
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TC524162, TC524165

FLASH WRITE CYCLE

wW1/101
~W16/1016

C-314

[25 ]

OH
ouT yo

\ Fmx__

&»[ s ' teen N
! 1

N s N
B e N
+
Tams
H

M0

OPEN

V7] : "H or "L

Mask Mode *]

New Mask Mode WM1 data

0Old Mask Mode Don’t care

WMI1 data 0: Write Disable
1: Write Enable

Don’t care QP or 1’
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BLOCK WRITE CYCLE (EARLY WRITE) *Note 1, 3

R:::s . tgp

s N tc / N
w N 'cﬂ ST

- e e
A0~AB ¥ %ROW ADD. D%{ SO (a3c~A70)
SR E R i
—_ W
o T e

:%Am,

BT
%lﬁiﬂ_. tReH
P

2

Vin 7
osr2 i Y0
L) tos ton
— IN x::‘ 2 *3
W1/101
~W16/1016
1 VAo
—% i "H" or "L”
*3 COLUMN SELECT
*1 Lower Byte
Mask Mode *2 W1/IO1 - Column 0 (A2C=0, A1C=0, AOC=0)
WL | WU W2/I02 - Column 1 (A2C=0, A1C=0, AOC=1)
W3/103 - Column 2 (A2C=0, A1C=1, AOC=0)
No Mask Don’t W4/104 - Column 3 (A2C=0, A1C=1, AOC=1)
Mode P e WS5/I05 - Column 4 (A2C=1, A1C=0, AOC=0)
W6/106 - Column 5 (A2C=1, A1C=0, AOC=1)
ol o W7/107 - Column 6 (A2C=1, A1C=1, AOC=0)
New Mask | | | WMl WB8/I08 - Column 7 (A2C=1, A1C=1, AOC=1) Wn/IOn
Mode 1 0 data Upper Byte =0 : Disable
W9/I09 - Column 0 (A2C=0, A1C=0, AOC=0) =1 : Enable
ol o W10/I010 - Column 1 (A2C=0, A1C=0, AOC=1)
Old Mask 0 ) Don’t W11/I011 - Column 2 (A2C=0, A1C=1, AOC=0)
Mode 1| oo | care W12/I012 - Column 3 (A2C=0, A1C=1, AOC=1)
W13/1013 - Column 4 (A2C=1, A1C=0, AOC=0)

W14/1014 - Column 5 (A2C=1, A1C=0, AOC=1)
W15/I015 - Column 6 (A2C=1, A1C=1, AOC=0)
W16/I016 - Column 7 (A2C=1, A1C=1, AOC=1)

WMI data 0: Write Disable
1: Write Enable
Don’t care ‘0 or ‘1’
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BLOCK WRITE CYCLE (DELAYED WRITE) *Note 2, 3

- N M F:’ N
w e TF T R T A
vt D e V@ E e G
s B -  —
e B R
o %r; ) = R
w W\
e e e
| - o S HT or oLt
e e
LR N I B = e

1: Write Enable

Don’t care ‘0’or ‘1’

C-316

W14/1014 - Column 5 (A2C=1, A1C=0, A0C=1)
W15/1015 - Column 6 (A2C=1, A1C=1, AOC=0)
W16/I016 - Column 7 (A2C=1, A1C=1, A0C=1)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC524162, TC524165

FAST PAGE MODE BLOCK WRITE CYCLE *Note 1, 2,3

trasp tep
RAS ‘\;m "—_\‘\ ﬂ_
L - N
tesn T T PRI
lﬁ: tRep tep icp tep
TS Vm — teas L teas L teas
ViL — . traD % \ N\ /
tRaH tean tean l RAL
tasr =~ tasc tasc | tasc tean

—
AO~A8 VM ROW Asc~ ) Asc~ y v~
ViL ] ADD. Asc Azc A
|

WCR |

g
g
<

LM :%L %
sz % Vi

s tos <105,
w1/101 Vi

m $*H® or "L

*1 *3 COLUMN SELECT
Mask Mode *2 Lower Byte
WL | WU W1/I01 - Column 0 (A2C=0, A1C=0, AOC=0)
W2/102 - Column 1 (A2C=0, A1C=0, A0C=1)
No Mask Don’t W3/I03 - Column 2 (A2C=0, A1C=1, A0C=0)
Mods U W4/104 - Column 3 (A2C=0, A1C=1, AOC=1)
WS5/I05 - Column 4 (A2C=1, A1C=0, AOC=0)
ol o W6/I06 - Column 5 (A2C=1, A1C=0, AOC=1)
NewMask | | | [ WMI W7/I07 - Column 6 (A2C=1, A1C=1, A0C=0)
Mode | o | daa W8/IO8 - Column 7 (A2C=1, A1C=1, A0OC=1) Wr/I0n
Upper Byte =0 : Disable
ol o W9/I09 - Column 0 (A2C=0, A1C=0, A0C=0) =1 : Enable
Old Mask 0 1 Don’t W10/1010 - Column 1 (A2C=0, A1C=0, A0C=1)
Mode L] oo | e W11/I011 - Column 2 (A2C=0, A1C=1, AOC=0)
W12/1012 - Column 3 (A2C=0, A1C=1, AOC=1)

W13/1013 - Column 4 (A2C=1, A1C=0, AOC=0)
W14/1014 - Column 5 (A2C=1, A1C=0, AOC=1)
W15/I015 - Column 6 (A2C=1, A1C=1, AOC=0)
W16/1016 - Column 7 (A2C=1, A1C=1, A0C=1)

WMI1 data 0: Write Disable
1: Write Enable
Don’t care 0or ‘I’
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RAS ONLY REFRESH CYCLE

RAS tgp

LV N A N
cre ip&i }‘c‘n;

I -ASR M

n ) e
T
s aw ==

2 ||
2l

w1/101 Vou
~W16/1016 VoL — OPEN

AO~AB

<<
~x
23
9=
m

<<

WL, WU

<<

i

<<

DSF1

DSF2

<<
[
D
5
g

1 "HY or "L”
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HIDDEN REFRESH CYCLE
tre o
tras trp tRAS
_— ] "
s N i N N
JCrp treD trsH teur tepn
- ¥ '
o 1/ N N\
tRa Tra
] [ t

pomns U %mﬁsss XX ssonen X )

twsr
tRwWH

tRRH

oroE T al L) V4
o Yt L ,
S Ve p————14N wwwomaor )

taz

V] - " or LY
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CBR AUTO REFRESH CYCLE

g
1|
9

3

R
Y Vi
" Tl

000000
S

tore

g
g
<

BT/OE Vm

tRFH

DSF1

W1/101 Vo = "
~W16/1016 vo _ > - OPEN

Note : AO-A8 = Don't Care ("H" or "L") V4 :"H" or "L
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CBR AUTO REFRESH & STOP REGISTER SET CYCLE

tre
trp trp }
R Ym T h ¥ tras )
S v — / tRPC N '\
. tesr

— Y
:

0000

tore

wy
=
2 19
>

DSF1

DSF2

<<
Ll 3

w1/101 Vou —
~W16/1016 VoL —

N OPEN

7////4 :"H" or "L”
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CBR AUTO REFRESH & RESET CYCLE

WL/WO x’"
n

Vin
BT/OE Vi

Vin

DSF1
VL

Vi

DSF2 v

W1/101 Von

~W16/1016 Vo

C-322

trp |
O B /A

TN

tre

i
i

W D 0000000

tore

OPEN

Note: A0 -A8 = Don't Care {*H" or “L") V74 - "M or "L°
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LOAD MASK/COLOR REGISTERCYCLE  *Note 4, §

tre

/-ﬁ K

Vpy ————3
Sy N
tcrp | il tosm
" . trep tRSH . tepn |
.
Vi =~ teas y
o M _/T / j’ ;l\
L -
t, tﬁf"'

twer

o W H ||
T
Y.

CugT—

N //////////////////// < Y00

(Delayed Write)

i m 777

{Early Write)

.

W1/101
~W16/1016

m D "H" or LY

v
¢

*1 *2 Function

0 Mask data Load Mask Register Cycle

1 Color data Load Color Register Cycle
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READ MASK/COLOR REGISTER CYCLE

W1/101

~W16/1016 VoL —

C-324

tre

tRas tre

- N A

W I_/rlfj ‘ : \‘—"tﬂz—’/ / k

W WF ] .
i WFM ‘—wﬂ% =

:

*2 VAUD OUTPUT
..lm..@ L|

—

:"H

*1 *2 Function
0 Mask data Load Mask Register Cycle
1 Color data Load Color Register Cycle
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PIPELINED FAST PAGE READ CYCLE

tesup

Vin —
7 N /
= =
tRcop teasp tpce TR
%
v tcase . tcep ’ \
H
@ W N VN S N/
tasr{ |tran tasc| ftcan t ft 1
A AsC) | asC] ftean AsC gu
Vin P F = N
A0-A8 | RA | ca 8 cc
t
: teact tacz! ll toag | 1 lorre |
Vig—. A )
Pour vy q DoyrA _xt DourB L DourC
trns ."."'” teag2 15
l trace tcom tcon togz
BToE WM R E— teacz
ViL < I
)
twes| |twen twes| Jtwen twes| | twen twes| | twen
V
W A\ AR Ak Ak
wis/o1s Ve 2 §
8 v
b{o] 1 tern tern tep
tesr | [taen  tesc - 4 tesc tesc g
v,
DSFI -y,
tesr| [tren
vV
osrz !

: "H" or “L°
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PIPELINED FAST PAGE WRITE CYCLE

*Note 1,2, 3

AD-AB

WL, WO

W1/101~
W16/1016

OT/OE

DSF1

FH

. LT )
=

V4 : "H" or ""

*]
Mask Mode *2 Cycle
WL WU
No Mask Mode 1 1 Don’t care Normal Write
0 0
New Mask Mode 0 1 ‘WMI data Write per Bit
1 0
0 0
Old Mask Mode 0 1 Don’t care Write per Bit
1 0
WMI1 data 0: Write Disable
1: Write Enable
Don’t care 1 or ‘0’
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PIPELINED FAST PAGE READ-WRITE CYCLE

v, Y
RAS ' N\
trepp tcase | lePp o
oy Vi — teasp
ViL — R;z
tasr | |tRAH tasc | |tcan tasc | [tean
I
Vig ¢
A0-A8 v, RA ca .
twsr |tawn  twes
o s VH
LU vy o teact
trus o tcaca
T toea
— \%
TITE
T
! t
bl ,oM-H teac2 toct
W1/101~ Vi R — -
W16/1016 vy {2 =\ DourA [
c
sk | | tren tesc s £
v,
OSF1 yy

*1
Mask Mode *2 Cycle
WL WU
No Mask Mode 1 1 Don’t care Normal Write
0 0
New Mask Mode 0 1 WMI1 data Write per Bit
1 0
0 0
Old Mask Mode 0 1 Don’t care Write per Bit
1 0
WMI data 0: Write Disable
1: Write Enable
Don’t care 1 or 07
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PIPELINED FAST PAGE WRITE-READ CYCLE

RAS VW \

Vit — N
csHR,
letaCOP
Vie = / 3
s Vi — \. \
CAR
tasr | {tRaH tasc tAST fon
v =1 I~ e ]
AO- A L
D IO 30
tow|
twsr| | tawm I tacs
v twes| fwe 4 g
H
WLWU 1
tTHs
B7/0E V'“ ”
tvs
W1/101~
W16/1016 vy

‘4-—»-
/&
DSF1 :% T

Vin
psk2 M
V24 e
*1
Mask Mode *2 Cycle
WL WU
No Mask Mode 1 1 Don’t care Normal Write
0 0
New Mask Mode 0 1 WMI1 data Write per Bit
1 0
0 0
Old Mask Mode 0 1 Don’t care Write per Bit
1 0
WM1 data 0: Write Disable

1: Write Enable

Don’t care Tor 0
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PIPELINED FAST PAGE WRITE-BLOCK WRITE CYCLE

tesnp tpcp

w ol N a
tacoe tere tease s 1
- ' e le—RSH1_o |
@ N /N /N l/_’k I8
tasr | |traH tasc 3»« tasc Lcan tasc 1 lean
TweH [ towep, o L
. - wr i
DT/OE %
Iton tos Itm tog tox
W1/101 = .1 = =
tesr | | tren trsC ‘Fs‘g’ tepm &ﬂ&"
Vv > s
s wi . W T O
lisn tR W
V, &
2 v 70 X
: "H" or "L"
#1 #3 COLUMN SELECT
Mask Mode *2 Lower Byte
WL | WU W1/I01 - Column 0 (A2C=0, A1C=0, AOC=0)
W2/I02 - Column 1 (A2C=0, A1C=0, A0C=1)
No Mask Don’t W3/103 - Column 2 (A2C=0, A1C=1, AOC=0)
Mode L I R W4/104 - Column 3 (A2C=0, AIC=1, AOC=1)
WS5/I105 - Column 4 (A2C=1, A1C=0, A0C=0)
ol o W6/106 - Column 5 (A2C=1, A1C=0, AOC=1)
New Mask 0 1 WMI1 W7/I07 - Column 6 (A2C=1, A1C=1, AOC=0)
Mode || | daa WS/IO8 - Column 7 (A2C=1, AIC=1, AOC=1) Wn/IOn
Upper Byte =0 : Disable
ol o W9/109 - Column 0 (A2C=0, A1C=0, AOC=0) =1: Enable
OldMask | o | | |Don't W10/I010 - Column 1 (A2C=0, A1C=0, AOC=1)
Mode Lo | e W11/I011 - Column 2 (A2C=0, A1C=1, AOC=0)
W12/I012 - Column 3 (A2C=0, A1C=1, AOC=1)

— W13/I013 - Column 4 (A2C=1, A1C=0, AOC=0)

WMl data  0: Write Disable W14/1014 - Column 5 (A2C=1, A1C=0, AOC=1)
, 1 Write Enable W15/I015 - Column 6 (A2C=1, A1C=1, AOC=0)
Don’tcare  :°0%or*l W16/1016 - Column 7 (A2C=1, A1C=1, AOC=1)
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READ TRANSFER CYCLE

DSF1 :

DSF2

wW1/101

OH
~W16/1016 Vo

5D SCC
tsrs \ 1, téc 1s¢,
— — ‘ | |
:: _ |[ Inhibit Rising Transient % ‘_ﬂ‘_\_
et 1

sC

$01~5016

QsF

C-330

tre

tras

','J
.
[

§ ROW ADDRESS SAM START ADDRESS

tcre 1reD trsH A
- N—e——/ 1 f N
tRaD tray
! tasy tRAH Tass tcan

A0~AT7 : TAP

| ]
: J T

trap t
1
34 teqp ﬂ—‘-‘ﬁ"l

tsou

-
OH ™ VALID
oL DATA-OUY,

VALID
DATA-OUT.

trqo

on )( TAP
oL —,

MsSB (A7)

Note : SE = v,

U4 'R
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REAL TIME READ TRANSFER CYCLE

terp
LR T N/ 1

tasr [ |tRaM Tasc

tean
N oW Ess }@( SAM START ADDRESS|)

AO~AT7 : TAP
tarn

T A7

AO~AS8 vf

DSF1

I
w1 T

W1/101 Von
~W16/1016 Vo

SC

tsea ¢ tsca
1Q
ts0

tson
$S01~5016 JOH™ VALID VALID VALID VALID
Vou — DATA-OUT JA_DATA-OUT DATA our X pATA-OUT N_pATA-OUT
e

]
Previous Row Data ¥ New Row Data

Vou— X
TAP MSB (A7,
QSF v, (A7)
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SPLIT READ TRANSFER CYCLE

e YW T e
s Vi — / N / ‘\
CSH
1 tere trci tRs N teen - |
Vin — X 1
s Vi —___ﬁ \\“JAS_>/ ﬂ- '\
traD TRAL
tasr| [Tra Tasc Tan )
D3R | H

: ////////////////////////////////////////////////////////////////

.........

i Z— ower SAM 0~ 127
Upper SAM 128 ~ 255

Note : 5E = V),

V] - “H or L
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SERIAL READ CYCLE (SE = Vi)

Vi =
RRS M N
THS tTHK
BT iH
L /
s SCC tscc SCC SCC
tsc tsc tsc lsc
Vg —
S
< "—wwmwm
Sch tsca tcp | _tsca iscp | _tsca TXscp ' | tsca "Xscp o | tsca "Msce
Yoy SOH Json Jsoy lso
SO1 Vou — VALID x VALID g VALID VALID x VALID ‘X‘ VALID
~5016 Vo  — DATA-OUT DATA-OUT DATA-QUT DATA-OUT DATA-QUT ATA-OUT

Note : 3E= Vy % : “H" or "L*

SERIAL READ CYCLE (SE Controlled Outputs)
|

" ]\ /
e\ P

1 1 tsc B Lts
Vih — 7 y. ‘
cP Sch tegp | USCP SCP e tscp

= Ul * N

tsca tsea tsca tsca

RAS

<<

tsop 1se2 tsca tson tsou

- Vo = VALID VALID 4 VALD VALID VALID
S01~5016 o' >< DATA-OUT [X| DATA-GUT [P OPEN —4{_DATA-OUT X pataout XbATAOUT

: "H" or “L*
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PIN FUNCTION

ADDRESS INPUTS : Ag~Ag

The 18 address bits are required to decode16 bits of the 2,097,152 cell locations within the dynamic RAM
memory array and they are multiplexed onto 9 address input pins (Ay~Ay). Nine row address bits are latched on
the falling edge of the row address strobe (RAS) and the following nine column address bits are latched on the
falling edge of the column address strobe (CAS).

ROW ADDRESS STROBE : RAS

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the control input

that latches the row address bits and the states of CAS, DT/OE, WEU/WEL, DSF1 and DSF2 to invoke the
various random access and data transfer operating modes shown in Table 1.

RAS has minimum and maximum pulse widths and a minimum precharge requirement which must be

maintained for proper device operation and data integrity. The RAM port is placed in standby mode when the

RAS control is held “high”.

COLUMN ADDRESS STROBE : CAS

CAS is the control input that latches the column address bits which are also used for the tap address during
the transfer operations. The state of the special function input DSF1 is read at the CAS falling edge to select the
block write mode or load register functions in conjunction with the RAS control. CAS before RAS refresh
operations are selected if the signal is “low” at the RAS falling edge.

DATA TRANSFER/OUTPUT ENABLE : DT/OE

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

C-334 TOSHIBA AMERICA ELECTRONIC . COMPONENTS, INC.



TC524162, TC524165

WRITE PER BIT/WRITE ENABLE : WB/WE

The WEU/WEL input is also a multifunction pin. When the signal is “high” at the falling edge of RAS,
during the RAM port operations, it is used to write data into the memory array in the same manner as a standard
DRAM. If the signal is “low” at the RAS falling edge, the write-per-bit function is enabled.

WEL Function
H Read/Write

RAS!

