131, 072WORDS x 8BITS MULTIPORT DRAM

DESCRIPTION

PRELIMINARY

The TC528126BJ/BZ 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
T(528126BJ/BZ 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 he accessed independently except when data is
Leing transferred between them internally. The TC528126BJ/BZ is fabricated using Toshiba’s CMOS silicon

gate process as well as advanced circuit designs to provide low power dissipation and wide operating margins.

Organization

RAM Port : 131,072wordsX 8bits
SAM Port : 256wordsX8bits
RAM Port

Fast Page Mode, Read - Modify - Wrile
CAS before RAS Refresh, Hidden Refresh
RAS only Refresh, Write per Bit

FEATURES
(TEM TC528126B) /82
~ 80 - 10
taae  RAS Access Time (Max.) 80ns 100ns
teac  CAS Access Time (Max.) 25ns 25ns
taa  Column Address Access Time (Max) 45ns SOns
tae__ Cycle Time {Min} 150ns 180ns
tpc __Page Mode Cycle Time (Min.) 50ns 55ns
tcca  Serial Access Time (Max.) 25ns 25ns
tsce  Serial Cycle time (Min.) 30ns 30ns
lccy  RAM QOperating Current 90mA 75mA
{SAM : Standby)
lccoa SAM Operatingfurrent 50mA SOmA
{RAM : Standby)
leco  Standby Current 10mA 10mA

¢ Single power supply of 5V 10% with a built-in
ViR generator
e All inputs and outputs : TTL Compatible

512 refresh cycles/8ms
SAM Port
High Speed Serial Read/Write Capability
256 Ta

Full
RAM-

Locations
tatic Register
AM Bidirectional Transfer

Read/ Write / Pseudo Write Transfer
Real Time Read Transfer
Package

TC528126BJ
TC528126BZ

: S0J40-P- 400
: ZIP40-P-475

PIN CONNECTION

PIN NAME

TC5281268)

A0~AB Address inputs
RAS Row Address Strobe sc 01 40
CAS Column Address Strabe z:gl { g :;g
DT /0E Data Transfer/Output Enable 510; da 37
WE/We Write per Bit/Write Enable Slod s 36
WIIOI~WBI08 | Write Mash /Dta IN, OUT v31r/’|gf g;" gz
£ serial Clock w2/102 {8 33
Sk Seria! Enable w3/i03 {19 kY]
SI01--5108 Serial Input/ Cutput wa/104 (Jj10 n
Vee! Vsg Power {5V} / Ground Ve 01 30
N, C. No Connection WB/V;EC E 1; gz
RAS {114 27
NC 15 26
A8 116 25
as (117 24
As []18 23
A4 {19 22
Veer 020 21

| S0 e 0 e e - B g iy

CA1

Vssi
Sio8
5i07
S106
5105

SE
wg/l08
wW71107
wW6/106
W5/7105
Vss2

NC

NC

TAS

NC

A0

Al

A2

A3

A7

TC528126B2
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BLOCK DIAGRAM

W1/101~W8/108 8 lg SI01~SIO8
P279299%¢ REER Ik £929229¢9¢
JL < IQ ls v Iw 8 L
B < £992¢9¢9°¢ | <
SERIAL OQUTPUT SERIAL INPUT
QUTPUT BUFFER INPUT BUFFER TIMING GENERATCOR BUFFER BUFFER

e -

. WM
WRITE WRITE-PER <: REGISTER <:1
CONTROL B {8biv

s e B T
I || I
1 |
I I 1
1 1 | ] I 1
1 I L] 1 1:
i 1
-4 o
w [w
8= 512x256x 8 s 5
vl I 3 =
o |3 (76 cew 12 G
g W o wvi
5|2 ARRAY -
L] — w
1 Siv
L R
1
TTT s
512
8 Ll SERIAL ADDRESS
{ ROW DECODER J COUNTER (8bits)
[ T
COLUMN ADDRESS ROW ADDRESS <r1—_ REFRESH
BUFFER (8bits) BUFFER (9bits) COUNTER Ve Vas
AO~AB
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ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT NOTE
Vin, Vout input Output Valtage -1.0~7.0 v 1
Vee Power Supply Voltage -1.0~7.0 \ 1
Torr Operating Temperature 0~70 °C 1
Tsre Storage Temperature - 55~150 °C 1
TsOLDER Soldering Temperature * Time 260:10 °C-sec 1
Py Power Dissipation 1 w 1
lout Short Circuit Qutput Current 50 mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE
Vee Power Supply Voltage 4.5 5.0 5.5 \ 2
Vin Input High Voltage 24 - 6.5 A 2
ViL Input Low Voltage -1.0 - 0.8 A 2

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

SYMBOL PARAMETER MIN. MAX. UNIT
G Input Capacitance - 7
pF
Co Input/ Output Capacitance ~- ]

Newe @ This parametor is perdodically sampled and iz nol 100% tested.




