
















































































































































































































































































































































































































































































































































































































































































































































































TC524262, TC524265 

-60 -70 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. 

tTSL Last SC to DT Lead Time 5 5 
(Real Time Read Transfer) 

DT to First SC Delay Time (Read Transfer) 10 10 
I---

tTSD 

Last SC to RAS Set-Up Time (Serial Input) 18 23 
I---

tSRS 
I---

tscc SC Cycle Time 18 23 

SC Pulse Width (SC High Time) 5 10 
I---

tsc 

SC Precharge Time (SC Low Time) 5 5 
I---

tscp 
I---

tSCA Access Time from SC 15 20 

tSOH Serial Output Hold Time from SC 5 5 
I---

tSEA Access Time from SE 15 20 
r---

SE Pulse Width 10 20 
I---

tSE 

tSEP SE Precharge Time 10 
r---

20 

tSEZ Serial Output Buffer Tum-off Delay from SE 15 15 �~� 
-

tSTS Split Transfer Set-Up Time 18 23 
-

tSTH Split Transfer Hold Time 18 23 
-

tSQD SC-QSF Delay Time 15 20 
-

tTQD DT-QSF Delay Time 15 20 
-

tCQD CAS-QSF Delay Time 15 20 
-

tRQD RAS-QSF Delay Time 60 70 
-

tRCDP RAS to CAS Delay Time (Pipeline mode) 20 35 20 40 
-

tCSHP CAS Hold Time (Pipeline mode) 45 50 ns 
-

tRACP Access Time from RAS (Pipeline mode) 85 90 
-

tCAC! Access Time from CAS (1) (Pipeline mode) 15 20 
-

tCAC2 Access Time from CAS (2) (Pipeline mode) 50 50 
-

tcAsP CAS Pulse Width (Pipeline mode) 10 10 
-

tcpp CAS Precharge Time (Pipeline mode) 10 10 
-

tpcp Fast Page Mode Cycle Time (Pipeline mode) 30 30 
-

tCOH CAS Hold Time referenced to OE 5 5 
(Pipeline mode) 

-
tRSH! RAS Hold Time (1) (Pipeline mode) 20 20 

RAS Hold Time (2) (Pipeline mode) 50 50 
:--

tRSH2 

Write Command to CAS lead Time 10 10 
I---

tCWLP 
(Pipeline mode) 

WE to CAS Delay Time (Pipeline mode) 30 30 
I---

tcwp 
I---

tOFFP Output Buffer Tum - off Delay from RAS 0 15 0 15 9, 15 
(Pipeline mode) 

tOEP OE High width 10 
I---

10 16 

tEcs CAS High to OE Low (Fast Page mode) 10 10 �~� 

tECH OE High to CAS Low (Fast Page mode) 10 10 �~� 
Boundary TAP SC Set-up time 0 0 

I---
tTSAA 

tSATT SRT inhibit after Boundary SC 36 46 
I---

C-360 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



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 I TTL and 50PF 

SAM Output Load I TTL and 30PF 

Input Reference Level 2.2V/1.0V. 

NOTES: 

I. Stresses greater than those listed under "Absolute Maximum Ratings" may cause pennanent damage to 
the device. 

2. All voltage are referenced to V ss. 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the output open. 
(Iout=0mA) 

5. Address can be changed once or less while RAS=V1L• In case of ICC4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. After power-up, a pause of200 Ilseconds 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 tT 5ns. (Between VIH (min) and V1L (max) 

8. tOFF (max.)' tOEZ (max.)' tOFFP (max.)' twps (max.), tWEZ (max.), and tSEZ (max.) define the time at which the 
outputs achieve the open circuit condition and are not referenced to output voltage levels. 

9. Either tRCH or tRRH 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. twcs , tRwD, tcwD and tAWD are not restrictive operating parameters. They are included in the data sheet 
as electrical characteristics only. Iftwcs <! 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 tRWD 2 tRW1D (min.)' lCWD 
<! tCWD (min.) and tAWD <! 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 indetenninate. 

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

by tCAC' 

13. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. tRAD (max.) is specified as a 
reference point only: If tRAD is greater than the specified tRAD (max.) limit, then access time is controlled 
bytAA· 

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

15. TC524265 only 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-361 
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TIMING WAVEFORM 

READ CYCLE *Note 1,2,3 

RAS 

CASLICASU 
V,H 
Vil 

AO-A8 
V,H 
Vil 

W8/WE 
V,H 
Vil 

DT/OE 
V,H 
Vil 

DSFl 
V,H 
Vil 

DSF2 V,H 
V,L 

IN 
V,H 

I V,L 

Wl1101 
-W1611016 

LOUT 

_ : "H" or "L" 

C-362 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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WRITE CYCLE (EARLY WRITE) *Note 1,2,4 

RAS 

V'H CASLICASU 
V'L 

AO-A8 V'H 
V'L 

W8/WE V'H 
V'L 

DT/OE V'H 
V'L 

DSFI V'H 
V'L 

DSF2 V'H 
VIL 

V'H IN 
I V'L 

Wl/101 
-W16/1016 

L- OUT 
VOH-
VOL -

Mask Mode 

No Mask Mode 

New Mask Mode 

Old Mask Mode 

OPEN 

*1 *2 Cycle 

1 Don't care Normal Write WMI data 

0 WMI data Write per Bit Don't care 

0 Don't care Write per Bit 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

_ : "H" or "l" 

o :Write Disable 
1 :Write Enable 

:' l' or '0' 