Upper byte write per bit

F‘:EF‘IF%’
i

H
L Lower byte Write per bit
L Word Write per bit

WRITE MASK DATA/DATA INPUT AND OUTPUT: W /IO~W4 /1044

Data is written into the RAM through W;/I0;~W ¢ /IO pins during a write cycle. The input data is
latched at the falling edge of either CAS or WEU/WEL, whichever occurs late. In a read cycle data is read out
of the RAM on the W, / IO, pins after the specified access times from RAS, CAS, DT/OE and column address.
The Lower and Upper 8 bits are also used as the column address mask during a block white cycle. The each 8
bits correspond to Lower/Upper byte column.

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

SERIAL CLOCK : SC

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

No control signal disable SC input, and in any time SC toggle cause SAM pointer drarge regardless Sout
(controlled by SE).
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SERIAL ENABLE : SE

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

SPECIAL FUNCTION CONTROL INPUT: DSF1, DSF2

DSF1 is latched at the falling edge of RAS and CAS to select the various TC524162/165 operations. If the
signal is kept “low”, the basical functions featured in conventional multi-port DRAM are enabled. To use the
block write, the flash write and the load register functions or the split transfer operations, the DSF1 signal needs
to be controlled as shown in Table 1.

When the DSF2 signal is “high” at the falling edge of RAS, pipelined page mode operations are enabled.
The pipeline mode is supported with the read, write and block write functions.

SPECIAL FUNCTION OUTPUT: QSF

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

SERIAL OUTPUT : SO;~S044

Serial output SO|~SO,4 are the output pin of SAM register. SAM data out is valid tgc, after SC rising
edge. These SO;~S0;¢ output is controlled by SE. SO; is going to Hi-Z state when SE goes high.

OPERATION MODE

The RAM port and data transfer operating of the TG524162/165 are determined by the state of CAS, DT/
OE, WEU/WEL, DSF1 and DSF2 at the falling edge of RAS and by the state of DSF1 at the falling edge of
CAS. The Table 1 shows the functional truth table for a listing of all available RAM port and transfer operations.
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Table 1. Functional Truth Table

RAS T CAS v
|| WEUY, Mnemonic Code Function
CAS|DT/OE| "y ' |DSF1|DSF2| DSF1
0 * * 0 * - CBR CBR Auto Refresh & Option Reset 12
0 * 0 1 * - CBRS CBR Auto Refresh & Stop Register Set?
0 * 1 1 * - CBRN CBR Auto Refresh
1 0 1 0 * * RT Read Transfer
1 0 1 1 * * SRT Split Read Transfer
1 1 0 0| o0 0 RWM Read Write (New/Old Mask)"
1 1 0 0 ] 1 BWM BlockWrite (New/Old Mask)"
1 1 0 1 * * FWM FlashWrite (New/Old Mask)"
1 1 1 0 0 0 RW Read Write (No Mask)
1 1 1 0 0 1 BW Block Write (No Mask) |
1 1 0 0 1 0 RWM(P) | PFP¥ Read Write (New/Old Mask)"
1 1 0 0 1 1 BWM(P) | PFPY Block Write (New/Old Mask)"
1 1 1 0 1 0 RW(P) PFP? Read Write (No Mask)
1 1 1 0 1 1 BW(P) PEP%) Block Write (No Mask)
1 1 1 1 * 0 LMR Load (Old) Mask Register”
1 1 1 1 * 1 LCR Load Color Register
Note : * =0 or 1, - = Not applicable

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

mode.

2) CBRS operation determines binary boundaries in the SAM.

CBR operation resets the boundaries.

3) PFP stands for pipelined fast page mode.
4) The state of WEU/WEL is defined as Logical “AND” of WEU and WEL state.
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RAM PORT OPERATION

1. READ WRITE FUNCTION : RW

The TC524162/165 is equipped with the read write function which is identical to the conventional
dynamic RAM's one and supports read, early write, OE controlled write and read-modify-write cycles as shown
in the timing charts. Extended fast page (TC524165) and pipelined page modes are also available with the read
write cycles by performing multiple CAS cycles during a single active RAS cycle.

1.1 EXTENDED FAST PAGE MODE (TC524165)

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

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

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

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

At the falling edge of RAS
— Write Mask Register Function
CAS | DT/OE | WB/WE | W,/10; (i=1~16)
1 «— Write Enable
0 «— ‘Write Disable (New Mask)
H H L
* 1 " | Write Enable
* 0 ‘Write Disable (Old Mask)

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

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

Block write is a special RAM port write operation which, in a page, allows for the data in the color register
to be written into 8 consecutive column address locations starting from a selected column address in a selected
row. The block write operation can be selectively disabled on an I/O basis and a column mask capability is also
available.
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A block write cycle is performed by holding CAS, DT/OE “high” and DSF1 “low” at the RAS falling edge
and by holding DSF1 “high” at the CAS falling edge. If the DSF signal is “low” at the CAS falling edge, a
normal read/write operation will occur. Therefore, a combination of block write, read and write operations can
be performed during a fast page mode cycle. The state of WEU/WEL input at the falling edge of RAS determines
whether or not the I/O mask is enabled (WEU/WEL must be “low” to enable the I/O mask, BMW mode or
“high” to disable it, BW mode). The I/O mask is provided on the Wi/IOi input at the RAS falling edge. After
LMR operation, however, the old mask is used for the I/O mask function. The column mask data on the W;/10;
input must be provided at the CAS or WEU/WEL falling edge whichever is late, while the six most significant
colunm address (A3C~AS8C) are latched at the falling edge of CAS. This latched column address determines the
start column address of consecutive block.

The block write is most effective for window clear and fill operation in frame buffer applications.

Figure 1. Block Write Operation

AT ——N /—. Example (Shown on Lower byte. The same manner on Upper byte)
H wno
g‘%esm" -_'—__'_\—_/’_ 1213 ]a]s]e]7]s
WMI Register (Lower) 11 1@|@11 {011 ]0
a0~-a8 D R YR  Soumn A~ X7, Column Select(Lower byte) [ 1 [(@® | 1 1 1 {1 |(®@|@ ] 1
H T TUT Color Register (Lower) . 1 0 1 0 1 1 () 0
v DO T g Iy
DTOE Y wno
H 1123 Jafs5s]6]1]s
Column 1 % % 4 4
oser 7 L — T

: Column 4 W 7/ R

Early Write 1 Y 7 Y s v
wio X T XSS, oe—

[wno D = )%(-L;cajmn Maskm Lolomn 0 WZ////“Z///%“://

2
%

o
%

Delayed Write %m 7
Application
© High Speed Window Cear
® High Speed Rectangular Fill

*1 *2 Mask Mode
*3 : COLUMN MASK
B Lower Byte
1 |poric No Mask Mod
ot Lare o Viask Mode W1/I01 - Column 0 (A2C=0, A1C=0, AOC=0)
0 WMI New Mask Mode W2/102 - Column 1 (A2C=0, A1C=0, AOC=1)

W3/I03 - Column 2 (A2C=0, A1C=1, AOC=0)

~ : W4/104 - Column 3 (A2C=0, A1C=1, A0C=1)

0 {Don’tCare | Old Mask Mode WS5/105 - Column 4 (A2C=1, ALC=0, A0C=0)
W6/106 - Column 5 (A2C=1, A1C=0, AOC=1)
W7/IO7 - Column 6 (A2C=1, A1C=1, AOC=0)
WS/I08 - Column 7 (A2C=1, AIC=1, AOC=1)

Upper Byte
W9/I09 - Column 0 (A2C=0, A1C=0, AOC=0)
W10/010 - Column 1 (A2C=0, A1C=0, AOC=1)
W11/I011 - Column 2 (A2C=0, A1C=1, AOC=0)
W12/I012 - Column 3 (A2C=0, A1C=1, AOC=1)
W13/I013 - Column 4 (A2C=1, A1C=0, AOC=0)
W14/1014 - Column 5 (A2C=1, A1C=0, AOC=1)
W15/I015 - Column 6 (A2C=1, A1C=1, AOC=0)
W16/1016 - Column 7 (A2C=1, A1C=1, AOC=1)
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4. FLASH WRITE : FWM

Flash write is also a special RAM port operation which in a single RAS cycle, allows for the data in the
color register to be written into all the memory locations of a selected row. Each bit of the color register
corresponds to one of the DRAM J/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”, WEU/WEL “low” and DSF1 “high” at the falling
edge of RAS. The mask data must also be provided on the W,/IO; inputs in order to enable the flash write
operation for selected I/O blocks. After a LMR operation, however, the old mask in the mask register is used for
the 1/O block masking.

Flash write is most effective for fast plane clear operations in frame buffer applications. Selected planes
can be cleared by performing 512 flash write cycle and by specifying a different row address location during
each flash write cycle. Assuming a cycle time of 130ns, a plane clear operation can be completed in less than

66.6 psec.
Figure 2. Flash Write Operation
Example (Shown is lower only. The same manner in upper bite.)
o /— o8
= —

O " 7
werwe T \_jL_/

H

i ‘
-‘ (A
7224 .‘

Yz .‘ '

BT/OE
H
DSF1
wio 77Kt X222 Color

Register
DSF2 : don't care (H or )
Mask
Data (WM1)
* Mask Mode Application : High Speed Plan Clear

P27

7.

Mask Data New Mask Mode
Don't Care (Hor L) Old Mask Mode

7

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

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

A pipelined fast page mode is performed by holding DSF2 “high” at the falling edge of RAS. A pipelined
fast page read, write and block write operations can run at 30ns cycle time for 70ns version. Also, those mode
can be selected every CAS cycle by the status of DT/OE, WEU/WEL and DSF1 pin. There are, however,
penalties on the performance as follows:

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

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

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

6. LOAD (OLD) MASK REGISTER LMR

The TC524162/165 has an on-chip 8 bit write-mask register which provides the 1/O mask data during the
masked functions such as the write-per-bit (RWM), masked block write (BWM) and flash write (FWM)
functions. Each bit of the write-mask register corresponds to one of the DRAM I/O blocks. After the mask data
is specified in the write-mask register by using the load mask register (LMR) cycle, the old mask mode is
invoked during the masked functions. The I/O mask data in the write-mask register maintains until another LMR
operation is performed during the old mask mode. The LMR cycle is initiated by holding CAS, DT/OE, WEU/
WEL and DSF! “high” at the falling edge of RAS and by DSF1 “low” at the falling edge of CAS. The data
presented on the Wi/IOi lines are subsequently latched into the write-mask register at the falling edge of either
CAS or WEU/WEL, whichever occurs later. The old mask mode is reset to the new mask mode by either a CAS
before RAS refresh cycle (CBR) or a LMR cycle with no mask bits, all “1” on W,/IO; pins. During the LMR
cycle, the memory cells of the row address which is latched at the falling edge of RAS are refreshed.

Figure 3. State Diagram of Mask Mode
LMR with at least one mask bit.

/’_—'-—\

L New Mask ModeJ (" 01d Mask Moe )

- ==

CBR or LMR with no mask bits
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7. LOAD COLOR REGISTER : LCR

The TC524162/165 is provided with an on-chip 8-bits register (color register) for use during the block
write or flash write function. Each bit of the color register corresponds to one of the DRAM I/O blocks. The load
color, register cycle is initiated by holding CAS, WEU/WEL, DT/OE and DSF1 “high” at the falling edge of
RAS. The data presented on the W;/10; lines is subsequently latched into the color register at the falling edge of
either CAS or WEU/WEL, whichever occurs later. During the load color register cycle, the memory cells on the
row address latched at the falling edge of RAS are refreshed.

8. REFRESH

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is accomplished by
performing a memory cycle at each of 512 rows in the DRAM array within the specified 8 ms refresh period.
The TC524162/165 supports the conventional dynamic RAM refresh operations such as RAS only refresh, CAS
before RAS refresh and hidden refresh.

8.1 CAS before RAS Refresh and Option Reset : CBR

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

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

» To reset the stop register and remove the binary boundaries for the split SAM operation.

The systems which implement neither the old mask mode nor the binary boundary in the SAM is
recommended to use the CBR cycle for refresh operation.
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8.2 CAS before RAS Refresh : CBRN

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

8.3 CAS before RAS Refresh and Stop Register Set : CBRS

The CBRS cycle sets the stop register to place binary boundaries in each half SAM, performing the CAS
before RAS refresh operation at the same time. The CBRS cycle is initiated by CAS holding “low” and by WEU
/WEL and DSF1 “high” at the falling edge of RAS. At the same time the data on the address pins, Ay - Ag is
latched and the binary boundaries in each half SAM will be available when a split transfer operation is

performed,

Stop Register Value

Ag-Ag

01111111

00111111

00011111

00001111

00000111

00000011
00000001

00000000

1

1

000000000

Figure 4 . Stop Register and Binary Boundary Location

Binary Boundary Locations

I l I ] Last Address of each block
255, 511 Default Case

I 1 T | 127, 255, 383, 511

| I l J H | | J j 63, 127, 191, 255, 319, 383, 447, 511
LLLTTTTTTRDTTTTTT tafstmsaaistudy aiiosies

159, 175, 191, 207, 223, 239, 255, 271,
287, 303, 319, 335, 351, 367, 383, 399,
415, 431, 447, 463, 479, 495, 511

These values are not allowed to be set.
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NOTE

OE control of Extended Fast Page mode Read cycle (TC524163/165)

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

RAS \
CAs \ 412-‘4'-:54 R
le tECH
Add R C
— A
OF
— 4 toEa tOEA

w10 —————— T o ——
C L CA } CB

CB

DATA TRANSFER OPERATION

The TC524162/165 features internal data transfer capability between the RAM and the SAM, as shown in Figure
5. During a normal transfer, 512 words by16 bits of data can be loaded from RAM to SAM (Read Transfer).
During a split transfer, 256 words by16 bits of data can be loaded from the lower/upper half of the RAM into
the lower/upper half of the SAM (Split Read Transfer). The normal transfer and split transfer modes are
controlled by the DSF1 input signal

512 columns 256 columns 256 columns

512%256x 16 |512x256x 16

512 512x512%16 512 |Memory Memory
rows Memory Cell Array rows | Cell Array Cell Array

J 0 ¥

[ 512x 16 |= [2sexie p[ 2s6x16 |  —

Figure 5. (a) Normal Transfer (b) Split Transfer

C-344 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC524162, TC524165

Table 3. Shows the truth table of each Transfer Modes

RAST_ .
M
lg(r)ndc;mc Transfer Mode DTir:nsﬁfzr TraBnistfer SAM Port Mode
CAS | DT/OE | WB/WE | DFS1 ection
H L H L RT Read Transfer RAM — SAM| 512x16 | Input — Output
H L H H SRT | Split Read Transfer RAM — SAM| 256x16 | Half SAM active

9. READ TRANSFER CYCLE : RT

A read transfer consists of loading a selected row of data from the RAM array into the SAM register. A
read transfer is invoked by holding CAS “high”, DT/OE “low” WEU/WEL “high” and DSF1 “low” at the falling
edge of RAS. The row address selected at the falling edge of RAS determines the RAM row to be transferred
into the SAM. The start address of the serial pointer of the SAM (TAP address) is determined by the column
address selected at the falling edge of CAS.

By doing a tight timing control between the DT/OE rising edge and SC falling edge, a real time read
transfer operation can also be performed.

Figure 6 shows the operation block diagram for read transfer operation

Figure 6. Block Diagram for Read Transfer Operation.

TAP Address

\j } {7 50116
AR 1911 —
SAM Serial Read

| .
[T 7110

512 x 16bits

Ao~Ag [ >

~— Selected Row

512x512x 16 bits
Memory Cell Array

Row Decoder

In aread transfer cycle, the SC clock must be held at a constant Vy; or Vyy, after the SC high time has been
satisfied. A rising edge of the SC clock must not occur until after the specified delay trsp from the rising edge
of DT/OE and the falling edge of RAS and CAS , as shown in READ TRANSFER CYCLE timing chart.
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10. SPLIT READ TRANSFER CYCLE : SRT

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

256 columns 256 columns
~ =~ =~

/ Active SAM QSF Level
512

2561 lower SAM “Low”

row\s\ a / upper SAM “High”
| 7

E Active a l Stand - |

Lo\o.l

SIO

Figure 7. Split Read Transfer

Transftf/__\ Split Rud® Split Read m

QsF T\ &/ ’ \'\ o—

T T

Figure 8. Example of Consecutive Read Transfer Operations
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NOTES

(1) Transfer operation without CAS.

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

ms .\ VA

Not
Cas . Allowed

2) In the case of multiple split transfers performed into the same half SAM, the tap location specified
during the last split transfer, before QSF toggles, will prevail, as shown below.

MO\ [\ [\
2] _/ /¥ (U
Address  —(Row1(Tap 1)— (RowZ)Tap2)

lower SAM : Active -
QsF upper SAM : Non-active e’ lower SAM : Non-active

1 Last. First upper SAM : Active
\ Clack Clack

so LML LT L

t
i
1
Multiple Split transfer into upper SAM i Serial access of upper SAM
Serial access of lower SAM | starting at Tap N location

3) Split transfer operation allowable period.
Figure 9 illustrates the relationship between the serial clock SC and the special function output QSF during
split read / write transfers and highlights the time periods where split transfers are allowed, relative to SC
and QSF. A split transfer is not allowed during to tgyy + tgys. In the case that the CBRS operation is

executed and the binary boundary in each half SAM is set or updated, an additional period is applied, as
shown in Figure 9.

Last First Last First
Ciock  Clock Clock  Clock Clock  Clock
e _LALS L R4 C
\ 4 \,
Y \ AV
QsF K . .
TSAA SAAT
SRT SRT temu | t CBRS—SRT
split ‘smltsTs sTH | tsTS [ rye
Read/Write
Transfer YES NO YES NO YES NO YES
allowed.

Figure 9. Split Transfer Operation Allowable Periods

Figure 12. Split Transfer Operation Allowable Periods

The stop register and binary boundary are explained in the CBRS operation and the SAM port operation.
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“ A normal transfer may be performed following split transfer operation provided that a 23ns minimum
delay is satisfied after the QSF signal toggles.

QSF
Split Transfer_.:.M__> «—Normal Transfer Oberation Allowed
SAM PORT OPERATION

The TC524162/165 is provided with 512 words by16 bits serial access memory (SAM) which can be
operated in the single register mode or the split register mode. High speed serial read or write operations can be
performed through the SAM port independent of the RAM port operation.

11. SINGLE REGISTER SERIAL READ OPERATION

Serial data can be read out of the SAM port after a read transfer has been performed. At every rising edge
of the serial clock, the data is read out sequentially starting from the selected tap location to the most significant
bit and then wraps around to the least significant bit, as illustrated below. Subsequent real-time read transfer
may be performed on-the-fly as many times as desired. )

Start address : Tap location

l——|o|||z| ------ ]+] ------------------- ]509[510[511]-»'

12. SPLIT REGISTER MODE

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

Tap location . Tap location .