TC528126BJ/BZ-80, TC528126BJ/BZ-10

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

TC52812681/82-80 | TC52812681/82-10
ITEM (RAM PORT SAM PORT | SYMBOL UNIT | NOTE
¢ ) MIN. MAX. MIN. MAX.
OPERATING CURRENT standby | lecy - 90 - 75 3,4
(aﬁ TES Cyding
tre = tre Min. Active leccia - 130 - 115 3,4
STANDBY CURRENT Standby Iccz - 10 - 10
(RAS, t‘/r§=V|H)
Active Iccaa - 50 - 50 3,4
P.AS ONLY REFRESH CURRENT Standby | lcc3 - 90 - 75 3,4
(RT\_S' Cycling, TAS =V ) - mA
tac = tre min. Active lecaa - 130 - 118 3,4
PAGE MODE CURRENT Standby lcca - 80 - 65 3,4
RAS = vy, CAS Cydling ) :
thc = toc Min. Active Iccaa - 120 - 105 3,4
TAS BEFORE RAS REFRESH CURRENT Standby lees - 90 - 75 3,4
RAS Cyding, CAS Before W) i
tac = tre min. Active lecsa - 130 - 15 3,4
DAaTA TRANSTER CURRENT Standby lecs - 10 - 95 3,4
(R'TSS, CAS Cycling) -
tac = tac min. Active | lecea - 150 - 135 3,4
ITEM SYMBOL MIN. MAX. UNIT NOTE
e d
INPUT LEAKAGE CURRENT W -10 10 A

OV = VyS 6.5V, All other pins not under test =0V

OUTPUT LEAKAGE CURRENT

| -10 10 A
OV S Vour S 5.5V, Output Disable ou s
OUTPUT "H” LEVEL VOLTAGE Vo 24 _ v
loyr = -~ ZmA
QUTPUT “L* LEVEL VOLTAGE Vo _ 0a v

lout = 2mA

C4
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS
{(Vce =5V £ 10%, Ta=0~70°C) (Notes : 5, 6, 7)

SYMBOL PARAMETER TC528126B81/B2-80 TC5281268)/82-10 unit | NoTe
MIN, MAX. MIN. MAX.
trC Random Read or Write Cycle Time 150 180
’__ln_x_mw Kead - Modify - Write Cycie Time 195 235
tpc Fast Page Mode Cycle Time 50 55
Wpayy | P35t Page flode Read- Modify - Write Cycle 90 100
Time
tac Access Time from RAS 80 100 B,14
taa Access Time from Column Address 45 50 B,14
teac Access Time from CAS 25 25 8,15
tepa Access Time from CAS Precharge 45 50 8,15
lorr Output Buffer Turn- Off Delay 0 20 0 20 10
r Transition Time{Rise and Fall) 3 35 3 35 7
trp RAS Precharge Time 60 70
RAS RAS Pulse Width BO 10000 100 10000
trasP RAS Pulse Width (Fast Page Mode Only) B0 100000 100 100000
taskH RAS Hold Time 25 25
tesH TAS Hold Time 80 100 as
teas CAS Pulse Width 25 10000 25 10000
1rCO RAS to TAS Delay Time 20 55 20 75 14
tRAD RAS to Column Address Delay Time 15 35 15 50 14
traL Column Address to RAS Lead Time 45 50
tcre CAS to RAS Precharge Time 10 10
tepn TAS Precharge Time 10 10
tep TAS Precharge Time (Fast Page Mode) 10 10
tasg Row Address Set-Up Time 0 0
tRAH Row Address Hold Time 10 10
tasc Column Address Set- Up Time 0 0
tcan Calumn Address Hold Time 15 15
tar Column Address Hold Time referenced to RAS 55 70
tRes Read Command Set-Up Time 0 0
reH Read Command Hoid Time 0 0 1
tari Read Command Mold Time referenced to RAS 0 0 11
lweH Write Command Hold Time 15 15
twer Wieite Command Hold Time referenced to RAS 55 70
twe Write Command Puise Width 15 15
tRWL Write Command to RAS Lead Time 20 25
tewe Write Command to CAS Lead Time 20 25




