










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TC524262, TC524265

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 SOPF

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=@mA)

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 pseconds minimum is required with RAS and DT/OE held “high”. After
the pause, a minimum of 8§ CBR dummy cycles must be required.

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

8. LOFF (max.) [OEZ (max.)» 'OFFP (max.)s 'WPS (max)s 'WEZ (max)» 304 tsgz (max,) define the time at which the

outputs achieve the open circuit condition and are not referenced to output voltage levels.
9. Either tycy or trry 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 tRwps towp 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 trwp 2 t(rwip (min.)» lcwD
2 tewD (min.) a0 tAwD 2 tAWD (min,) the cycle is a read-modify-write cycle and the data out will contain
data read from the selected cell: If neither of the above sets of conditions is satisfied, the condition of
the data out (at access time) is indeterminate.

12. Operation within the tgep (max,) limit insures that tgac (max.) €an be met. trep (max,) 18 specified as a
reference point only: If tgcp is greater than the specified trep (max.) limit, then access time is controlled

by tcac

13. Operation within the tgap (max,) limit insures that tgac (max.) €an be met. trap (max,) iS specified as a
reference point only: If tzop is greater than the specified tgop (max.) limit, 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
tre
traA tgp
s N /
cre :ﬁ:? trs
asas WA N e 210
l}ﬁ‘ f&ﬁtnm e o
po~ns %@I:z%wm 2
wive iy T T
| trhs, trHH
o Y T S
<tﬁ5-5- F FH .
o 2 DL || Y Vi
tesr RFH
psr2 __%H
° toea
— W 311‘ / ; o
Vou — Ve A i
ouT Vo OPEN 4% VALID DATA-OUT

C-362

N

=

A
IRCH
1RRH
e
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WRITE CYCLE (EARLY WRITE)  *Note 1,2, 4
tre
I tge
v N\ A N
:Ez: trsH teen
AL TAST x:r \ \ tcas / /-,n \-

traL

trAD
s | |Trap tasc_

tean

Vin 7"ROW i
AD~AB %\_ADDRESS

COLUMN
ADDRESS

t
wsR | |tewn twes

twen

IR L |
WB/WE _% 1

twer

Trwi

X . >
7

z
| L

g | |y i
IH
L

1FsR

t

tern

1RFH FSC o1
Vi =
s Wi\

tRFH

ton

!
FsR
-~
V|
osr2 ! %
tms

VALID
DATA-IN

vy tos
Viu R -
W1/101

~W16/1016
V
L our O

& 2 @ @
Y. @@ @
Y.

G

VoL —

OPEN

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

: “"H" or "L

WMI1 data 0 :Write Disable
1 :Write Enable

Don’t care 2’17 or ‘0°

C-363
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WRITE CYCLE (OE CONTROLLED WRITE) *Note 1,2, 4

tras

i trp
5T H \ 4
L o—
1
tepn

tRsH
LISy _/ N\ e /1 /
RAD traL
ASR H th,

d

.t B e
w2l e e
B | ——
T am a0

v
— IN
wt/101
~W16/1016
L— our zgf : OPEN
m : "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 WM1 data Write per Bit Don’t care 717 or ‘0°
Old Mask Mode 0 Don’t care Write per Bit

C-364 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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READ - MODIFY - WRITE CYCLE *Note1,2,3,4

trmw
tras <~ lBE
Vih — 7 4 N
m VIL —_ Rc
Ics
tcre trecD tRsH teen
Y Vw = F tcas
ASUASU vy, _ [ \\ / \_
t a0 toan
| ask | {Tray A
ViH ROW COLUMN R
AO~AB %ADDRESS % ADDRESS j
|t CWL,,
twsk | [tavyn | tres tcwp tawy '
won 2 D 3G
1 t7Hs H
.V
BT/OE '
trsr
|
v
o v B
trsR
||
\%
psr2 ! %
tms toy
|
Vi 2% VALID
(. N vy - . TOEA DATA-IN
W1/101 taa | <AL to
~W16/1016 trAC =
VoH = { VALID N
ouT o OPEN — ATA-OUT)
S &
touz % Cegn o wpw
/////A : “"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 WMI data Write per Bit Don’t care 21’ or ‘0°
Old Mask Mode 0 Don’t care Write per Bit

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-365
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FAST PAGE MODE READ CYCLE

AO~AB

]
5

DT/OE
DSF1

DSF2

r'—lN
Wi1/101
~W16/1016

|—OUT

C-366

Vin
Vi

ViH
Vie

Vin
Vi

Vin
Vi

Vin
Vi

Vin
Vi

Vin
Vi

Vin
Vie

Vou
Vou

trase tRe_,
___\_\ toe /‘_*\_
- -
tcre treo tep tcp e teen
ek < t§A§ > ||
- | T X tcas N teas —\ L ’
j RAD R \4————» \ 7
— tesh - Y
t L
t, tran ta CAH
lﬁ ) $C tcan | tasc tasc tcaH
ROW COL. COL._ M coL. N
XADD. T ADD. 1 m ADD.2 N ADD.n ¥
1
tReH tReH £t
el S tes T = tres trr
tus truu
?4—»
tesc l
{ trsc trsc
t(F_E{ tRFH teen Tt terH
—% | ' CFH | 1
trsg | tRPH
% :E-; |l
tozo_| tcpa tcpa
- toex| torr, toea| | torr loea toFF
CAC t teac leac
tanle OEZ OEZ togz
trac AA ta, « tan ||
_ | L e
OPEN DATA-OUT} DATAZ-OUT DATA-QUT
- 1 4 DA
— - —nf - —> | —-—
cLz Lz cLz

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

e
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) *Note 1,2, 4
trasp e
wy TN N
ILC_R: trep . tep . tep trsm |, teen
S CAS —\_
CAST/ TAST \\;:: : tRAtDCSH a_\\r CA /r_‘“\r A / \ teas //
tasr_ o tasc Sy tasc <, tasc ﬁi
s W W KON YT s X e
¢ wer twen 4
twsg 20 j=—twes | twen twes | | <> twes) ey
WB/WE x:t‘ :%F *1 %% twe twe twp
trHs ﬁﬂli | tow oo, | tf:;bL '
> L
DT/OE 3::
| _tcrH
ten| | tesc tesg, tesc
DSF1 ‘\;'“ %ﬂ R ﬂm
L =
e N5
tms s i l‘tgs’_’ 10“_ _tc)_s" (_LLE» tos Lo |
—n \\2}: :%k - i@iomﬁ-m :% DATZA-IN _‘ DATnAAIN *W
W1/101
~W16/1016
L_our ‘63[‘ E OPEN
V//////, : "H” or “L"
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write WMI data 0 :Write Disable
1 :Write Enable
New Mask Mode 0 WMI data Write per Bit Don’t care 1’ or ‘0°
Old Mask Mode 0 Don’t care Write per Bit

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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FAST PAGE MODE READ - MODIFY - WRITE CYCLE#Note 1,2, 3,4

trase
trp
i
Vi = tesy
RAS ViL — \L
terRMW tRsH
e ep, tp
- 1 . t
Vin CAS tcas CAS
TASL/TASU v, _ tas \r \ \_t
It
t, ASC_ ta towi
tasy | JB8H || JScan  tow feay)  tow,, tean —T"Bw .
Vin ROW coL. coL. coL.
AO~AB :% ADD. ADD. 1 ADD.2 ADD.n
twsg ﬂ-"m . traL
i twe twr twe
WB/WE le ?{ *1 y tewp \ town \ tewn \
L tRwD
trus_, to [ tawp tawp tawn
|
—, = VK t
REH,
DT/OE ' _7|
t <l | tesc R tesg |
ey s s
ViH f
DSF1 .
TSR tReH | |
Vi =
osF2 %
t t t
tVH Z 1p: tp. R D! 1023 _{og]
tvs "'\f; "I'DIZ togp ton !ltczc togp D-«h'—_'t to  toH
N Vin * DATA. DATA o DATA
I— ViL toea IN1 toEa IN 2 | toea IN n
U T U
W1/101 leag | |togg leag | |toEz teag | jlogy
~W16/1016 tan taa ‘ tan
Vou —, DATA- _ ;
— o Vo e —— G ————
1 — — -
taz taz t
P Loy wyn
//////A : "H" or "L
Mask Mode *1 *2 Cycle
No Mask Mode 1 Don’t care Normal Write WMI data 0 :Write Disable
- 1 :Write Enable
New Mask Mode 0 WMI1 data Write per Bit Don’t care 2’1’ or ‘0°
Old Mask Mode 0 Don’t care Write per Bit

