L”
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WRITE CYCLE (EARLY WRITE)
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WM1 data: 0: Write Disable
1: Write Enable
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WRITE CYCLE (OE CONTROLLED WRITE)

m T N tcs )’_i'" N

o _/'fH - N o VA N
nons VI %fﬁwﬁ @c&%s‘m@ — W7
waiwE %rm = 2 - 7

twer

o T wm
e W\ Vi @

t2§ tp)

— %{w—’ o KA o Y

~W8/108
L Vou OPEN
ouTt VoL —
7 T wyn
V4 : "H" or "L
*1 WB/WE W1/101~W8/108 Cycle
0 WM1 data Write per bit
1 Don‘t Care Normal Write
WM1 data: 0: Write Disable
1: Write Enable
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READ - MODIFY - WRITE CYCLE

=z
Wi

AO0~A8

DT/OE

DSF

[_. IN
W1/101
~W8/108

L ouT

W N )::’ N
i Z_/"tm . \\ s R
A %W& %0 o

v % o] *'%LJ e
i :%;wm S S
o e_j

1: Write Enable
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FAST PAGE MODE READ CYCLE

trasp ey
Vi __._,J_ tar tpc Z
RAS Vi — N
TRSH
tcrp treD tep tep teas o, (tc_my_ﬁ
_- ! - tcas ' tcas X
=== Vi ﬂ‘ trAD li\ 2 v
TAS I\
ViL — tesH \ Z \LH \ L
H
tasr [ | fRAH tasc tean tasc tasc tean

Vi coL.. Wy COL._ M COL.
Ao~Ag M ROW i%{. ADD 1 X . ADD2 @%ﬂk ADD’n |
1
tRCH trRcH F}&i
tres "—"-l<—, tres il tRes RR|
v %
B/WE
Vi

trHs trHH
]

oroe U

trsc
trsc

trsr }
v 3 <> | trey terH " terd | terd] |
ViL
tFHR !
tDZO) < ! tcpa) tcpa
Vi
| N Vi toeal ftore toeal | torr loea torr

teac teac tcag
ZWerios e 1< iR | PR b
RAC -AA
L Vou {oArA-ouTy————LoATAOUTH - {DATA-OUT)
out oM . OPEN dpataouTh {PaasouTy {ortA ’_S———

V7] :"H" or "L"
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

A0~A8

g
3

g
~
g

trasp tre
vm — X% tar tpc
N
tcp ter trsh teen
x-—\ teast | ’-—_"—'N\ teas f’—_\\ tcas /
N /
tRAL
H tcan
teal tasc DmssLEe tasc Tcan |
COL. Xy COL. COoL.
ADD. 1 3 ADD.2 X ADD.n f
twen twe
twcH twes | twcs) <
twe twe twp
towe tow towr |
! ' |4 taw
Vin
Vv
" FHR t tcrH
tRFH 1 tesc FSC tesc |
1
Viy Bea
Vi
toH
|-}
Viy DATA-IN DATA-IN
Vi 2 L]

Vou —,
OPEN
VoL —
V] :"H" or “L"
*1 WB/WE W1/101~W8/108 Cycle
0 WM1 data Write per bit
1 Don't. Care Normal Write
WM1 data: 0: Write Disable

1: Write Enable
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FAST PAGE MODE READ - MODIFY - WRITE CYCLE

trasp
Vi — tosH
RAS v \
L —
tprMW trRsH
tacn iee ud
1
Vi — CAS teas B teas
[ v:r - tas \ ZI \ \..,
tas
tasg | L84 foag! ot USHTioy  tow, S Reay. - R,
Vin ROW f coL coL. coL.
AO~AB :?{ ADD. x ADD. 1 ADD.2 | ADD.n |
tws <>, | trar
L e twe twe twe
) v 4
WB/WE \\;m *1 tewn -K town \ town \
L —?: 1
trus, trumid) .
__ ___ Vny " + ¥ F
T/IOE vy -_—/Z' R teue | \;/
tesr Ltesc] 1] tesg) ltesg,
er
psF (M
Vie ||
tvH 1<RZQ 1p:
tus |- PG toep| ok
Vin M1 DATA-
I—“‘ IN Vi _%'AT% TOA,‘ IN 1
W1/101 teag| |iog
~W8/108 taa
L Vou _qoata’ 4 oa1a ) L oara S
OUT  yo - - Youts D Yourzy RNOUT ny
V7] : "H" or "L
*1 WB/WE W1/101~W8/108 Cycle
0 WM1 data Write per bit
1 Don't Care Normal Write

WM1 data: 0: Write Disable
1: Write Enable
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RAS ONLY REFRESH CYCLE

DSF

W1/101
~W8/108

Viy
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<<

S
R s
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v 2 Vi 0o
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tras | tre
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RP. 1 RS ;Q;

SR tﬁéﬂ
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|y
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CAS BEFORE RAS REFRESH CYCLE

tre
trp trp
55 ViH — d by tras s
Vi — / trec \ |[|
tesr

W

e | N @ @

W
S
SN

torr
||
W1/101 Vou —
~W8/108 VoL —:j OPEN

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

N
\
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HIDDEN REFRESH CYCLE

RS Vi
S vy
— Viy
CAS Vi

H
DSF v,

WwW1/101 Vou
~W8/108 VoL
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LOAD COLOR REGISTER CYCLE

< tOWL |
1

twer ////////
oT/oE WM %‘:’ Twen iQ;

ipHR

Lo | | Ton

—
W1/101 ™ tonr tos ! ! toH (Delayed Write)
R "

V] @ "H" or"L”
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READ COLOR REGISTER CYCLE

tasr traH

7277

troH

<<
F
)
=
o
5
ke

DSF :“

OEQ

teac

WI/I01  Vou— i
~WB/I08 Ve 4 VALID OUTPUT —
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FLASH WRITE CYCLE

trp

tre
tras 1
e VH i N :
RAS Vii — \ r

tesH

trsH teen

I <ICRP trep
S Vih —
Sy -—j N \_
: teas
tasr traH

l < LWSR, tRWH.
woIwE % Y 7
tris try
1

V...
we T
R

trsr

7
o G I

| Vou —, OPEN
OUT yo -

.