TC528126BJ/BZ-80, TC528126BJ/BZ-10

SYMBOL PARAMETER TC5281268)/8Z-80 TC5281268J/82-10 UNIT | NoTE
MiN. MAX. MIN. MAX.
tos Data 5¢1-Op Tume 0 0 12
Lo Data Hoid Time 15 15 12
ik Data Hold Time referenced to RAS 55 70
twes Write Cammand Set-Up Time 0 0 13
tavo RAS to WE Delay Time 100 130 ns 13
Tawo Calumn Address to WE Delay Time 65 B0 13
tewo TAS to WE Delay Time 45 55 13
tozc Data ta CAS Delay Time 0 0
iozo Data to OF Delay Time 0 0
_‘OEA Access Time from OF 20 25 8
toez Output Buffer Turn-off Delay from OE 0 10 0 20 10
toro OF to Data Delay Time 10 20
toen OF Command Hold Time 10 20
trom RAS Hold Time referenced to OF 15 15
tesn CAS Set-Up Time for CAS Before RAS Cycle 10 10
teur CTAS Hold Time for CAS Before RAS Cycle 10 10
trec RAS Precharge to TAS Active Time 0 0
1rer Refresh Period 8 8| ms
fwsr W8 Set-Up Time 0 0
trwH W8 Hold Time 15 15
tms Write - Per - Bit Mask Data Set-Up Time 0 0
MK Write - Per - Bit Mask Data Hold Time 15 15
trhs BT High Set-Up Time 0 0
trem DT High Hold Time 15 15
trs BY Low Set.Up Time 1] 0 ns
trin DT Low Hold Time 15 10000 15 10000
tRin DT Low Hold Time referenced to RAS 65 10000 80 10000
(Real Time Read Transfer)
TaTH DT Low Hold Time referenced to Column 30 30
Address (Real Time Read Transfer)
term DT Low Hold Time referenced to CAS 25 25
{Real Time Read Transfer)

C6




TC528126BJ/BZ-80, TC528126BJ/BZ-10

TC528126BJ/BZ-80 TC5281268)/BZ-10
SYMBOL PARAMETER . WA, N, VIAX. UNIT | NOTE
tesR $E Set-Up Time refarenced to RAS 0 0
treH $E Hold Time referenced to RAS 15 15
typ 0T to RAS Precharge Time 60 70
tre BT Precharge Time 20 30
tasp RAS to First SC Delay Time (Read Transfer) 80 100
tasp Calumn Address to First SC Delay Time 45 50
(Read Transfer)
tsn TAS to First SC Delay Time (Read Transfer) 25 25
trsy Last SC 1o DT Lead Time 5 5
(Real Time Read Transfer)
trin T to First $C Delay Time (Read Transfer) 15 15
RS Last SC to RAS Set-Up Time (Serial Input) 30 30
tero RAS 10 First SC Delay Time (Serial Input) 25 25
t5u0 RAS to Serial lnput Delay Time 50 50
tspz Serial Output Buffer Turn- off Delay from RAS 10 50 10 50 10
{Pseudo Write Transfer) ns
tsce SC Cycle Time 30 30
ts¢ $C Pulse Width (SC High Time) 10 10
tscp $C Precharge Time (SC Low Time) 10 10
tsca Access Time from SC 25 25 9
tson Serial Qutput Hold Time from 5C 5 5
tsps Serial Input Set- Up Time 0 0
tspH Serial input Hold Time 15 15
LEa Access Time from SE 25 25 9
tsE SE Pulse Width 25 25
tsep EE Precharge Time 25 25
Lsez Serial Output Buffer Turn-off Delay from SE 0 20 Q 20 10
1szE Serial Input to E'E Delay Time 0 Q
Gzs Serial Input to First 5C Delay Time 0 0
L Serial Write Enable Set-Up Time 0 0
Tswi Serial Write Enable Hold Time 15 15
tswis Serial Write Disable Set- Up Time 0 0
towis Serial Write Disable Hold Time 15 15
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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
oulput open.

5. An initial pause of 200ys is required after power-up followed by any 8 RAS cycles (DT/OR

© “Ligh”) and any 8 3C 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 {p=>5ns.

7. VIH (min) 80d VIL(max) are reference levels for measuring timing of input signals. Also,
transition times are measured between Vyj and Vi.

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

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

10.  tOFF(max), POEZ(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 tyen or triag 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.  twces, tnwD, tcwp and tawp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcS= twCs (min), the cycle is an
carly write cycles and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; If tRWD= tRWD (min.), tCWD=Z tCWD (min.) 8nd 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 nax.) can be met.