C-368
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EXTENDED FAST PAGE MODE READ CYCLE (TC524265 only)

A0~A8

DSF1

DSF2

,——IN
Wi1/101
~W16/1016

L—-OUT

Vin
Viu

Vin
Vi

Vin
Ve

Vin
Vie

Vin
Vie

Vin
Vie

Vi
Vie

Vig
ViL

Vou
Vo

trase tRp_
_—x-\ tec /‘_\K;
1RSH
l‘gfi trep tep tep teas tepn
< CAS 5y = >
— trRAD a% teas l-_x-\ tcas £——\-\ ;r .K
— tesH v_* \-_L
tcan TRAL
tlﬂ fRAH_ tasc tcam tasc <~ tasc tean
ROW coL. jc0L.  CcoL.
ADD. N ADD.1 N ADD.2 N ADD.n
1
tres |, | JRegt
twez
tTHS trhu
- ||
trsc |
| tesc. tesc,
-2 !ﬁ | REH tern tern ern
: tffn tREH
twez
M» <t tepal tcea
I I
loea teac teac tore
tan
trac tcag taa taA toez
— AL
DATA-OUT DATA-OUT DATA-OUT
— o j@g OUT W ooy oamowr 3
— ] -—

) o

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-369
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EXTENDED FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

(T'C524265 only)
trasp e
ms TN )’_‘L\_
ILC_R: treD tons tcp tons icp tRsH | ten
S I I N N eV AN
tasr s 1= tasc. Lok, tasc |<ean, tasc i;;_kni
rons ' X0 KON o {205, {_ o5
twsr thwH N twcs, twen twes <t_‘”c," twesy M»
WE/WE UM :%z - 41;/:) twe twp
Vie X
LTi'i m togs) tz)cv:L tons) O;WL tops t&iﬂ el
STEaIR ' s
tern
ten| | g tesc s, n tesc ) l
w1y NNl ||
tms i tps tou 4 o) t fom
S & wh” wn o aas
Ww1/101
~W16/1016
L _our zgf E 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 WM1 data Write per Bit Don’t care U1 or ‘0°
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
Sz
Vi — ] ooy
RAS ViL — \r
tpRMW trsH
tacn tg'» (g
_ 1 = t
Vi cas /%ﬁ teas j‘— cas /_ 7_
SL/TASU vy, _ s \ N \_k
I It 1
t ASC ASC, CWL
tasy | |84 ooy tow )| 7 leay)  towi g tean _’tTW .
Vin rROW N coL. - coL. coL. |
AO~AB 3@‘_:«00. x ADD. 1 | ADD.2 ADD.n _|
twsg | IS
twp twe, twe
Wy s 4
B/WE Vi %r *1 y < :Rcwwnc > \ tewn \ tewp \
tTHs HHlly
v | |
or/oe 7] N
tEsR, | tesc tescy tesg |
tern ery CJ
v
psF1 f—,l
1 T
SR treH | |,
Vi =
osF2 _ﬁ
1 t t t
tvn Z tpg to DS pZ S|
this <+ DIZS toepl I 1 1oy i toep| 4 H-'ﬂ 3 togp) 1D
Viy =l toze J— tozc
IN *) DATA- DATA- 1 DATA-
— Vi toea [H N1 toea | NN 2 toea) N
w1/101 t 1, t t tenc | |t
cag | |togz leag | |logz teag | (logz
~W16/1016 Tan Tan 29
I
Vou — K 8 ;
L o o OGO )y —————
taz taz t
m : “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 WMI data Write per Bit Don’t care Y1 or ‘0°
Old Mask Mode 0 Don’t care Write per Bit
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FLASH WRITE CYCLE

1

W1/101
~W16/1016

L— ouT

C-372

1,

| — W
T T
D
%ﬁ» H
¥ ||

W 0

MS MH
H *q
L

D 000000000

OPEN

L H or "L”

V2

Mask Mode

New Mask Mode

0 :Write Disable

WMI data WMldata ) \iiie Enable

Old Mask Mode

|w)

on’t care Don’t care 2’1’ or ‘0°

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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BLOCK WRITE CYCLE (EARLY WRITE)

*NOTE 1, 2,4

S

L

: "H" or "L"

Wn/IOn
=0 : Disable
=1 :Enable

ms g N
| tere :;Z trs
e 2 R
traD tRAL
<tasn | | tRa a3 !
A0~A8 x:z‘ :% ROW ADD. % f;gti (A3C~ATC)
| twsr trwi tvxg twe
vy " ' twp
tn tTHH { *f(\:’:’lcf :
| ; RWL
oot W G 7%
tesr tRen tFj_C) tern
w v B ||V
1 tEs tReH
osr2 %L 00
tus tvH tps | toH
— WP MDA -
W1/101
~W16/1016
L— our xOH : OPEN
*#3) COLUMN SELECT
Lower Byte
Mask W1/I01 -Column 0 (A2C=0,A1C=0,A0C=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)
Mode 1 care W5/105 -Column 4 (A2C=1,A1C=0,A0C=0)
W6/106  -Column 5 (A2C=1,A1C=0,A0C=1)
W7/107 - 6 (A2C=1, =1, =
Ne& i\gfk 0 Vgx: W8/188 gﬁm 7 Eizg = } ﬁig = i ﬁgg = (1);
Upper Byte
s W9/109  -Col 0(A2C=0,A1C=0,A0C=0
Ol&g’ézsk 0 2‘;‘6[ W10/1010 cﬁﬁﬁﬁ 1 Eﬁzc =0,A1C =0, AOC = 1;
W11/I011 -Column 2 (A2C=0,A1C=1,A0C=0)

WMI1 data 0 :Write Disable
1 :Write Enable

Don’t care

2’1’ or ‘0°

W12/I012 -Column 3 (A2C =0, A1C=1,A0C=1)
W13/1013 -Column 4 (A2C =1, A1C =0, AOC=0)
W14/1014 -Column 5 (A2C=1,A1C=0,A0C=1)
W15/I015 -Column 6 (A2C =1, A1C =1, AOC =0)
W16/1016 -Column 7 (A2C=1,A1C=1,A0C=1)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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BLOCK WRITE CYCLE (DELAYED WRITE *NOTE 1, 2, 4
s N t"“ /Jr - N
ST W _/F—L» AN / /r "\
< task | trAH :A_;i tcan
SR E TR IEne eam"
w2 P WL
e 2 G || N
- ||
=W K
~WE—IO:UT Vou ™ - OPEN
VoL — 77 - Hoor L
*3) COLUMN SELECT
Mask ¥ 0 Losvvelrllli)ylte -Column 0 (A2C =0, A1C=0, A0OC=0)
Mode W2/102 -Column 1 (A2C=0,A1C=0,A0C=1)
W3/103 -Column 2 (A2C =0, AIC=1,A0C=0)
No Mask 1 Don’t W4/104  -Column 3 (A2C=0,A1C=1,A0C=1)
Mode care W5/105 -Column4 (A2C=1,A1C=0,A0C=0)
W6/106  -Column 5 (A2C=1,A1C=0,A0C=1)
New Mask 0 WMI1 W7/107 -Column 6 (A2C=1,A1C=1,A0C=0) Wi/IOn
Mode data W8/108 -Column7(A2C=1,A1C=1,A0C=1) =0 : Disable
OldMask | | Dont Up\ife;/?oy;e ~Column 0 (A2C =0, A1C =0, AOC =0) = 1 - Enable
Mode care W10/1010 -Column 1 (A2C=0,A1C=0,A0C=1)
W11/I011 -Column 2 (A2C =0, A1C=1,A0C=0)

WMI1 data 0 :Write Disable
1 :Write Enable

Don’tcare  :’1’ or ‘0°

C-374

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

-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,AIC=1,A0C=1)

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

trasp trp

| 3
RAS Vi __——\
Vi — =
t tesm tec toc DT
- trep tep P, PN
_- > n t, L t, L tcas

Viy a\ CAS th_—\ CAS

CASL/TASU ;. __/r taap I\ N N /)
traH 1 tcaH can tRaL
tasr . | [=]tasc
t

o 2 7K e KX 20 I

9
3
g
<=
-~
§

E e = BWEY
s |t e [P e | TP e |

o 7 N

Sssw.................