WM1 DATA CYCLE

0 Flash Write Disable

1 Flash Write Enable
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BLOCK WRITE CYCLE

s g :_/Fm NN JL e
oes Yt B v WA B NN
we 2 B N
e B

-2l | T

" e v

0

WM1 Data

Masked Block Write

1

Don't Care

Block Write (Non Mask)

WM1 data: O:
1:

Write Disable
Write Enable

*3) COLUMN SELECT

W1/101
Ww2/102
w3/103
W4/104

— Column0 (Ajc=
— Column 1 (Ajc=
— Column2 (Ajc=
— Column3 (Ac=

Sl
222>
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oc=1)
oc =0)
c=1)

Wn/10n

=0 : Disable
=1 : Enable




PAGE MODE BLOCK WRITE CYCLE

TC528128A)-10,-12

trase tre
®As Vi T \'\ tar
Vi —
tec 1, tRsH
t tesu PC T -
L trep tep cP tep
s Vm — x-\\ tcas j?:—_"\- tcas a-\ tcas ﬁ_
Vi — traD J 1
ltRAH tcan teny ! RAL
tasr <> tasc tasc_ tasc, Hi
AO~A8 ViH FROW Azc~ Az~ R~
Vi NADD. N Asc X Asc -F—A
LTHH
trus_
DT/OE Vm
ViL
tRWH
twsr
—_—
wawE Vi %{f -
i
FHR ' tern t
b7 SFH CFH
tEsR_, tif-ﬁ| thC > REL tEsc. 1Es: ~>
DSF ViH
Vie toHR |
v ton ton lton
tms <«—>| tps <> tps <—>| tos >
W1/101 Vin * * * *
~W8/108 Vi 2 q "3 "3 q 3
7////% :an or nLn
*{ WB/WE |*2 W1/101~W8/108 CYCLE
0 WM1 Data Masked Block Write
1 Don't Care Block Write (Non Mask)
WM1 data: 0: Write Disable
1: Write Enable
*3) COLUMN SELECT
W1/101 - Column 0(Ajc = 0, Agc = 0)
W2/102 - Column 1(AiC = 0, Agc = 1) Wn /_'%“_ Disable
W3/103 - Column 2(Aic = 1, Agc = 0) o Enable
W4/104 ~ Column 3(Ajc =1, Agc = 1) :
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READ TRANSFER CYCLE (Previous Transfer is WRITE TRANSFER CYCLE)

DSF

W1/101

Ol
~W8/108 oL

sc

IN H
- i
SI01
~sios
L— our VYow

QSsF OH

H —-__:\

RP_5

tepn

H
<L trn
H

A

N

/t

H T A \\
L —/ c
traD
I tasr tRAH fésg
:[‘ %ROW ADDRESS SAM START ADDRESS
v AO~A7 : TAP

<LWSR tRwH

- ||

o

222K

tire

1
tesr tReH
RS

3

| <tore,

L
ts

4

(EAS

D l«—SCC 5 f

Inhibit Rising Transien

tsp|

VALID
| DATA-IN

ts
sc sy

TS . .iL’ é-;
N
SZS

troD

D j<tsca, Isoy
VALID
DATA-OUT

TAP MSB (A7)

Note : SE = v
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REAL TIME READ TRANSFER CYCLE

tras 1

7
)
AT

= W/ N\ = — | /
woon 2 DB WO

torw | TRP
trp |

t L)
JLS trTH
e ==V y
TIOE /W

Irsp| | trey

e
W v

tscc
t
| tsc ) dsce tst | ] trso
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SPLIT READ TRANSFER CYCLE
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PSEUDO WRITE TRANSFER CYCLE
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WRITE TRANSFER CYCLE
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SPLIT WRITE TRANSFER CYCLE
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SERIAL READ CYCLE (SE=Vi1)
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SERIAL WRITE CYCLE (SE=Vjy)
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PIN FUNCTION

ADDRESS INPUTS : Ag~ Ag

The 17 address bits required to decode 8 bits of the 1,048,576 cell locations within the dynamic
RAM memory array of the TC528128AJ 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 eight column address bits are latched on the falling edge of the column address strobe

(CAS).
ROW_ADDRESS STROBE : RAS

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the
control input that latches the row address bits and the states of CAS, DT/OE, WB/WE, SE and
DSF to invoke the various random access and data transfer operating modes shown in Table 2.
RAS has minimum and maximum pulse widths and a minimum precharge requirement which must
be maintained for proper device operation and data integrity. The RAM port is placed in standby
mode when the RAS control is held “high”.

COLUMN ADDRESS STROBE : CAS

CAS is the control input that latches the column address bits and the state of the special
function input DSF to select, in conjunction with the RAS control, either read/write operations or
the special block write feature on the RAM port when the DSF input is held “low” at the falling
edge of RAS. Refer to the operation truth table shown in Table 1. CAS has minimum and
maximum pulse widths and a minimum precharge requirement which must be maintained for
proper device operation and data integrity. CAS also acts as an output enable for the output
buffers on the RAM port.

DATA TRANSFER/OUTPUT ENABLE : DT/OE

The DT/OE input is a multifunction pin. When DT/OE is “high” at the falling edge of RAS,
RAM port operations are performed and DT/OE is used as an output enable control. When the
DT/OE is “low” at the falling edge of RAS, a data transfer operation is started between the RAM
port and the SAM port.
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WRITE PER BIT/WRITE ENABLE : WB/WE

The WB/WE input is also a multifunction pin. When WB/WE is “high” at the falling edge of
RAS, during RAM port operations, it is used to write data into the memory array in the same
manner as a standard DRAM. When WB/WE is “low” at the falling edge of RAS, during RAM
port operations, the write-per-bit function is enabled. The WB/WE input also determines the
direction of data transfer between the RAM array and the serial register (SAM).

When WB/WE is “high” at the falling edge of RAS, the data is transferred from RAM to SAM
(read transfer). When WB/WE is “low” at the falling edge of RAS, the data is transferred from
SAM to RAM (masked-write transfer).