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

RAS 

V,H 
OOL/CASiJ V,L 

AO-A8 
V,H 
V,L 

WB/WE 
V,H 
V,L 

DT/OE 
V,H 
V,L 

DSFI 
V,H 
V,L 

DSF2 
V,H 
V,L 

IN 
V,H 

I V,L 

WI 1101 
-W1611016 

L- OUT 
VOH-

OPEN 
VOL -

Mask Mode *1 *2 Cycle 

No Mask Mode 1 Don't care Normal Write WMl data 

New Mask Mode 0 WMI data Write per Bit Don't care 

Old Mask Mode 0 Don't care Write per Bit 

C-364 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

_ :"W or "LO 

o :Write Disable 
1 : Write Enable 

:'1' or '0' 



READ - MODIFY - WRITE CYCLE *Note 1,2,3,4 

RAS 

CASLICASU 
V,H 
V,L 

AO-A8 
V,H 
V,l 

W8/WE 
V,H 
V,L 

DT/OE 
V,H 
V,l 

DSFl 
V,H 
V,L 

DSF2 
V,H 
V,L 

IN 
V,H 

I V,l 

Wl1101 
-W1611016 

L- OUT 

telz 

Mask Mode *1 *2 Cycle 

No Mask Mode 1 Don't care Nonnal Write WMI data 

New Mask Mode 0 WMI data Write per Bit Don't care 

Old Mask Mode 0 Don't care Write per Bit 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

TC524262, TC524265 

_ : "H" or "L" 

o : Write Disable 
1 :Write Enable 

:'1' or '0' 

C-365 
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FAST PAGE MODE READ CYCLE 

RAS 

CASlICASU 
VIH 

Vil 

AO-A8 VIH 

Vil 

WB/WE 
VIH 

Vil 

W/OE 
V IH 

Vil 

DSFl VIH 

Vil 

DSF2 
V IH 

Vil 

liN VIH 

Vil 

Wl/101 
-W1611016 

LOUT VOH -

VOl -

_ :"W or "L" 

C-366 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) *Note 1,2,4 

AD-AS 

WB/WE 

DSFI 

DSF2 

r-- IN 

WI/IOI 
-W161l016 

LOUT VOH ---------------- OPEN -------------
VOL -

Mask Mode 

No Mask Mode 

New Mask Mode 

Old Mask Mode 

*1 *2 Cycle 

1 Don't care Normal Write WMI data 

0 WMI data Write per Bit Don't care 

0 Don't care Write per Bit 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

_:"H"or"L" 

o :Write Disable 
1 :Write Enable 

:'1' or '0' 

C-367 
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FAST PAGE MODE READ - MODIFY - WRITE CYCLE*Note 1,2,3,4 

AO-AS 

WS/WE 

DSFl 

DSF2 

IN 

Wl1101 
-W1611016 

LOUT 

Mask Mode 

No Mask Mode 

New Mask Mode 

Old Mask Mode 

C-368 

tClZ tClZ tClZ 

*1 *2 Cycle 

1 Don't care Nonnal Write WMI data 

0 WMI data Write per Bit Don't care 

0 Don't care Write per Bit 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

_ : "H" or "L" 

o :Write Disable 
I :Write Enable 

:'1' or '0' 
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EXTENDED FAST PAGE MODE READ CYCLE (TC524265 only) 

RAS 

CASLI CASU 
V,H 
V,L 

AO-A8 V,H 
V,L 

WB/WE 
V,H 
V,L 

DT/OE 
V,H 
V,L 

DSFl V,H 
V,L 

DSF2 V,H 
V,L 

r- 1N 
V,H 
V,L 

Wl/101 
-W16/1016 

LOUT VOH - OPEN 
VOL -

_ : "W or "L" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-369 
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EXTENDED FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
(TC524265 only) 

AO-AS 

DSFl 

DSF2 

r-- 1N 

Wl1101 
-W1611016 

LouT VOH -----------------------------OPEN--~---------------------
VOL -

Mask Mode 

No Mask Mode 

New Mask Mode 

Old Mask Mode 

C-370 

*1 *2 Cycle 

1 Don't care Normal Write WMI data 

0 WMI data Write per Bit Don't care 

0 Don't care Write per Bit 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

1M : "W or "L" 

o :Write Disable 
I :Write Enable 

:'1' or '0' 



TC524262, TC524265 

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

RAS 

CASLICASU 

AO-A8 
V,H 
VIL 

WB/WE 
V,H 
VIL 

Of/OE 
V,H 
VIL 

DSFl 
V,H 
VIL 

DSF2 
V,H 
VIL 

r- IN 

Wl/101 
-W16/1016 

LOUT 

Mask Mode 

No Mask Mode 

New Mask Mode 

Old Mask Mode 

tCLZ teLl telz 

*1 *2 Cycle 

1 Don't care Normal Write WMI data 

0 WMI data Write per Bit Don't care 

0 Don't care Write per Bit 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

~ : "W or "L" 

o :Write Disable 
I :Write Enable 

:'1' or '0' 

C-371 
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FLASH WRITE CYCLE 

RAS 
V,H -
VIL -

CASLICASU 
V,H 
V,L 

AD-AS 
V,H 
V,L 

WB/WE 
V,H 
V,L 

DT/OE 
V,H 
V,L 

DSFl 
V,H 
V,L 

DSF2 
V,H 
V,L 

IN 
V,H 

I V,L 

Wl/IOl 
-W16/I016 

L- OUT 
VOH -

VOL -

Mask Mode 

New Mask Mode 

Old Mask Mode 

OPEN 

*2 

WMI data WMI data 

Don't care Don't care 

-
o :Write Disable 
I :Write Enable 

:'1' or '0' 

C-372 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

: "H" or "L" 
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BLOCK WRITE CYCLE (EARLY WRITE) *NOTE 1,2,4 