MH
tws <1 tos <> tos ton tos
D5
W1/101 Viy . - r B .
~W16/1016 Vi 2 L2 2 ’

'//////A :"H" or "L"

#3) COLUMN SELECT
Lower Byte
Mask | | 4y 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 | | Dom’t | \w4104  _Column 3 (A2C=0, AIC =1, A0C = 1)
Mode care | ws/105 -Column 4 (A2C = 1, A1C = 0, AOC = 0)
W6/I06  -Column 5 (A2C = 1, AIC = 0, AOC = 1)
NewMask | | WML | w7107 _Column 6 (A2C =1, AIC = 1, AOC = 0)
Mode data | Wwgn08 -Column7 (A2C=1,A1C=1,A0C=1) Wn/IOn
—{ Upper Byte =0 : Disable
OldMask | | Don’t | 'yo409  _Column 0 (A2C = 0, AIC =0, AOC = 0) = 1: Enable
Mode care | w10/1010 -Column 1 (A2C =0, AIC = 0, AOC = 1)

W11/1011 -Column 2 (A2C = 0, A1C = 1, AOC = 0)
o W12/I012 -Column 3 (A2C = 0, AIC = 1, AOC = 1)
WMl data 0 :Write Disable  \13/1513 _Column 4 (A2C = 1, AIC = 0, AOC = 0)

) 1:Write Enable  y1471014 -Column 5 (A2C = 1, A1C =0, AOC = 1)
Don’tcare 2’1’ or ‘0 W15/1015 -Column 6 (A2C = 1, A1C = 1, AOC = 0)
W16/1016 -Column 7 (A2C = 1, AIC = 1, AOC = 1)

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

W1/101
~W16/1016

C-376

H
L
R
||
H 7
I

' 2

tras ) tgp

3‘-’£| i&’i

f

N/

tpagt

ASR
|
H ROW
n ADDRESS

L N %

1rs

.
N\

i

T
s

.. =
Y

X
|
i
N\

OPEN

: "H" or "L"

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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HIDDEN REFRESH CYCLE
tre tre
tras tre tras trp
— Vi~ 3 yd 3 }_J
RAS vy — \r / \ \
tere trcD tRsH teHr tepn
e Vg — pa —
HESLITAST v, _ /] \\ _/f / \
traD traL
task | |iran !éiﬁ tca
Vi ROW COLUMN
AO~AB %ADDRESS %, ADDRESS
twsr
tRes 1) tRRH trwH
—— — Viy —~
BIWE '
tTﬂL tmg tRou
=== Vi A
DT/OE v, _ | /
thsR FSC tery
L Il e
Vig =~
DSF1 v::{
trsR
N tren
ViH
DSF2 !
toez Joea torF
_tﬂ tan |LAC toEz
W1/101 Vou =
~W16/1016  vg — }———— VALID DATA-OUT }————
—
taz

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

©"H" or "L"

2

C-377



TC524262, TC524265

CBR AUTO REFRESH CYCLE

p trp |
_ — N >
RS M T A we N 2 2“ N
tesk

wuow v /N /)
w N
0

s i) KD 0000
2 N i

<

W1/101 Vou = -
~W16/1016  vg, _ > 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
— Vi — 4 X trAS } K
RAS v — / trpc \ N

tesr [
CS t

B | V.

2 W

tore
W1/101 Vou — OPEN
~W16/1016 VoL —

m :"H" or "L"”

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-379
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CBR AUTO REFRESH & RESET CYCLE

tre

trp
||
tras | 4‘ X

3|
ol
<<
[l
Lj
-
[

tesr
teen teHr

LTSI\ A N i
W\
o

s\ 0
2\

tore
w1/101 Vou —
~W16/1016 VoL — OPEN

Note : AO-A8 = Don’t Care ("H" or “L") % :"H" or "L"
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LOAD MASK/COLOR REGISTER CYCLE *Note 5

i TR
o1 U ) i

toHR

S

@ @R

\
w1r/7c: tos tou (Delayed Write)
~W16/1016 "
— WD - X0
(Early Write)
CASL CASU *] ) Cycle
0 Mask data |Load Mask Register
0 0 1 Color data |Load Color Register
{ 0 Mask data  |Load Mask Register (Lower Byte)
0 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)
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READ MASK / COLOR REGISTER CYCLE

wow N / V_J\_
o D v
orioe U :W“ *_—» /]
osr1 1 W @ﬂﬂ

RAC
I
W1/101 Vou . " .
~W16/1016 VoL — taz @& 2 VALID OUTPUT >———

CASL CASU *1 ) Cycle
0 Mask data |Load Mask Register
0 0 1 Color data |Load Color Register
0 ] 0 Masky data |Load Mask Register (Lower Byte)
1 Color data |Load Color Register (Lower Byte)
. 0 0 Mask data | Load Mask Register (Upper Byte)
1 Colordata |Load Color Register (Upper Byte)
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PIPELINED FAST PAGE READ CYCLE *Note 6

1 -CSHP.
vy = —
RES vy _ N

[E——
TASLITAST v, _

FSR| [tR

-

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

*Note 6

it
W1/101~ vy
W16/1016 v, *2

JREH,

bz ‘%f«— N

¢ “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 WM1 data Write per Bit Don’t care 2’1’ or ‘0°
Old Mask Mode 0 Don’t care Write per Bit
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PIPELINED FAST PAGE READ - WRITE CYCLE

vy
RAS Um

Vip —
JE— VR
SL/TASU v, _

task

[

AD-A8 RA

)

tre

H
W1/101~ Vi .
W16/1016 Vi 777\
FSR

v
DSFI

DSF2 x:’L‘ /

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

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

]

N

5 VH
RAS
Vi

J———
TASL/TASUy,, _

Asr | |tran
Vin =20
AQ-A8
Vi —%\—

B/WE

<=
&=

<<
|I|
=
I
@ + |yS
5
E

oT/0E M

H
W1/101~ vy ‘.
W16/1016 v,
tesr | | 1 tesc

DSF1 x:r:%_» i%—» 1, ‘
o 2 T T

@ "H" or "L”

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

RAS

CASL/TASU

A0-A8

WB/WE

DT/OE

teshe

tocp

Vin — R
ViL — \

4

Vin —
Vi —

tRaH
|~

Vin
\

v a
= .

Vin
Vi

twsr| | tr
twes
2 %tr

1RsH2

tcep tcase

N

3 b

tRsH1

Ve

p4

leau

2

twes
twen

D

Vin
Vi

W

tDs

N

S ierions ¥!i’ —% "2 : D
tesr | | tren tesc
DSF1 \\5::' %
LFiF; ‘RFH
DSF2 xr /
#3) COLUMN
Lower Byte
Mask ] ) W1/101
Mode W2/102
- W3/103
No Mask 1 Don’t W4/104
Mode care W5/105
W6/106
New Mask o | WMI W7/107
Mode data W8/108
Upper Byte
Old Mask 0 Don’t W9/109
Mode care W10/1010
W11/1011
W12/I1012
WMI1 data 0O :Write Disable W13/1013
1 :Write Enable W14/1014
Don’tcare  :’1’ or ‘0 W15/1015
W16/1016

SELECT

-Column 0 (A2C =0,
-Column 1 (A2C =0,
-Column 2 (A2C =0,
-Column 3 (A2C =0,
-Column 4 (A2C =1,
-Column 5 (A2C =1,
-Column 6 (A2C =1,
-Column 7 (A2C =1,

-Column 0 (A2C =0,
-Column 1 (A2C =0,
-Column 2 (A2C =0,
-Column 3 (A2C =0,
-Column 4 (A2C =1,
-Column 5 (A2C =1,
-Column 6 (A2C =1,
-Column 7 (A2C =1,

V) H

Al1C=0,A0C=0)
AIC=0,A0C=1)
AlC=1,A0C=0)
AlC=1,A0C=1)
A1C=0,A0C=0)
Al1C=0,A0C=1)
AlC=1,A0C=0)
AlC=1,A0C=1)

AlC=0,A0C=0)
AlC=0,A0C=1)
AlC=1,A0C=0)
AlC=1,A0C=1)
AlC=0,A0C=0)
AIC=0,A0C=1)
AlC=1,A0C=0)
AlC=1,A0C=1)
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Wn/IOn
=0: Disable
=1: Enable
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READ TRANSFER CYCLE
T N / N
s U e 7 TN\
<task | | Tran - ‘TAS; 1Z:b L
Ao~a8 ' 77 ROW ADDRESS @ SAM ST:\FT%\DDRESSDW_
osr Vi
\iv\;vqlsoflme o _ ,D
tsrs el (e, e
sc oy _ _/':c \ Inhibit Rising Transient \!r /_MF—J/_\—
sor-sors 12 XX W
asF O Xr TAP MSB (A7)
Note : SE = V ) H or L