LRCD (max.) 1s specified as a reference point only: If tpep is greater than the specified
LRCD (max.) limit, then access time is controlled by tcac.
Operation within the tRAD (nax,) limit insures that tRAC (max.) can be met. tRAD (max.) is

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

tac
1ras <——m’———>t
t
. ——d AR STy
— VT
RES . \ V N
tesy
tcre ReD tasy tepn
e NV = - \\ﬁtCAS [ F
EE vy S ‘ \
1rAD tRAL
task | Tpag asc tcan
Vin ZZNA ROW r COLUMN b
AC~AB 7 /{,; ADDRESS r ADDRESS

| _tRCH
tacs 1RRH
[<——> e
WB/WE b4 //// Z

troH
R W %/ ydl
DY 1 OF \%//,Z///, ,;;,4////// ) /
toea
Vin /W’;Z{V/’ %,
[ Ny G 1cac TorE
V00 tan toez
~W8/108 trac "
l— our ﬂg[‘— OPEN J\r_ VALID DATA-OUT }——-—

m T “HY or "L
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WRITE CYCLE (EARLY WRITE)

L our V1"

*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

C-10
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WRITE_CYCLE (DT CONTROLLED WRITE)

e
- tuns «——BE
[ tar
e VT NI J )
RAS v — \r - \__
CsH
tacp trSH teen
tcas ¥
TS \\ / / \
traD 1RAL
_f;rjﬁﬁ <A tean
7 i COLUMN
AY~AS 55 _ ADODRESS W 2 7
N towe
BLE «lRWL
E TR iwe
WE/WE
! 4_‘0.&1_,[
I Y/ 7
st V2 ) D
twms e EQL oy
Vih — DI VALID
— i DA N SR
W1/7101 L 1oHR
~W8/108
Van —
e out v OPEN
m : "H* or "L"
"1 WE/WE W1/101~W8/i08 Cycle
0 WMt data Write per bit
1 Don’t Care Normal Write

WM1 data:  0: Write Disable
1: Write Enable

C-11
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READ - MODIFY - WRITE CYCLE

AG~AS

T8 WE

|
KeARa{o]]
~N8/!i08

i

- QU7

N

tanvy
tras B2
_tar I ———
/N
tesn
treh Thse tepn
Icas \-

tean

Vi

COLUMN
ADDRESS

towp

tawp \4—‘—\0‘&»
tawn
/»c
tos
toro ‘o
e o
VALID
toea ( DATA-IN WZ ?//5/4
toey
trac s el
Vow — oPEN 4 VALD N
You — - NDATA-QUTY
m :“H” or "L
*1 WB/WE W1/iQ1~W8/108 Cycle
o} WM data Write per bit
1 Don‘t Care Normal Write
WAt da.a: 0: Write Drsable

t: Write Enable
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FAST PAGE MODE READ CYCLE

trase tap
- tar tec
w7e VW
RES M _ N /
tcrp trep
==
e Vo T 7 1rap
Vi - Lesy
tasn | | fRAH tasc
\
AQ~A8 H
Vi h
tacs
e e Vg TV,
Wi 1 WE \,:L /////7,
i Tk
|<«b- d 7
i 5E VM TS o, A7 p
T SV N7\ /_‘&/ 0N Z , i
toz0 tepa tcpa
Vin ™
IN g
Vie 4 toeal ltoer
W1/101 teac toez
~ W08 tane <2 e
- - \-
L_our Vou OPEN DATA-OUT
Va, - 1 A

C-13
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FAST PAGYE MODF WRITE CYCLE (FARLY WRITE)

0
»
W

AQ~AS

M

Wi/tol
~W8/108

l—OUT

trase tap
v — X AR tr¢ H
Vit - h
tear taco tep tep tRsH o teen
v = j—> - ‘_\ LT Y ) Pe— tcas L teas V*_—_\K
RAD i
i~ Tt A\‘ V O T /
tRaH ] tLean can RAL
lasR tasc, tasc tasc tcaH
Vig —H ROW ./ A COL. ‘\‘/ - COL. 4 COL.
Vi —7X ADD. N ADD. 1 4 N ADD.2 4 ADD.n
:: e twen twen
twse e b etwes | [ ten twcs twes
Vii 7% ! / '- '/|// I 7 ‘)I/ /
] towe
L towt Lew,
e ! DR
Vi ;7
Vi <
t thw toH
A o g B L .
Vin 4 WMI 4 DATA-IN ‘;(/37 /Z?\
Vii —/X DATA 1A ////<
e torn
Vou —
OPEN
VoL —
W//A "H" or "L
*1 WB/WE W1/101~wW8/108 Cycle
0 WM data Write per bit
1 Don’t Care Normal Write
WM1 data: 0: Write Disable

1: Write Enable

C-14
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FAST PAGE MODE READN - MODIFY - WRITE CYCLE

trase
= Lid
e Mia T \ tCsH 1r—
RA 3 )
IprMw LRSH
t 1
-~ tens 5 . Ked .
. Vy — A CAS B CAS 7_
RSy tnse N N ; \_\_ /
ASC ASC, town
tase | 458 eag]  tow | toag)  tow ) tcan t i,
Vin Frow RA CoL N/ f oL N coL.
AD~AB _% (FAOD. XTADD.I BIA% N ADD. 2 _ | ADD.n
t <> traL
5 RWH t t t
Wh WP, we
— e y
WB/WE x:r __% *1 y towp \ ) / towp \ / town \‘—y
tTHs
e e VIH
OTIE v, 7
th
ths OH
oo X DATA /
‘r——* Vi - \. INn 7 /A
w1101 logz
~WB/108
L our VorT { ; y 5 3 DATA-D
Vou — B ; OUT n )