‘_ SRT is executed .' +No$RTisoxecutcd 3
[T F— EENERraEE==
01 2 255 256 | n

13. SPLIT REGISTER MODE WITH BINARY BOUNDARY

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

New Boundary Set

E : CBRS is executed during this period.

l(— CBRS _>'-SR1'1 y This is the time point that SRT2 is executed.

By : Old
Boundary
New Boundary
is set by
Transfer Cycle (SRT) No SRT is executed
after CBRS. /
SRT4
<>
: New
Boundary

Figure 10. Operation of Split Register Mode with Binary Boundary

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

By CBR I
Real Time Reset

\

Figure 11. Binary Boundary Reset
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Fig. 12 shows the relation between CBR and SC on binary-boundary-reset. When Nth SC-colck accesses
old binary address is reset and (N+1)th SC clock accesses old boundary address (old stop address) + 1 on the
same split SAM, not jump to TAP address.t

Ras CBR

Old Stoo Address
Figure 12. CBR and SC relation of binary-boundary-reset

In an actual system which uses the binary boundary a CBRS cycle is executed to determine a type of the
boundary location. Then, a normal RT transfers a row of data into the SAM and set the initial tap location at the
same time. An SRT cycle follows it before the SAM pointer reaches to the boundary location. The SRT cycle
makes the binary boundary jump effective, as illustrated in Figure 13.

RAS CBRS RT jz_/-——% —_—

sC : 4',] |§|||
. TAPI Boum?ag TAP2
Locat

E »lon¥

Figure 13. Binary Boundary Jump Set Sequence

There are additional timing specifications, tyga 4 and tgy a1 to determine the period that does not allow a
split transfer, as illustrated in Figure 14.
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Bound: Bound: Boundary
Location’ 15t . Location 15t Location 't
SCIII'I‘\!.II' ..... II'I\|‘II|I|II ..... Illl\lllll .....
QsF §f O y
H n
t 2
| >l &
Period B trsaa tsaaT Period B trsaa tsaat Period 8 trsan tsaat Period B
>l et
P> <>l > b g g
Ons ~ 60ns
515 ts1s 15
t
tsth - |3ons 1, TH
—P{—Er -
30ns
lPeriog A > .Pgrigd A > 'Period A »|
Figure 14. Timing Specification to allow SRT operation

Power must be applied to the RAS and DT/OE input signals to pull them “high” before or at the same time
as the V¢ supply is turned on. After power-up, a pause of 200 jiseconds minimum is required with RAS and
DT/OE held “high”. After the pause, a minimum of 8 CBR dummy cycles must be performed to stabilize the
internal circuitry, before valid read, write or transfer operations can begin. During the initialization period, the
DT/OE signal must be held “high”.

INITIAL STATE AFTER POWER-UP

When power is achieved with RAS, CAS, DT/OE and WEU/WEL held “high”, the internal state of the
TC524162/165 is automatically set as follows.

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

State after power-up
QSF High-Impedance
Color Register all “0”
‘Write Mask Register Write Enable
TAP pointer Invalid
Stop Register Default Case
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SILICON GATE CMOS
262,144 WORDS x 16 BITS MULTIPORT DRAM

DESCRIPTION

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

FEATURES

.

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

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

Fast Page Mode (TC524262)

Extended Fast Page Mode (TC524265)
Read - Modify - Write

Pipelined Fast Page Mode

CAS before RAS Auto Refresh

Hidden Refresh

RAS only Refresh

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

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

SAM Port
Addressable TAP Capability
Stop Address (Binary Boundary) Capability
Fully Static Register
Single Register/Split Register Mode Capability
RAM - SAM Transfer
Read/Real Time Read Transfer

Split Read Transfer

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

TC524262
TC524265

target

KEY PARAMETERS
ITEM —60 [ —70

tRAC RAS Access Time 60ns 70ns

(Max.)
tcac CAS Access Time

(Max.) 15ns 20ns
taa Column Address Access

Time (Max.) 30ns 35ns
fRC Cycle Time (Min.) [15ns 130ns
tpe Page Mode Cycle Time 35ns 40ns

(Min.)
tsca Serial Access Time

(Max.) 15ns 20ns
tsce Serial Cycle Time (Min.) | 18ns 23ns
tracp | trac in Pipelined Fast 85ns 90ns

Page
tcact | tcac in Pipelined Fast 15ns 20ns

Page
tpcp Pipelined Fast Page

Mode Cycle Time 30ns | 30ns
Iecy RAM Operating Current

(SAM : Standby) 110mA [ 100mA
Iccon | SAM Operating Current

(RAM : Standby) 60mA | 60mA
Ice Standby Current 10mA | I0mA

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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PIN NAME
AO0~A8 Address inputs
RAS Row Address Strobe
CASL/CASU Column Address Strobe
DT/OE Data Transfer/Output Enable
WB/WE Write per Bit/Write Enable
DSF1 DSF2 Special Function Control

W01 ~W1/1016

‘Write Mask/Data IN, OUT

SC

Serial Clock

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

PIN CONNECTION (TOP VIEW)

TC524262/265SF TC524262/265FT TC524262/265TR
vecc 1 64 BBsc vee 91 70 Bsc sc 1 70 B vcc
DT/O0E &§2 63 B SE DT/OE & 2 29 D SE SE 4 2 g9 (3 DT/O¢
vss 3 62 B vss vss {3 68 P vss vss 3 68 |2 vss
s01 4 81 15016 so1 &4 g? 1 5016 so16 @4 67 P so1
wilo1 5 8 I wi/o16 wWilol &5 66 3 wirote wiioie =5 66 2 wio1
so2 &6 59 F3sots s02 6 65 P sors sO15 &6 65 |2 so2
wiro2 97 58 Bwiois wiio2 7 64 P wiots wirois =7 64 B wio2
vcC &8 57 PP vee veC 48 63 P vec vee 48 63 P vcc
s03 39 56 B soia s03 9 62 Pso1a s014 49 62 B so3
wio3 &4 10 55 P wioia wioz & 10 61 P wiro1s wiro1a 10 61 2 wios
so4 =11 54 Bso13 so4a =411 60 P soi3 s013 5 11 60 P2 soa
wio4 112 53 P wro1z wros 12 59 PP wroi3z wiro13 = 12 59 |2 wioa
vss 313 52 2 vss vss =13 58 B2 vss vss =413 58 P vss
s05 =4 14 51 25012 sos 14 57 P so12 s012 = 14 57 P sos
wiros & 15 50 P wiro12 wios © 15 56 B wioi12 wiioiz = 15 56 P wiios
so6 I 16 49 |2 sons so6 &4 16 55 2 son so11 16 55 |2 so6

wiios & 17 48 |2 wiro1
veC 418 47 Vee
S07 O 18 46 5010
wio? =420 45 Bwwo1o wioe =420 51 B wrro1r wiro1r =20 51 2 wios
so8 21 44 B 509 veC =421 50 P vee vee 421 50 B vcc
wiros ©§ 22 43 BB wiiog so7 © 22 49 B so10 $010 4 22 49 P so7
vss =423 42 B vss wilo7 &4 23 48 3 w010 wiro1o & 23 48 P wio
_CASL 24 41 2 bSFi so8 =124 47 2509 S09 &4 24 47 P sos
WBWE 25 40 2 psk2 wios 425 46 P wirog w09 ©f 25 46 B2 wio:
ras 26 39 3 CasU vss =426 45 2 vss T vss 26 45 B3 vss
a8 27 38 3 QsF . __TASL &4 27 44 P DSk DSF1 27 44 B CaSL
A7 ©28 37 P a0 WBWE 4 28 43 2 DSF2 DSF2 ] 28 43 P We'w!
a6 =29 36 2 A1 RAs 429 42 B CASU  TAsU o429 42 b ras
As 30 35 B A2 A8 30 41 |2 QsF QsF =430 41 2 A8
A4 31 34 B A3 A7 331 40 P Ao A0 31 40 B a7
vee =32 33 2 vss A6|:§2 9B Al A1 32 39 Aas
= bR Ah = bR
) ) A4 A3 A4
525mil SSOP (0.8mm pitch) vece =35 36 9 vss vss =435 36 B vce
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BLOCK DIAGRAM
W1/101~W16/1016 i8] - o $S01~5016
7972979 ¢ - I‘&'gglﬁlg‘;&uru T9922999¢
L4 o aawvnwn 16 ]
l < PP299¢ |
OUTPUT BUFFER INPUT BUFFER TIMING GENERATOR SER";:-JFCF’E;PUT

L —

BLOCK < L]

WRITE

CONTROL COLOR j
REGISTER
Upper(8Bbit)

FLASH COLOR
REGISTER

WRITE i

CONTROL Lower(8bit)
wM1
REGISTER
Upper(8bit)

WRITE WRITE-PER Wl
CONTROL BIT REGISTER
Lower(8bit) TRANSFER
; CONTROL
T
== - e
T — 11 {_Sv T A
- T - ~
T - s I p—— —|
I 1] 17 1
_— 1]
 ——— : § -
| — —13 58
J e s B — i3 52
N b [ S - Q V@
YT 8 e = 512x512x 16 — w
x -  — —t
o % 512 CELL
g |y
S |yg — ARRAY = e
\_LL 6, é 1 E— g § ._,g
] I ] = - o
2 — =HH="}
'L_ E — " |2 QsF {>—o qsf
TT7
512 [
9 SERIAL ADDRESS
ROW DECODER COUNTER (9bits)
z= G
COLUMN ADDRESS ROW ADDRESS K}: REFRESH
BUFFER (9bits) BUFFER (9bits) COUNTER Vee Vss

AO0~A8
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ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT NOTE
Vv Vour | Input Output Voltage —1.0~7.0 \' 1
Vee Power Supply Voltage —1.0~7.0 \% 1
Topr Operating Temperature 0~70 °C 1
Tst6 Storage Temperature — 55~150 °C 1
TsoLDER Soldering Temperature * Time 260-10 °Cesec 1
Pp Power Dissipation 1 w 1
Iout Short Circuit Output Current 50 mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT | NOTE
Vee Power Supply Voltage 45 5.0 55 v 2
Vi Input High Voltage 2.4 — Vee+0.3 v 2
Vi Input Low Voltage -1.0 — 0.8 A% 2

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

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

C-356
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D.C. ELECTRICAL CHARACTERISTICS (V¢ = 5V £10%, Ta = 0~70°C)

-60 -70
ITEM (RAM PORT) SAM PORT | SYMBOL UNIT | NOTE
MIN. | MAX. | MIN. | MAX.
OPERATING CURRENT Standby Icc — | 1m0 | — | 100 3,4,5
RAS, CAS Cycling
tre = tre mMin. Active Iccia — 160 — 150 3,4,5
STANDBY CURRENT Standby Icco — | 10 | — | 10
(RAS, CAS = Vi)
Active ICCZA -_— 60 —_ 60 3, 4
RAS ONLY REFRESH CURRENT Standby Iccs — | 1o | — | 100 3
RAS Cycling, CAS = Vi
( tRC = trc Min. ) Active Iccsa — 160 —_ 150 3
PAGE MODE CURRENT Standby Icca — 100 — 90 3,4,5
RAS = Vy, CAS Cycling
tpc = tre Min. Active Iccaa — 150 — 140 3,4,5
mA
CAS BEFORE RAS REFRESH CURRENT Standby Iccs — 110 — 100 3
RAS Cycling, CAS Before RA
tre = tre Min. Active Iccsa — 160 — 150 3
DATA TRANSFER CURRENT Standby Iccs — 130 — 120 3,4,5
RAS, CAS Cycling
tRC = trc Min. Active Iccea — 180 — 170 3,4,5
FLASH WRITE CURRENT Standby Iccr — 110 — 100 3,4,5
RAS, CAS Cycling
(tRc =R min. ) Active Iccra — 160 | — 150 3,4,5
BLOCK WRITE CURRENT Standby Iccs — | 120 | — | 110 3,4,5
RAS, CAS Cycling
( tRC = tRC Min. Active Iccsa | — | 170 | — ] 160 3,4,5
ITEM SYMBOL MIN. | MAX | UNIT | NOTE
INPUT LEAKAGE CURRENT I 10 10 A
0V < Vi £ Ve + 0.3V, All other pins not under test = OV 1w
OUTPUT LEAKAGE CURRENT I 10 10 A
0V < Vour < Ve + 0.3V, OutputDisable o) - #
OUTPUT “H” LEVEL VOLTAGE (RAM and SAM)
Vou 24 | — v
IOUT =-1mA
OUTPUT “L” LEVEL VOLTAGE (RAM and SAM)
VoL — 04 v
Ioyr=2.1mA

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

SYMBOL PARAMETER <0 70 UNIT |NOTE
MIN. MAX. MIN. MAX
trC Random Read or Write Cycle Time 15 130
fRMW Read-Modify-Write Cycle Time 140 180
tpc Fast Page Mode Cycle Time 35 40
thRMW Fast Page Mode Read-Modify-Write Cycle 85 85
Time
tRAC Access Time from RAS 60 70 13
taa Access Time from Column Address 30 35 13
tcac Access Time from CAS 15 20 14
tepa Access Time from CAS Precharge 30 35 14
toz CAS to Output in Low-Z
torF Output Buffer Turn-Off Delay 15 15 9,15
tr Transition Time (Rise and Fall) 50 50 8
trp RAS Precharge Time 45 50
tRAS RAS Pulse Width 60| 10000 70| 10000
tRASP RAS Pulse Width (Fast Page Mode Only) 60 100000 70 100000
trsi RAS Hold Time 20 20
tesH CAS Hold Time 60 70
teas CAS Pulse Width 15 10000 20 10000
treD RAS to CAS Delay Time 20 40 20 50 13
tRAD RAS to Column Address Delay Time 15 30 15 35| ™ 13
tRAL Column Address to RAS Lead Time 30 35
terp CAS to RAS Precharge Time 5 5
tepn CAS Precharge Time 10 10
tcp CAS Precharge Time (Fast Page Mode) 10 10
tASR Row Address Set-Up Time 0 0
tRAH Row Address Hold Time 10 10
tasc Column Address Set-Up Time 0 0
tcAH Column Address Hold Time 10 10{
trCs Read Command Set-Up Time
tRcH Read Command Hold Time 10
tRRH Read Command Hold Time referenced to RAS 10
tweH Write Command Hold Time 10 10
twp Write Command Pulse Width 10 10
twpz Write Command Pulse Width 10 10
twEz Write Command Output Buffer Turn-Off Delay 10 15
tRWL Write Command to RAS Lead Time 20 20
tewL Write Command to CAS Lead Time 20 20
ts Data Set-Up Time 0 0 12

C-358
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SYMBOL PARAMETER 0 70 UNIT |NOTE
MIN. MAX MIN. MAX
tpH Data Hold Time 10 10 11
twes Write Command Set-Up Time 0 0 12
tRWD RAS to WE Delay Time 80 90 12
tawD Column Address to WE Delay Time 50 55 12
tewn CAS to WE Delay Time 40 40 12
tpze Data to CAS Delay Time
tozo Data to OE Delay Time
toEA Access Time from OE 15 20
togz Output Buffer Turn-off Delay from OF 15 I 9
toED OE to Data Delay Time 10 10
toEH OE Command Hold Time 10 10
tops Output Disable Set up time 0 0
tRoH RAS Hold Time referenced to OE 15 15
tesr CAS Set-Up Time for CAS Before RAS Cycle 5 5
tcHR CAS Hold Time for CAS Before RAS Cycle 15 15
trpC RAS Precharge to CAS Active Time 0 0
tREF Refresh Period (512cycle) 8 8| ms
twsr WB Set-Up Time 0 0
twwn | WB Hold Time 10 10
tpsr DSF Set-Up Time referenced to RAS 0 0
tREH DSF Hold Time referenced to RAS(1) 10 10
trsc DSF Set-Up Time referenced to CAS 0 0
tern DSF Hold Time referenced to CAS 10 10
tMs Write-Per-Bit Mask Data Set-Up Time 0 0
tve Write-Per-Bit Mask Data Hold Time 10 10
trus DT High Set-Up Time 0 0
tran DT High Hold Time 10 10
tris DT Low Set-Up Time 0 0
trLH DT Low Hold Time 10 10000 10 10000| ns
trTH DT Low Hold Time referenced to RAS 55 60
(Real Time Read Transfer) 10000 10000
tATH DT Low Hold Time referenced to Column 25 25
Address (Real Time Read Transfer)
tet DT Low Hold Time referenced to CAS 20 20
(Real Time Read Transfer)
tTRp DT to RAS Precharge Time 45 50
trp DT Precharge Time 10 15
trsD RAS to First SC Delay Time (Read Transfer) 60 70
tasD Column Address to First SC Delay Time 30 35
(Read Transfer)
tesp CAS to First SC Delay Time (Read Transfer) 20 20

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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|symBoL PARAMETER 0 70 UNIT|NOTE
MIN. MAX. MIN. MAX.
trse Last SC to DT Lead Time 5 5
(Real Time Read Transfer)
trsp DT to First SC Delay Time (Read Transfer) 10 10
tsrs Last SC to RAS Set-Up Time (Serial Input) 18 23
tscc SC Cycle Time 18 23
tsc SC Pulse Width (SC High Time) 10
tscp SC Precharge Time (SC Low Time) 5
tsca Access Time from SC 15 20
tsoH Serial Output Hold Time from SC 5 5
tsEA Access Time from SE 15 20
tsg SE Pulse Width 10 20
tsgp SE Precharge Time 10 20
tsgz Serial Output Buffer Turn-off Delay from SE 15 15 9
tsTs Split Transfet Set-Up Time 18 23
tsTH Split Transfer Hold Time 18 23
tsop SC-QSF Delay Time 15 20
trop DT-QSF Delay Time 15 20
tcop CAS-QSF Delay Time 15 20
trROD RAS-QSF Delay Time 60 70
trcDP RAS to CAS Delay Time (Pipeline mode) 20 35 20 40
tesup CAS Hold Time (Pipeline mode) 45 50 ns
tRACP Access Time from RAS (Pipeline mode) 85 90
teact Access Time from CAS (1) (Pipeline mode) 15 20
teaca Access Time from CAS (2) (Pipeline mode) 50 50
tcasp CAS Pulse Width (Pipeline mode) 10 10
tepp CAS Precharge Time (Pipeline mode) 10 10
tpcp Fast Page Mode Cycle Time (Pipeline mode) 30 30
tcon TAS Hold Time referenced to OF 5 5
(Pipeline mode)
tRSHI RAS Hold Time (1) (Pipeline mode) 20 20
tRSH2 RAS Hold Time (2) (Pipeline mode) 50 50
tewLp Write Command to CAS lead Time 10 10|
(Pipeline mode)
tewp WE to CAS Delay Time (Pipeline mode) 30 30
torEp OL}tpu.t Buffer Turn - off Delay from RAS 0 15 0 15 9.15
(Pipeline mode)
togp OE High width 10 10 16
tecs CAS High to OE Low (Fast Page mode) 10 10 16
toc OF High to CAS Low (Fast Page mode) 10 10 16
trSAA Boundary TAP SC Set-up time 0 0
tSATT SRT inhibit after Boundary SC 36 46

C-360
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A.C. MEASUREMENT CONDITION

RAM Output Reference Level 2.0V/0.8V
SAM Output Reference Level 2.0v/0.8V
RAM Output Load 1 TTL and 50PF
SAM Output Load 1 TTL and 30PF
Input Reference Level 2.2V/1.0V.
NOTES:
1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device.
2. All voltage are referenced to Vgg.
3. These parameters depend on cycle rate.
4. These parameters depend on output loading. Specified values are obtained with the output open.
(I out=PmA)
5. Address can be changed once or less while RAS=Vy; . In case of Iy, it can be changed once or less

during a fast page mode cycle (tpc).