C-388
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REAL TIME READ TRANSFER CYCLE

tre
tras | trp
— Vin — 3
RES N \
L o—
tesh
tere treD tRsH tepn i
e Vin T £ R tc
CASL/TASU ;. _/ \ As
traD
AH ) 1

A0~A8 Vr { SAM START ADDRESS| X

AO~A7 : TAP
ttttt

v
BIWE
—— V
BTIOE

v

DSF1 !

v

psF2
wWi1/101 Vou
~W16/1016 Vo

¢y

trqp

SOH
e

501~5016 VYOH VALID x‘ VALID VALID VALID x‘ VALID
VoL — DATA-OUT DATA-OUT DATA-OUT DATA-OUT /N DATA-OUT
1

H
Previous Row Data : New Row Data
Vou — x(
TAP MSB (A7
asE (T i (A7)
- CE — Y/, R wyon
Note : SE = V. ///////‘ : "H” or "L
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SPLIT READ TRANSFER CYCLE

tre
tras
s /N /N
ics
| terp treD trsH I~ teen |
—— hY t
TASL/TAST v, _ / N CAs
traD TRAL
t, K 1,
| ASR AS CA

AO~AG : TAP

RAH tean
~ Vin — ROW Yy SAM START
SR H
7

255 1 2 125 126 127
@) |28 Yz @Yido e @253 258 % | "

”R\\\\\\\f\\

5.21015 \\2[‘ — (126))< 39 ><( 128))(( 129)(( 130% """""" X (353 X (153)_:( 28h X
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READ TRANSFER CYCLE (SE = V)

wAS N
e
o T W MR N N KoTi

P L o w
Note : SE= V). V] 1" or L

SERIAL READ CYCLE (SE Controlled Outputs)

vy =
RAS ' _ /
S

try tTHH

>

st v ) N

tscc tscc Iscc tscc SCC

1

1
o, tsco Ysc <SG, | 5G
Vi — 7 y A A /
NN N
scp scP tsep

tscp Tscp tscp

R M
— Vg —
SE vy 1
tsca tsea tsca tsca
tsoH tsez tsca tson tso4

Vo — VALID {*  VALID 4 VALD " VALID VALID
501~5016 ' >< DATAGUT P DATAGUT P OPEN —{_patA-0UT X: DATA-OUT X ATA-OUT

@ “H" or "L"
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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 (Aj~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, DSF! 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 DSFl 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{/I0;~W/104¢

Data is written into the RAM through W /IO ~W ¢ /104 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 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 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 tgys, split read transfer operation can be performed on the non-active split SAM.

SERIAL OUTPUT: SO;~SOy¢

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

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

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

operations.
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Table 1. Functional Truth Table

—

RAST v_ CAS L
Casy/| o1y | e/ Mnemonic Function
cast| oE | we | DSF!|DSF2| DsFl Code
0 # * 0 # — _CBR  |CBR Auto Refresh & Option Reset V-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)l)
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 Register!)
1 1 1 1 * 1 LCA Load Color Register
Note: *=0or I, - = Not applicable.

1

~

2)
3)
4)

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.

CBRS operation determines binary boundaries in the SAM. CBR operation resets the boundaries.
PFP stands for pipelined fast page mode.
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 (T(C524265)

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

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

The write-per-bit (masked write) function selectively controls the internal write enable circuits of the
RAM port. When WE is held “low” at the falling edge of RAS, during the RWM cycle, the write mask is
enabled. At the same time, the mask data on the W,/IO,; pins is latched into the write-mask register. The 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
e — e — ‘Write Mask Register Function
CASL/CASU | DT/OE | WB/WE | W;/10/; (i = 1~16)
— Write Enable
— Write Disabl
" u L 0 rite 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 falling edge. If the DSF signal is “low” at the
CASL/CASU falling edge, a normal read write operation will occur. Therefore, a combination of block write,
read and write operations can be performed during a fast page mode cycle. The state of WB/WE input at the
falling edge of RAS determines whether or not the I/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 1/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 _\ /— Example (Shown on Lower byte. The samie manner on Upper byte)
| . H W/10
L X / 12345678
i WM1 Register (Lower) 11 |O|@]1 0] ]0
A0~A8 R?w Column A3C~8C Column Select (Lower byte) | 1 @ | 1 [ 1 |1 |(® (@ | 1
H [ S Color Register (Lower) 1 0 1 0 1 1 0 0
we/wE 7K L YOk __/
Result @
oTIo8F 1 wio
H
1 2 3 4 5 6 8
DSF1 % L/ Column 0 1] 0
Column 1
vser 7L P~ : - .
Y :
W10 *2 *3:Column Mask Column 3 1 0 1 0
g Early Write Column 4 1 0 1 0
wno X2 _ X" Column Ve X, | Sotumn 5
Delayed Write | Column 6
*1 *2 Mask Mode Column 7 1 0 1 0
1 |Don’t Care |No Mask Mode Application
0 |WMI1 New Mask Mode . X 7///
0 |Don't Care 0Old Mask Mode ® High Speed Window Cear Z
® High Speed Rectangular Fill
*3) COLUMN MASK
Lower Byte Upper Byte

W1/I01 -Column 0 (A2C =0, AIC=0,A0C=0) W9/109 -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,A1C=1,A0C=0) WI11/IO11 -Column2 (A2C=0,A1C=1, AOC=0)
W4/104 -Column 3 (A2C=0,A1C=1,A0C=1) WI12/1012 -Column 3 (A2C=0,A1C=1,A0C=1)
W5/105 -Column 4 (A2C = 1, AIC=0,A0C=0)  WI3/1013 -Column 4 (A2C =1, A1C=0, AOC =0)
W6/106 -Column 5 (A2C =1, A1C=0,A0C=1)  W14/1014 -Column 5 (A2C=1,A1C=0, A0C=1)
W7/107 -Column 6 (A2C=1,A1C=1,A0C=0) WI15/I015 -Column 6 (A2C=1,A1C=1,A0C=0)
W8/108 -Column 7 (A2C=1,A1C=1,A0C=1) WI6/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 I/O blocks and the flash write operation can be selectively controlled on an I/
O basis in the same manner as the write-per-bit operation.

A flash write cycle is performed by holding 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 pseconds.
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Figure 2. Flash Write Operation
Example (Shown is lower only. The same manner in upper byte.)

V227772
zz ’.l

H
s \ /
wEwE  \_it /
H
H

T/0E

DSF1

wio K X777, Color

Register

DSF2 : don't care (H or L)
Mask

Data (WMI1)

" 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;/I0; 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 ) Q 0Old 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;/IO; lines is subsequently latched into the color register at the falling edge
of either CASL/CASU or WB/WE, whichever occurs later. During the load color register cycle, the memory

cells on the row address latched at the falling edge of RAS are refreshed.

8. REFRESH

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

8.1 CAS before RAS Refresh and Option Reset : CBR

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

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

e 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 - Ag is latched and the binary boundaries in each half SAM will be available when a split transfer operation

is performed.
Figure 4 Stop Register and Binary Boundary Location
Stop Register Value Binary Boundary Locations
Ag- Ay
AR | | S Ssnaleme
001111111 I [ —H I I 127, 255, 383, 511
000111111 | | I l I | [ ] L [ 63, 127, 191, 255, 319, 383, 447, 511
oooortinn [ LLPLLTTJLITTTTTTT 3000y aidads aisds s =

15, 31, 47, 63, 79, 95, 111, 127, 143,

ooooos vy (JTITTTITIIT (TIITTITITITITT] 38623872 2o %8s dso e s
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 (TC524265)

When OE is toggled while CAS is “low” level in fast page mode read cycle, the same data is valid on W1/
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 togp (10ns min), tgcg (10ns min), tgcy (10ns min).
Please refer following Figure.