RAS 

CASLICASU 
V'H 
VIL 

AD-A8 V'H 
VIL 

WB/WE 
V'H 
V'L 

DTiOE V'H 
V'L 

DSFl 
V'H 
V'L 

DSF2 V'H 
V'L 

IN 
V'H 

I V'L 

Wl1101 
-W1611016 

L- OUT 
V OH -

VOL _ 
-------------------------OPEN-------------------------

Mask 
*1 *2 

Mode 

No Mask 
1 

Don't 
Mode care 

New Mask 
0 

WMI 
Mode data 

Old Mask 
0 

Don't 
Mode care 

WMI data 0 :Write Disable 
1 :Write Enable 

Don't care :'1' or '0' 

*3) COLUMN SELECT 
Lower Byte 

Wi/lOI 
W2/l02 
W3/l03 
W4/104 
W5/105 
W6/I06 
W7/107 
W8/108 

Upper Byte 

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

W9/l09 -Column 0 (A2C = 0, AIC = 0, AOC = 0) 
WIO/IOIO -Column I (A2C=0,AIC=0,AOC= I) 
WII/lOII -Column 2 (A2C = 0, AIC = I, AOC = 0) 
W12/l012 -Column 3 (A2C = 0, AIC = I, AOC = 1) 
WI3/I013 -Column 4 (A2C= I,AIC=O,AOC=O) 
W14/l014 -Column 5 (A2C = I, AIC = 0, AOC = I) 
W15/l0l5 -Column 6 (A2C = 1, AIC = I, AOC = 0) 
WI6/l016 -Column 7 (A2C = I, AIC = 1, AOC = I) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

_ : "H" or "L" 

Wn/lOn 
= 0: Disable 
= I: Enable 

C-373 
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BLOCK WRITE CYCLE (DELAYED WRITE *NOTE 1,2,4 

RAS 
,V,H 

VIL -

CASL/CASU 
V,H 
VIL 

AO-A8 
V,H 
VIL 

WB/WE 
V,H 
V,l 

DT/OE 
V,H 
V,l 

DSFl 
V,H 
V,l 

DSF2 
V,H 
V,l 

IN 
V,H 

I" V,l 

WlilOl 
-W1611016 

L- OUT 
VOH-
VOL -

Mask 
*1 *2 

Mode 

No Mask 
1 

Don't 
Mode care 

New Mask 
0 

WMI 
Mode data 

Old Mask 
0 

Don't 
Mode care 

WMI data 0 :Write Disable 
I : Write Enable 

Don't care :'I'or'O' 

- OPEN -------------
_ : "W or "L" 

*3) COLUMN SELECT 
Lower Byte 

Wl/IOI 
W2/I02 
W3/I03 
W4/l04 
W5/I05 
W6/l06 
W7/l07 
W8/l08 

Upper Byte 

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

W9/I09 -Column ° (A2C = 0, A1C = 0, AOC = 0) 
WIO/IOI0 -Column 1 (A2C = 0, A1C = 0, AOC = 1) 
Wll/I011 -Column 2 (A2C = 0, AIC = I, AOC = 0) 

W12/I012 -Column 3 (A2C = 0, AIC = I, AOC = I) 

W13/l013 -Column 4 (A2C = 1, AIC = 0, AOC = 0) 
WI4/IOI4 -Column 5 (A2C = 1, AIC = 0, AOC = 1) 

W15/I015 oColumn 6 (A2C = I, AIC = 1, AOC = 0) 
WI6/IOI6 -Column 7 (A2C = 1, AIC = 1, AOC = 1) 

Wn/IOn 
= 0: Disable 
= 1: Enable 

C-374 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



FAST PAGE MODE BLOCK WRITE CYCLE *NOTE 1,2,4 

RAS v," 
VIL 

CASLI CASU 
V," 
V,l 

AD-AS V," 
V,l 

lIT/OE V," 
V,l 

WB/WE 
V," 
V,l 

DSFl V,H 
V,l 

DSF2 V," 
V,l 

Wl/IOl V,H 
-W16J1016 V,l 

Mask 
*1 *2 

Mode 

No Mask 
1 

Don't 
Mode care 

New Mask 
0 

WMI 
Mode data 

Old Mask 
0 

Don't 
Mode care 

WMI data 0 :Write Disable 
I :Write Enable 

Don't care :' I' or '0' 

*3) COLUMN SELECT 
Lower Byte 

WI/IOI 
W2/I02 
W3/I03 
W4/I04 
W5/I05 
W6/I06 
W7/107 
W8/I08 

Upper Byte 

-Column 0 (A2C = 0, A I C = 0, AOC = 0) 
-Column I (A2C = 0, AIC = 0, AOC = 1) 
-Column 2 (A2C = 0, AIC = I, AOC = 0) 
-Column 3 (A2C = 0, AIC = I, AOC = I) 
-Column 4 (A2C = 1, AIC = 0, AOC = 0) 
-Column 5 (A2C = 1, AIC = 0, AOC = I) 
-Column 6 (A2C = I, AIC = I, AOC = 0) 
-Column 7 (A2C = 1, AIC = 1, AOC = I) 

W9/I09 -Column 0 (A2C = 0, AIC = 0, AOC = 0) 
WIO/IOIO -Column I (A2C = 0, AIC = 0, AOC = 1) 

WII/IOII -Column 2 (A2C = 0, AIC = I, AOC = 0) 
WI2/IOI2 -Column 3 (A2C = 0, AIC = I, AOC = 1) 
WI3/IOI3 -Column 4 (A2C = I, AIC = 0, AOC = 0) 
WI4/IOI4 -Column 5 (A2C = I, AIC = 0, AOC = I) 
W15/I015 -Column 6 (A2C = I, AIC = I, AOC = 0) 
WI6/IOI6 -Column 7 (A2C = I, AIC = I, AOC = I) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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_ : "W or "L" 