6. 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§ CBR dummy cycles must be required.

7. AC measurements assume ty 5ns. (Between Vi (min) and Vi, (max))

8. LOFF (max.)» 'OEZ (max.)» 'OFFP (max)» 'WPS (max.)» 'WEZ (max)» a0 ISEZ (max.y define the time at which the

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

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

11. twess tRwp» tewp and tawp are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only. If tycs 2 twcs (min,) the cycle is an early write cycles and the data out
pin will remain open circuit (high impedance) throughout the entire cycle; If tyywp 2 tRwip (min.)» tcwp
2 tewD (min) ad tAwD 2 tAWD (min,) the cycle is a read-modify-write cycle and the data out will contain
data read from the selected cell: If neither of the above sets of conditions is satisfied, the condition of
the data out (at access time) is indeterminate.

12. Operation within the tgep (max,) limit insures that tgac (max.) €an be met. trep (max,) 1s specified as a
reference point only: If tycp is greater than the specified tgep (max,) limit, then access time is controlled
by tcac:

13. Operation within the tpap (max) limit insures that tgac max,) €an be met. trap (max,) is specified as a
reference point only: If tg o p is greater than the specified tg Ap (max.) [imit, then access time is controlled
by tAA-

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

15.  TC524265 only
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TIMING WAVEFORM
READ CYCLE *Note 1, 2, 3
T tBs
tras _tep
s N\ / N\
|<tgg, %&?; st teon

RSH, ¢
wue o f NNV 1T A \_
tRaL

tASR AS Ak
ViH ROW COLUMN
A0~A8 %ﬂtwoksss >@< ADDRESS
RCH,
tres tRRH J
ROH

Vin
DT/OE Vi
Vin
DSF1
Vi
DSF2
ViL
loea
Viu
[ N vy teac toFF
W1/101 tan
~W16/1016 trac : |
I Vou — ]
ouTt vﬁ[‘_ OPEN @(L VALID DATA-OUT ———
te—>| i
taz

: "H" or "L”
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WRITE CYCLE (EARLY WRITE)  *Note 1,2, 4

tre

tAsR
Vin ROW COLUMN
AD~AB :%(ADDRESS ADDRESS 4
Twsr wn  twes twen
R VAT 7[ twp
WB/WE ' 1

|

_tweg towl,

W I BT [ tawi,
e — V|
v 3

H
1rsR tREH tesc oy TR oy

w vy || | [

tesr | [tren

osrz %r Vi

1ras ! trp
— Vi — \ 4
RAS V,
- )
ey
tcrp trep tRH tepn
Viy — 7 «tcas > '
EUBST ' S \ / /
_trap hi?
| batl] rMH Jasc tean
!

s | v DS Je | to
— o K W
V\gv/vlgsil 1016
L— out ng : OPEN
: "H" or “L"
Mask Mode 1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write WMI1 data 0 :Write Disable
1 :Write Enable
New Mask Mode 0 WMI1 data Write per Bit Don’t care 1 or ‘0
Old Mask Mode 0 Don’t care Write per Bit
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WRITE CYCLE (_O—E CONTROLLED WRITE) *Note 1, 2, 4
mO TN N N
' | ere, | ___trep rsH tepn
wuws VDA N N — =/ F N\
Ao~ag m“ss D@( ADORESS ~ M)
twsr M g
wo 2 N N
try E |
e 0 I
v @ =
— w2 T
our v E—
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READ - MODIFY - WRITE CYCLE *Note 1,2,3,4

v =
&UGST vy, _ [/

IH
AO~AB

g 3
g &
9 g
iy m|
<< <<

:

xr

g

H
DSF1 vy,

psrz !

_tcas

/

t
N .F_MD_..) tcan
I ASR RAH tASEl
ROW COLUMN
RESS ADDRESS
|
t ItRC:
| WsR | | trwyy | towp
*1 —tawp
trwp

-4

=Y, o

tms | |t o 1oy
l<—>‘ DZQ <>
— v K MG R BN
w1/101 taa eac toe
~W16/1016 traC <
L— our '~ OPEN — ATAGULY
——f—
to V] - "H" or "L”
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write WM1 data 0 :Write Disable
1 :Write Enable
New Mask Mode 0 WMI data Write per Bit Don’t care 1 or ‘0°
0Old Mask Mode 0 Don’t care Write per Bit
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FAST PAGE MODE READ CYCLE

trasp e,
e N trc
RAS VM
RA Vik — \ /
RsH
tcre trReD tcp tep tepn
ltcas o, | |-t
Viu — TRAD K teas Z L, teas \ A
CASL/TAS . _/F N \<——>‘7
trat
1 tcaH
tashp | [RaH ‘A;CL._ tcan tasc ; tasc o
A8 VH ROW oL. COL. COL.
AO~AB :% ADD. ABB 1 ADD.2 N ADD.n
) ! | ] &
1, treH fmi
tacs), R e | | ] tres '—>"I<— tRes RR
Vin
WB/WE
RH trau
|| ||
DT/OE ™
w
tesc
~ tesc. Yesc | J
s | e, teem e ter
DSF1 UM {
Vi —
I
v t’i tREH
psF2 M %‘
Vi
tozo_ | . tcpal tcpal
N Vm )

[ ViL loeal ltoer toea| | tore ToEA torr
w1/101 o |AC torz teac or teac tors
~W16/1016 thag  HeBR <> t Tan <>

—_ ! —N\- N -3 N-
l—OUT xg:‘ OPEN DATA{OUT} DATAZ-OUTE DATA;;OUT?——
_ \ p 4 % p
— | et | - — -
CLT CLz ClLZ

V] 1" or "L
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) *Note 1, 2, 4

trasp e
S
_— t
ms TN - f_‘L\_
ILC_RL tred tep tep < tRsH . teen
tcas teas 1
_ H —\_ —\_ | _ tcas
eI i R\ NN
traH tcan tcan tRAL
tasr_ 1= tasc, "_’] tasc tasc [Tcan_
o 0 W B HKOR  KOIK 2 KK
trwH Rk twen | dwey |
twmr ' 1.wcsl twen tVES, 1P twcs)
warwe i X
trus ’:Tit tow tow, 1 | ‘:;:;x;,_
|
BT/ OF :’I:r 7
teen
Ren| | tesc tesg tesc |
on Y w7\
v tesr| | tRPH 4
s v N /// i
[
tMS% i | tos | LU *ﬁ?—’h tos_
\Y N DATA-IN §// DATA-IN DATA IN
b W NPT -
va\;\llllﬁo;low
L _our Vor . OPEN
VoL —
m 1 "H” or "L"
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write WM1 data 0 :Write Disable
1 :Write Enable
New Mask Mode 0 WMI data Write per Bit Don’t care 1 or ‘0
Old Mask Mode 0 Don’t care Write per Bit
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FAST PAGE MODE READ - MODIFY - WRITE CYCLE*Note 1,2, 3,4

trasp
tap
Vie = tesy
RAS y, _ \ i
_teRmw _tRsH
< 1RCD | tep
Vg — tas ﬁ tcas X | 1 /—
st v _ || N N N
4, tas | kasc towi
tasg | | 85H taw  tow gt tcay) LTy, “"‘I‘*
Vin ROW coL. coL. coL.
A0~AB - N aoD. x ADD. 1 ADD. 2 ADD. n
tW_SE, > tra
i twe twe, twe
W8/ WE :I/:f % *1 1rwn ‘ﬁ '/ town % l/ town N l/
—Rwp ]
tTHs tost i tawp tawp tawp
] | |
Y
DT/OE V:"_1 7 tReH
t <-L trsc 5 tesgyl b tesg |
FH FH
V
DSF1 ! f
trsR_ TRFH
Vg =)
DSF2 V:'C
twH Z tpg to tos toz t
tvs, =T toepl /T T 1, toep| | | bR to { loH
‘_|1 1 = H, ibzc 7 )| e I
i Vin *2 DATA. DATA. A DATA"
l_ Vi to] IN 1 toea | IN 2 | tog IN n
U T U
W1/101 deng | [toez Jeag | [togz teag | [tosZ
~W16/1016 tan tas tan
|
Vou —, , 5
L our Vo O Gers F—ﬁ s %—?( BV
1 —} e s
taz toz taz
V/////A . an or aLu
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write WMI1 data 0 :Write Disable
1 :Write Enable
New Mask Mode 0 WMI data Write per Bit Don’t care 17 or ‘0°
Old Mask Mode 0 Don’t care Write per Bit
p
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EXTENDED FAST PAGE MODE READ CYCLE (TC524265 only)

A0~AB

DSF1

DSF2

I——IN
w1/101
~W16/1016

|—OU”I’

ViH
Vie

Vin
Vi

Viy
Vi

Viu
Viu

Vin
ViL

Vin
Vi

Vin
Vie

Vin
Vi

Vou
Vou

trase e,
—"—\—\ tec 2
TRSH
l"g}; trep tep tcp teas tepn
|e—EAS 5y -
i TrRAD *% teas /t—\-\ teas yt—_1 é J\
— tesH .
t IRAH tean l 1aaL
S P e | A5G = tasc toan
COL. COL. COL.
D e
tres)) | JtRRY
twez
trus trHH
'(—) | ——|
tesc |
I trsc. tsc,
- ﬁ éﬂ» tc”," torm £CFL>
tesr | _tRFH
A
twgzl 1
lozo p ot tepa teea
I I
loea teac teag tore
fan t, tan t,
tcac AA 0EZ
trac <AS |
- \
DATA-OUT DATA-OUT DATA-OUT
K OPEN { \ )g Y XL - >
— ] —

cLz

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

(TC524265 only)
trasp tre
bl -
trc
s }_\L\_
trep tcp tee trsH teen
n tcas lp—— tcas \ teas
TASL/CASU RAD \ N N /4
CsH
: tcan_, ¢ tcan o tRAL
, tasc, I ASC y tasc CAH
W COL. COL. COL.
A0~A8 _I@g ADD. | £ ADD. 2 X._ADD.n
1
tweh 1
——-—twcs twen wes ) | <= twes) e
N ||
WB /WE * twp twp twp
! lr\m .
trHH towl towe T
s ! e tons It Troen toog/ T o i tops lgzn |
=7,58 VM
D7/ OE
¢ | terH
tren | | tescy . St - tesc_,
- 1 CFH CFH
DSF1 Vi zrffﬁ > «m
Vi —
t t
psF2 Vi FSR REH
Vie
N tl\/'lH t toH
] 03 | - f—q M s | - s
N Ve T ﬁ*z DATA-IN DATA-IN FDATA-IN
A\ p A 1 p 2 3 n 7
WwW1/101
~W16/1016
L_our Vou ™ OPEN
VoL —
m . an or nLn
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write WMI1 data 0 :Write Disable
1 :Write Enable
New Mask Mode 0 WM1 data Write per Bit Don’t care J17 or ‘O°
Old Mask Mode 0 Don’t care Write per Bit

C-370
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EXTENDED FAST PAGE MODE READ - MODIFY - WRITE CYCLE
(TC524265 only)

trasP
trp
et
— Vi — tesy
RAS Vi — \r
tprmw tagH
taco fee ued
Vig = Leas \ teas —\ tcas / /
CASL/TASU vy, _ as N ¢ \_
taar] ASC X1 | I towe o,
tAiR’T |24 oo tow (I leag) towm tean l‘ w
Vin ROW coL. coL. coL.
tws o
VSg RV twe twr, twe
Vi DK - -
WB/WE ] 1 M ’:;\vwvr; / town /| TN
tTHs trnu by
.V
oT/oE ? tRe)}
tesr 1| | L tes trsg) tesG. |
tern tcr C
%
psF1 ! T—)
tesr_ ) tred | |,
DSF2
ttD ! toz _Itgy
1 to Di. to, <EH
Ttpzc =2 toic e
IN DATA- DATA-
i tora, IN 2 | to IN n
T T
W1/101 teag | [tosz teag | |togz
~W16/1016 tan 2
i
Von N C oaTa S, DATA- >.___—
ouT VoL — trRAC gﬁ{'Ai "4 rgﬁ'%AZ 4 OuT
—> | et — ——
taz taz taz :
7/////% L “H" or "L
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write WMI data 0 :Write Disable
1 :Write Enable
New Mask Mode 0 WML data Write per Bit Don’t care 217 or ‘0°
Old Mask Mode 0 Don’t care Write per Bit
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FLASH WRITE CYCLE

W1/101
~W16/1016

[25 ]

C-372

OH
ouT VoL —

s
S | R A
2|
,

OPEN

: "H" or "L"

Mask Mode

New Mask Mode

WMI data 0 :Write Disable

WML data 1 :Write Enable

Old Mask Mode

Don’t care Don’t care 2’1 or ‘O°

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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BLOCK WRITE CYCLE (EARLY WRITE) *NOTE 1, 2, 4

tre
tras I trp

AV N / N
N

tesu .
1
| [terp tRreD RSH | CPN

o W) N / | S
a-ns U :@{i@ woo. MK o5 wn0 72

t t
twsr trwH WG| WCH l

e it DL T

LTS tonn [ TRWL

P

— Vi
DT/OE

vl || VT N
wup |

tm tvin tps tpH
I<—5—->» |
Vin . . ¢
— v w2 MK i
W1/101
~W16/1016
ouT zg[* = OPEN
m D "HY or "L”
#3) COLUMN SELECT
Lower Byte
Mask W1/I01  -Column 0 (A2C =0, A1C =0, AOC =0)
Mode *1 *2 W2/102  -Column 1 (A2C =0, A1C=0, A0C = 1)
W3/I03  -Column 2 (A2C=0,A1C=1,A0C=0)
No Mask Don’t W4/104  -Column 3 (A2C=0,A1C=1,A0C=1)
1 W5/105 -Column 4 (A2C =1, A1C=0, AOC=0)
Mode care
W6/106  -Column 5 (A2C=1,A1C=0,A0C=1)
W7/107 -Column 6 (A2C=1,A1C=1, A0C=0)
New Mask WMI1
Mode 0 data W8/108 -Column 7 (A2C=1,A1C=1,A0C=1) Wn/IOn.
Upper Byte =0 : Disable
Old Mask Don’t W9/109  -Column 0 (A2C =0, A1C =0, AOC =0) =1: Enable
0 W10/1010 -Column 1 (A2C =0, A1C=0, A0C =1)
Mode care
W11/1011 -Column 2 (A2C =0, A1C =1, AOC = 0)

W12/1012 -Column 3 (A2C=0,AI1C=1,A0C=1)
W13/1013 -Column 4 (A2C =1, A1C =0, AOC =0)
W14/1014 -Column 5 (A2C=1,A1C=0,A0C=1)
W15/1015 -Column 6 (A2C=1,A1C =1, A0C =0)
W16/1016 -Column 7 (A2C=1,AIC=1,A0C=1)

WMI1 data O :Write Disable
1 :Write Enable
Don’tcare  :’1’ or ‘O°
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BLOCK WRITE CYCLE (DELAYED WRITE

*NOTE 1, 2, 4

tre

tras

tesh

trcp trsH

F—__

teon

___tep

teas

NN

traL

tRAH

&i | tcan

ROW ADD.

}%@ SOk (a3c~a70)

trwi

WL
trRwi
twe

twer

JTHH

tREH

tREH

v
leMH

Vin —~
RAS .
I <CRP
Uy "
<tAsR
Vi
| twsg
w3 X
‘ i
< LIHS |
oTIoE M %
1< lESR
DSF1 \\f:f %L
1< tEsR
DSF2 :/':f %
IN Y,‘”
[_' L
W1/101
~W16/1016
1 VoH
ouT o
Mask
* *
Mode 1 2
No Mask 1 Don’t
Mode care
New Mask 0 WMI1
Mode data
Old Mask 0 Don’t
Mode care
WMI1 data 0 :Write Disable
1 :Write Enable
Don’tcare  :’1’ or ‘0°
C-374

-

F

tesc tern
1

oH

= OPEN

-+

N

T
T
R
Vi
2N

D%,
*3 W

*3) COLUMN SELECT

Lower Byte
W1/101
W2/102
W3/103
W4/104
W5/105
W6/106
W7/107
W8/108

Upper Byte
W9/109
W10/1010
WI11/1011
W12/1012
W13/1013
W14/1014
W15/1015
W16/I016

-Column 0 (A2C =0, AIC=0, AOC=0)
-Column 1 (A2C =0, A1C=0, A0C =1)
-Column 2 (A2C=0,A1C=1,A0C=0)
-Column 3 (A2C=0,A1C=1,A0C=1)
-Column 4 (A2C=1,A1C=0,A0C=0)
-Column 5 (A2C=1,A1C=0,A0C=1)
-Column 6 (A2C=1,A1C =1, A0C=0)
-Column 7 (A2C=1,A1C=1,A0C=1)

-Column 0 (A2C =0, A1C =0, AOC = 0)
-Column 1 (A2C =0, A1C =0, AOC = 1)
-Column 2 (A2C =0, A1C = 1, AOC = 0)
-Column 3 (A2C =0, AIC=1,A0C =1)
-Column 4 (A2C = 1, AIC =0, AOC = 0)
-Column 5 (A2C =1, A1C =0, AOC = 1)
-Column 6 (A2C = 1, A1C = 1, AOC = 0)
-Column 7 (A2C=1,A1C=1,A0C = 1)

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

trasp Lre
RAR xm _.—_\_\ ﬁ_
-
t tesu tec tpc T <—tnsﬂ—>
Jere Taco tep| [« 5| e
Vi — teas ﬁ& tens R teas
CASL/TASU __/r traD \ /
[tRAH tcan :CLH» " tRAL
tasr <> tasc tasc tasc By
AO~A8 Vi ROW Azc~ Yy Azc~ Azc~
Vi ADD. A \_Asc A A
I RTHH
trHs
BT/OE Vi
Vit — trwi
Twer | 1 RWL
a 1
twsr tw - C t\& e CWI

: v s twey WGH !
wrwe V" TR - A e w777
It crn el |, <_>tcm
tese_, | JHBY tesc | == tesc | trsc
DSF1 ViH
Vi

DsF2 Vi
Vie
t

tms

W1/101 Vin
~W16/1016 Vi

g

W :“H" or "L"

#3) COLUMN SELECT
Lower Byte
Mask | 4 | x WI/IO1  -Column 0 (A2C =0, AI1C = 0, AOC = 0)
Mode W2/102  -Column 1 (A2C = 0, A1C = 0, AOC = 1)

= W3/103 -Column 2 (A2C =0, AIC = 1, AOC = 0)
NoMask | | | Dot | wan04 _Column3(A2C=0,AIC=1,A0C=1)

Mode care | w5405 -Column 4 (A2C = 1, AIC = 0, AOC = 0)
W6/106  -Column 5 (A2C = 1, AIC = 0, AOC = 1)

NewMask |} WM | w7167 _Column 6 (A2C = 1, AIC = 1, AOC = 0) WO
Mode daa | Wwgn08 -Column7 (A2C=1,A1C=1,A0C = 1) /10n
=0 : Disable
.| Upper Byte =1: Enabl
OldMask | | Don’t f"yon09  _Column 0 (A2C =0, AIC = 0, AOC = 0) =1: Enable
Mode care [ wi0/1010 -Column 1 (A2C = 0, AIC = 0, AOC = 1)

W11/I011 -Column 2 (A2C = 0, AIC = 1, AOC = 0)
o W12/T012 -Column 3 (A2C = 0, AIC = 1, AOC = 1)
WMl data 0 :Write Disable w1313 _Column 4 (A2C = 1, AIC = 0, AOC = 0)

, 1:Write Enable  w141014 -Column 5 (A2C = 1, AIC =0, AOC = 1)
Don’tcare "1 or 0 W15/I015 -Column 6 (A2C = 1, A1C = 1, AOC = 0)
W16/I016 -Column 7 (A2C = 1, AIC = 1, AOC = 1)

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

TASL/TASU

A0~AB

WB/WE

DT/OE

DSF1

DSF2

wW1/101
~W16/1016

C-376

tge

1
b e

, Iask | |ty

NS

D s WX
" :
can
B e

s

Vou
Vou

OPEN

V) H or L”

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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HIDDEN REFRESH CYCLE

DSF2

W1/101

OH
~W16/1016 oL

w | L N

t
THS &mg tron
H T /
il —_/
trsr tesc tery
L RFH !