: "H" or "L”

* WB/WE W1/i01~W8/108 Cycle
[t} WM1 data Write per bit
1 Don't Care Normal Write

WMi data: 0: Write Disable
1: Write Enabie
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RAS ONLY RETRESI CYCTE

wowl N \

3 wy
WEIWE ) T i
v 2 T N

D "H” or “L”

C-16
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CAS DEFORE RAS REFRESH CYCLE

ire
tap tre
B e
= Vi T % tras N
RAS M / trpe N - |/ \
L
tesr N

o :—__—7;”_\'\ - ,

5 7
7
WI/101 Vg = "“J, oPEN

~W8/108 VoL — £

Note : AD-A8 = Don't Care ("H" or “L") 7773 :"H* or “L"
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HINDEN REFRESH CYCLE

1re

tap

tRAs

g
trAS
oV _ r— 1aR
RES o \r
tere | e L Teto) Trsu

= W/ N

trao tRAL

tasr B_lm !é‘iﬁ teap
Vi —AA ROW NAA COLUMN K/
AO~AB 7 )tmoness >@< ADDRESS (X

Vi —'_/_;} -
ot
WEIWE
ROl
OT/0E
| e,
W /101
~Wg/108

C-18
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READ TRANSFER CYCLE (Previous Transfer is WRITE TRANSFER CYCLE)

tre
tras N tae
e M T N trr
RES g _ N /{ N\
s
tere 1reo LRSH tcp
e Vi~ 7 \ 1cas f Fi
a3 Vie —/ \ \_
trAD taat
tasr tRaH Tasc tean
— - -
Ac~ag M 72 ROW ADDRESS ( SAM START ADDRESS
Vi N . ;
T
AO0~A7: TAP
Jwer | Trwi

WIIVE ¥
tns trm
O7/0E
| tarr

WIHOlU  Vop— k 1psp
~WEB/108 Vo — Jl
t1sp tscc
tss Loee | |tsc tscp
Vig — 7 L . { p )y
Inhibit R T t
sC Vi — / e \ ibit Rising Transien /
tepg | 1L Mg
|l S !}D” |<——>
o M TN\ITNRUD T NS 7
r— vy __/‘}*_ CATAIN T T
Sio1 tsca Isoy
~5108
L qyp Vou ™ VALID
ouT g DATA-OUT

Note : SE = Vi

m 1 "H" or "L”
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REAL TIME READ TRANSFER CYCLE

FAS

A0~AS
Wa rwe
BT10E

W1/10%
~W& /108

sSC

|,.___ It}

S101
-~S108

L out

= =
T N T F
- BN B Y o o TN

1,

‘ QFF.

-
e R
tsep

Vou
Vou
< 1s¢
li‘—->'
Vi = /
Vi o \

Vin

tysy trsp

OPEN
Vi — teca tsca
C
SCA e
(tSO tsoH
Vou ™ VALID KA VALID VALID VALID
VoL — DATA-OUT LDATAOUT DATA-OUT DATA-OUT
1 )

Note : SE = V),

Previous Row Data

- VALID
X DATA-OUT

.

1

C-20
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PSEUDO WRITE TRANSFFR CYCLE

tre
tras tre
Y Vg \‘7 Tag | o e
A% \
Vi - b -/
sk
teae treD RSy i tepn i
. Vi R \ teas / /‘
CAS Vi \ -
tRaD — traL
<1ASR tran IA_S; tcaH
V £ + )
AO~A3 " ROW ADDRESS 5AM STARTADDRESSW 7
) . 51/ Z
AO~AT I TAP

twsh TRwH

W/ WE
ST
BT/OE
W1/101
~\W8/108 OPEN
190G 1 | tSCC
toes 1scg Ls¢ 1§cg
Vi =~ rd R L " \
SC Vi — / | \ Inhibit Rising Transient /
tesk
Vin _?7""
ELA —/4/;
Vi — ; ~
[——- Ny ¢ _DATA-IN _
SI101
~SI108
Lo e Vou— VALID v VALID N
OUT 'y, _  DATA-OUT X DATA-OUT. OPEN

LlSQL,

———> Serial Input Data

:"H” or "L”