RAS O\

le— tEcH N

Add //ﬂ } 72%K___co #27%%

—»—+toEa LoEA,
wijo— ca —= ca ) T cB

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 |512x256x 16

512 512x512x 16 512 |Memory Memory
rows Memory Cell Array rows | Cell Array Cell Array

U g
[ 512x 16 = | 2s6x16 h[ 256 16 J——z_ol:>

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

RAS
@ —Dj W__B7 DSFI Mn(e:r:::xc Transfer Mode DT:feI::S[fz\ Trz;;lis[fer SAM Port Mode
CASU | OE WE
H L H L RT Read Transfer RAM ~SAM (512x16 Input ~ Output
H L H H SRT Split Read Transfer RAM —SAM (256x16 Half SAM active

9. READ TRANSFER CYCLE : RT

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

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

Figure 6. Block Diagram for Read Transfer Operation

TAP Address

f F {] sO1~16
|TTTT?T? ......................... T??? ©

sam Serial Read
LI /1111
512 x 16bits
Ao~Ag Y < 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 Vi, after the SC high time has been
satisfied. A rising edge of the SC clock must not occur until after the specified delay trgp 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
TN T

/ Active SAM QSF Level
512 256 16 .
rows / lower SAM Low

\ 4 upper SAM “High"

E Actiieo 2 l Stand-'by I
N\
J

SIO

Figure 7. Split Read Transfer

Transfef/_\ Split Read® Split Read '(nsfe\

255 TAP3

RAS

sC

\ﬂ
QsF

:

--+-- : Jr e — 1; ——

TETYVR

FlIgure 8. Example of Consecutive Read Transfer Operations
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NOTES
1) Transfer operation without CASL / CASU.

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

RAS \ /

— Not
S et ettt et er e Allowed

Address  ZZZZZZZ8__Row K772 7277777

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.

RS T\ \ 7\ /
E \__/ (N o e WY
Address  —(Row 1XTap 1)}——{(Row 2 Tap 2}—55—{Row NXTap N}

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

1 First upper SAM : Active
sC I I I
_______ [

Last
\ C?ock’ Clock
Multiple Split transfer into upper SAM
Serial access of lower SAM

1
1
i
i Serial access of upper SAM
1
1

1

|
|-
i 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 tgyy + tgts. 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
SC . \
FLALF L RLFLT L o ALFLT
A Y 2 \‘
QSF
t1saa tsaar
SRT t SRT CBRS—SRT
sTH | tsTS tsTH | tsTs
split | | tsTH [ tsTs
Read/Write
Transfer YES NO YES NO YES NO YES
allowed.

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

QSF

tsts Min.

Split Transfer— Normal Transfer Operation Allowed

PEPEER A,

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.

ETT= B — Iy

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 _) iNo SRT is executed _‘

Ftuzt ------ [T BN ESRSE====s

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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© SRTy - CBRS — SRT; — SRT3 — SRT wreeeeeees
(TAP) 1 (TAP) (TAP3) (TAPy)

New Boundary Set - .

ple : CBRS is executed during this period.

I(-— CBRS _)SRTZ ;— This is the time point that SRT2 is executed.

TAP; 2 Bo : Old
i Boundary
Bp
New Boundary
is set by
Transfer Cycle (SRT) No SRT is executed
after CBRS. /
SRT4 SRT3
< [<—t—] -
- - — . = o i 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, sty R

By : 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.

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 Yy CBRS Sy RT /_———\_f_/_—“—

: : §f
Ag-Ag Row X TAP, m Row X'I'Ap2
DT/OE : : :
SC : 9—|_I—L .. m_u_l_ cen
. TAP1 Boundary TAP2
. LocatmnA

Figure 13. Binary Boundary Jump Set Sequence

There are additional timing specifications, tygs o and tgs 41 to determine the period that does not allow a
split transfer, as illustrated in Figure 14.
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Boundary Boundary Boundary
Location™ 1st Location’ 5t Location” 't

« I

QsF i I i —\
N N
5 Lsao > Lo Lop
> < g <
Period B trsaa tsaat Period B trsaa tsaaT Period B trsan tsaaT Period B
>le—> << > <)<
<+ |<—>r <+>

>
< 1 o — o < —
Ons ~ 60ns

575 ts75 515

<> <4 <>
tsTH  [30ns 5T tsTH
- <t - | - <4

30ns

Period A
< >

Period A 1 4 Period A
D < P>

Figure 14. Timing Specification to allow SRT operation

POWER-UP

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

INITIAL STATE AFTER POWER-UP

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

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

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

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

DESCRIPTION

TCH951604
TC5951608

target

The TC5951604/1608 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

TC59S1604 4Mx4

TC5951608 2Mx8
FEATURES KEY PARAMETERS

* Fully synchronous DRAM

< Operating frequency of up to 100 MHz TC59S1608FT/TR-10

TC59S1608FT/TR-12

< All inputs and outputs LVTTL compatible

. . 100 66 50 80 50 40
« All inputs and outputs referenced to the rising MHz | MHz | MHz | MHz | MHz | MHz
edge of the clock
+ Two bank organization to allow concurrent tRe 10 7 5 10 7 5
access/refresh and precharge operation
*  RAM - SAM Transfer (RAS 6 4 3 6 4 3
Read / Real Time Read Transfer
Split Read Transfer
. 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 5 2
* Programmable burst length and addressing mode
¢+ Programmable clock latency tRRD 2 2 1 2 2 1

e Auto refresh and self refresh
» Toshiba standard DRAM process

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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PIN DEFINITION
NAME 1/0 FUNCTION
Ay - Ag I | Address Input
Ay - 1o for Row Address
Ay - g for Column Address
BS I | Bank Select
DQq - DQ, 1/0 | 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
Vss Ground for Internal Circuit
Veeq Power for Output Pin
Vssq Ground for Output Pin

PIN OUT (2M x 8 Synchronous DRAM)

TC59S16800FT
Vee il " 44 M Vss
DQoEZ 43 gDQ7
VssQ 38 42 [ VssQ
DQ; 4 41 FIDQs
VecQ 5 40 M VecQ
DQ, 6 39 [IDQs
VssQ 7 38 7 VssQ
DQ; 8 37 FDQ
VecQ [0 36 [ VceQ
NC 10 35 FINC
WE 12 33 {1 DQM
TAS 13 32 FCLK
RAS 14 31 [JCKE
C5 15 30 gNC
BS 16 29 F A,
Ao Q17 28 [JAs
Aog18 27 [JAq
Ay 26 FJAs
Ag 20 25 [ As
Ajsj2l 24 A4
Vee 422 23 [ Vss

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

D-2

TC59S16800TR
O 44 - 1 :VCC
O 41 4 :DQ1
O 40 5 :VCCQ
Im 39 6 :DQZ
38 1 :IVssQ
Hss s goas
03 10 FNG
s3 12 AWE
032 13 OTAs
g3t 14 AIRAS
30 15 (4TS
g2 16 N Bs
E 28 17 jAlO
E 27 18 :AO
]26 19 (A,
E 25 20 :AZ
124 21 :A:!
C 23 22 Vee

400mil 44Pin TSOP I
(Reverse Type)
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BLOCK DIAGRAM

Ag~Ayq,
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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

Command CKE | DQM | BS AI0 | A90 | CS | RAS | CAS | WE
Mode Register Set H® X \% ' \ L L L L
Auto Refresh H®D X X X X L L L H
Self-Refresh Entry LM 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 \% \% \% L L H H
Write H® X v L \% L H L L
Write and Autoprecharge H® X v H A\ L H L L
Read H® X v L \% L H L H
Read and Autoprecharge H® X v H v 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/Output 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
A10 signal 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 ,c 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 trgy 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 tyg 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 toc 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, otherwise 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 prbvide 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 z ez

TAS T N\ ez
ADD AR e 72} br <R 2 en e R 7
WE G N\ ez
DQM J? Jv
CKE x X

DQ é)@ X e X220 XX EXD—~<X XX

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 Iz 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 tpc 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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~
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" Addressing mode (Sequential / Interleave)

Burst Length field

o |0 |

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)
[OTOJOJOJTILIL[L[SA[B[B[B] gt
Latency field (Ag~A4) 0 1 1 3

1 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 Apg Ay Ag A7 Ag As Ay A3 Ay A A
|O|0|0|0|T|L|L|LISH|B|BrB|

Burst Length field (Ay~Ag)