Wn/IOn 
= 0: Disable 
= I : Enable 

C-375 
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RAS ONLY REFRESH CYCLE 

RAS 

CASLICASU 
VIH 
VIL 

AO-A8 
VIH 
VIL 

WB/WE 
VIH 

VIL 

DTiOE 
V IH 
VIL 

DSF1 
V IH 

VIL 

DSF2 
VIH 
VIL 

W1/101 VOH-

-W1611016 VOL -
------------------------OPEN------------~--------

.. : "H" or ilL" 

C-376 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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HIDDEN REFRESH CYCLE 

RAS 

CASL/ CASU 

AO-AS 
V,H 
V,L 

WB/WE 
V,H 
V,L 

lIT/OE 

DSFl 
V1H 
V,L 

DSF2 
V,H 
V,L 

Wl/IOl VOH 
-W16/I016 VOL 

_ : "H" or"L" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. C-377 
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CBR AUTO REFRESH CYCLE 

RAS V'H -
V'l 

CASLICASU 
V'H 
V'l 

WB/WE V'H 
V'l 

DT/OE V'H 
V'l 

DSFI V'H 
V'l 

DSF2 V'H 
V'l 

WI/IOI VOH 
-W1611016 VOL 

1)-,---------- OPEN ---------

Note :AO-A8 = Don't Care (.oW or "L") _ :"W or "L" 

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

tRP 

RAS 

CASLICASU 
V,H 
VIL 

AO-A8 
V,H 
VIL 

V,H 
WB/WE VIL 

Of/OE 
V,H 
V,L 

DSFl V,H 
V,L 

DSF2 
V,H 
V,L 

Wl/IOl VOH 
-W1611016 VOL 

_ :"H"or"L" 

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

RAS VIH -
VIL 

CASLICASU 
VIH 

VIL 

WB/WE 
VIH 

VIL 

DT/OE VIH 

VIL 

DSFl VIH 

VIL 

DSF2 VIH 

VIL 

Wl/101 VOH 
-W1611016 VOL 

1>---------- OPEN ---------

Note: AO-A8; Don't Care ("W or "L") _ :"W or "L" 

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

RAS 

CASLICASU 

AD-AS 
V,H 
VIL 

WB/WE V'H 
V'L 

WIDE 
V,H 
V'L 

DSFl 
V'H 
V'L 

DSF2 V'H 
V'L 

V,H 

I V,L 

WlIlDl 
-W16/1D16 

L- V'H 
V'L 

(Early Write) 

CASL CASU *1 *2 Cycle 

0 Mask data Load Mask Register 
0 0 

I Color data Load Color Register 

0 Mask data Load Mask Register (Lower Byte) 
0 I 

I Color data Load Color Register (Lower Byte) 

0 Mask data Load Mask Register (Upper Byte) 
1 0 

1 Color data Load Color Register (Upper Byte) 

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

RAS 

CASLICASU 
V,H 
VIL 

AD-A8 
V,H 
V,L 

DT/OE 
V,H 
V,L 

WB/WE 
V,H 
V,L 

DSF1 
V,H 
V,L 

DSF2 V,H 
VIL 

W1/I01 
-W16/I016 

_ : "H"or "L" 

CASL CASU *1 *2 Cycle 

0 Mask data Load Mask Register 
0 0 

I Color data Load Color Register 

0 Masky data Load Mask Register (Lower Byte) 
0 I 

1 Color data Load Color Register (Lower Byte) 

0 Mask data Load Mask Register (Upper Byte) 
I 0 

I Color data Load Color Register (Upper Byte) 

C-382 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



PIPELINED FAST PAGE READ CYCLE 

AO-AS ~:~ 

Wl/101 
- DOUT Vlfi ----++---H-----+t----<I 

WIG/I016 Vil -

WIII01 
- Dltj V 1H 

WIG/IOI6 V1L 

*Note 6 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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_ : "H"or"l" 
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PIPELINED FAST PAGE WRITE CYCLE *Note 6 

"AS VrH -
V ll -

CASU CASU ~:~_ 

AD-AS V,H 
Vil 

WB/WE 
V,H 
Vil 

WlII01- V,H 
W16/I016 Vil 

lIT/DE V,H 
Vil 

DSFI V,H 
Vil 

DSF2 V,H 
Vil 

Mask Mode *1 *2 Cycle 

No Mask Mode 1 Don't care Normal Write WMI data 

New Mask Mode 0 WMI data Write per Bit Don't care 

Old Mask Mode 0 Don't care Write per Bit 
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_ : "HH or "l" 

o :Write Disable 
1 :Write Enable 

:'1' or '0' 



PIPELINED FAST PAGE READ - WRITE CYCLE 

RAS 
V 1H -

VIL -

__ VIH 
CASU CASU V1L _ 

AO-AB 
VIH 

VIL 

WB/WE 
VIH 
V IL 

Of/OE 
VIH 

VIL 

Wl/J01 ..... VIH 
WI611016 VIL 

DSFl 
VIH 
V IL 

OSF2 
VIH 

VIL 

Mask Mode *1 *2 Cycle 

No Mask Mode 1 Don't care Nonnal Write WMI data 

New Mask Mode 0 WMI data Write per Bit Don't care 

Old Mask Mode 0 Don't care Write per Bit 
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: "H" or "L" 

o :Write Disable 
1 : Write Enable 
0:'1' or '0' 
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PIPELINED FAST PAGE WRITE - READ CYCLE 

Wl/101- VIH 
W1611016 V1L 

Mask Mode 

No Mask Mode 

New Mask Mode 

Old Mask Mode 

C-386 

*1 *2 Cycle 

1 Don't care Normal Write WMI data 

0 WM1 data Write per Bit Don't care 

0 Don't care Write per Bit 
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PIPELINED FAST PAGE WRITE - BLOCK WRITE CYCLE 