Serial Qutput Data ———-
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WRITE TRANSFER CYCLIE

tre
tras thp
- t |}
_____ Vi — AR
RSy \_ / \
tesy
| icrp 1r¢D task teen
-y X
e YT 7 _‘\ teas 4 \
TSy _/ \( / /!
trap 13al
| LASR tran s | tcan
Vin - % o 7
AQ~AB Vi ROW ADDRESS i SAMSTARTADDRESS_ 7
' AQ~AT : TAP
twsa tRwWH
T Vin =77 / % 7
WE/WE Vi ——% / //Z/ / / 7
s i
e o Vi T Z
PI/OE vy ZZ 5 ///////// 00 2
Qs
wi/101 Veop ™ -] OPEN
~W8/108 . B
sC
SE
[_.__ 15]
5101
~5108
L oyt VouT OPEN

——» New Row Data

m : “H” or “L”

Previnus — ~ew———

]
13
1
E
)
Vor — !
|
1
i
|
Row Data !
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SERIAL READ CYCLE (SE=Vy)

c Vm %
> v — N\

X,

trs trHH
|

N/

tscc 5CC ]
sc,

7077

tsc i tsc | lsc 4&)
AN
T tsea ! =G ~tscr e | tsea Neor

cp tsca " isce tsca ' lscp tsca
i 1
Lsoy son sod Ison soH

Sl VoH — VALID A VALID x VALID “x VALID “x VALID "x VALID
~5i08 DATA-QUT AN. DATA-QUT ¥N. DATA-OUT _¥X. DATA-QUT DATA-QUT YN DATA-OUT
i

Vo, —
SE- vy, DUH” or UL

Note @ SE=

= = V|H
bT/TE

SERIAL READ CYCLE (SE Controlled Outputs)
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PIN_FUNCTION

ADDRESS INPUTS @ Ag~ Az

The 17 address bits required to decode 8 hits of the 1,048,576 cell locations within the dynamic
RAM memory array of the TC528126BJ/BZ are mulliplexed onto 9 address input pins (Apg~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 and SE to
invoke the various random access and data transfer operaling 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 und data integrity. The RAM port is placed in standby

mode when the RAS control is held “high”.

COLUMN ADDRESS STROBE : TCAS

CAT is the control input that latches the column address bits. 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/0E

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

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
manncr 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/WI is “low” at the falling edge of RAS, the data is transferred from
SAM to RAM (write transfer).
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B4

WRITE MASK DATA/DATA INPUT AND QUTPUT ; Wy /101~Wg/10g

When the write-per-bit function is enabled, the mask data on the W;i/l0; pins is latched into
the write mask register (WM1) at the falling edge of RAS. Data is written into the DRAM on
data lines where the write-mask data is a logic “1”.  Wriling 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
ouiputs are in the high-impedance state. Data is read out of the RAM port during a read or
read-modify-write cycle.  The output dala 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.

S1RTAL CLOCK : 8C

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 which is used to select the SAM
adéress.  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 Vi or Vi level during read transfer/pseudo write
transfer/ 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.

SERTAT, TMNABTE : 80

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 SO is clecked even when SE is “high”

SERIAL INPUT/OUTPUT : SIO1~SI108

Serial input and serial output share common L'O pins. Serial input or output mode is
determined by the most recent read, write or pseudo write transfer cycle. When a read transfer
evele is performed, the SAM port is in the ouiput mode. When a write or pseudo write transfer
cycle is performed, the SAM port is switched from output mode to input mode. During subsequent

write transfer cycle, the SAM remains in the input mode.
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OPERATION MODE

The RAM port and data transfer operating of the TC528126BJ/BZ are determined by the state
of CAS, DT/ UE, WB/WE and SE at the falling edge of RAS, 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

RAS falling edge ¥ i .
TAY | OUOE | WewWE | € Function
0 * * * €TAS before RAS Refresh
1 0 0 0 Write Transfer
1 0 0 1 Pseudo Write Transfer
1 0 1 * Read Transfer
1 1 0 * Read / Write per Bit
1 1 1 - Read f Write

Table 2. Functional Truth Table

RAS Ty Address w/i0 Write Mask
ion
n TAS | OT/OE |WeWE| 3 O|RRS L |OAS L |RAS L t\;if % wWM1
CAS before RAS Refresh 0 . * * * - * - -
Write Transfer 1 0 0 4} Raw TAP * * -
Pseudo Write Transfer 1 0 ¢ 1 Raw TAP * * -
Read Transfer 1 0 1 * Row TAP * * -
Write per Bit 1 1 0 * Row Column WM DIN Load use
Read / Write 1 1 1 * Row Calumn * DIN -
* 40" or “1” , TAP : SAM start address , — : not used
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RAM PORT OPERATION

FAST PAGE MODE CYCLE

Fast page mode allows data to be transferred into or out of multiple column locations of the
same row by performing multiple CAS cycle during a single active RAS cycle. During a fast page
cycle, the RAS signal may be maintained active for a period up to 100 pseconds. For the initial
fast page mode access, the output data is valid after the specified access times from RAS, TAS,
column address and DT/OE. For all subsequent fast page mode read operations, the output data
iz vaiid 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.