Ay | A; | Ap | Sequential Interleave
oo 1 2 2
0 1 0 4 4
0 1 1 8 8

Other combinations are prohibited

Interleave/Sequential Select (Aj) A3 | Addressing Mode
0 Sequential
1 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. Following 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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S/ Burst Length Addressing Sequence
Sequential 4 bit 0o 1 2 3
(A3=0) (Ay~Ap=010) | 2 3 0 1
7 4 5 6
13 14 15 12
Sequential 8 bit 0 1 2 3 4 5 6 1
(A3=0) (A~Ap=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 o 1 2 3
(Az=1) (Ay~Ap=010) |1 0 3 2
7 6 5 4
13 12 15 14
Interleave 8 bit 0O 1 2 3 4 5 6 17
(Az=1) (Ap~Ap=011) | 1 O 3 2 5 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 v
Veeg Supply Voltage for DQ Buffer 3.0 33 3.6 \%
Vi Input High Voltage 2.0 Vee+0.3 v
\S' Input Low Voltage -0.5 0.8 A%

CAPACITANCE (Ta=0~70° C, V¢ = 3.3V £10%, f = 1MHz)

SYMBOL PARAMETER MIN. MAX. UNIT
C1 Input Capacitance 5 pF
Co Input/Output Capacitance 7 PF
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DC CHARACTERISTICS (Ta=0~70° C, Voc=3.3V10.3V)

Limits
PARAMETER
-10 (100MHz) -12 (80MHz)

RAS Operation Current Single Bank
ROW Address Strobe Command Operation 80mA 70mA
& Precharge Command Cycling
tprp = Min tge = min Interleave 140mA 130mA
PRD = RC™ ' Operation
CAS Operation Current
Column Address Strobe Command 90mA 80mA
Cycling
tprp = MiN tpc = min
No Operation Current :
Both Bank Active 10mA 10mA
CS =V, FIX
Standby Current TTL 2mA 2mA

Input

CKE =V,

Both Bank Precharged L CMOS

Input ImA 1ImA
CS =V FIX P

TIL TmA TmA

Input

CKE = Vi

CMOS SmA SmA

Input
Auto Refresh Current
Auto Refresh Command Cycling 80mA 70mA
tprp = MinN tyc = min
Self Refresh Current
CKE =V ImA ImA
CMOS Input :

PARAMETER min max

Input Leakage Current -10pA 10pA
Output Leakage Current -10pA 10pnA
Output “H” Level Voltage (Iout = -4mA) 2.4V
Output “L” Level Voltage (Iout = 4mA) - 04V
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AC CHARACTERISTICS (Ta=0~70°C, V¢ = 3.3V £ 0.3V)

-10 -12
SYMBOL PARAMETER UNIT | NOTE
MIN. MAX. MIN. MAX
RC 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
tcac Access Time from CAS 30 36| ns 2
tpc Page mode Cycle Time 2 2 Cycle
tRSH CAS to Precharge Delay Time 2 2 Cycle
tCKA Access Time from CLK 10 12| ns
twR Write Recovery Time 1 1 Cycle
tRST 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
tsB Power down mode entry time 0 15 0 18 ns
fRAS 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
tt Transition time 1 10 1 10] ns
tPRD CLK Period 10 12 ns
tCLKH CLK High Time 2 3 ns
tCLKL CLK Low Time 2 3 ns
tpER Refresh Period (4k Refresh) 64 641 ms
trsC Mode Register Set Cycle Time 40 48 ns 2
tRH 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 )
Ctrp

CLK time=round up (7 —

TC59S16800FT/TR-10 TC59S16800FT/TR-12
t t t 1, t t t t t t
CLK Freq RC RP | IRRD | 'cac | 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
DRAMs.
4. Operation within the tycp (max) limit insures that tg ¢ (max) can be met.
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COMMAND INPUT WAVEFORMS

p| tHOLD

v, =sm =

tHoLD

WE_—'

up|  tHoLD tstup | thoLD
»i¢ ) .
\ »

(¢
P
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OUTPUT WAVEFORMS

2 (S___/_—\_ir—\___'[—\__%—\___/

P teka o

) Lout ) “ toy )
VALID DATA-OU VA

4-

Al

Burst Length
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INPUT MASK / CLOCK MASK CYCLE

CLK . _tHoLD R éts'rue;“ tHoLD N {zu.u
/
DQM. 1 ]l N

CLK ___7[—__\___/ !_—\__71__\__

q_tl:LQLD_’I tSTUP)f, tHOLD 4"35112'

A /
CKE }i( X 1
tstue| tuoLp tstup| thHoLD

up| thHoLD tstup| thoLD
tst —
VA
VALID VALID VALID .
NQO~7 7 DATA-IN DATA-IN DATA-IN DATA-IN
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OUTPUT MASK / CLOCK MASK CYCLE

l_\__

CLK —_/
(tHoLD, |¢tsTUR,l¢ tHOLD LtSTUY
¥y L)
nQM \_ :
hﬂé__’ ¢ teka N 4.____.’&2_.__., ¢ tcka » .,__.__tc.&A______,
OPEN
DQD~7 VALID DATA-OU VALID DATA-QU VALID DATA-OUT

CLK __7F—\_J

CKE

DQO~7

LHOLD isTup,
3 ,
- 1]
¢ tcKa N toka N
¢ ton N ¢ toH R

VALID DATA-OU'

VALID DATA-OUT

VALID DATA-OUT
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MODE REGISTER SET CYCLE

ttttt D

)
14

|
!

tstue|  thoup
tru

Mode Set Cycle

- o=

Arbitrary Cycle

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

D-18



TC5951604, TC59S1608

161 Synchronous DRAM INTERLEAVED BANK READ (4 WRAP MODE)

Figure 5 -1

(CLK=100MHz) (External Precharge)
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

ADD

A10

bDQMm

CKE ¢ fac PP

DQ ————+————+—<awofawfawJaws~

tRRD

iaead i i i head i
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16M Synchronous DRAM INTERLEAVED BANK READ (4 WRAP MODE)

Figure 5 -2

(CLK =100MHz) (Auto 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

L L L e L L L e L L L L L L L e

Burst Length Burst Ee gt h Burst tength

ADD ks V7 J;m-M////'//// DCD Y TRY DN ﬂﬁ!l//AV/V//
BS=0 | | eser 0§ ;asog g gas-‘ :

/V//W

DQM

ke itRAcf

bQ

| tRRD , A tRRD \ A_tRRD | A
¥ T . M :
Precharge timing Precharge timing Precharge timing
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16M Synchronous DRAM INTERLEAVED BANK READ (8 WRAP MODE)

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

0 1 2 3 4 5 6 17 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Ly L L e L L L L e e

A0 i PP,

B$§= 0

Ciﬂxxs:s X

2
=

bpQm

CKE i i waG P i i P i P TwA€ P i E
DQ SO S R \a;wXa'xxXa.sza'xsXa.xax.:-;'xsXa'xsmeBygﬂ By: >———(: ; Eynx b&sX b'ySXb'wX <z
Q @ @ @ @ @ Q@ Q@ Q@ q Q Q Q Q Q
i tRRD | tRRD |
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16M Synchronous DRAM INTERLEAVED BANK READ (8 WRAP MODE)

Figure 6-2
(CLK =100MHz) (Auto Precharge)

13 14 15 16 17 18 19 20 21 22 23

0 1 2 3 4 5 6 7T 8 9 10 11 12

CLK

ADD

A10

P b i f 1 Burstilengt Pl tRP
I Burst Length . tRP

ke i ! irac P i P T IRAG

DQ f’\a‘XOXa:)nXaszahXeix §axsx5x633x7xt$yjﬁy|\—,———§—@yﬂ_b sbis Y7l ¢

i i i i i iaQiaQiQiaQiQiQiQiQlQiai i Qi Qi Qi Qi Qi
L tRRD ! tRRD >

' A A
Precharge timing

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

Figure 7-1
(CLK =100MHz) (External Precharge)

0 1 2 3 4 5 6 7T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

ADD

A10

bQMm

CKE

DQ a;(o S a;(a axs 3% ax{byol By by BylZ yalbysX .vst§ch-:zoX cfzxXcEzz

e " weD tRRD )
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16M Synchronous DRAM INTERLEAVED BANK WRITE (8 WRAP MODE)

Figure 7-2

(CLK=100MHz) (Auto 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

MU L L L L L L e

: éursthenq?h §ur§3§Lenq:1h

ADD

DQM

bQ vst;wX ézoX CfZ1Xc§Zz

' ' A A

Precharge timing Precharge timing
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16M Synchronous DRAM ACTIVE PAGE RANDOM READ (4 WRAP MODE)

Figure 8

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

DQM

::‘ éurit i.gnqt:h i 4RP}

(oI S T T S S A A T R
: o b b i e i, fiead

DQ

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

Figure 9
(CLK= 100MHz)