DSF1 :“

treD trsH

RAS RP. RAS < (RP
" __3’\ ;—AR }—J
L - . \
terp 1CHR teen
/-F

7

¢ i 1RAL
| ASR TEAH %iﬁ fcay

tres |

twsr

) %@%&Ess R S 2 )

| tRwH |

= v T T T N

Jora

*'w

tORE ] tan |<CAG,

torr
toez
VALID DATA-OUT
1

m : "H" or "L"
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CBR AUTO REFRESH CYCLE

trp trp
Vi — 4 b tras
RAS v::‘ _ / trpC \ '2 \

tesr '
tcHr

S Vo
= im0

00000000

tRFH

e,

= 2 T 77
o  TThhhihThhhhh

torr

W1/101 Vo = ;
~W16/1016  vo, ) OPEN

Note : AO-A8 = Don't Care ("H" or "L") ?/////// :"H” or "L”

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

tre
trp trp
e VH — 4 by tras ,J‘ X
RAS Vi — trPC \ \

tesr !
HR

Y Vi

tASR fRaH

Y.
T 77

K70 725",
i

W1/101 Vou
~W16/1016 VoL —

P OPEN

% :"H" or "L
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CBR AUTO REFRESH & RESET CYCLE

tre

w ol J’; N
s N Vo

eV
BIWE

BT/OE UM

DSF1

s 0

tore

w1/101 Vou — N
~W16/1016 Vo, — s OPEN

Note : AO-A8 = Don't Care ("H" or “L") V] :H" or L

C-380 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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LOAD MASK/COLOR REGISTER CYCLE *Note 5

tras

|

s 0 T TR

tern
D

o 0 || NN - N
E .

oy [ ton

WK X

W1/101 tos ton (Delayed Write)
~W16/1016 A

— W, X

(Early Write)

.

CASL CASU *2 Cycle

Mask data |Load Mask Register
Color data |Load Color Register
Mask data | Load Mask Register (Lower Byte)
Color data |Load Color Register (Lower Byte)

—| o =| o =] o] X

Mask data |Load Mask Register (Upper Byte)
Color data |Load Color Register (Upper Byte)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-381
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READ MASK / COLOR REGISTER CYCLE

I:is P,
ws ’ 4 N
| cre tReD st tRsh teen |
S x:f : 7 \L TR / /;- X
tasr tRAH
so-ss 2 77772K wow avoness ////////{////////////////////////////////////
o 2 D n
E tRWH i Ttacu
w Y.
1 tFsR tReH [ tesc | (tern
g =]
osr1 ! "X
teac <8 (tOQF;Z
DSF2 z:t‘
trac
\»I-V\:v/1160/1l01s gg:‘ B - @{ *2 VALID OUTPUT ~ p——
V74 - "H"or "L
CASL CASU *] *2 Cycle
0 0 0 Mask data |Load Mask Register
1 Color data |Load Color Register
N 1 0 Masky data |Load Mask Register (Lower Byte)
1 Color data |Load Color Register (Lower Byte)
1 0 0 Mask data | Load Mask Register (Upper Byte)
1 Color data |Load Color Register (Upper Byte)

C-382
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PIPELINED FAST PAGE READ CYCLE *Note 6

| teshp
" W N
Vie — K A
T
tacop teasp tecp <« RSH
Teas teep
Viu ™~
CASL/TASU v, _ N\ / \t \.( /I
tasr| |tran tasc| |tcaun tasc| ftcan tasc| |tcan
[l | s Bl | [ |
Vin o y 3 A 3
A0-AB Vi — \ RA CcA CcB cC
teact teac « tcac 1
wi1/101 feac L !
~ DourVH . b &l (-
v \ DoutA _D‘( DourB ><‘_ DoutC
w16/1016 trus | [truw tca N
= tRAG teol te toEz
= t J;—"——
BT/OE YA || %z || === \N++—2A s || taa
v 45
twi twe twes| | twa twes| | twen twest | twen
{4—) |~ - |
eV
B/WE
oz
w1/101 .
~ DpVM
wi16/1016 ViL | |
X 1 teru , X 1
tesp | [tRrn trSC j tesc tesc trsc
V, | !
H
DSF1 v
trspl Itwg

oo W R

D "HT or LY
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PIPELINED FAST PAGE WRITE CYCLE *Note 6

w2 o P Y ”//////////// 0

V) - 1 or L

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

C-384 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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PIPELINED FAST PAGE READ - WRITE CYCLE

1

CSHP

vy -
Vit — N
LR Icasp | fcpp

o N
TASL/TASU v, _

1 4 tasc | [tcan 1, tean

-ASR RAH Al | i ASC

7 ' F
A0-A8 L Ra }@( A @@Sk ®
twsel 1tawn  twes
R

f(——»
woe W T
1

W1/101~ V

H .
W16/1016 v,L% 2

s | | tren
Vin
DSF1 v, %

ws s A 2 . .

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

LMY or "L*

WM1 data 0 :Write Disable
1 :Write Enable
Don’t care 0:1 or ‘O°

C-385
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PIPELINED FAST PAGE WRITE - READ CYCLE

———
RAS UM \
Vie

tesHp

treo!

P

e e Vi
TASL/ TAS Uy, _

to) tos _‘

tos

A0-AB VH T
WB/WE Vm
ViL
BT/5E VM
DT/GE
tms
W1/101~ Vi
W16/1016 v,_ *2
!

trsR

Vin
Vi

DSF1

tREH

tesR

1REH

tesc | 1tcen tesc

‘“E trsc

tpcp tRsH
tepp
/—,\ Leasp ?:__,’\ /_.
tean tcan
tasc
]
teace
teact
| ‘CACZ
|
teact
e
tozo toea, COH I toez
<—>| -3
o
4 PourC DOUTD>
itcer tesc | [tern tesc | ftern

v b
DSF2 V:r B /
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write
New Mask Mode 0 WM1 data Write per Bit
Old Mask Mode 0 Don’t care Write per Bit

C-386

m : "H" or "L”

WMI data 0 :Write Disable
1 :Write Enable
Don’t care 2’17 or ‘0°
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PIPELINED FAST PAGE WRITE - BLOCK WRITE CYCLE

L tesmp tpcp
&S Vin— /
Vie — N 2

tRsH2

treoP tepp

tease R
exidlo VA N / N % N l;‘ X &
tean

AD-A8 x:f %I‘_:A t}@(k ca ; H_:B "_)C //////////////////////////

1
WsR| | tawk twes 1 Jtwes

oy twen
WB/WE 1 N
twer
trus | [T
o]
= — VI
DT/OE
t t to. o t
s | | tps | |tow 3 2 S DH

Yoo = DA IO D YD Y

trsR tRFH

T 0

m :"H" or LY

#3) COLUMN SELECT

Lower Byte
Mask 1 9 W1/I01  -Column 0 (A2C =0, A1C = 0, AOC = 0)
Mode W2/I02 -Column 1 (A2C =0, A1C =0, AOC = 1)

: W3/I03  -Column 2 (A2C = 0, AIC = 1, AOC = 0)
NoMask | | | Don’t W4/l04  -Column 3 (A2C =0, AIC=1,A0C=1)

Mode care W5/105 -Column 4 (A2C = 1, AIC = 0, AOC = 0)
W6/06  -Column 5 (A2C = 1, A1C = 0, AOC = 1)
NewMask |, | WMI W7/107  -Column 6 (A2C = 1, A1C = 1, AOC = 0) Waflo
Mode data W8/108  -Column7 (A2C=1,AI1C=1,A0C=1) n
=0: Disable
> Upper Byte =1: Enable
Old Mask | | Don’t W9/I09  -Column 0 (A2C = 0, AIC = 0, AOC = 0) =
Mode care W10/1010 -Column 1 (A2C =0, A1C =0, AOC =1)

W11/I011 -Column 2 (A2C =0, A1C = 1, AOC = 0)
W12/1012 -Column 3 (A2C = 0, A1C = 1, AOC = 1)
WMl data 0 :Write Disable  y13/1013 -Column 4 (A2C = 1, A1C = 0, AOC =0)

1 :Write Enable  w14/]014 -Column 5 (A2C =1, A1C =0, AOC = 1)
Don’tcare 1" or °0¢ W15/015 -Column 6 (A2C = 1, AIC = 1, AOC = 0)
W16/I016 -Column 7 (A2C = 1, AIC =1, AOC = 1)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-387
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READ TRANSFER CYCLE
tre
tRA: | trp
s /I N
tere :;;; RsH | tern ]
TASL/ TASU xr :/ \\ s / /f 1\.
traD trat
<task | [ TRAH | Lasg] tcan
AO~A8 \\f:[‘ : ROW ADDRESS 5@( SAM START ADDRESS /
s - AO~AT7 : TAP
LT N 0000000
- - trre : |
DT/ OF x:r
R ' ‘AS[?
DSF1 \\2[‘
DSF2 x:‘:
ore -
W1/101 Vou = K
~W16/1016 Vo, — A trsp tscc
tsrs el b b
sC \\;:r : .;‘ \ Inhibit Rising Transient \L /w‘—\—
tsc
’(s_c;a’ i teao trop | | tsca, lsoy
$01~5016 xg :XD Ny ‘i DAYTAAEI(?UT_DC
tRap
QsF \68 B 4)( TAP MSB (A7)

C-388

V] "1 or "L”
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REAL TIME READ TRANSFER CYCLE

=
2
<

tre
tras | trp
— VH — \ * ‘\
L —
tesH
terp trep tRsH i tepn i
e Viy T £ tea
CASL/TASU v _/ \ -
traD
T

N n tzal
ASR RAH TasC
Vi ROW
no~a8 " X Aobress D@(SAMSMRTADDRESS
AO~AT7 : TAP
twsr| |tRwWH | ( tATH

wEwE

H
sC Vi

A
trqp -

]
1~s01 VYor T VALID ** VALID VALID VALID x VALID
SO1~S016 o DATA-OUT 1N DATA-OUT A\ DATA-OUT A\ DATA-OUT /Y DATA-OUT
‘
|

Previous Row Data g New Row Data
Von — X(
TAP MSB (A7
BF - vo, r (A7)
Note : SE = VL m CHT o "L®

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

1re
tras trp
Vig — N b
RAS M / / N
s : ' 0
1 1 PN
1' CRI -RCI tBi! , " > 1
Vip — -
s o N\t /1| A
Vi
tran ; TRAL
task| [Tran,  tas tcan
|<-—> <—>| p
- Vin ROW 2 SAM START
)

T

ViL
35 ety @Vils @iy
Viy —
SC Vi — \\ &
sO1 Vih — 254 126
~5016 Vv —_(126)
—L_éo_o’ ‘ tsap
ey e T S A C f——
QsF zou \ A
OL = iieeuny ct—_—— .

i L Lower SAM 0 ~ 127
Upper SAM 128 ~ 255

Note : 5E = vy,

C-390

m :“H" or "L"
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READ TRANSFER CYCLE (SE = Vy;)

R

SCC SCC |

SCC s
T i2 T
SC SC | tsc ] |
Vi — ‘
SC
ViL —
Yscr tsca ' tscp tsca ' iscp tsca SCP tsca "R tsca 'scp

tsc tsc

_lsoy | tson

soy
s01 Von — VALID R VALD x VALID
~s016 Vo — DATA-OUT DATA-OUT DATA-QUT

FVALID

VALID VALID

x DATA-OUT x DATA-OUT ,x ATA-QUT

:“H" or “L"

—

tscc

tscc tscc

3 1.

tscc
lLetse, s, | Lsc, se, <556,
Vig — / y y 1
e W Bl | e e g

o Vn - | P —
Vi — /
tsca tsca
tson tsez toca tson tsou
Vou — VALID " VALID Z  VALD * VALID VALID
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PIN FUNCTION

ADDRESS INPUTS : Ay~ Ag

The 18 address bits required to decode 16 bits of the 4,194,304 cell locations within the dynamic RAM
memory array and they are multiplexed onto 9 address input pins (Ap~Ag). Nine row address bits are latched
on the falling edge of the row address strobe (RAS) and the following nine column address bits are latched on
the falling edge of the column address strobe (CASL/CASU).

ROW ADDRESS STROBE : RAS

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the control input
that latches the row address bits and the states of CASL/CASU, DT/OE, WB/WE, DSF1 and DSF2 to invoke
the various random access and data transfer operating modes shown in Table 1.

RAS has minimum and maximum pulse widths and a minimum precharge requirement which must be
maintained for proper device operation and data integrity. The RAM port is placed in standby mode when the
RAS control is held “high”.

COLUMN ADDRESS STROBE : CASL/CASU

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

DATA TRANSFER/OUTPUT ENABLE : DT/OE

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

The WB/WE input is also a multifunction pin. When the signal is “high” at the falling edge of RAS, during
RAM port operations, it is used to write data into the memory array in the same manner as a standard DRAM.
If the signal is “low” at the RAS falling edge, the write - per - bit function is enabled.

WRITE MASK DATA/DATA INPUT AND OUTPUT : W,/IO;~W,¢/IO ¢

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

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

SERIAL CLOCK: SC

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

No control signal disable SC input, and in any time SC toggle cause SAM pointer drarge regardless Sout
(controlled by SE).
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SERIAL ENABLE : SE

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

SPECIAL FUNCTION CONTROL INPUT : DSF1, DSF2

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

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

SPECIAL FUNCTION OUTPUT: QSF

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

SERIAL OUTPUT: SO4~SOy4

Serial output SO;~SO¢ are the output pin of SAM register. SAM data out is valid tgc, after SC rising
edge. These SO~SO4 output is controlled by SE. SO is going to Hi-Z state when SE goes high.

OPERATION MODE

The RAM port and data transfer operating of the TC524262/265 are determined by the state of CASL/
CASU, DT /OE, WB /WE, DSF 1 and DSF 2 at the falling edge of RAS and by the state of DSF1 at the falling
edge of CAS. The Table 1 shows the functional truth table for a listing of all available RAM port and transfer
operations.
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Table 1. Functional Truth Table

RAST v CAS Y|
Tasr/| br/ | wB/ Mnemonic Function
cast| on | wg | DSFI|DSF2| DSFI Code
0 * * 0 * — CBR  |CBR Auto Refresh & Option Reset -2
0 * 0 1 * — CBRS CBR Auto Refresh & Stop Register Set?
0 * 1 1 * — CBRN CBR Auto Refresh
1 0 1 0 * * RT Read Transfer
1 0 1 1 # * SRT  |Split Read Transfer
1 1 0 0 0 0 RWM  |Read Write (New/O1d Mask)"
1 1 0 0 0 1 BWM  |Block Write (New/O1d Mask)!)
1 1 0 1 * * FWM  {Flash Write (New/Old Mask)!
1 1 1 0 0 0 RW  |Read Write (No Mask)
1 1 1 0 0 1 BW  |Block Write (No Mask)
1 1 0 0 1 0 RWM (P) |PFP% Read Write (New/01d Mask)!)
1 1 0 0 1 1 BWM (P) |PFP® Block Write (New/old Mask)®)
1 1 1 0 1 0 RW (P) |FFP? Read Write (No Mask)
1 1 1 0 1 1 BW (P) PFP® Block Write (No Mask)
1 1 1 1 * 0 LMR Load (Old) Mask Registerl)
1 1 1 1 * 1 LCA Load Color Register

Note: *=0or 1, - = Not applicable.
1) After LMR operation, RWM, BWM, FWM, RWM (P), BWM (P) use old mask. Either CBR
operation or LMR operation with no mask bits resets the old mask mode to new mask mode.
2) CBRS operation determines binary boundaries in the SAM. CBR operation resets the boundaries.
3) PFP stands for pipelined fast page mode.
4) The state of CASL/CASU is defined as Logical “AND” of CASL and CASU state.
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RAM PORT OPERATION
1. READ WRITE FUNCTION : RW

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

1.1 EXTENDED FAST PAGE MODE (TC524265)

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

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

The write-per-bit (masked write) function selectively controls the internal write enable circuits of the
RAM port. When WE is held “low” at the falling edge of RAS, during the RWM cycle, the write mask is
enabled. At the same time, the mask data on the W/1O, pins is latched into the write-mask register. The I/O mask
data maintains in a single RAS cycle, a page (New Mask Mode). When a load mask register function (LMR) is
performed, the write mask data on the W,/IO; pins is latched into the write-mask register. After the LMR
operation, the data at the falling edge of RAS during the RWM cycle is ignored and the I/O mask data that was
stored in the write-mask register is used (Old Mask Mode) until the mode is reset by either CBR operation or
LMR operation with no mask bits. The truth table of the write-per-bit functon is shown in Table 2.