RAS 

CASLICASU 

AO-A8 
V,H 
VIL 

WB/WE V'H 
VIL 

5T(OE V'H 
VIL 

Wl/101 V'H 
-W1611016 v'c 

DSFl V'H 
v'c 

DSF2 
V'H 
v'c 

Mask 
*1 *2 

Mode 

No Mask 
I 

Don't 
Mode care 

New Mask 
0 

WMI 
Mode data 

Old Mask 
0 

Don't 
Mode care 

WMI data 0 :Write Disable 
I :Write Enable 

Don't care :' I ' or '0' 

_ ; "H"or UL" 

*3) COLUMN SELECT 
Lower Byte 

Wl/lOI 
W2/I02 
W3/I03 
W4/104 
W5/105 
W6/106 
W7(107 
W8/I08 

Upper Byte 

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

W9/I09 -Column 0 (A2C = 0, AIC = 0, AOC = 0) 
WIO/IOIO -Column 1 (A2C = 0, AIC = 0, AOC = I) 
Wll/IOlI -Column2(A2C=0,AIC= I,AOC=O) 
W12/I012 -Column 3 (A2C = 0, AIC = I, AOC = 1) 
W13/I013 -Column 4 (A2C = I,AIC=O,AOC=O) 
W14/I0l4 -Column 5 (A2C = I, AIC = 0, AOC = I) 
W15/I0l5 -Column 6 (A2C = I, AIC = I, AOC = 0) 
W16/I016 -Column 7 (A2C = I, AIC = I, AOC = 1) 

Wn/IOn 
= 0: Disable 
= I: Enable 
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READ TRANSFER CYCLE 

RAS 

CASL/CASU 
V,H 
V,L 

AO-A8 
V,H 
Vil 

WB/WE 
V,H 
Vil 

DTiOE 
V,H 
Vil 

DSF1 
V,H 
Vil 

DSF2 
V,H 
V,L 

W1/101 VOH 
-W1611016 VOL 

SC 

S01-S016 

VOH 
QSF VOL - _______________________________ -J 

Note: SE = V,L _ : "H" or "L" 
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REAL TIME READ TRANSFER CYCLE 

RAS 

CASLICASU 

AO-AB 

WB/WE 

DT/OE 

DSFl 

DSF2 

W1/101 
-W16/1016 

SC 

501-5016 

QSF 

V,H 
Vil 

V,H 
V,L 

V,H 
V,L 

V,H 
V,L 

V,H 
V,L 

V,H 
V,L 

V,H 
V,L 

VOH 
VOL 

V,H 
V,L 

VOH 
VOL 

VOH VOL-___________________________________ J1~ ____________________ ___ 

Note: 5E ~ V,L _ :"H"or"L" 
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SPLIT READ TRANSFER CYCLE 

RAS V,H 
V,l 

__ V'H 
CASL/CASU V,l 

AO-A8 V,H 
V,l 

W8/WE 
V,H 
V,l 

miCE V,H 
V,l 

DSFl V,H 
V,l 

DSF2 V,H 
V,l 

SC 

501 V,H 
-5016 V,l 

QSF 

Upper SAM 128 - 255 

IE :"H"or"L" 

Note: $I : V,l 

C-390 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC524262, TC524265 

READ TRANSFER CYCLE (SE = V1L) 

DT/OE V,H 
VIL 

sc V,H 
VIL 

501 
-5016 

Note: 51:= VIL 
_ : "H" or "L" 

SERIAL READ CYCLE (SE Controlled Outputs) 

RAS 
V,H 
VIL 

DT/OE 
V,H 
VIL 

sc V,H 
VIL 

51: 
V,H 
V,l 

501-5016 

-• tscc ) I( tS(( ):( tscc ,E tscc 

tseA tseA 
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tseA 

VALID 
ATA-OUT 

_ : "H" or "L" 
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PIN FUNCTION 

ADDRESS INPUTS: Ao ..., As 

The IS 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 (AO-AS)' 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, DSFI and DSF2 to invoke 
the various random access and data transfer operating modes shown in Table I. 

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

COLUMN ADDRESS STROBE: CASL!CASU 

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

DAT A 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: Wl/IOI-W16/I016 

Data is written into the RAM through W/IO\-W\6 IlO\6 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/IOi 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 WillOi 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/IOi 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 V IH or V\L 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: DSFl, DSF2 

DSFI 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 tSTS' split read transfer operation can be performed on the non-active split SAM. 

SERIAL OUTPUT: SOC'SOI6 

Serial output SO[-SOI6 are the output pin of SAM register. SAM data out is valid tseA after SC rising 
edge. These SO[-SOI6 output is controlled by SE. SOj 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 ofDSFl 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 

RASI L CAsL 
Mnemonic 

Function CASLI DT/ WB/ Code 
CASU OE WE 

DSFI DSF2 DSFI 

0 :;: " 0 :;: - CBR CBR Auto Refresh & Option Reset 1).2) 

0 * 0 I * - CBRS CBR Auto Refresh & Stop Register Set2) 

0 :;: I I :I: - CBRN CBR Auto Refresh 

I 0 I 0 * * RT Read Transfer 

I 0 I I :I< * SRT Split Read Transfer 

I I 0 0 0 0 RWM Read Write (New/Old Mask)l) 

I I 0 0 0 I BWM Block Write (New/Old Mask)l) 

I I 0 I * * FWM Flash Write (New/Old Mask) I) 

I I I 0 0 0 RW Read Write (No Mask) 

I I I 0 0 I BW Block Write (No Mask) 

I I 0 0 I 0 RWM(P) PFp3) Read Write (New/Old Mask)l) 