1 12 13 14 15 16 17 18 19 20 21 22 23

0 1 2 3 4 5 6 7 8 9 10
ML L L L L L L L L L

ADD

A10

bQm

CKE

DQ
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16M Synchronous DRAM ACTIVE PAGE READ-WRITE-READ (4 WRAP MODE)

Figure 10
(CLK=100MHz)

0 1 2 3 4 5 6 7.8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

//////////// 'f/'////////// ///// //

//// //// / /// ///// ///,V//

DQM

ST T T A A R

DQ {axoja DEDE Ki)—;——(bpoBV‘IXHVZXbYBJ QaioJazi an Xer:za\,
HEE A Q: Qi Qi Qi : pi pi D} Di | Qi Qi Qi Qi i
1PC } tPC 1
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16M Synchronous DRAM READ AND AUTOPRECHARGE (4 WRAP MODE)

Figure 11
(CLK =100MHz)

0 1 2 3 4 5 6 17 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

7% ///////// ///////

’///////// //////// /////

' ///// /////// //////////

bDQMm

CKE

RO ¢ Burstienath i feRei tRCD__: B_u_r:su\.ﬂ:ﬁ(h itRp
DQ ———— ,{awoxawtx.‘wzpm r— : ey (G20 Xi bxai Yoxz o3 )

N

Precharge timing Precharge timing

Note : Internal Precharge is performed at tRCD +Burst Length.
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16M Synchronous DRAM WRITE AND AUTOPRECHARGE (4 WRAP MODE)

Figure 12
(CLK =100MHz)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

- /////// ///////////////// Y%

| //4- -//////////////////// mm'f -//

ADD
A10 mh : : : : 27 /Mm'/// "’é////// ////
QM e T — :
CKE tRED ¢ Burst Lfe_nqtlfL tRP? tR@‘D\—-f'J : Burgt Leragth @ ¢ tRPé
; \b;o x%: xb‘:(l xblz b:l3 /
Poob b S
Precharge timing Precharge timing

Note : Internal Precharge is performed at tRCD + Burst Length.
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AUTO REFRESH CYCLE

16M Synchronous DRAM
Figure 13

(CLK =100MHz)

9 10 11 12 13 14 15 16 .17

(L LML

18 19 20 21 22 23

tRC

=

2222

//////////// /////// //

L

/////////// 7 // /// ///////// W /////,////////////// ///

/////////////////,/////

//////////////A '//////////”/////’////////////////////’

; vz ///////// / //// ////

////

T Y SO T SO TN SO

bawm // /////////
CKE
bq

Both Banks Prechage Auto Refresh

Auto Refresh (Arbitrary Cycle)
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16M Synchronous DRAM SELF REFRESH CYCLE

Figure 14
(CLK =100MHz)

0o 1 2 3 4 5 6 17 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23

CLK

L7 7NN, /7 R N L L L L L L

bpQm

CKE

DQ

i H . H . H H , .t&c. H P ‘f

— | i ]
Both Banks Precharge | Self Refresh Cycle ! No Operation Cycle Arbitrary Cycle

Self Refresh Entry
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POWER DOWN MODE

16M Synchronous DRAM
Figure 15

(CLK= IOOMHZ)
10 A, 15 16 17 18 19 20 21 22 23

;;; v AW
A10 T T I U - - :

DQM

CKE

bQ

17
IR Power Down >

Note : The Power Down Mode is initiated with the  CKE signal Low after two Banks percharged.
In Power Down Mode, the RAS, CAS, Add, WE, DQM, CS, 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 + tPRL
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RESTRICTION OF FOLLOWING COMMAND FROM READ COMMAND
Figure 16

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Read m Latency chcle (Case of tgs-; = tpRD)
Burst Length 2 H
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Read E 5 Latency 3cyc1e (Case of tRS'r > tpRD)
Burst Length 2 :
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: : H : e————
m =

Burst Length=4 :

Command 5
: : : e
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Burst Length=8
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DQ
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DQ

Burst Length=4 !

Command
DQ
Burst Length=8

Command Lo Lt P
: e
o ézz;mmmmmmmmf—

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-33



TC5951604, TC5951608

RESTRICTION OF FOLLOWING COMMAND FROM WRITE COMMAND
Figure 17
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BURST READ INTERRUPTED
Figure 18

Read CAS Latency=3
Burst Length=4

By Burst Read

Note The earllest write operation after valid data from the prevmus read
By Precharge Command (Assert to Read Operatlon Bank) H H

Command

DQ

- Invalxd Data

Figure 19
gu Burst Write Interrupted
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FTOSHIBA TC59R0409

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

. T * Vastly imporves graphics performance at lower
Low signal swing byte wide (9 bit) interface to

the Rambus Channel cost o

Synchronous protocol for fast block-oriented » Decreases part count - Eliminates cache, buffers,
transfers address decoders, extra buses etc.

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
+ 48ns from beginning of read request to first byte, modules at high system clock rates

2 s per byte thereafter * 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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PIN DESCRIPTION

SIGNAL

1/0

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.

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

I/O

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.

Vvdd,
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.

E-2

PIN OUT
32 pin SVP SIP
(TOP VIEW)
1 vdd
2 Gnd
3 BusData8
4 Gnd
5 BusData7
6 NO)
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 INO)
31 Gnd
32 vdd
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BLOCK DIAGRAM
ClockToMaster Primary or Secondary Channel
« ClockFromMaster Y
? BusEnable, BusCtrl, BusData[8:0] "
1|SIn T SOut | 1
RxClk {1 I TxClk E
J ‘3 10
[ Receiver J RCIk {Clock Giencrator IClk [ Transmitter
v IT 310
[ XEBEXX] vVYVY b I X3
Request[5:0][9:0] WriteData[7:0][8:0] I Pck[l:ﬂ] ReadData[7:0](8:0] ]
37 % 5 T 7z T2
Op[3:0] Adr{10:3] Internal Data Bus
OpX[1:0] i
Adi[2:0] G AdBS:]
Count[7:0] Address
Start Mapping
SMode[1:0] Logic
J L
v
> AdrS[35:11] -
Command State Machine 4{ AddressSelect]3:0)(8:0) ]
R  Deviceld R—i . . X K=~
Frame State Machine IdMatch i Compare Deviceld]3:0]{8:0)
Device Type[3:0][8:0]
ReadDly,AckDly,WriteDly,AckWinDly L]
Delay[3:0](8:0]
RE,DEPD,CEX2,C[5:0] YRR
Mode[3:0](8:0]
i i Device Manufacture[3:0][8:0]
Row Miss State Machine . 1] RowAddress i acture[3:0][8:
RowMiss Compare j_ Row[3:0][8:0] 1
CoreAddress
L ooi
‘; 08¢ 1 RefRow[3:0][8:0]
Refresh State Machine
RefZero Refresh MinlInterval[3:0][8:0]
Counter Reflnterval[3:0][8:0]
RowPrecharge,RowSense,RowRestore RasTnterval[3:0](8:0] 14—
Y
CoreA« )
Core Restoms | | CoreBankAddr 72
<
e 7
8 S
L 72x128 RowSenseAmpLatch 1|4 C(m‘ ﬂ 72x128 RowSenseAmpLatch
7 7256 Column 1 725056
8
72x128x256 DRAM Array - Bank 0 3 72x128x256 DRAM Array - Bank 0 I
oreRow Addr
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TC59R0409

SYSTEM CONFIGURATION
Memory Modules
Rambus s dary Ch .
DRAMs econdary Channels
';é: JRIRRL seei: -
£E33C; T o | Socket for Rambus
Il L t Expansion DRAMs

Primary Channel e el ()

e 1 to 320 RDRAM s per system
Standard
o 30 traces per Channel

o 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 0.5 Vad+0.5 v
Voltage applied to any TTL pin
VinoTTL, ABS with respect to Gnd 03 Vadt0.5 v
Vo, aps Voltage on VDD with respect to 05 6.5 v
’ Gnd
T 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
O5c Junction-to-Case thermal resistance TBD °C/Watt
CAPACITANCE
SYMBOL PARAMETER and CONDITIONS MIN. MAX. UNIT
CiNTTL TTL input parasitic capacitance 10 pF
CourrrL TTL output parasitic capacitance 15 pF
RECOMMENDED ELECTRICAL CONDITIONS
SYMBOL PARAMETER MIN. MAX. UNIT
Vop> Vopa | Supply voltage 4.5 5.5 v
VREF Reference voltage L9 2.4 v
Vi Input low voltage Vggr-0.4 Vger0.2 v
Vg Inputhigh | Input high voltage
voltage Vgreet0.2 VRrert0.4 \%
Vi, 1L TTL input low voltage -0.5 0.8
Vi, T1L TTL input high voltage 2.0 Vga+ 05