WRITE MASK DATA /DATA INPUT AND OUTPUT : W;/101~Wg/I0g

When the write-per-bit function is enabled, the mask data on the W;/IO; pins is latched info
the write mask register (WM1) at the falling edge of RAS. Data is written into the DRAM on
data lines where the write-mask data is a logic “1”. Writing is inhibited on data lines where the
write-mask data is a logic “0”. The write-mask data is valid for only one cycle. Data is written
into the RAM port during a write or read-modify-write cycle. The input data is latched at the
falling edge of either CAS or WB/WE, whichever occurs late. During an early-write cycle, the
outputs are in the high-impedance state. Data is read out of the RAM port during a read or
read-modify-write cycle. The output data becomes valid on the W;/IO; pins after the specified
access times from RAS, CAS, DT/OE and column address are satisfied and will remain valid as
long as CAS and DT/OE are kept “low”. The outputs will return to the high-impedance state at
the rising edge of either CAS or DT/OE, whichever occurs first.

SERIAL CLOCK : SC

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in
or out of the SAM registers at the rising edge of SC. In a serial read, the output data becomes
valid on the SIO pins after the maximum specified serial access time tsca from the rising edge of
SC. The serial clock SC also increments the 8-bits serial pointer (7-bits in split register mode)
which is used to select the SAM address. The pointer address is incremented in a wrap-around
mode to select sequential locations after the starting location which is determined by the column
address in the read transfer cycle. When the pointer reaches the most significant address location
(decimal 255), the next SC clock will place it at the least significant address location (decimal 0).
The serial clock SC must be held at a constant Vig or Vi, level during read/pseudo write/ write
transfer operations and should not be clocked while the SAM port is in the standby mode to
prevent the SAM pointer from being incremented.
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SERIAL ENABLE : SE

The SE input is used to enable serial access operation. In a serial read cycle, SE is used as
an output control. In a serial write cycle, SE is used as a write enable control. When SE is
“high”, serial access is disabled, however, the serial address pointer location is still incremented
when SC is clocked even when SE is “high”.

SPECIAL FUNCTION CONTROL INPUT : DSF

The DSF input is latched at the falling edge of RAS and CAS and allows for the selection of
various random port and data transfer operating modes. In addition to the conventional multiport
DRAM, the special features consisting of flash write, block write, load color register and split
read/ write transfer can be invoked.

SPECIAL FUNCTION OUTPUT : QSF

QSF is an output signal which, during split register mode, indicates which half of the split
SAM is being accessed. QSF “low” indicates that the lower split SAM (Bit 0~127) is being
accessed and QSF “high” indicates that the upper split SAM (Bit 128~255) is being accessed. QSF
is monitored so that after it toggles and after allowing for a delay of tgrs, split read/write transfer
operation can be performed on the non-active split SAM.

SERIAL INPUT/OUTPUT : SIO1~SIO8

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

The RAM port and data transfer operating of the TC528128AJ are determined by the state of
TAS, DT/OE, WB/WE, SE and DSF at the falling edge of RAS and by the state of DSF at the
falling edge of CAS. The Table 1 and the Table 2 show the operation truth table and the
functional truth table for a listing of all available RAM port and transfer operation, respectively.

Table 1. Operation Truth Table

TAS falling edge Y

S
RAS falling edge " ] 0 1 1
=== S
DT, w!
CA OENUWE SE 0 1 0 1
0 * * * TAS before RAS Refresh
1 0 0 0 Masked Write Transfer Split Write Transfer with Masked Write Transfer Split Write Transfer with
1 0 0 1 Pseudo Write Transfer Mask Pseudo Write Transfer Mask
1 0 1 * Read Transfer Split Read Transfer Read Transfer Split Read Transfer
1 1 0 * Read /Write per Bit Masked Flash Write Masked Block Write Masked Flash Write
1 1 1 * Read / Write Load Color Block Write Load Color
Table 2. Functional Truth Table
RAS 1 TASY_ Address w/10 Wit Register
rite
Function p——
e ] — — — - — @5 L | Mask
CAS |DT/OE WB/WE| DSF SE DSF RAS i CAS i RAS l CAS ‘ WE 1 wM1 Color
CAS before RAS Refresh | O * * * * - * - * - - - - —
i * * « Load
Masked Write Transfer | 1 0 0 0 0 Row TAP WM1 WM1 use -
Pseudo Write Transfer 1 0 0 0 1 * Row TAP * * * - - -
i Load
Split Write Transfer 1 0 0 1 * * Row TAP wmM1 - * WM1 use -
Read Transfer 1 0 1 0 * * Row TAP * * * - - -
Split Read Transfer 1 (4] 1 1 * * Row TAP * * * - - -
' Load
Write per Bit 1 1 0 0 * 0 Row |Column| WM1 - DIN wWM1 use -
Column Column Load
Masked Block Write 1 1 0 0 * 1 Row |A2C-7C| WM1 | select - WM1 use use
Load
Masked Flash Write 1 1 0 1 * * Row * WM1 - * WM1 use use
Read Write 1 1 1 0 * 0 Row |Column * - DIN - - -
lumn Column
Block Write 1 1 1 0 * 1 Row S\ochc * Select - - - use
Load Color 1 1 1 1 * * Row * * - Color - - Load

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

If the special function control input (DSF) is in the “low” state at the falling edges of RAS and
TAS, only the conventional multiport DRAM operating features can be invoked : CAS-before-RAS
refresh, write transfer, pseudo-write transfer, read transfer and read write modes. If the DSF input is
“high” at the falling edge of RAS, special features such as split write transfer, split read transfer, flash
write and load color register can be invoked. If the DSF input is “low” at the falling edge of RAS

and “high” at the falling edge of CAS, the block write special feature can be invoked.
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RAM PORT OPERATION

FAST PAGE MODE CYCLE

Fast page mode allows data to be transferred into or out of multiple column locations of the
same row by performing multiple CAS cycle during a single active RAS cycle. During a fast page
cycle, the RAS signal may be maintained active for a period up to 100 useconds. For the initial
fast page mode access, the output data is valid after the specified access times from RAS, CAS,
column address and DT/OE. For all subsequent fast page mode read operations, the output data
is valid after the specified access times from CAS, column address and DT/OE. When the
write-per-bit function is enabled, the mask data latched at the falling edge of RAS is maintained
throughout the fast page mode write or read-modify-write cycle.