I I 0 0 I I BWM(P) PFP3) Block Write (New/old Mask)l) 

I I I 0 I 0 RW(P) FFp3) Read Write (No Mask) 

I I I 0 I I BW(P) PFp3) Block Write (No Mask) 

I I I I * 0 LMR Load (Old) Mask Register l) 

I I I I * I LCA Load Color Register 

Note: * = 0 or 1, - = Not applicable. 
I) After LMR operation, RWM, BWM, FWM, RWM (P), BWM (P) use old mask. Either CBR 

operation or LMR operation with no mask bits resets the old mask mode to new mask mode. 
2) CBRS operation determines binary boundaries in the SAM. CBR operation resets the boundaries. 
3) PFP stands for pipelined fast page mode. 
4) The state of CASL/CASU is defined as Logical "AND" of CASL and CASU state. 
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RAM PORT OPERATION 

1. READ WRITE FUNCTION: RW 

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

1.1 EXTENDED FAST PAGE MODE (TC524265) 

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

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

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

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

At the falling edge of RAS 
Write Mask Register Function 

CASL/CASU DT/OE WB/WE W/IO/j (i = 1-16) 

I +--- Write Enable 

0 +--- Write Disable (New Mask) 
H H L 

* I Write Enable 

* 0 Write Disable (Old Mask) 

Note:'" = 1 or 0 , +--- = The data on W/IO j 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 DSFI "low" at the RAS 
falling edge and by holding DSFI "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 
I/O mask, BMW mode or "high" to disable it, BW mode). The I/O mask is provided on the W/IO j input at the 
RAS falling edge. After LMR operation, however, the old mask is used for the I/O mask function. The column 
mask data on the W/IO j 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 ofCASL/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 

mrn~~ ______________ ~r--

~nal. ~'-____ --1r--
AD-A8 ~ Column: A3C-SC_ 

. . 

WE/WE ~'TL"''''''~ ( 

DSF1 ",~=-..... >~I ~ • 
DSF2~:L~~ 
-e~ 

[ 
wno 

WIIO 

~ i ~ 
~.3:CoJumn Mask~"'~'""==== 

I Early Write 

~ *2 _*3-Column Mask_ 

~ (Shown on Lower byte. The same manner on Upper byte) 

Del ayed Write F='-'---
'1 '2 

1 Don't Care 

0 WM1 

0 Don't Care 

*3) COLUMN MASK 
Lower Byte 

Mask Mode 

No Mask Mode 

New Mask Mode 

Old Mask Mode 

WI/IOI -Column 0 (A2C = O. AIC = O. AOC = 0) 
W2/102 -Column 1 (A2C = O. AIC = O. AOC = 1) 
W3/103 -Column 2 (A2C = 0, AIC = I, AOC = 0) 
W4/l04 -Column 3 (A2C = 0, AIC = I, AOC = I) 
W5/105 -Column 4 (A2C = I, AIC = 0, AOC = 0) 
W6/l06 -Colunm 5 (A2C = I, AIC = 0, AOC = I) 
W7/l07 -Column 6 (A2C = I, AIC = I, AOC = 0) 
W8/l08 -Column 7 (A2C = I, AIC = I, AOC = I) 

4. FLASH WRITE: FWM 

• High Speed Window Cear ~ 
• High Speed Rectangular Fill 

Upper Byte 
W9/109 -Column 0 (A2C = 0, AIC = 0, AOC = 0) 
WlO/lOlO -Column 1 (A2C = 0, AIC = 0, AOC = 1) 
WI 1/1011 -Column 2 (A2C = 0, AIC = 1, AOC = 0) 
W12/1012 -Column 3 (A2C =0, AIC = I, AOC = 1) 

WI3/1013 -Column 4 (A2C = I,AIC=O,AOC=O) 
W14/1014 -Column 5 (A2C = I, AIC = 0, AOC = I) 
W15/1015 -Column 6 (A2C = 1, AIC = I, AOC = 0) 
W16/1016 -Column 7 (A2C= I,AlC= I,AOC= 1) 

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 DSFI "high" at the 
falling edge ofRAS. The mask data must also be provided on the Wj/lOj 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 !!seconds. 
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Figure 2. Flash Write Operation 
Example (Shown is lower only. The same manner in upper byte.) 

RAS ~ r ]JOB 

,H 
CAS 

~ \ ( 

DSF1 

WilD 

DSF2 
Mask 
Data (WMl) 

* 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) 

Pipe lined 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 DSFI "high" at 
the falling edge of RAS and by DSFI "low" at the falling edge of CAS. The data presented on the W/IO j 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 hit. 

Old Mask Mode ) 
~-~ 

New 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 DSFI "high" at the falling edge 
of RAS. The data presented on the W/IO j lines is subsequently latched into the color register at the falling edge 
of either CASL/CASU or WB/WE, whichever occurs later. During the load color register cycle, the memory 
cells on the row address latched at the falling edge of RAS are refreshed. 

8. REFRESH 

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

8.1 CAS before RAS Refresh and Option Reset: CBR 

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

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

To reset the stop register and remove the binary boundaries for the split SAM operation. 
The systems which implement neither the old mask mode nor the binary boundary in the SAM is 

recommended to use the CBR cycle for refresh operation. 
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8.2 CAS before RAS Refresh: CBRN 

The CBRN cycle perfonns 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, perfonning 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, 
Ao - As is latched and the binary boundaries in each half SAM will be available when a split transfer operation 
is perfonned. 