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

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

Note:* =1 or 0, « = The data on W/IO; is latched.

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

Block write is a special RAM port write operation which, in a page, allows for the data in the color register
to be written into 8 consecutive column address locations starting from a selected column address in a selected
row. The block write operation can be selectively disabled on an I/O basis and a column mask capability is also
available. :
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A block write cycle is performed by holding CASL/CASU, DT/OE “high” and DSF1 “low” at the RAS
falling edge and by holding DSF1 “high” at the CASL/CASU faliing edge. If the DSF signal is “low” at the
CASL/CASU falling edge, a normal read write operation will occur. Therefore, a combination of block write,
read and write operations can be performed during a fast page mode cycle. The state of WB/WE input at the
falling edge of RAS determines whether or not the 1/O mask is enabled (WB/WE must be “low” to enable the
1/0 mask, BMW mode or “high” to disable it, BW mode). The I/O mask is provided on the W;/IO; input at the
RAS falling edge. After LMR operation, however, the old mask is used for the I/O mask function. The column
mask data on the W,/IO; input must be provided at the CASL/CASU or WB/WE falling edge whichever is late,
while the six most significant colunm address (A3C ~ A8C) are latched at the falling edge of CASL/CASU. This
latched column address determines the start column address of consecutive block.

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

RAS _—M /'—‘ Example (Shown on Lower byte. The sanie manner on Upper byte)
Ints . H W0
A | / 1]z s é 5 (g 718
i 'WM1 Register (Lower) 11 |® 1 1 100
A0~A8 %Row %Column A30~8W Column Select (Lower byte) | 1 {@ [ 1 [ 1 | 1 [(@ |@ [ 1
H T P Color Register (Lower) 1 0 1 0 1 1 Q 0
we:we X L YO0 .| /
Result @
oroe 7 W0
H
12 [ 3] a]s e 7]
DSF1 % L _/ Column 0 1 0 0
2 ; Column 1
s 7 L Gown DA , 0
¥ H
B Early Write Column 4 1 0 1 0
wio K2 X Comn ek X, | Sotumn B
Delayed Write | Column 6
*1 *2 Mask Mode Column 7 1 0 1 0
1 {Don't Care [No Mask Mode Application
0 |WM1 New Mask Mode | i W//
0 |Domt Care | Old Mask Mode * High Speed Window Cear Z
® High Speed Rectangular Fill
*3) COLUMN MASK
Lower Byte Upper Byte

W1/I01 -Column 0 (A2C =0, A1C=0,A0C=0) W9109 -Column0(A2C=0,A1C=0,A0C=0)
W2/I02 -Column 1 (A2C=0,A1C=0,A0C=1) WI10/I010 -Column 1 (A2C=0,A1C=0,A0C=1)
W3/I03 -Column 2 (A2C =0, AlC=1,A0C=0) WI11/IOtl -Column2(A2C=0,A1C=1,A0C=0)
W4/104 -Column 3 (A2C=0,A1C=1,A0C=1) WI2/I012 -Column3 (A2C=0,AlC=1,A0C=1)
W5/105 -Column4 (A2C=1,AIC=0,A0C=0) WI13/1013 -Column4 (A2C=1,A1C=0,A0C=0)
W6/106 -Column 5 (A2C=1,A1C=0,A0C=1) WI14/1014 -Column5(A2C=1,A1C=0,A0C=1)
W7/107 -Column 6 (A2C=1,AI1C=1,A0C=0) WI15/015 -Column 6 (A2C=1,A1C=1,A0C=0)
W8/I08 -Column7 (A2C=1,A1C=1,A0C=1) W16/I016 -Column7 (A2C=1,A1C=1,A0C=1)

4. FLASH WRITE : FWM

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

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

Flash write is most effective for fast plane clear operations in frame buffer applications. Selected planes
can be cleared by performing 512 flash write cycle and by specifying a different row address location during
each flash write cycle. Assuming a cycle time of 130ns, a plane clear operation can be completed in less than
66.6 useconds.
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Figure 2. Flash Write Operation
Example (Shown is lower only. The same manner in upper byte.)

RAS X /
: vos 06

H

FA_;————\ f 102

vo-ss 7K o NI, |— 1 |

o\ b
i H

H

wio 7K K007 0 . Colox

Register
DSF2 : don't care (H or L)
Mask
Data (WM1)
* Mask Mode Application : High Speed Plan Clear
Mask Data New Mask Mode

Don’t Care (H or L) |Old Mask Mode

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

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

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

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

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

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

6. LOAD (OLD) MASK REGISTER : LMR

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

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

Figure 3 State Diagram of Mask Mode
LMR with at least one mask bit.

/‘—\.

( New Mask Mode ) ( 0ld Mask Mode )

-_ =

CBR
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7. LOAD COLOR REGISTER : LCR

The TC524262 / 265 is provided with an on-chip 8-bits register (color register) for use during the block
write or flash write function. Each bit of the color register corresponds to one of the DRAM I/O blocks. The load
color register cycle is initiated by holding CASL/CASU, WB/WE, DT/OE and DSF1 “high” at the falling edge
of RAS. The data presented on the W/I0; lines is subsequently latched into the color register at the falling edge
of either CASL/CASU or WB/WE, whichever occurs later. During the load color register cycle, the memory
cells on the row address latched at the falling edge of RAS are refreshed.

8. REFRESH

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

8.1 CAS before RAS Refresh and Option Reset : CBR

The CBR cycle reset the following functions, performing the CAS before RAS refresh operation at the
same time.
« To reset the old mask mode to the new mask mode for the masked functions.

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

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

8.3 CAS before RAS Refresh and Stop Register Set : CBRS

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

Figure 4 Stop Register and Binary Boundary Location

Stop Register Value Binary Boundary Locations
Ag - Ag
Last Address of each block
ARRREREERN | | | B A e

0601111111 l [ |f l j 127, 255, 383, 511

000111111 l l I I 63, 127, 191, 255, 319, 383, 447, 511
AAAARAR [TV CTTTTTTTY st tadsn i 2
ooooor vt [II[ITJITTT] LTTTTITTTTTEIT] 3836782 28 o5sat hao st 5,

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

000000111
000000011
These values are not allowed to be set.

000000001

000000000
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NOTE

OE control of Extended Fast Pace mode Read cycle (TC5242685)

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

DATA TRANSFER OPERATION

The TC524262/265 features internal data transfer capability between the RAM and the SAM, as shown in
Figure 5. During a normal transfer, 512 words by 16 bits of data can be loaded from RAM to SAM (Read
Transfer). During a split transfer, 256 words by 16 bits of data can be loaded from the lower/ upper half of the
RAM into the lower/ upper half of the SAM (Split Read Transfer). The normal transfer and split transfer modes
are controlled by the DSF1 input signal

512 columns 256 columns 256 columns
512x256x 16 |512x256% 16
512 512x512% 16 512 |Memory Memory

rows Memory Cell Array rows | Cell Array Cell Array

0 g I
[ 512x 16 D | asexi6 |[[ 2s6x16 4}—2_0:_—_>

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

RAS
TASL/ ﬁ_T/ @ DSFI Mng:(;):lc Transfer Mode DT:::cstfz; Tra;;stfer SAM Port Mode
CASU | OE WE
H L H L RT Read Transfer RAM ~SAM [512x16 Input ~ Output
H L H H S5RT Split Read Transfer RAM —SAM |256x16 Half SAM active

9. READ TRANSFER CYCLE : RT

A read transfer consists of loading a selected row of data from the RAM array into the SAM register. A
read transfer is invoked by holding CASL/CASU “high”, DT/OE “low” WB/WE “high” and DSF 1 “low” at the
falling edge of RAS. The row address selected at the falling edge of RAS determines the RAM row to be
transferred into the SAM. The start address of the serial pointer of the SAM (TAP address) is determined by the
column address selected at the falling edge of CASL/CASU. By doing a tight timing control between the DT/
OE rising edge and SC falling edge, a real time read transfer operation can also be performed.

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

Figure 6. Block Diagram for Read Transfer Operation

TAP Address

j } —{] $O1~16

TT??TT? ......................... TTT? ED

L SAM Serial Read

7 11

Ag~Ag .

<«— Selected Row

Row Decoder

512x512x 16 bits
Memory Cell Array

In a read transfer cycle, the SC clock must be held at a constant Vy; 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 tygp from the rising edge
of DT/OE and the falling edge of RAS and CASL/CASU as shown in READ TRANSFER CYCLE timing chart.
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10. SPLIT READ TRANSFER CYCLE :

SRT

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

256 columns

256 columns

T

y

512
rows

/

g Active 3(Stand-by ]

BN

SIO

/ 256 x 16

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

Figure 7. Split Read Transfer

Read
Transfer Spht Read Transfer Spht Read Transfer

RAS
sC

QSF

TAPZ

255 TAP3

e H M
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NOTES
(1) Transfer operation without CASL / CASU.

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

RAS \ /

Not
.................................................................................................................. Allowed

Address 77 Row_ X777 7072

2) In the case of multiple split transfers performed into the same half SAM, the tap location specified
during the last split transfer, before QSF toggles, will prevail, as shown below.

R T\ I\ 5\ /
@S \__/ N T

Address  —(Row 1XTap 1)—{(Row 2 XTap 2)—%—{Row NXTap N}

lower SAM : Active -
QsF upper SAM : Non-active A lower SAM : Non-active

t Last Flrst upper SAM : Active
S I O S

'\ C ock Cl
Muttiple Split. transfer into upper SAM
Serial access of lower SAM )

i

1

i
< E Serial access of upper SAM
1
1

—_—
starting at Tap N location

3) Split transfer operation allowable period.

Figure 9 illustrates the relation ship between the serial clock SC and the special function output QSF
during split read/write transfers and highlights the time periods where split transfers are allowed,
relative to SC and QSF. A split transfer is not allowed during to tgpy + tsts. In the case that the CBRS
operation is executed and the binary boundary in each half SAM is set or updated, an additional period
is applied, as shown in Figure 9.

Last First Last First Last First
Clock  Clock Clock  Clock Clock  Clock
C , \
; —
4 2 Ao
QSF V.
t1saa tsaar
SRT  rern [t SRT ter |1 CBRS—SRT
STH | tsTS sTH | tsTS
split | | tsTH | tsTS
Read/Write
Transfer YES NO YES NO YES NO YES
aliowed.

Figure 9. Split Transfer Operation Allowable Periods
The stop register and binary boundary are explained in the CBRS operation and the SAM port operation.
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@ A normal transfer may be performed following split transfer operation provided that a tgyg minimun
delay is satisfied after the QSF signal toggles.

QSF i
Split Transfer— . E*_ET_S.ML__,E «—Normal Transfer Operation Allowed
: |
SAM PORT OPERATION

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

11. SINGLE REGISTER SERIAL READ OPERATION

Serial data can be read out of the SAM port after a read transfer has been performed. At every rising edge
of the serial clock, the data is read out sequentially starting from the selected tap location to the most significant
bit and then wraps around to the least significant bit, as illustrated below. Subsequent real - time read transfer
may be performed on-the-fly as many times as desired.

[o]1]2]------ |._[.>| ------------------- [ 509 [510 [ 511 |
N |

12. SPLIT REGISTER MODE

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

Tap location . Tap lqcation .
¢ SRT is executed ’ §+No SRT is executed +
l—+ [T T [T T -
01 2 255 256 ]' 511

13. SPLIT REGISTER MODE WITH BINARY BOUNDARY

After a CBRS cycle is performed, the binary boundary, which is stated in 8.3. CAS before RAS refresh
and stop register set, is set when a SRT cycle is performed. The serial data is read from one half of the SAM
starting the tap location to the next binary boundary, while another SRT cycle is performed. Then, the SAM
pointer moves to the tap location in the other half SAM and the data is read from the half SAM sequentially. If
any SRT operation is not performed before the next boundary, the SAM pointer does not jump to the other half
SAM, as illustrated in Figure 10.
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@ SRT; = CBRS — SRT; = SRT3 = SRT4reeereess
(TAPy) (TAPy) (TAP3) (TAPy)

New Boundary Set

ple : CBRS is executed during this period.

I(—— CBRS =~

Ty ,———"—— This is the time point that SRT2 is executed.

Bp: Old
Boundary
New Boundary
is set by
Transfer Cycle (SRT) No SRT is executed
after CBRS.
By : New
Boundary

Figure 10. Operation of Spit Register Mode with Binary Boundary

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

| SRT>

<>

Bp : Old
Boundary

By CBR

Real Time Reset

\

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

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

_ /

RAS

g

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

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

RAS —_\i‘i‘is’_/_\\_/—\__/—‘
/ Us

Figure 13. Binary Boundary Jump Set Sequence

There are additional timing specifications, tyga s and tgs o1 to determine the period that does not allow a
split transfer, as illustrated in Figure 14.
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Boundary

Bound Boundar:
Location 1st Lgé“:ti:rl;y Ist L.?Z’ ntiony ist
5c|ll|l|\.||| ..... Ill‘l.l,llll‘ ..... ll‘l\ ..... I
I «
QsF 7 ) b y
N 0
- Lap - plols] tsqp
»> < > < <
Period B trsan tsaaT Period 8 trgan tsaaT Period B AA tsaaT Period B
<> < > <>l > <> >
<+> ¢ > <+rit < ¢ >
Ons ~ 60ns
tsts ts1s tsts
<
tsTH  B3ons tsTH tsTH
< - | - <
30ns
.Period A »| .Period A »| < Period A >
Figure 14. Timing Specification to allow SRT operation

Power must be applied to the RAS and DT/OE input sighals to pull them “high” before or at the same time
as the V¢ supply is turned on. After power-up, a pause of 200 {1seconds minimum is required with RAS and
DT/OE held “high”. After the pause, a minimum of 8 CBR dummy cycles must be performed to stabilize the
internal circuitry, before valid read, write or transfer operations can begin. During the initialization period, the

DT/OE signal must be held “high”.

INITIAL STATE AFTER POWER-UP

When power is achieved with RAS, CASL/CASU, DT/OE and WB/WE held “high”, the intemal state of
the TC524262 / 265 is automatically set as follows.

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

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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OSHI BA TC5951604

TC5951608

SILICON GATE CMOS target spec
2,097,152 BY 8 BIT SYNCHRONOUS DRAM

DESCRIPTION

The TC59S1604/1608 is a JEDEC-standard synchronous DRAM (SDRAM) using a single 3.3Part -volt
power supply. Various operational modes can be initiated by controlling the state of the RAS, CAS, WE, CS,
CKE and DQM signals at the rising edge of the clock.

The synchronous DRAM is offered in the following organizations.

Part Number Organization
TC5951604 4Mx4
TC5951608 2Mx8
FEATURES KEY PARAMETERS

« Fully synchronous DRAM

«  Operating frequency of up to 100 MHz TC59S81608FT/TR-10 | TC59S1608FT/TR-12

« All inputs and outputs LVTTL compatible
100 66 50 80 50 40

+ Allinputs and outputs referenced to the rising MHz | MHz | MHz | MHz | MHz | MHz
edge of the clock
+ Two bank organization to allow concurrent Re 10 7 5 10 7 5

access/refresh and precharge operation
¢ RAM - SAM Transfer

tRAS 6 4 3 6 4 3

Read / Real Time Read Transfer

Split Read Transfer B

- Rp 4 3 2 4 3 2
* RAS latency of 6 clocks at 100 MHz

-

» CAS latency of 3 clocks at 100 MHz teaC 3 2 2 3 2 2
» Random column address update possible every 2

clock cycles tpe 2 2 2 2 2 2
» Programmable burst length and addressing mode i
« Programmable clock latency tRRD 2 2 1 2 2 1

« Auto refresh and self refresh
« Toshiba standard DRAM process
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PIN DEFINITION
NAME /0 FUNCTION
Ap- Ag I | Address Input
Ay - 1o for Row Address
A - g for Column Address
BS I | Bank Select
DQy - DQ, I/O | Data Input/Output
RAS I | Row Address Asserted
CAS I | Column Address Asserted
WE I | Write Enable
DQM I Output Disable/Write Mask
CS I | Chip Select
CLK I | Clock Input
CKE I | Clock Enable
Vee Power for Internal Circuit
Vgs Ground for Internal Circuit
Veeq Power for Output Pin
Vssq Ground for Output Pin

PIN OUT (2M x 8 Synchronous DRAM)

TC59S16800FT
Vee 1 44 7Vss
DQo 2 43 {DQ7
VssQ 3 42 [ VssQ
DQ; 4 41 DQs
VecQ 5 40 [ VecQ
DQs 16 39 [1DQs
VssQ 7 38 [ VssQ
DQ; 8 37 FJDQs
VecQ ]9 36 Ve
NC 1o 35 FINC
WE 112 33 [ DQM
TAS 13 32 [ CLK
RAS 14 31 [ CKE
S5 30 [(INC
BS 16 29 MAs
Ao 17 28 M As
Ao]18 27 QA1
A9 26 [JAs
Az 20 25 FJAs
Asp]2 24 [1As
Voc 422 23 I Vss

400mil 44Pin TSOP I
(0.8mm pin pitch)

TC59S16800TR
Vss 44 — 1 :VCC
DQ, 43 2 DQo
VssQ 42 5 DOvssQ
Qg Q41 g shp
VeeQ 39 6 veeQ
DQs [1DQ,
VssQ O} 38 7 HvssQ
VDQé gg g ngsQ
CC CC
Nc 38 10 AINC
pQm 33 12 AWE
cLK 32 13 Ocas
CKE 31 14 AIRAS
Nc 30 15 11¢Ts
LR kb
Ag Ao
A7 E 27 18 AO
Ag O]26 19 {4
As 025 20 Ja,
A, 24 21 fa,
Vss E 23 22 :vCC

400mil 44Pin TSOP I
(Reverse Type)
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BLOCK DIAGRAM
Bank A
Precharge BS
[
[
I
[
.
e 1,048,576 X8 Cell Array A\J: ] DQ~DQ;
Bank A in N B
H ':J'\>x 1 QF [«
» 8 S F
= E
E
R R
e
‘ T
[
A
Ag~Ay, [ CAo,

—t I =
CB| |p= TG|~——FAS
oul [Rho IE
LF 1,048,576 X8 Cell Array l_ MN o]

7= UF " IE
ME CAo~g Bank B L%‘ Iéﬁ <« VWE
NR
iy Nl T |«— DQM
T 'T Ole——cxp
PL Bank B BS i}
RO Precharge CLK
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BS | gC
A
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G
E
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OPERATION
1. OPERATIONAL MODES

All the operations of the synchronous DRAM are initiated by a command which is sampled at every clock
rising edge. The truth table for the operation commands is as shown in Table 1. The Chip Select signal, CS,
activates the DRAM and accepts any command when it is low.