RAS-ONLY REFRESH

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is
accomplished by performing a memory cycle at each of the 512 rows in the DRAM array within
the specified 8ms refresh period. Although any normal memory cycle will perform the refresh
operation, this function is most easily accomplished with “RAS-Only” cycle.

CAS-BEFORE-RAS REFRESH

The TC528128AJ also offers an internal-refresh function. When CAS is held “low” for a
specified period (tcgr) before RAS goes “low”, an internal refresh address counter and on-chip
refresh control clock generators are enabled and an internal refresh operation takes place. When
the refresh operation is completed, the internal refresh address counter is automatically
incremented in preparation for the next CAS-before-RAS cycle. For successive CAS-before-RAS
refresh cycle, CAS can remain “low” while cycling RAS,

HIDDEN REFRESH

A hidden refresh is a CAS-before-RAS refresh performed by holding CAS “low” from a previous
read cycle. This allows for the output data from the previous memory cycle to remain valid while
performing a refresh. The internal refresh address counter provides the address and the refresh is
accomplished by cycling RAS after the specified RAS-precharge period (Refer to Figure 1).

I _‘__\:_Memory Cycle ——>|<——— Refresh Cycle —>|<——— Refresh Cycle 4/—1—
RAS ;—I—\ ,__l_

TAs —\ —
W1/‘I01
W8/108 < Valid Data Output >—

Figure 1. Hidden Refresh Cycle
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WRITE-PER-BIT FUNCTION

The write-per-bit function selectively controls the internal write-enable circuits of the RAM
port. When WB/WE is held “low” at the falling edge of RAS, during a random access operation,
the write-mask is enabled. At the same time, the mask data on the Wj/IO; pins is latched onto
the write-mask register (WMI1). When a “0” is sensed on any of the Wj/IO;j pins, their
corresponding write circuits are disabled and new data will not be written. When a “1” is sensed
on any of the W;/IOj pins, their corresponding write circuits will remain enabled so that new data
is written. The truth table of the write-per-bit function is shown in Table 3.

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

At the falling edge of RAS
Function
CAS | DT/OE | WB/WE | W;/10; (i=1~8)
H H H * Write Enable
1 Write Enable
H H L
0 Write Mask

An example of the write-per-bit function illustrating its application to displays is shown in

Figures 2 and 3.

RAS ‘ / CRT Display

> i / olololololo|olololololo
H : ol[olololo[o[o]o[o]o]o]o
Ao~As BB Row BB Column ololojololojolo[e|e|e]o
I ololololololole[ole[o[o
DT/ OE H ololololo|olelolo]e[o]o
Slo[ojolo]elee|e[e[o[0
DSF : olo[o|oje[ololo0e]|olo
e Ol|ojo]e]o]|e[OKAO[@lO
WBIWE 7\ 0777725 777777 olo[e[o[SIS[Slolo[ol0lo
w110, P Vg 7777777777777 /‘
W2/10: Y urye O~ ne L, [Cle[Olo[Ole[C0]
W; 1105 7 wix 777000070000 Ep——
W4 /104 ZWr te "0"2 rite No Write (Masked)
: ————— "1" Write
ws/10s M 7 o Write (Masked)
Ws/10g %Wr.te ”1'm 0" Write

No Write (Masked)

w1110, P was B 77 77777 “1" Weite

We /108 Wi OO o e 0000 No Write (Masked)
A—' W, /10, =L : Write Mask Write
W;/10;=H : Write
Figure 2. Write-per-bit timing cycle Figure 3. Corresponding bit-map
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LOAD COLOR REGISTER/READ COLOR REGISTER

The TC528128AJ is provided with an on-chip 8-bits registep (color register) for use during the
flash write or block write operation. Each bit of the color register corresponds to one of the
DRAM IO blocks. The load color register cycle is initiated by holding CAS, WB/WE, DT/OE
and DSF “high” at the falling edge of RAS. The data presented on the Wi/IO; lines is
subsequently latched into the color register at the falling edge of either CAS or WB/WE,
whichever occurs last. The data stored in the color register can be read out by performing a read
color register cycle. This cycle is activated by holding TAS, WB/WE, DT/OE and DSF “high” at
the falling edge of RAS and by holding WB/WE “high” at the falling edge of CAS and throughout
the remainder of the cycle. The data in the color register becomes valid on the ‘W;/10j lines after
the specified access times from RAS and DT/OE are satisfied. During the load/read color register
cycle, valid Ag~Ag row addresses are not required, but the memory cells on the row address
latched at the falling edge of RAS are refreshed.

FLASH WRITE

Flash write is a special RAM port write operation which in a single RAS cycle, allows for the
data in the color register to be written into all the memory locations of a selected row. Each bit
of the color register corresponds to one of the DRAM I/O blocks and the flash write operation can
be selectively controlled on an I/O basis in the same manner as the write-per-bit operation.

A flash write cycle is performed by holding CAS “high”, WB/WE “low” and DSF “high” at the
falling edge of RAS. The mask data must also be provided on the W;/IOj lines at the falling edge
of RAS in order io enable the flash write operation for selected /O blocks (Refer to Figure 4 and 5).

Flash write is most effective for fast plane clear operations in frame buffer applications.
Selected planes can be cleared by performing 512 flash write cycle and by specifying a different
row address location during each flash write cycle (Refer to Figure 6). Assuming a cycle time of
180ns, a plane clear operation can be completed in less than 92.2 wpseconds.