IAS-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 “ITAS-Only” cycle.

CAY.BEFORE-RAS REFRESH

The TC528126B.1/BZ also offers an internal-refresh function. When CAS is held “low” for a
specified period (tgsp) 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 TAS-before-RAS
refresh cycle, CAS can remain “low” while cycling RAS.

HIDDEN REFRESH

A hidden refresh is a CAS-before-KAS 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 KAS after the specified RAS-precharge period (Refer to Figure 1).

o ~—-—Menory Cycle »|«——- Refresh Cycle ——>|=<— Refresh Cycle ——>,
RAS \

CAS _~_\
W1/i01

§ __,___—< H 4>—
wa/108 Valid Data Qutput

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 W;/10; pins is latched onto
the write-mask register (WM1). When a “0” is sensed on any of the W;/IO; pins, their
corresponding write circuits are disabled and new data will not be written. When a “1” is sensed
on any of the Wi/IO;j 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 Tuble 3.

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

At the falling edge of RAS
Function
CTAS | BY/OFE | WB/WE |Wi/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.

CRT Display
: { ololojolojolojololololo
o { o[olclolojololololololo
Ao~is B ow RN Column WRRTSRTEE olo[o[o[cioBloe[e[e]d
o i : ololoBolcoelo[e[o[0
STI6E g« : oiojolo[cloleloole[olo
— : Glop[o|Clele[ele[e[T[C
WEIWE T e N DEREEOEFESE0EE
o o ] Ololo[s{o]e[OQO[#]O D
Vi 110 %“wu»ﬂwwzw/wéw,uﬂ PEOFEEEEEREE

1

Walll, ﬂw:éte 'Zu/"/ “1"“_/Vr|(em’m’/’f'iﬁ
vaiioy ZAvp L7 [ClelojO0[O]@[O[0]
Wel10s 77 Wr!te %’7{2/% ”0"\5/Vvize %/m Z/ L o w

: 2 “0" Write

Ws /10g Z/‘XM“‘( 707, ;/é L No Write {(Masked)

: N “1" Write
W llQo T s © o

L /Wme 1 verite No Write (Masked)
W l107 7 mask 777 7%%’ s e e %0” Write

] e No Write (Masked)
Wg!l0g Z,/?w..:e G0, o wive [ZET7207777
; "1 Wiite
4 — Write

W, /10 =L ; Write Mask No write (Masked}
W, /10 = H 1 Write

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

The TC528126BJ/BZ is provided with a 256 words by 8bits serial access memory (SAM).
High speed serial read or write operations can be performed through the SAM port independent of
the RAM port operations, except during read transfer/write transfer/ pseudo-write transfer cycles.
The preceding transfer operation determines the direction of data flow through the SAM port.
If the precading 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 pscudo 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 datu is shifted out of the SAM port starting at any of the 256 bits locations.
The TAP location corresponds to the colunn address selected at the falling edge of CAS during the
read transfer cycle. The SAM registers are configured as circular data registers. The dala 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 iHlustrated below.

Start address : Tap location

Subsequent real-lime 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 writc is selected by the column address at the falling edge of
TES. 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/TE at the _
OPERATION falling edge of FAS 5C SE FUNCTION Preceded by a
L Enable Serial Read
: __! L Read Transfer
Serial Output Mode H | Disable Serial Read
L Enable Serial Write
: I l_ Write Transfer
serial Input Mode H H Disable Serial Write
L Enable Serial Write
Serial input Mode JL Pseudo Write Transfer

H Disable Serial Write

REFRESH

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

DATA TRANSFER OPERATION

The TC528126BJ /BZ features internal bidirectional data transfer capability between RAM and
the SAM, as shown in Figure 4. During a transfer, 256 words by 8 bits of data can be loaded from
RAM to SAM (Read Transfer) or from SAM to RAM (Write Transfer).

e 256 columns

512 512%256x8
rows Memory Cell Array

0
256 8 K>

Figure 4. Data Transfer
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As shown in Table 5, the TC528126BJ/BZ supports three types of transfer operations: Read
transfer, 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 and SE latched at the falling
edge of HAS. During data transfer operations, the SAM port is switched from input to output
mode (Read iransfer) or output to input mode (Write transfer/Pseudo write transfer). During a
data transfer cycle, the row address Ag~Ag select one of the 512rows 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 wrilten during the subsequent serial write

cycle.