Figure 4 Stop Register and Binary Boundary Location 

Stop Register Value 
As - Ao 

Binary Boundary Locations 

a 1 1 1 1 1 1 1 1 

001111111 

a a a 1 1 1 1 1 1 

a a a a 1 1 1 1 1 

000001111 

000000 111 

00000001 

000000001 

000000000 

C-402 

'---__ ---'I ,-I ___ -.J 

'---_'------'I <-I _--'-_---' 

I I I I I I I I II I I I I I I I I 

1111111111111111111111111111111111 

} .. , .. ,,'"" ... "0' ."0..0 '" .. '" 

Last Address of each block 
255, 511 Default Case 

127,255,383,511 

63, 127, 191, 255, 319, 383, 447, 511 

31,63,95, 127, 159, 191,223,255,287, 
319, 351, 383, 415, 447, 479, 511 

15, 31, 47, 63, 79, 95, 111, 127, 143, 
159, 175, 191, 207, 223, 239, 255, 271, 
287, 303, 319, 335, 351, 367, 383, 399, 
415,431,447,463,479,495,511 
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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 WI! 
O. However, the data will not be valid when OE goes low with CAS high condition. The data will come out in 
following CAS cycle. Such a OE control have to satisfy tOEP (IOns min), tECS (IOns min), tECH (IOns min). 
Please refer following Figure. 

Add 

WI / 0 -------<""--"'c.:.......J 

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 DSF I input signal 

512 columns 

512 x 512 x 16 
Memory Cell Array 

512 x 16 

Figure 5. (a) Normal Transfer 

I 
512 
rows 

\ 
I:¢ 

256 columns 256 columns 

512x256x 16 512x256x16 
Memory Memory 
Cell Array Cell Array 

n n 
256x 16 ~I 256x 16 

(b) Split Transfer 
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Table 3. shows the truth table of each Transfer Modes 

RAS 
Mnemonic Transfer Transfer 

CASL/ 
-

WBI 
Transfer Mode SAM Port Mode 

DTI 
DSFI 

Code Direction Bit 
CASU OE WE 

H L H L RT Read Transfer RAM-SAM S12xJ6 Input - Output 

H L H H SRT Split Read Transfer RAM-SAM 2S6xl6 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 DSFI "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 

~ ;--..... ---0 501-16 

c=> 

'" '0 
o 
u 

'" o 
~ 
o 
'" 

512 x 512 x 16 bits 
Memory Cell Array 

Serial Read 

In a read transfer cycle, the SC clock must be held at a constant V1L or VIR' after the SC high time has been 
satisfied. A rising edge of the SC clock must not occur until after the specified delay lTSD from the rising edge 
ofDT/OE and the falling edge ofRAS 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 (ASC) 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. 

sc 

QSF 

256 columns 256 columns 

( 
512 
rows 

\ 

,...---.....~ 

Active SAM 
256x 16 

lower SAM 

upper SAM 

SID 

Figure 7. Split Read Transfer 

Read 
Transfer 
{/,-~~------~-. 

FIgure 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. 

Address 

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

RAS 

Address -~~~~-----------------------
lower SAM: Active 

__ -,u"-,p",p,,,e,-r :.:SA-"M"'-':..:.N'"'o"'n'-'-a"'c"'ti.:..ve"--__________ ...:/_~.,. ... -1~ lower SAM: Non-active 
\ tr6lk l:iWk upper SAM: Active 

QSF 

SC JlJlJl-------S)-------JlSULj~ 
I I 

: • . Multiple Split transfer into upper SAM • i Serial access of upper SAM 
i Serial access of lower SAM ; 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 tSTH + tSTS• In the case that the CBRS 
operation is executed and the binary boundary in each half SAM is set or updated, an additional period 
is applied, as shown in Figure 9. 

Last First Last First Last First 
Clock Clock Clock Clock Clock Clock 

SC JU~~~<,--_rlrLJL-<,)-fL-jLF 

" 
, , 

" QSF 

SRT SRT CBRS~SRT 
tTSAA tSAAT 

tSTH tSTs tSTH tSTS 
Split 
Read/Write 
Transfer 
allowed. 

---- -- tSTH tST5 

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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(4) A normal transfer may be performed following split transfer operation provided that a tsTS minimun 
delay is satisfied after the QSF signal toggles. 

QSF ------------~xr---------------------------------------
I i 
I I 
I I 

Split Transfer -..:. tSTS Min. ~ : ~Normal Transfer Operation Allowed 
I I 
I I 
I 

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. 

IFFI 1 509 1 510 1 511 f-I 

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 ',?cation Tap ',?cation 

: .. SRT is executed .. ~ 1.- No SRT is executed .. ~ 

r-t; 1 1 1 nm_ 13+m 1 1 f 1 1 1 1 1 n----1 R+---- 1 I ::h L 1 2 255 .... 1 ___ 2S_6 _____ ---'r 5~ I 

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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e SRT, - CBRS - SRT, - SRT, - SRT ........... . 

(TAP,) (TAP,) (TAP,) (TAP.) 

New Boundary S~r ________ Example: CBRS is executed during this period. 

I 
New Boundary 

is set by 

I~ CBRS ~:SRT'.1.P'~-------- This is the time point that SRT2 is executed. 

BO BO 

Transfer Cycle (SRT) 
after CeRS. 

\ I~I=-,= 
r- No SRT IS executed 

I I. SRT, 
0( )0 I 0( 

Figure 10. Operation of Spit Register Mode with Binary Boundary 

BO : Old 
Boundary 

8 1 : New 
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 l1. 

I 
Sy CSR 

\ 

CSR 

I SRT, • 
-: 

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 + l)th SC clock accesses old boundary address (old stop address) + 1 on the 
same split SAM, not jump to TAP address. 

RAS ____ ---, CBR 

:~,---___ ---,I 

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. 

~ CBRS ~,--R_T--,I ~\\--

Ao-As 

SC ruJ:" fulSl··· -----------------------:...'I'APl Boundary 'l'AP2 
Location .. 