RAS — /
@S _ T\ —
wo~ns U 07
WE/WE 70|\
oS 77 R

W0y ZX ww X7 77777777 77

WM1 H: Write
L: Write Inhibit

Figure 4. Flash Write Timing
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Write Enable Write Disable

Figure 5. Flash Write

2

V7777

%
/////////%

Frame %

Buffer

\

DN

T~ Clear

Figure 6. Plane clear application example

BLOCK WRITE

Block write is also a special RAM port write operation which, in a single RAS cycle, allows for
the data in the color register to be written into 4 consecutive column address locations starting
from a selected column address in a selected row. The block write operation can be selectively
controlled on an I/O basis and a column mask capability is also available.

A block write cycle is performed by holding CAS, DT/OE “high” and DSF “low” at the falling
edge of RAS and by holding DSF “high” at the falling edge of CAS. The state of the WB/WE
input at the falling edge of RAS determines whether or not the /O data mask is enabled (WB/WE
must be “low ” to enabie the /O data mask or “high” to disable it). At the falling edge of RAS,
a valid row address and /O mask data are also specified. At the falling edge of CAS, the starting
column address location and column mask data must be provided. During a block write cycle, the
2 least significant column address locations (AOC and A1C) are internally controlled and only the
six most significant column addresses (A2C~A7C) are latched at the falling edge of CAS.

(Refer to Figure 7).

An example of the block write function is shown in Figure 8 with a data mask on Wi/ 10,

W4/I04, Wg/10g, W7/I07 and column 2. Block write is most effective for window clear and fill

operation in frame buffer applications, as shown in the examples in Figure 9.
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RAS

L

—

CAS

Ao~Ao X o YR ol mr= XYL
/:’ no N :

H :
WB/WE (4 o/
oT/OF W
DSF [ 7 "H \
W;/10; Mask Daam Column Select W
I W1/10¢ : Column 0
W3/10; : Column 1 | H : Write
[H :No Mask ] W3/103 : Column2 [ L :Write Mask
L :Mask Enable W4/10y : Column 3
Figure 7. Block Write Timing
Col Color Col Column | Column |.Column
Mask Data :e:;r:tn ReDséitaer orumn L;m ;m © ;m
W,/104 0 1 0 W1 /104 <— Mask
W,/10; 1 1 0 [:> W, /10, 0 0 0
W3/103 1 0 1 W3/103 1 1 1
W3 /104 [} 1 1 W4 /104 NMask
W;s/10s 1 - 1 Ws /105 1 1 1
We/10g 0 - 1 W /10g
W7 /107 0 - 0 W;/107
Ws/10g 1 - 0 Wg/10g 0 0 0
Mask

Figure 8. Example of Block Write Operation
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L
INERN
T
T

Figure 9. Examples of Block Write Application

FAST PAGE MODE BLOCK WRITE CYCLE

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

If the DSF signal is “low” at the falling edge of TAS, a normal fast page mode read/write
operation will occur. Therefore a combination of block write and read/write operations can be
performed during a fast page mode block write cycle. Refer to the example shown in Figure 10.

RAS N /e

{3

osF e el ro Ipa i pa

L
- v I\ I
Block Write Cycle Read/Write Cycle Block Write Cycle

Figure 10. Fast Page Mode Block Write Cycle
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SAM PORT OPERATION

The TC528128AJ is provided with a 256 words by 8 bits serial access memory (SAM) which can
be operated in the single register mode or the split register mode.

SINGLE REGISTER MODE

When operating in the single register mode, high speed serial read or write operations can be
performed through the SAM port independent of the RAM port operations, except during
read/ write/ pseudo-write transfer cycles. The preceding transfer operation determines the direction
of data flow through the SAM port. If the preceding transfer operation is a read transfer, the
SAM port is in the output mode. If the preceding transfer operation is a write or pseudo write
transfer, the SAM port is in the input mode. The pseudo write transfer operation only switches
the SAM port from output mode to input mode; Data is not transferred from SAM to RAM.

Serial data can be read out of the SAM port after a read transfer (RAM—SAM) has been

performed. The data is shifted out of the SAM port starting at any of the 256 bits locations.
The TAP location corresponds to the column address selected at the falling edge of CAS during the
read transfer cycle. The SAM registers are configured as circular data registers. The data is
shifted out sequentially starting from the selected tap location to the most significant bit and then
wraps around to the least significant bit, as illustrated below.

Start address : Tap location

= [T EJEEsy

Subsequent real-time read transfer may be performed on-the-fly as many times as desired,
within the refresh constraints of the DRAM array. Simultaneous serial read operation can be
performed with some timing restrictions. A pseudo write transfer cycle is performed to change the
SAM port from output mode to input mode in order to write data into the serial registers through
the SAM port. A write transfer cycle must be used subsequently to load the SAM data into the
RAM row selected by the row address at the falling edge of RAS. The starting location in the
SAM registers for the next serial write is selected by the column address at the falling edge of
CAS. The truth table for single register mode SAM operation is shown in Table 4.
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Table 4. Truth Table for SAM Port Operation

SAM PORT DT/OE at the
OPERATION falling edge of RAS sC SE FUNCTION Preceded by a
L Enable Serial Read
Serial Output Mode JL H Disable Serial Read Read Transfer
L Enable Serial Write
Serial Input Mode H J—L H Disable Serial Write \rite Transfer
L Enable Serial Write
Serial Input Mode _[—L " Disable Serial Write Pseudo Write Transfer

SPLIT REGISTER MODE

In split register mode, data can be shifted into or out of one half of the SAM while a split
read or split write transfer is being performed on the other half of the SAM. A normal (Non-split)
read/ write/ pseudo write transfer operation must precede any split read / write transfer operation.
The non-split read, write and pseudo write transfer will set the SAM port into output mode or
input mode. The split read and write transfers will not change the SAM port mode set by
preceding normal transfer operation. RAM port operation may be performed independently except
during split transfers. In the split register mode, serial data can be shifted in or out of one of the
split SAM registers starting from any at the 128 tap locations, excluding the last address of each
split SAM, data is shifted in or out sequentially starting from the selected tap location to the most
significant bit (127 or 255) of the first split SAM and then the SAM pointer moves to the tap
location selected for the second split SAM to shift data in or out sequentially starting from this tap
location to the most significant bit (255 or 127) and finally wraps around to the least significant

bit, as illustrated in the example below.