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TC59R0409

ELECTRICAL CHARACTERISTICS.

lock time

SYMBOL PARAMETER MIN. MAX. UNIT
IRer Vger current @ Vyep=2.4V -10 10 UA
In Input current @ (0SV(NSVpp) -10 10 HA
Output low current (at maximum
IoL programmed value) @ Voyt = 35 mA
1.6V to 2.2V
AoL Error in program.med ogtput low 0,55 0.55 mA
‘ current (from unit to umt)
Output high current @ Vgyr =
Ton 2.0V 10 2.7V 10 10 nA
TTL input leakage current @
I -10.0 10.0 A
NI (OsyiN, T1L=VDD) "
VoL, T1L TTL output voltage @ Vo =1.0mA 04 v
TTL output high voltage @ Vgy=-
Vou 1t | .25mA 24 M
RECOMMENDED TIMING CONDITIONS.
SYMBOL PARAMETER MIN. MAX. UNIT
TxClk and RxClk input rise and fall
ters tep times 0.3 0.7 ns
tCYCLE TxClk and RxClk cycle times 4 10 ns
TxClk and RxCIk high and low
tens oL times 1.3 teycLg -1-3 ns
Ir TxCIk-RxClk differential 0 teycig -1.2 ns
Data/Control input rise and fall
tpRrs tDF times 0.3 0.7 ns
Data/Control output rise and fall
Qrotor | oo P 0.4 0.6 ns
fs Data/Control-to-RCIk setup time 03 ns
ty RClIk-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 CLoap, T1.=40pF
to TClk-to-Data/Control output time toycLe/4 +0.3 tcycLe/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
teycLE TxClk and RxCIk cycle times 4 10 ns
Start of request packet to Ack or
IRESPONSE | Nack d 70 100 tcycLE
Start of request packet to first read ) o)
'READHIT data for Row Hit 12 15 feyere
Start of request packet to start of
tWRITEHIT write data 40 70 tcycLE
¢ Start of RowMiss packet to 26
READRETRY | RowMatch packet tcycLe
Start of RowMiss packet ot 2)
YWRITERETRY RowMatch packet 26 tcycLe
¢ Start of request packet to end of 32 283 ¢
READBURST32 | pyte read for Row Hit CYCLE
¢ Start of request packet to end of 140® ¢
READBURST256 | 256 byte read for Row Hit CYCLE
‘ Start of request packet to end of 32 209 ¢
WRITEBURST32 | byte write for Row Hit CYCLE
¢ Start of request packet to end of 1329 t
WRITEBURST256 | 256 byte write for Row Hit CYCLE

(1) Programmable

(2) Minimum at tcyqp gvpn- Delay programmable to give equivalent timings at long tcycrg

(3) Calculated with trgapHTMIN
(4) Calculated with tywriTEHITMIN
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TC59R0409

RISE/FALL TIMING

Vbetin i N iids 7./‘: * Viovv
VContolin cecroXoomocccecccceoaaft 4=eee Vo Max

VDau,cut "\. '"‘""“"""“;;/-—:- Vormm
Veantrolout s=de3qererocaccoccceen -r--- Voumax

When: .
Voraay = Viere- 20 * (lory )
Voraax = Vrery - Zo * (lopaux * programmed value)

CLOCK TIMING

toce

VDauin
VCutrolin
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TC59R0409

RISE/FALL TIMING

tmck (even) ., tnck (0dd)
¢ >

v v&u,out
Controlout X&)

* trick is defined as one-half teycyp g.

SERIAL CONFIGURATION PIN TIMING

Varm =13V

READ HIT TIMII:SLEDIAGRAM
e Y ]
I, | )

(Ack)
WRITE HIT TIMING DIAGRAM

mfﬁm:[ﬁ_ﬂ_l_u—u—u_l_ﬂ_ﬂ_ﬂ_

|

R B ) O ) ) E e ——

RESPONSE. |

(Ack)
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TC59R0409

READ MISS TIMING DIAGRAM

tevcLe
I e R e iy
BusData < Request Packet > <:@

TRESPONSE N tresponse

WRITE MISS TIMING DIAGRAM

v (LT U e UL
o (e > <£:> o)

{RESPONSE

~ I\ 7. | 7

SURFACE VERTICAL PACKAGE (SVP) PACKAGE OUTLINE MM (MILS)
e =L > 12 (9)yp

i »
1 -]

1.0(433)

O/INDB(

IRRREREDA N R AR R R RS ARRRARRER 1D
6eayp | ™ J

>~ |= 05(20)

052(20) o gt e Hl032(13)
" [$260(102)max 2015 (793)
23.20 (913)

‘ ! 1 3z.|l
| I.’
—l

|
~ [=050@3)yp

.

3.50{150)max

|-

om0y

Dimensions in mm (mils)
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TOSHIBA TCSOR1609VK

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

/0

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 BusCitrl
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

BusData
< Request Packet

BusCtrl

FIGURE2. WRITE HIT TIMING DIAGRAM

4ns
oLk Mumm
T8D
BusData < RequestPacket 1 (DOAD1AD2AD3) - --=-~--=---------------

BusCtrl

FIGURE 3. READ MISS TIMING DIAGRAM

4ns

CLK lﬁd—_l_j_l;‘ “““ S5~ M%ﬂ
BusData < 0 >'< Request Packet AL @@

Request Packet

BusCitri

(NAck)
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TC59R1609VK

FIGURE 4. WRITE MISS TIMING DIAGRAM

Ms -

ao:m'l i —— \ o
Busct \\\\\\\\\\\ X\ vy \W

PACKAGE OUTLINE MM (MILS)

1.2 (47)
< 24.13 (950) - o
Al (]
S
[Je)
=
~ —_
= o
©
o
Y X
wi]1<0.35 (14) »<0.25 (1 T
23.28 (917) 3.80 (150)
1 32
» 1<0.70 (28)

0.65 (26) §

Dimensions in mm (mils)
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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 010 z@g Vgg
SIO1 {2 27 J SI04
S102 O3 26 [J S103
DY/OE Qe 25 SE
Wi/101 05 20 [J W4/104
w2102 [ 230 w3103
WB/WE (7 22 DsF
NC E@ 21[] CA
RAS O 20 QSF
A8 (10 190 A0
A6 (11 18 Al
AS {12 170 A2
A8 [ 13 6] A3
Vee E 18 15 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 I/O at RAS falling edge must be “1” to ensure that data will not be masked. Please refer to Datasheet for
details.

TC528128BJ
sc]1 40 |1 Vss1
sio1 [ 2 39 [ sios
sio2 [ 3 38 [] Sio7
slo3 [ 4 37 [ Sloe
Slod [ s 36 [ SIos
DT/OE [ 6 35 0 SE
winot [ 7 34 [Jws/los
w202 [ 8 33 [dwzno7
w3ano3 [ 9 32 [ we/i06
w404 []10 31 [ wsnos
_Veetl 11 30 [] vss2
WBMWE [] 12 (29 JDSF] ~—
Nc [13 28 LINC
RAS [] 14 27 J CAS
NC 015 | 26 [] QSF|-—
A8 []16 25 ] Ao
A6 [J17 24 [J A1
As []18 23] A2
A4 []19 220 A3
vee2 [ 20 21 [ A7
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TAEC Regional
Sales Offices

NORTHWEST
Sunnyvale

TEL: (408) 737-9844
FAX: (408) 737-9905

SOUTHWEST
Irvine

TEL: (714) 453-0224
FAX: (714) 453-0125

Denver
TEL: (303) 220-9848
FAX: (303) 220-9856

CENTRAL

Chicago

TEL: (708) 945-1500
FAX: (708) 945-1044

Dallas
TEL: (214) 480-0470
FAX: (214) 235-4114

NORTHEAST
Boston

TEL: (617) 224-0074
FAX: (617) 224-1096

Edison
TEL: (908) 248-8070
FAX: (908) 248-8030

SOUTHEAST
Atlanta

TEL: (404) 368-0203
FAX: (404) 368-0075

Orlando

TEL: (407) 332-0966
FAX: (407) 339-3777

MST-11562/6-93
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