Table 1. Function Truth Table

I

Command CKE | DQM BS A10 A9-0 [ RAS CAS WE
Mode Register Set H® X v v v L L L L
Auto Refresh HD X X X X L L L H
Self-Refresh Entry L X X X X L L L H
Bank Deactivate/Precharge H® X v L X L L H L
Precharge All H® X X H X L L H L
Bank Activate H® X \% v \ L L H H
Write H® X \% L v L H L L
Write and Autoprecharge H® X v H v L H L L
Read H® X v L \Y L H L H
Read and Autoprecharge H® X \Y H N L H L H
No Operation H® X X X X L H H L
No Operation H® X X X X L H H H
Device Deselect H® X X X X H X X X
Clock Suspend/Standby Mode L@ X X X X X X X X
Data Write/Qutput Enable H® L X X X X X X X
Data Mask/Output Disable H® H X X X X X X X

Note
(1) This level indicates at same cycle.
(2) This level indicates at previous cycle.
(3) V=Valid X=Don’t Care L=Low level H=High level

2. PRECHARGE

The Precharge cycle is initiated with the RAS and WE signal low and the CAS signal high at a Clock rising
edge. A10 signal is used to select from two precharge operation, Bank Precharge and Precharge All. When the
A10ssignal is high, both banks are precharged simultaneously. When the A10 signal is low, the bank select signal
selects one of the two banks to be precharged. This operation is performed on a bank independently from the
other bank, which can be held active.
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3. ACCESS CYCLE

A Row Address Strobe cycle activates one of the two banks which corresponds to the status of the Bank
Select signal. The Column Address Strobe cycle follows and initiates the sequential read or write operation
which is synchronized at every Clock rising edge with up to 100MHz frequency. The addressing mode during
the sequential read or write is programmable from two types, Sequential mode or Interleave mode. The number
of the reads or writes (burst length) per a Column Address Strobe cycle is also programmable with the Mode
Register Set cycle. The output buffer will be turned off after the specified read cycles are done.

If the two banks are alternately accessed, the Hidden Row Address application can be achieved, as
illustrated in Figure 5, 6 and 7. The precharge operation is assumed to be performed in the bank which is not
being accessed.

3.1 Page Mode

The Page Mode of the synchronous DRAM is similar to the fast page mode of a conventional dynamic
RAM. The column address can be randomly updated by the Column Address Strobe cycle as many times as a
system wants within the tg o maximum and refresh requirement. The minimum period until the next Column
Address Strobe cycle is specified as tpc, which is 2 cycles. A different column address within the page can be
accessed while accessing other column addresses. The CAS command should be asserted even clock cycle
followed by previous CAS command. After a burst length access, a delay time of tygy is required before the next
CAS command is asserted. The last clock of the read cycle is the clock that causes the DQ lines to go HI-Z after
the burst length data read. CAS Command can be asserted at any clock edge after tyyg from last input at write
cycle. (Figures 16,17) The feature is also applicable to the access between the two different pages which were
independently selected in the two banks at the Row Address Strobe cycles. The Bank Select signal is used to
choose one of the two pages to be accessed. (Figure 8)
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3.2 READ AND WRITE OPERATION

The synchronous DRAM supports sequential read and write operations. The write operation is selected
when the Write Enable signal is asserted at a Column Address Strobe cycle. Otherwise, the RAM will be in the
read mode. Therefore, a read modify write operation is not available with the RAM. Because of the pipelined
operation implemented in the RAM, the initial read data from the Column Address Strobe cycle becomes
available at the cycle which is specified as the foc in clock cycles. The number of read - outs per CAS cycle
is determined with the burst length.

A read operation can be switched to a write operation at a multiple of the tpc.cycle from the Column
Address Strobe cycle for the read operation, although the data is still being read within the burst length, In this
case the DQM signal has to be controlled, otherw/ise bus contention occurs during the transition. (Figure 9 , 18)

When a precharge command is asserted during read operation, the read data is going to be invalid after
Read CAS Latency delay. The precharge command doesn't affect the column operation of device, therefore the
data is continuously output after the precharge command assertion, however this data is unkown. (Figure 18)

When a read command is asserted during a Write operation, the write data that is input to the device prior
to the read command is written into the RAM array. The data input after read command assertion is not written
into RAM. (Figure 19)

Write cycle is completed when precharge command cycle is asserted. 2 Clock cycle of DQM mask have
to be asserted when precharge command is performed before full length of burst write cycle. (Figure 9 , 19)

When the A10 singal is high at a Read / Write command, the autoprecharge cycle is activated. Therefore
precharge is performed automatically. The autoprecharge cycle can not be interruped.

3.3 CLOCK MASK AND INPUT / OUTPUT MASK

In the event that a system can not accept or provide the data within a clock cycle, the clock suspension
mode is useful. Once the CKE signal is negated, the Clock is internally freezed from the next cycle. A read or
write operation is, thus, suspended until the CKE signal is asserted again.

The Input / Output Mask signal (DQM) has two functions, synchronized output enable during a read cycle
and word mask during a write cycle. The Read cycle requires 1 clock latency before the functions are actually
performed. In case of the Write cycle, word mask functions are performed in the same cycle (0 clock Latency),
as illustrated in Figure 2.
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CLK i
RAS 7 zzw

CAS T N\ ez

ADD DX 22222 e 2 e < T e T
WE 7\ zzzz

DQM

DQ
Figure 2. Clock Mask and Input/Output Mask (4 wrap mode)

4. REFRESH OPERATION

There are two refresh modes available with the RAM, Auto Refresh and Self Refesh cycles. The auto
refresh cycle starts when the CS and RAS and CAS signals are low and the CKE and WE signals are high at the
Clock rising edge, which is similar to CAS before RAS refresh of a conventional DRAM. Bank A / B are
refreshed alternately by Auto Refresh. The Auto Refresh has autoprecharge function, therefore precharge
operation is executed automatically. Next command can be asserted after tyc from refresh command. (Figure
13)

The Self Refresh mode starts when CS , CKE, RAS and CAS are Low at the clock rising edge. To exit
from the self refresh cycles, the CKE signal is asserted and a delay of tyc is required. Then the next arbitrary
operation can be performed. (Figure 14).

5. MODE REGISTER SET CYCLE

The RAM has programmable addressing modes during the consecutive column access cycles. One of the
modes is selected at a Mode Set cycle. The random access time in clock cycles, and the latency are also
programmed at the same cycle. A system can choose the best suitable modes to maximize its performance. The
Mode Set Cycle is initiated when RAS, CAS and WE signals are low at the clock rising edge. Four clocks are
needed to change the mode, as illustrated in Figure 3.
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SR o S e s N s S s B
s T/ T

& Y222 pizzzizniigziz2z N
Ve 7272, I/ 22,

oo KRes D X770 : )

Arbitrary Cycle
(Row Address Strobe Cycle)

BS 0

‘:l: g Reserved

Ag 0

A7 T Test Mode

Ag L

Ag L Latency field

Ay L

Aq S/1 Addressing mode (Sequential / Interleave)
Ag B

Ay B Burst Length field
Ag B

Figure 3. Mode Register Set Cycle
5.1 LATENCY

In order to maximize the performance of a system the latency along with relevant parameters can be set
with the mode set cycle. The maximum frequency is specified on each latency as shown on the cover page.

A A A t, (Cycle)
I T T N A R A ) R e
Latency field (Ag~Ay) 0 1 1 3
0 0 4

Note : Any other combinations are not available on Ag~A, besides the above three types.
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5.2 ADDRESSING MODES

There are two addressing modes available with the RAM, Sequential mode and Interleave mode. A system
has to perform at least one mode register set cycle to specify one of the addressing modes prior to any operation.

BS Ajg Ay Ag Ay Ag As Ag A3 Ay Ap  Ag
[oJoJoJoJmJrfr]r]sni[B[B[B]

Burst Length field (Ay~Ag)

Ay | Ay | Ag | Sequential Interleave
0 0 1 2 2
0 1 0 4 4
0 1 1 8 8

Other combinations are prohibited

Interleave/Sequential Select (Aj) Az | Addressing Mode
0 Sequential
Intrerleave

With any addressing mode the access which is initiated by a CAS cycle can start at any arbitrary column
address. The data will be sequencially read or written into the RAM up to the specified number by the burst
length field. The sequential mode is suitable for a cache line fill application, where the sequential access returns
from the end to the beginning of a block whose boundary is determined at every burst length in a row. The
interleave mode controls the address so each address is flipped to its invert at the clock rising edge every time
one bit less siguificant address returns to the previous state. Intel's 486 microprocesser implements the 4 bit
interleave mode for the burst cache fill operation.

5.3 TEST MODE

When A7 bit is set, the device enters Test Mode. The A7 bit should be set to “0” during normal operation.

6. POWER DOWN MODE

The I current is reduced by cutting off the Input and Output Buffer. The Input Buffer and Output Buffer
are controlled by the CKE signal, however while either bank is active, CKE doesn't control the Input and Output
Buffers. Power down mode cut off the Input and Output Buffers except the CLK Buffer and CKE Buffer.
(Figure 15)

7. POWER UP

To ensure that the outputs are high-Z, DQM and CKE should track V¢ After power up, a pause of 200
seconds minimum is required. Foliowing this pause time, minimum of 8 Auto Refresh dummy cycles must be
performed to stabilize the internal circuity before any operations start. The default value of the Mode Register
after power up is undefined. therefore a Mode Register set cycle must be performed before proper operation.
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SN Burst Length Addressing Sequence
Sequential 4 bit o 1 2 3
(A3=0) (Ay~Ap=010) | 2 3 0 1
7 4 5 6
13 14 15 12
Sequential 8 bit o 1 2 3 4 5 6 7
(A3=0) (AyAg=011) |2 3 4 5 6 7 0 1
7 0 1 2 3 4 5 6
13 14 15 8 9 10 11 12
Interleave 4 bit 0o 1 2 3
Az=1) (Ay~Ap=010) [ 1 O 3 2
7 6 5 4
13 12 15 14
Interleave 8 bit 0o 1 2 3 4 5 6 17
(Az=1) (Ay~Ag=011) |1 0 3 2 S5 4 7 6
7 6 5 4 3 2 1 0
13 12 15 14 9 8 11 10

Figure 4. Column Access Addressing Example

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vee Supply Voltage 3.0 33 3.6 A\’
Veco Supply Voltage for DQ Buffer 3.0 33 3.6 A\
Vi Input High Voltage 2.0 Vee+0.3 v
\4 Input Low Voltage -0.5 0.8 v

CAPACITANCE (Ta=0~70° C, V¢ = 3.3V + 10%, f = IMHz)

SYMBOL PARAMETER MIN. MAX. UNIT
C[ Input Capacitance 5 pF
Co Input/Output Capacitance 7 pF
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DC CHARACTERISTICS (Ta=0~70° C, Vp=3.3V10.3V)

Limits
PARAMETER
-10 (100MHz) -12 (30MHz)

RAS Operation Current Single Bank
ROW Address Strobe Command Operation 80mA 70mA
PRD ™ RC=M Operation m
CAS Operation Current
Colufnn Address Strobe Command 90mA 80mA
Cycling
tprp = MiN tpc = min
No Operation Current
Both Bank Active 10mA 10mA
CS=Vy FIX
Standby Current TTL 2mA 2mA

Input
Both Bank Precharged CKE=Vy, CMOS

Input 1mA 1mA
TS = Vjy FIX P

TTL

Tnput TmA TmA

CKE = Viy

CMOS SmA SmA

Input
Auto Refresh Current
Auto Refresh Command Cycling 80mA 70mA
tprp = MiN tyc = min
Self Refresh Current
CKE = Vy, ImA ImA
CMOS Input

PARAMETER min ~ max
Input Leakage Current -10uA 10nA
Output Leakage Current -10pA 10pA
Output “H” Level Voltage (Iout = -4mA) 2.4V
Output “L” Level Voltage (Iout = 4mA) 0.4V
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-11
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AC CHARACTERISTICS (Ta=0~70°C, V¢ = 3.3V £ 0.3V)

SYMBOL PARAMETER 10 2 UNIT | NOTE
MIN. MAX. MIN. MAX

tRC Random Read/Write Cycle Time 100 120 ns 2
tRAC Access Time from RAS 60 72| ns 2,4
tRCD RAS to CAS Delay Time 20 30 24 36( ns 2,4
trp RAS Precharge Time 40 48 ns 2
tRRD RAS to RAS Delay 20 24 ns 2
teac Access Time from CAS 30 36 ns 2
tpe Page mode Cycle Time 2 2 Cycle
tRSH CAS to Precharge Delay Time 2 2 Cycle
tCRA Access Time from CLK 10 12| ns
tWR Write Recovery Time 1 1 Cycle
RST Burst Cycle Reset time 20 24 ns 2
toH Output data hold time 5 6 ns
top Output data disable time 5 10 6 12 ns
tacT Power down mode exit time 0 15 0 18 ns
tsp Power down mode eniry time 0 15 0 18 ns
tRAS RAS to Precharge Delay 60 100 72 100 | ns/us 2
tSTUP Input Signal SetupTime 2 2 ns
tHOLD Input Signal hold time 3 4 ns
tr Transition time 1 10 1 10| ns
tpRD CLK Period 10 12 ns
tCLKH CLK High Time 2 3 ns
toLKL CLK Low Time 2 3 ns
tppF Refresh Period (4k Refresh) 64 64| ms
tRSC Mode Register Set Cycle Time 40 48 ns 2
RH Register Set Data hold time 8 10 ns
RS Register Set Data setup time 2 2 ns
D-12 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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NOTES

1. AC measurements assume tr=2ns.
Measured with a load equivalent to 2 TTL Load and 50pF.
Mid point is reference level for measuring timing of input and output signals. Vref=1.4V

2. CLK times of this parameter are decided by operation CLK period.

. Timing Parameter
CLK time=round up [—-- R ——
PRD

TC59S16800FT/TR-10 TC59S16800FT/TR-12
1, 1, t t, t 1 t 1, t t
CLK Freq RC RP | RRD | lcac | RAS CLK Freq RC RP | IRRD | lcac | Ras
100ns | 40ns | 20ns | 30ns | 60ns 120ns | 48ns | 24ns | 36ns | 72ns
33%*~50MHz 5 2 1 2 3 25*~41MHz 5 2 1 2 3
51~66MHz 7 3 2 2 4 42MHz 7 3 1 2 4
67~75MHz 8 3 2 3 5 43~55MHz 7 3 2 2 4
76~83MHz 9 4 2 3 5 56~62MHz 8 3 2 3 5
84~100MHz | 10 4 2 3 6 63~69MHz 9 4 2 3 5
70~80MHz 10 4 2 3 6
3. *:It is the minimum frequency so the synchronous DRAM has performance advantage over standard
DRAM:s.
4, Operation within the tycp (max) limit insures that tg 5 (max) can be met.
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COMMAND INPUT WAVEFORMS

Al »
R PRD | LKH
v »
CLK IH - —}l .—__*-——J r_____1
P HO tHoLp tstup
D) Y ;

tstup|  tHOLD tstup|  tHoLD tioLp
—— —¢ N P :
I \ b)) v
CKE % S W h « E J

»
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OUTPUT WAVEFORMS

CLK __Jk L_%__/_\__ir_\__il_\___f_\__/
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INPUT MASK / CLOCK MASK CYCLE

CLK — 1/ [———_\__/[——\___/[—\_____
K tHoLD tstupf, tHoLD t
Al — A 143 ?)
i 3
DQM. I ) 3{
t ¢ tstup| tHoLp tstup| thoLD tsTup| tHOLD
|, twoLp ” N |

CLK

i
CKE * XFL 1T K

tst tiioL.p t tHoLD tstup| tHoLD tstup| tHoOLD
up STUP A

——)| —————)
VALID VALID VALID VALID
DQO~7 7 DATA-IN DATA-IN DATA-IN DATA-IN
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OUTPUT MASK / CLOCK MASK CYCLE

ax 1\ \__f _f

¢ tHoLD, A‘ﬁsmr;: tHoLD _ N ¢
/ i _
nQM 1 /

DQO~7 VALID DATA-OU VALID DATA-QU VALID DATA-OUT

CLK __7[___\_/ {_\___/Z__\____

i
p luow, ‘tsmvH tHoLn | | lsTue,

/
CKE A 1

DQ0~7 VALID DATA-OU VALID DATA-OUT VALID DATA-OUT
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MODE REGISTER SET CYCLE

CLK

tstup{ thoLbD

tstup{ tHOLD

tsrup{  thoL D

tstup tioLp
[ %
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T

Arbitrary Cycle

Mode Set Cycle
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16M Synchronous DRAM INTERLEAVED BANK READ (4 WRAP MODE)

(External Precharge)

(CLK=100MHz)

awolaw JawXaws
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16M Synchronous DRAM INTERLEAVED BANK READ (4 WRAP MODE)

Figure 5 -2
(CLK =100MHz) (Auto Precharge)
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TC5951604, TC59S1608

16M Synchronous DRAM INTERLEAVED BANK READ (8 WRAP MODE)

Figure 6-1
(CLK=100MHz) (External Precharge)
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TC5951604, TC59S1608

16M Synchronous DRAM INTERLEAVED BANK READ (8 WRAP MODE)

Figure 6-2

(CLK =100MHz) (Auto Precharge)
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TC59581604, TC59S51608

16M Synchronous DRAM INTERLEAVED BANK WRITE (8 WRAP MODE)

Figure 7-1

(CLK =100MHz) (External Precharge)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

[slelV)]

CKE

DQ VSX bvaXb;v X (::ZOX ¢ 21 cfzz

D-23

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC5951604, TC5951608

16M Synchronous DRAM
Figure 7-2

INTERLEAVED BANK WRITE (8§ WRAP MODE)

(CLK =100MHz) (Auto Precharge)
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TC5951604, TC59S1608

16M Synchronous DRAM

Figure 8

(CLK =100MHz)
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TC5951604, TC5951608

16M Synchronous DRAM ACTIVE PAGE READ TO WRITE (8§ WRAP MODE)

Figure 9
(CLK=100MHz2)
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TC5951604, TC5951608

ACTIVE PAGE READ-WRITE-READ (4 WRAP MODE)

16M Synchronous DRAM

Figure 10
(CLK = 100MH?2)
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TC5951604, TC5951608

16M Synchronous DRAM READ AND AUTOPRECHARGE (4 WRAP MODE)

Figure 11

(CLK =100MHz)
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Note : Internal Precharge is performed at tRCD + Burst Length.
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TC5951604, TC5951608

16M Synchronous DRAM WRITE AND AUTOPRECHARGE (4 WRAP MODE)

Figure 12
(CLK =100MHz)
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TC5951604, TC5951608

16M Synchronous DRAM AUTO REFRESH CYCLE

Figure 13
(CLK =100MHz)
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TC5951604, TC5951608

16M Synchronous DRAM

Figure 14
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TC5951604, TC5951608

16M Synchronous DRAM
Figure 15

POWER DOWN MODE

(CLK= 100MHz)
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Note : The Power Down Mode is initiated with the CKE signal Low after two Banks percharged.
In Power Down Mode, the RAS, TAS, Add, WE, DQM, TS, and DQ Butter are inactive.