Tap location Tap chation

01 2 127 128 255

REFRESH

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

The TC528128AJ features two types of internal bidirectional data transfer capability between
RAM and the SAM, as shown in Figure 11. During a normal (Non-split) transfer, 256 words by
8bits of data can be loaded from RAM to SAM (Read Transfer) or from SAM to RAM (Write
Transfer). During a split transfer, 128 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 DSF special function input signal .

256 columns 128 columns 128 columns

512x128x8 |512x128x8

512 512x256x 8 512 |Memory Memory
rows Memory Cell Array rows | Cell Array Cell Array

g g g
[ 256x8 | | 128xs | 128xs o o

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

As shown in Table 5, the TC528128AJ supports five types of transfer operations: Read transfer,
Split read transfer, Write transfer, Split write transfer and Pseudo write transfer. Data transfer
operations between RAM and SAM are invoked by holding the DT/OE signal “low” at the falling
edge of RAS. The type of data transfer operation is determined by the state of CAS, WB/WE, SE
and DSF latched at the falling edge of RAS. During normal (Non-split) data transfer operations,
the SAM port is switched from input to output mode (Read transfer) or output to input mode
(Write transfer/Pseudo write transfer) whereas it remains unchanged during split transfer
operations (Split read or split write transfers). During a data transfer cycle, the row address
Ap~Ag select one of the 512 rows of the memory array to or from which data will be transferred
and the column address Ag~A7 select one of the tap locations in the serial register. The selected
tap location is the start position in the SAM port from which the first serial data will be read out
during the subsequent serial read cycle or the start position in the SAM port into which the first
serial data will be written during the subsequent serial write cycle. During split data transfer
cycles, the most significant column address (A7C) is controlled internally to determine which half
of the serial register will be reloaded from the RAM array.
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Table 5. Transfer Modes

at the falling edge of RAS
— Transfer Mode Transfer Direction | Transfer Bit | SAM Port Mode
CAS | DT/OE |WB/WE| SE | DSF

H L H * L Read Transfer RAM — SAM 256x8 Input —> Output
H L L L L | Write Transfer SAM — RAM 256x8 Output — Input
H L L H L | Pseudo Write Transfer - - Output — Input
H L H * H Split Read Transfer RAM — SAM 128x8 Not changed
H L L * H | Split Write Transfer SAM — RAM 128x8 Not changed

* . “H” or “L”

READ TRANSFER CYCLE

A read transfer consists of loading a selected row of data from the RAM array into the SAM
register. A read transfer is invoked by holding CAS “high”, DT/OE “low” WB/WE “high” and
DSF “low” at the falling edge of RAS. The row address selected at the falling edge of RAS
determines the RAM row to be transferred into the SAM. The transfer cycle is completed at the
rising edge of DT/OE. When the transfer is completed, the SAM port is set into the output mode.
In a read/real time read transfer cycle, the transfer of a new row of data is completed at the
rising edge of DT/OE and this data becomes valid on the SIO lines after the specified access time
tsca from the rising edge of the subsequent serial clock (SC) cycle. The start address of the serial
pointer of the SAM is determined by the column address selected at the falling edge of CAS.

Figure 12 shows the operation block diagram for read transfer operation.

SAM Start Address ON
D SIO1~g
OFF
T T T T T ? T ......................... T T Ti :>
SAM Serial Read

.4
T 7 (1

Ag~Ag

512x 256 % 8 bits
Memory Cell Array

Row Decoder

Figure 12. Block Diagram for Read Transfer Operation

In a read transfer cycle (which is preceded by a write transfer cycle), the SC clock must be
held at a constant Vi or Viy, after the SC high time has been satisfied. A rising edge of the SC
clock must not occur until after the specified delay tysp from the rising edge of DT/OE, as shown
in Figure 13.
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RAS [/

s/ T \
Ao~As 2 Row Y2 SAN start__ SN
WB/WE Z7ZZZZZZ7 v
bT/oE L/ ] 7772777777772
OSF 77772\
sc T\ / L_Inhibit Rising Transition : \ \L /\\__

trsp

SI0 - { Dout__X

|

Figure 13. Read Transfer Timing

In a real time read transfer cycle (which is preceded by another read transfer cycle), the
previous row data appears on the SIO lines until the DT/OE signal goes “high” and the serial
access time tgca for the following serial clock is satisfied. This feature allows for the first bit of
the new row of data to appear on the serial output as soon as the last bit of the previous row has
been strobed without any timing loss. To make this continuous data flow possible, the rising edge
of DT/OE must be synchronized with RAS, CAS and the subsequent rising edge of SC (trTH, tCTH,
and trsL/trsp must be satisfied), as shown in Figure 14.

The timing restriction ttsr/trsp are 5ns min/15ns min. The split read transfer mode eliminates
these timing restrictions.

i e —

™~
$101~510g XX XX X X X

Previous Row Data —>i-~—New Row Data

Figure 14. Real Time Read Transfer
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WRITE TRANSFER CYCLE

A write transfer cycle consist of loading the content of the SAM register into a selected row of
the RAM array. If the SAM data to be transferred must first be loaded through the SAM port, a
pseudo write transfer operation must precede the write transfer cycles. However, if the SAM port
data to be transferred into the RAM was previously loaded into the SAM via a read transfer, the
SAM to RAM transfer can be executed simply by performing a write transfer directly. A write
transfer is invoked by holding CAS “high”, DT/OE “low”, WB/WE “low”, SE “low” and DSF “low”
at the falling edge of RAS. This write transfer is selectively controlled per RAM VO block by
setting the mask data on the W;/IOj lines at the falling edge of RAS (same as in the write-per-bit
operation).  Figure 15 and 16 show the timing diagram and block diagram for write transfer

operations, respectively.