Table 5. Transfer Modes

at the falling edge of RAS
—T— Transfer Mode Transfer Direction | Transfer 8it | SAM Port Mode
CAS | DT/GE |WBWE| SE
H L R * Read Transfer RAM — SAM 256x8 Input -« Output
H L L L | Write Transfer SAM — RAM 256x 8 Output - Input
H L L H - | Pseudo Write Transfer |. - - Output = Input

® . “H” or *L”

READ TRANSFER CYCLE

A read transfer consists of loading a sclected row of data from the RAM array into the SAM
register. A read transfer is invoked by holding CAS “high”, DT/OE “low” and WB/WE “high” 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 5 shows the operation block diagram for read transfer operation.
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SAM Start Address ON
7-"{ } D SI0y~g
OFF

TT?TTT’T ......................... TTTL ED

SAM Serial Read

T 71

ro~Ag [ >

A< Selected Row

512 %256 x 8 bits
Memory Cell Array

Row Decoder

Figure 5. 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 Vi, 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 6.

w —

sc T\ [ T inhibit Rising Transiti N T\
sing_Transitiol = \ \

Figure 6. 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 ‘cont‘inuous data flow possible, the rising edge
of BT/OE must be synchronized with RAS, TAS and the subsequent rising edge of SC (trri, terin
and tpsL/tTsp must be satisfied), as shown in Figure 7.

The timing restriction trgy/trsp are 5ns min/15ns min,
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RAS "'—"‘"‘—* /
b RTH

& T " | /A

| e— teTH —

Ao~A8 mﬁow ‘address 2 A SAM Start Address X7 R T
Wi
UC -
5C trsy = 508 p—ter trsp = 15ns

TUNT TN N N N T T X
510,~510¢ Y Y X X X X C

Previous Row Data —>§<—New Row Data

Figure 7. Real Time Read Transfer

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 peort
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 TAS “high”, DT/OE “low”, WB/WE “low” and SE “low” at the
falling edge of RAS.

Figure 8 and 9 show the timing diagram and block diagram for write transfer operations,

respectively. ' .
ms e

&S [ H \ J
Ao~e W 0w L
WBIWE 770 B //////////////7////////////////////////

O1I0E 27777722 [ A // A

W, /10,~Wg/10g ; ;
sc o/ 1 Inhibit Rising Transition \ 1‘—"\__/'_’L
si0~50, T BEETYBEEIR)

Figure 8. Write Transfer Timing
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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

SAM Start Address E }___D SI0~S5i0g

TT?T """"""" 1997

clock can be loaded.

Ag~Ag
oS

«— Selected
Row

Row Decoder

512 % 256 x 8bits
Mesmory Cell Array

Figure 9. 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 tgrp from the rising edge of RAS, at which time

a new row of data ¢an 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 exccuted. 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
perforined to transfer the data from SAM to RAM. A pseudo write transfer is invoked by holding
CAS “high”, DT/OE “low”, WB/WE “low” and SE “high” 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
faliing cdge of RAS.
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REGISTER OPERATION SEQUENCE (EXAMPLE)

Figure 10 illustrates an example of register operation sequence after device power-up and
initialization. After power-up, a minimum of 8 TAS 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 least significant address location. The SAM address is incremented as long as SC is clocked.

Vee ——/ Read Pseydo

Pause Dummy Write

(200ps) Cycle Transfer Transfer
AP — A

Add.

o
&
|

s I o A R o
Serial Gutput Sera
F : ; nput
4 258 - H —
Sam :
Pointer
........... DeVIces(Z) : F/ Reset/Set SAM
Reset/ Set SAM / : pointer \ /
o pointer ; 5

Pointer Location |
Undefined

Figure 10. Example of 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 write transfers, The column address latched at the falling edge
of TAS during the pseudo write transfer sets the serial register tap location. Serial data will be
written into the SAM starting from this location,

TRANSFER OPERATION WITHOUT CAS

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

Proper
CAS \ f Transfer
Cycle
address I —on YN A Sur X0
(71 Not
Allowed

Address 77777228 Row V00

READ TRANSFER CYCLE AFTER 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).

U

L S W
Y /]
[ S

\__/
DT/OE N
¢ & 0 U I I W
i )
Transfer Operation '30ns,

:(‘—P:
1
Next Transfer !

Not Aliowed |

Next Transfer Operation is allowed.

[RSRIORPIE SPD IO SPNPI SURPUpI SRP
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POWER-UP

Power must be applied to the RAS and DT/OE input signals to pull them “high” before or at
the same time as the Vgg 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 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, 2 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, TAS, DT/0OE and WB/WE held “high”, the internal state
of the TC528126BJ/BZ is automatically set as follows.

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

cycles) and before valid operations begin.

State after power-up

SAM port input Mode

WM Register Write Enable

TAP pointer Invalid
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