Exiting from the Power Down Mode, command input clock from CKE rising edge is specified by later case of tACT or tSTUP + tPR(
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TC5951604, TC5951608

RESTRICTION OF FOLLOWING COMMAND FROM READ COMMAND
Figure 16
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TC5951604, TC5951608

RESTRICTION OF FOLLOWING COMMAND FROM WRITE COMMAND
Figure 17
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TC5951604, TC59S51608

BURST READ INTERRUPTED
Figure 18
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JSHIBA —

SILICON GATE CMOS target spec
512KX9 RDRAM™ '

DESCRIPTION

This a new generation ultra high speed CMOS Rambus™ DRAM organized as 512KX9. It uses advanced
circuit design techniques with standard CMOS process technology. The sense amplifiers act as a cache and burst
up to 256 bytes at a rate of 2 nanoseconds per byte.

FEATURES SYSTEM BENEFITS

« Rambus Interface: « Eliminates second level caches
500 MB/sec peak transfer rate per RDRAM
Low signal swing byte wide (9 bit) interface to
the Rambus Channel
Synchronous protocol for fast block-oriented

e Vastly imporves graphics performance at lower
cost

o Decreases part count - Eliminates cache, buffers,
address decoders, extra buses etc.

transfers
Flexible addressing controlled by on-chip » Same pinout as 2MX9 RDRAM
registers »  Full Rambus Channel performance in
Direct connection to Rambus ASICs, MPUs, and configurations as small as one RDRAM
Peripherals » Alleviates need for expensive multi-chip
» 48 ns from beginning of read request to first byte, modules at high system clock rates
h
2 ns per Pyte thereafter o * Systems are modular - faster MPUs and larger
* 2 cache lines per RDRAM - Each cache line is 1 Rambus memories can be installed without
KByte each changing board layout or logic design
* RDRAM entirely self-contained, on-board RAS/
CAS and refresh logic
» Vertically oriented surface mount plastic
package (SVP)

Rambus™ and RDRAM™ are trademarks of Rambus Inc.
Rambus Technology is used under license from Rambus Inc.
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TC59R0409

PIN DESCRIPTION

SIGNAL

I/0

DESCRIPTION

BusData
[0-8]

jue]

Bus data for request, write, and
read protocols. These are low
swing signals referenced to Vref.
The data lines carry the request
packet with the address,
operation codes, as well as the
count of the bytes to be
transferred. Active low.

RxClk

Receive clock. This clock is
aligned with incoming request
and write data packets. This
clock is completely synchronized
with the request and data sent out
on the Rambus™ Interface.

TxClk

Transmit clock: This clock is
aligned with the data being sent
out on reads as well as the
acknowledge packets. This is a
low swing signal referenced to
Vref.

Vref

This is the logic threshold
voltage for low swing signals.

BusCitrl

1/0

Control signal to frame packets,
Transmit opcode, and
acknowledge requests. Signal is
active low.

BusEnable

Control signal to enable the bus.
This signal is pulsed to power up
the bus. Long assertions of this
signal will reset all devices on the
bus. Signal is active low.

vdd,
VddA

+5V power supply. VddA'is a
separate supply for clock
receivers.

Gnd,
GndA

Circuit ground. GndA is a
separate ground for clock
receivers.

SIn

Reset daisy chain input. TTL
levels. Active high.

SOut

Reset daisy chain output. TTL
levels. Active high.

(1) VddA and GndA must be tied to VDD and Gnd, respectiviely

where the RDRAM connects to the PC board.

PIN OUT
32 pin SVP SIP
(TOP VIEW)
1 vdd
2 Gnd
3 BusData8
4 Gnd
5 BusData7
6 (NC)
7 Bus Enable
8 vdd
9 BusData6
10 Gnd
11 BusData5
12 VddA
13 RxClk
14 GndA
15 TxClk
16 vdd
17 BusData4
18 Gnd
19 BusCtrl
20 SIn
21 Vref
22 SOut
23 BusData3
24 Gnd
25 BusData2
26 (NO)
27 BusDatal
28 Gnd
29 BusData0
30 (NC)
31 Gnd
32 vdd
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TC59R0409

BLOCK DIAGRAM
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TC59R0409

SYSTEM CONFIGURATION

Memory Modules
Rambus

DRAMs ‘/\ / Secondary Channels

Socket for Rambus
Expansion DRAMs

Primary Channel

¢ 1 to 320 RDRAM S per system
© 30 traces per Channel
» Controlled impedance design

PROTOCOL

The RDRAM responds to bus transactions initiated by a Rambus master device. The Rambus master sends
out a request packet on the Rambus Channel and all RDRAM devices on the bus receive the information in the
request packet. The request packet contains address and control information necessary to specify the transaction.
The transaction can be a read or write operation from or to a block of memory, and can be between one and 256
bytes in length. The RDRAM examines the contents of each request packet to determine the required action. If
the address in the packet targets this particular RDRAM, then it replies with an Achnowledge packet which
indicates to the master whether the RDRAM can service the request. For memory write transactions, the master
follows the request packet with the write data packet, which is stored into the RDRAM’s core column sense
amplifiers. For memory read transactions, the RDRAM reads data from the RDRAM core’s sense amplifiers
and sends it to the master. The interval between the request packet and the following acknowledge and data
packets is programmable during device initialization. Once programmed, the delays are fixed during normal
operation.

CACHING

Each RDRAM contains two completely independent direct mapped cache banks. Each bank has its own
memory core sub-array, sense amplifiers, and cache tag. The Rambus Interface circuitry manages both the
memory core and cache operation. The master only needs to retry those transactions that cause a miss. Each
cache in the RDRAM is 1 KByte. The 1 KByte cache size contributes to a significant hit rate to those caches
and the access time to data in these caches is low. If the data specified by the request packet is not available in
the sense amplifiers, the RDRAM begins a row access operation to write back the current row and retrieve the
requested row. Simultaneously, the RDRAM sends a negative Acknowledge packet to the requesting master
device. The master may then retry the operation a Retry time later. The most recently requested rows are latched
in the sense amplifiers until the master requests a new row. The sense amplifiers thus act as a cache for very fast
read and write accesses.

ADDRESSING

Unlike traditional DRAMs, each RDRAM decodes its own addresses. The mapping of addresses to
Rambus devices is set during device initialization. The address mapping is very flexible, supporting device
interleaving and mixing of Rambus devices of various sizes and types. Address mapping, self-refresh, packet
interval timing, and other functions are controlled by use of on-chip registers. Registers are accessed using the
same read and write transactions as memory, but are located in a separate address space.
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TC59R0409

ABSOLUTE MAXIMUM RATINGS

The following table represents stress ratings only, and functional operation at the maximums is not
guaranteed. Extended exposure to the maximum ratings may affect device reliability. Furthermore, although
devices contain protective circuitry to resist damage from static electric discharge, always take precautions to
avoid high static voltages or electric fields.

SYMBOL PARAMETER MIN. MAX. UNIT
Voltage applied to any low-swing
VIN, ABs pin with respect to Gnd 03 Vad+0.5 v
Voltage applied to any TTL pin
VIN,TTL, ABS with respect to Gnd 03 Vad+0.5 v
Vi, ABS Voltage on VDD with respect to 05 65 v
' Gnd
Ty, aBs Junction temperature under bias -55 125 °C
TSTORE Storage temperature -55 125 °C
THERMAL PARAMETERS
SYMBOL PARAMETER MIN. MAX. UNIT
Ty Junction operating temperature 0 100 °C
05c Junction-to-Case thermal resistance TBD °C/Watt
CAPACITANCE
SYMBOL PARAMETER and CONDITIONS MIN. MAX. UNIT
CinrrL TTL input parasitic capacitance 10 pF
CourrrL TTL output parasitic capacitance 15 pF
RECOMMENDED ELECTRICAL CONDITIONS
SYMBOL PARAMETER MIN. MAX. UNIT
Vpps Vppa | Supply voltage 4.5 5.5 \'
VRer Reference voltage 1.9 2.4 A\’
Vi Input low voltage Vgrer0.4 Vrgr-0.2 v
Vg Inputhigh | Input high voltage
voltage Vrert0.2 Vrert0.4 A%
ViL, 1L TTL input low voltage -0.5 0.8
VIH, TTL TTL input high voltage 2.0 V4 +0.5 v
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TC59R0409

ELECTRICAL CHARACTERISTICS.

lock time

SYMBOL PARAMETER MIN. MAX. UNIT
IRer VRer current @ Vygp=2.4V -10 10 A
IiN Input current @ (0SVy<Vpp) -10 10 uA
) Output low current (at maximum
IoL programmed value) @ Vqoyr = .35 mA
1.6V to 2.2V
Ao Errpr in programmed ogtput low 0.55 0.55 mA
current (from unit to unit)
Output high current @ Voyr =
Ton 2.0V t02.7V 10 10 nA
TTL input leakage current @
I -10.0 10.0 A
N, TTL (O<viN, TTL<VDD) .
VoL, 1L TTL output voltage @ V; =1.0mA 04 v
TTL output high voltage @ Vqyu=-
Vou i | g25ma 24 v
RECOMMENDED TIMING CONDITIONS.
SYMBOL - PARAMETER MIN. MAX. UNIT
TxClk and RxClk input rise and fall
ters tep times P 0.3 0.7 ns
teyYCLE TxClk and RxClk cycle times 4 10 ns
TxClk and RxClk high and low
tCH’ tCL times 1.3 tCYCLE -1.3 ns
It TxClk-RxClIk differential 0 teyerg -1.2 ns
Data/Control input rise and fall
tpr» tpE times P 0.3 0.7 ns
Data/Control output rise and fall
QR 1oF | s P 0.4 0.6 ns
s Data/Control-to-RClk setup time 03 ns
ty RClk-to-Data/Control hold time 0.3 ns
tREF Refresh interval 16 ms
RDRAM internal clock generator
tLock 10 us

E-6
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TC59R0409

TIMING CHARACTERISTICS

SYMBOL PARAMETER MIN. MAX. UNIT
SIn-to-SOut propagation delay @
t 5 50 ns
SD Croap, Tr.=40pF
ty TClk-to-Data/Control output time teycrg/4 +0.3 teycLe/4 +0.3 ns
RAMBUS CHANNEL TIMING

The Rambus channel timings shown below are presented to show important timings on the Rambus
channel for common operations. Please refer to the detailed Rambus Technology Guide for all possible
interactions that could occur on the Rambus channel. All timings are from the point of view of the channel
master, and thus have the bus over head delay of 4ns per bus transversal included.

SYMBOL PARAMETER MIN. MAX. UNIT
tcycLE TxClk and RxCIk cycle times 4 10 ns
Start of request packet to Ack or
{RESPONSE | Nack uestp 70 10 teyole
¢ Start of request packet to first read 120 150
READHIT | da(a for Row Hit feveLe
Start of request packet to start of

CWRITEHIT | oo dataq P 40 70 tcycLe

¢ Start of RowMiss packet to 26
READRETRY | RowMatch packet feveLe

‘ Start of RowMiss packet ot 26
WRITERETRY | RowMatch packet feveLe

¢ Start of request packet to end of 32 283
READBURSTS2 | hyte read for Row Hit fevers

; Start of request packet to end of 140®
READBURST2S6 | 956 byie read for Row Hit fevere

¢ Start of request packet to end of 32 20@
WRITEBURST32 | pyte write for Row Hit fevees

¢ Start of request packet to end of 1329
WRITEBURST256 | 256 byte write for Row Hit fevere

(1) Programmable

(2) Minimum at tcycp gvn- Delay programmable to give equivalent timings at long teyer g

(3) Calculated with trgApHITMIN
(4) Calculated with twriTEHITMIN
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TC59R0409

RISE/FALL TIMING

------------

Vina.out -- \, ----------
VConh'oLouc .- -:- \g-oom=c--

When:

Voraan = Verae- Zo * (loraay)

Voratax = Y1y - Zo * (loLapax * programmed value)

CLOCK TIMING

VDen,in
VCutolin
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TC59R0409

RISE/FALL TIMING

CLE
| fmcx (even) . tpcx (odd)
¢ > »

V!:hn.ouc
Controlout  $X&J

* trick is defined as one-half teycy g.

SERIAL CONFIGURATION PIN TIMING

Vawrm. =13V

READ HIT TIMING DIAGRAM
tovais,
o (LM UL ML
tREADHIT 1
G EEHRE
tRESPONSE _j

~ Y, | T

WRITE HIT TIMING DIAGRAM

e i=isisininizinisininl

wRITEHIT |

R TS Y000 S

RESPONSE M

{Ack)
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TC59R0409

READ MISS TIMING DIAGRAM
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JSHIBA TCSOR1609VE

SILICON GATE CMOS target spec
18 Mbit RDRAM™

DESCRIPTION

The TC59R1609VK is a new generation ultra high speed CMOS Rambus™ DRAM organized as 2MX9.
The TC59R1609VK uses advanced circuit design techniques with standard CMOS process technology. It
utilizes the sense amplifiers as a cache and bursts up to 256 bytes at a rate of 500 MBytes per second.

FEATURES

¢ Rambus Interface:
500 MB/sec peak transfer rate per RDRAM
Low signal swing byte wide (9 bits) interface to
the Rambus Channel
Synchronous protocol for fast block-oriented
transfers
Flexible addressing controlled by on-chip
registers
Direct connection to Rambus ASICs, MPUs, and
Peripheral

*  Multiple cache lines per RDRAM

+  RDRAM entirely self-contained

» Vertical surface mount package

SYSTEM BENEFITS

» Same pinout as 4.5 Mbit TC59R0409VK
RDRAM

* Incremental memory granularity is 2 MB

* Alleviates need for expensive multi chip
modules at high system clock rates

«  Systems are modular - faster controllers and
larger Rambus memories can be installed
without changing board layout or logic design

Rambus and RDRAM are trademarks of Rambus Inc.
The Rambus technology is used under license from Rambus Inc.
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TC59R1609VK

PIN DESCRIPTION

SIGNAL

/o

DESCRIPTION

BusData
[0-8]

1/0

Bus data for request, write, and
read protocols. These are low
swing signals referenced to Vref.
The data lines carry the request
packet with the address,
operation codes, as well as the
count of the bytes to be
transferred. Active low.

RClk

Receive clock. This clock is
aligned with incoming request
anad write data packets. This
clock is completely synchronized
with the request and data sent out
on the Rambus™ Interface.

TClk

Transmit clock: This clock is
aligned with the data being sent
out on reads as well as the
acknowledge packets. This is a
low swing signal referenced to
Vref.

Vref

This is the logic threshold
voltage for low swing signals.

BusCtrl

Control signals to frame packets,
Transmit opcode, and
acknowledge requests. Signal is
active low.

BusEnable

Control signals to enable the bus.
This signal is pulsed to power up
the bus. Long assertions of this
signal will reset all devices on the
bus. Signal is active low.

vdd,
VddA

+5V power supply. VddA is a
separate supply for clock
receivers.

Gnd,
GndA

Circuit ground. GndA is a
separate ground for clock
receivers.

SIn

Reset daisy chain input. CMOS
levels. Active high.

SOut

Reset daisy chain output. CMOS
levels. Active high.

PIN OUT
32 pin SMT SIP
(TOP VIEW)
1 vdd
2 Gnd
3 BusData8
4 Gnd
5 BusData7
6 (NC)
7 Bus Enable
8 vdd
9 BusData6
10 Gnd
11 BusData5
12 VddA
13 RClk
14 GndA
15 TClk
16 vdd
17 BusData4
18 Gnd
19 BusCtrl
20 SIn
21 Vref
22 SOut
23 BusData3
24 Gnd
25 BusData2
26 (NC)
27 BusDatal
28 Gnd
29 BusData0
30 (NC)
31 Gnd
32 Vdd
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TC59R1609VK

AC ELECTRICAL CHARACTERISTICS

SYMBOL PARAMETER MIN. MAX. UNIT
RClk Receive Clock Frequency 100 250 MHz
TClk Transmit Clock Frequency 100 250 MHz

FIGURE 1. READ HIT TIMING DIAGRAM
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FIGURE2. WRITE HIT TIMING DIAGRAM
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FIGURE 3. READ MISS TIMING DIAGRAM
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TC59R1609VK

FIGURE 4. WRITE MISS TIMING DIAGRAM
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JSHIBA

256KX4 VIDEO RAM APPLICATION NOTE

The TC524258 can be used in a TC524256 basic feature application if:

1) DSF (Pin 29) is grounded
2) QSF (Pin 26) is open (N/C)
3) If using Write Transfer function, see note below.

Due to the complexity of the VRAM device, we highly recommend that the customer perform system
testing to ensure proper operation and compatibility.

Note: The TC524256B uses “Write Transfer” and the TC524258B uses “Masked Write Transfer”. Therefore,

the I/O at RAS falling edge must be “1” to ensure that data will not be masked. Please refer to Datasheet for
details.

TC5242588)

sc 1.0 zsg Vss
SI01 42 270 Sloa
5102 (3 26 1 5103
DT/OE [ s 3E
Wi/101 (s 26 [] Wanoa4
w2102 (s 2300 w3nos
WB/WE (07 [22[J DsSF
NC (s 21 A
RAS 09 2000 QSF
A8 [} 10 190 A0
A6 [ n 18] Al
AS [ 12 170 A2
Ad []13 6] A3
Vee e sy A7
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128KX8 VIDEO RAM APPLICATION NOTE

The TC528128 can be used in a TC528126 basic feature application if:

1) DSF (Pin 29) is grounded
2) QSF (Pin 26) is open (N/C)
3) If using Write Transfer function, see note below.

Due to the complexity of the VRAM device, we highly recommend that the customer perform system
testing to ensure proper operation and compatibility.

Note: The TC528126B uses “Write Transfer” and the TC528128B uses “Masked Write Transfer”. Therefore,
the 1/0 at RAS falling edge must be “1” to ensure that data will not be masked. Please refer to Datasheet for
details.

TC528128BJ
sc1 40 [J Vss1
Slo1 [ 2 39 [] Slos
sio2 [ 3 38 [1slo7
sio3 [ 4 37 [J sl06
Sio4 [ 5 36 [1 SIo5
DT/OE[ 6 35 JSE
winor [ 7 34 [1ws/os
w202 [ 8 33 dwnoz
w3nos [ 9 32 [1we/106
w404 [ 10 31 [Iws/os
__Veet O 30 [ Vss2
wB/WE []12 [29 J DSF]-—
Nc 13 28 [INC _
RAS [ 14 27 J CAS
NC [ 15 | 26 [] QSF|-—
A8 [J16 25 [J Ao
A6 [J17 24 [] A1
As []18 23 [] A2
A4 [J19 220 A3
vee2 [ 20 210 A7
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