@as [ H \ {
N, STTR 7/, W st
WB/WE m 7 7 7 7 777777777
DTIOE 77777 7777277777777 ///A’/ 777777777

W;/101~Wg/10g —-——-——C@E&?‘
sE WW L

sC / \ / \ Inhibit Rising Transition \ \ / \
510,~510g Data In{ Data In ) DataIn

DSF 0, L 7 7

Mask Data 0 : Not Transferred
1 : Transferred

Figure 15. Write Transfer Timing

The row address selected at the falling edge of RAS determines the RAM row address into
which the data will be transferred. The column address selected at the falling edge of CAS
determines the start address of the serial pointer of the SAM.  After the write transfer is
completed, the SIO lines are set in the input mode so that serial data synchronized with the SC
clock can be loaded.
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SAM Start Address <:I $10,~S10g

Ag~Ag

Row

512 % 256 x 8bits
Memory Cell Array

Row Decoder

W1 /104 W,/10; W3/103 W4/104 W5/ 105 Wi /10g W;7/10; Wg/10g

SRy Al g

Mask wqn uqn wge aqw “g” aqn
Data =

Transfer operation Transfer operation

is inhibited. is inhibited.

Figure 16. Block Diagram for Write Transfer Operation

‘When consecutive write transfer operations are performed, new data must not be written into
the serial register until the RAS cycle of the preceding write transfer is completed. Consequently,
the SC clock must be held at a constant Vi, or Vi during the RAS cycle. A rising edge of the
SC clock is only allowed after the specified delay tsrp from the rising edge of RAS, at which time
a new row of data can be written in the serial register.

PSEUDO WRITE TRANSFER CYCLE

A pseudo write transfer cycle must be performed before loading data into the serial register
after a read transfer operation has been executed. The only purpose of a pseudo write transfer is
to change the SAM port mode from output mode to input mode (A data transfer from SAM to RAM
does not occur). After the serial register is loaded with new data, a write transfer cycle must be
performed to transfer the data from SAM to RAM. A pseudo write transfer is invoked by holding
CAS “high”, DT/OE “low”, WB/WE “low”, SE “high” and DSF “low” at the falling edge of RAS.
The timing conditions are the same as the one for the write transfer cycle except for the state of
SE at the falling edge of RAS.
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SPLIT DATA TRANSFER AND QSF

The TC528128AJ features a bi-directional split data transfer capability between the RAM and
the SAM. During split data transfer operation, the serial register is split into two halves which
can be controlled independently. Split read or split write transfer operations can be performed to
or from one half of the serial register while serial data can be shifted into or out of the other half
of the serial register, as shown in Figure 17. The most significant column address location (A7C)
is controlled internally to determines which half of the serial register will be reloaded from the
RAM array. QSF is an output in which indicates which half of the serial register is in an active
state. QSF changes state when the last SC clock is applied to active split SAM, as shown in
Figure 18.

128 columns 128 columns

512 Active SAM QSF Level
rows lower SAM “Low”
upper SAM "High"”

| L/
O ssen 7 [ 1svic |

Active Non-Active

Figure 17. Split Register Mode

Last SC

L?:;;-")c First SC g First SC
\ T \
QsF “low" f \ "low"”

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

Figure 18. QSF Output State During Split Register Mode
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SPLIT READ TRANSFER CYCLE

A split read transfer consists of loading 127 words by 8 bits of data from a selected row of the
split RAM array into the corresponding non-active split SAM register.

Serial data can be shifted out of the other half of the split SAM register simultaneously. The
block diagram and timing diagram for split read transfer mode are shown in Figure 19 and 20,
respectively. During split read transfer operation, the RAM port input clocks do not have to be
synchronized with the serial clock SC, thus eliminating timing restrictions as in the case of
on-the-fly read transfers. A split read transfer can be performed after a delay of tgrs, from the
change of state of the QSF output, is satisfied.

128x8

| L/
E Active ﬂL " '
N

ple]

Figure 19. Block Diagram for Split Read Transfer

;s A L /
Ao~Ps 7777 Row mﬂw« St
WB/WE W '////// // 777 777

OTICt 777227770\ .- // 77

OSF 77 W O //////////////////////////// 777

1515 N ilSTH |
QSF Y

Figure 20. Timing Diagram for Split Read transfer
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A normal (Non-split) read transfer operation must precede split read transfer cycles as shown

in the example in Figure 21.

Read
Tfaansfem Split Rea
17} \ . }

RAS i

sC

QSF

Figure 21. Example of Consecutive Read Transfer Operations

SPLIT WRITE TRANSFER CYCLE

A split write transfer consists of loading 128 words by 8 bits of data from the non-active split
SAM register into a selected row of the corresponding split RAM array.

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

R
L{J

Sio

Figure 22. Block Diagram for Split Write Transfer
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RAS /
[ I H \
ro~ra T Row S SAN St

\H

; Ag~Ag
WBIWE 770000 i
IS 000

H
OSF Tl | e

W;/7104~Wg/10g Mask Data }
L 1]
QsF X : »

Figure 23. Timing Diagram for Split Write Transfer

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

operations.

Pseudo Write Transfer Split Write Transfer /Sth Write Transfer
) 7 \_*r/ 7 \_*r/ 7
o RRRRRRAAAR O T SN P OO P U NRURUUNE SSUNTRPRUIURIURY SOOI .........

T

?%yyy?

Figure 24. Example of Consecutive Write Transfer Operations

RAS
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SPLIT-REGISTER OPERATION SEQUENCE (EXAMPLE)

Split read/write transfers must be preceded by a normal (Non-split) transfer such as a read,
write or pseudo write transfer. Figure 25 illustrates an example of split register operation
sequence after device power-up and initialization. After power-up, a minimum of 8 RAS and 8 SC
clock cycles must be performed to properly initialize the device. A read transfer is then performed
and the column address latched at the falling edge of CAS sets the SAM tap pointer location which
up to that point was in an undefined location. Subsequently, the pointer address is incremented
by cycling the serial clock SC from the starting location to the last location in the register (address
255) and wraps around to the tap location set by the split read transfer performed for the lower
SAM while the upper SAM is being accessed. The SAM address is incremented as long as SC is
clocked. The following split read transfer sets a new tap location in the upper split SAM register
address 127 in this example and the pointer is incremented from this location by cycling the SC

clock.

Vee Pause Dummy Read Split Read Split Read Psexd:
(20045) Cycle Transfer Transfer Transfer Transter
A N A —_— —_—

High-Z ‘ "High”

o T ——— -

—+ o
Serial Output Serial
Input
} 255 -
Devices (1)
SAM ISR Upper £ {ypper
Pointer W " iSAM Upper
127 . : i SAM
....... 7 Devices (2) ¥ | A Reset/SetSAN| . Lower
N Tower 1| sAm it T SAM
Reset/Set SAM L pointer
| ° SAM F .
0 pointer

Pointer Location
Undefined

Figure 25. Example of Spilit SAM Register Operation Seguence
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The next operation is a pseudo write transfer which switches the SAM port from output mode to
input mode in preparation for either write transfers or split write transfers. The column address
latched at the falling edge of CAS during the pseudo write transfer sets the serial register tap
location. Serial data will be written into the SAM starting from this location.

TRANSFER OPERATION WITHOUT CAS

During all transfer cycles, the CAS input clock must be cycled, so that the column address are
latched at the falling edge of CTAS, to set the SAM tap location. If CAS was maintained at a
constant “high” level during a transfer cycle, the SAM pointer location would be undefined.
Therefore a transfer cycle with CAS held “high” is not allowed (Refer to the illustration below).

Proper
TAS - / \Transfer
Cycle
Address 222772 Row _Y0%__SaN Start X
RAS \ /
Not
&S Alc:owed
Address  Z77ZZZZZZ____Row X

TAP LOCATION SELECTION IN SPLIT TRANSFER OPERATION

(a) In a split transfer operation, column addresses AOC through A6C must be latched at the
falling edge of CAS in order to set the tap location in one of the split SAM registers. During
a split transfer, column address A7C is controlled internally and therefore it is ignored
internally at the falling edge of CAS.

RAS T\ A
CAS L S
Addresses 7222222774 Row NP Tap odiress N

AOR~AS8R AOC~ABC (A7C is don't care:High or Low)

During a split transfer, it is not allowed to set the last address location (AOC~A6C=TF), in
either the lower SAM or the upper SAM, as the tap location.
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(b) In the case of multiple split transfers performed into the same split SAM register, the tap
location specified during the last split transfer, before QSF toggles, will prevail. In the
example shown below, multiple split transfers are performed into the upper SAM (Non-active)
while the lower SAM (active) is being accessed at the time when QSF toggles, the first SC
serial clock will start shifting serial data starting from the Tap N address location.

s T\ I\ B Va
Address  —(Row 1)Tap 1)— (Row 2)Tap2)

lower SAM : Active

QSF upper SAM : Non-active Pty lower SAM : Non-active
T Last First upper SAM : Active
\ Clock Clock

S 1 e P I U s X I W

Multiple Split transfer into upper SAM
Serial access of lower SAM

Serial access of upper SAM
starting at Tap N location

|

SPLIT READ/WRITE TRANSFER OPERATION ALLOWABLE PERIOD

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

Last First Last First Last First
Clock  Clock Clock  Clock Clock  Clock
SC | ‘ f\ I f | g N o
N N N
4 — 4
QSF
i tstH | tsTs tsTH | tsTs tsTH| tsTs
Split ] ] |
Read/Write
Transfer YES NO YES NO YES NO YES
allowed.

Figure 26. Split Transfer Operation Allowable Periods

As indicated in Figure 26, a split read/write transfer is not allowed during the period of
tsTH + tSTS-
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SPLIT TRANSFER CYCLE AFTER NORMAL TRANSFER CYCLE

A split transfer may be performed following a normal transfer (Read/Write/Pseudo-Write
transfer) provided that a minimum delay of 30ns from the rising edge of the first clock SC is

satisfied (Refer to the illustration shown below).

|
wi

_ X

Transfer Operation

T I A Y Y O

1 3
130ns|
;4—»:

1
Next Transfey | Next Transfer Operation is allowed.

Not Allowed " !

NORMAL READ TRANSFER CYCLE AFTER NORMAL READ TRANSFER CYCLE

Another read transfer may be performed following the read transfer provided that a minimum
delay of 30ns from the rising edge of the first clock SC is satisfied (Refer to the illustration shown

below).

J Y o I o

Transfer Operation

] ’
130ns,
:4—-»:

Next Transfer E

Not Allowed | Next Transfer Operation is allowed.
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NORMAL TRANSFER AFTER SPLIT TRANSFER

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

QSF

Split Transfer—_». 4M"“_>,(__Normal Transfer Operation Allowed

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 Vgc supply is turned on. After power-up, a pause of 200 useconds minimum
is required with RAS and DT/OE held “high”. After the pause, a minimum of 8 RAS and 8 SC
dummy cycles must be performed to stabilize the internal circuitry, before valid read, write or
transfer operations can begin. During the initialization period, the DT/OE signal must be held
“high”. If the internal refresh counter is used, a minimum 8 CAS-before-RAS initialization cycles
are required instead of 8 RAS cycles.

INITIAL STATE AFTER POWER-UP

When power is achieved with RAS, CAS, DT/OE and WB/WE held “high”, the internal state
of the TC528128AJ 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 useconds pause followed by a minimum of 8 RAS cycles and 8 SC

cycles) and before valid operations begin.

State after power-up

SAM port Input Mode

QSF High- Impedance

Color Register |all "0"

WM1 Register | Write Enable

TAP pointer Invalid
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INTRODUCTION

We continually venture at the leading edge of technology so that
we may develop and offer to you a diverse array of semicon-
ductor memory products which may be used in many commercial
and industrial applications. At this time, we offer three data books;
“MOS-Memory Dynamic RAM and Module”, “MOS-Memory
Video RAM and Static RAM” and “MOS-Memory ROM”.
Particularly, this data book is “MOS-Memory Video RAM and
Static RAM” edition.

These data books represent our current culminations of electrical
characteristics, timing waveforms and package data for our line
of semiconductor memory products.

We hope this information will be very useful for you.

Nov. 1991

TOSHIBA CORPORATION
Semiconductor Group
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