Figure 13. Binary Boundary Jump Set Sequence 

There are additional timing specifications, tTSAA and tSAAT to determine the period that does not allow a 
split transfer, as illustrated in Figure 14. 
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Boundary Boundary 1st Boundary 1st 

;C~~~~J 
QSF \\ \ 

II II 

-+ ~ -+ ~ ~ 
Period B tr AA tSAAT Period B tT AA tSAAT Period B tT AA tSAAT Period B =====:> ++....--.. ++ ....--.. .... ....--.. 

Ons GOns 

tSTS tSTS tSTS 

ts~:: 
-+ +-

t~~ 
-+ +-

t~-
-+ +-

30m 

<4fPeriod A • !If Period A 
~ 

4 Period A 
~ 

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 Vee supply is turned on. After power-up, a pause of 200 I!seconds 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 I!seconds pause followed by a minimum of 8 CBR cycles) and before valid operations begin. 

State after power-up 

QSF High-Impedance 

Color Register all "0" 

Write Mask Register Write Enable 

TAP pointer Invalid 

Stop Register Default Case 
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TOSHIBA TC59S1604 
TC59S1608 

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

DESCRIPTION 

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

The synchronous DRAM is offered in the following organizations. 

FEATURES 

Part Number 

TC59S1604 
TC59S1608 

Fully synchronous DRAM 

Operating frequency of up to 100 MHz 

All inputs and outputs L VTTL compatible 

All inputs and outputs referenced to the rising 
edge of the clock 

Two bank organization to allow concurrent 
access/refresh and precharge operation 

RAM - SAM Transfer 
Read / Real Time Read Transfer 
Split Read Transfer 

RAS latency of 6 clocks at 100 MHz 

CAS latency of 3 clocks at 100 MHz 

Random column address update possible every 2 
clock cycles 

Programmable burst length and addressing mode 

Programmable clock latency 

Auto refresh and self refresh 

Toshiba standard DRAM process 

Organization 

4Mx4 
2Mx8 

KEY PARAMETERS 

TC59S 160SFTffR-I a 

lOa 66 50 
MHz MHz MHz 

tRC 10 7 5 

tRAS 6 4 3 

tRP 4 3 2 

tCAC 3 2 2 

tpc 2 2 2 

tRRD 2 2 I 
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PIN DEFINITION 

NAME I/O FUNCTION 

Ao - As I Address Input 
Ao - 10 for Row Address 
Ao - s for Column Address 

BS I Bank Select 

DQo - DQ7 I/O Data Input/Output 

RAS I Row Address Asserted 

CAS I Column Address Asserted 

WE I Write Enable 

DQM I Output Disable/Write Mask 

CS I Chip Select 

CLK I Clock Input 

eKE 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 TC59S16800TR 

Vee 44 Vss Vss 1 Vee 
DQo 43 DQ7 DQ7 2 DQo 

VssQ 42 VssQ VssQ 3 VssQ 
DQI 41 DQa DQa 4 DQI 

VeeQ 40 VeeQ VeeQ 5 VeeQ 
DQ2 39 DQ5 DQ5 6 DQ2 

VssQ 38 VssQ VssQ 7 VssQ 
DQ3 37 DQ4 DQ4 8 DQ3 

VeeQ 36 VeeQ VeeQ 9 VeeQ 
NC 35 NC NC 10 NC 

WE 33 DQM DQM 12 WE 
CAS 32 CLK CLK 13 CAS 
RAS 31 CKE CKE 14 RAS 

CS 30 NC NC 15 CS 
BS 29 A9 A9 16 BS 

AIO 28 As As 17 AIO 
Ao 27 A7 A7 18 Ao 
Al 26 A6 Aa 19 Al 
A2 25 A5 A5 20 A2 
A3 24 A4 A4 21 A3 

Vee 23 Vss Vss 22 Vee 
400mil 44Pin TSOP II 400mil 44Pin TSOP II 

(O.8mm pin pitch) (Reverse Type) 
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BLOCK DIAGRAM 
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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 AID A9-0 CS RAS CAS WE 

Mode Register Set H(2) X V V V L L L L 

Auto Refresh H(l) X X X X L L L H 

Self-Refresh Entry L(1) X X X X L L L H 

Bank DeactivatelPrecharge H(2) X V L X L L H L 

Precharge All H(2) X X H X L L H L 

Bank Activate H(2) X V V V L L H H 

Write H(2) X V L V L H L L 

Write and Autoprecharge H(2) X V H V L H L L 

Read H(2) X V L V L H L H 

Read and Autoprecharge H(2) X V H V L H L H 

No Operation H(2) X X X X L H H L 

No Operation H(2) X X X X L H H H 

Device Deselect H(2) X X X X H X X X 

Clock Suspend/Standby Mode L(2) X X X X X X X X 

Data Write/Output Enable H(2) L X X X X X X X 

Data Mask/Output Disable H(2) 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. AIO signal is used to select from two precharge operation, Bank Precharge and Precharge All. When the 
AIO signal is high, both banks are precharged simultaneously. When the AIO 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 tRAe 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 tRST 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 tWR 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 pipe lined 
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 tCAC 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 AlO singal is high at a Read / Write command, the autoprecharge cycle is activated. Therefore 
precharge is performed automatically. The autoprecharge cycle can not be interruped. 

3.3 CLOCK MASK AND INPUT / OUTPUT MASK 

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

The Input / Output Mask signal (DQM) has two functions, synchronized output enable during a read cycle 
and word mask during a write cycle. The Read cycle requires 1 clock latency before the functions are actually 
performed. In case of the Write cycle, word mask functions are performed in the same cycle (0 clock Latency), 
as illustrated in Figure 2. 
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ADD ~/0W&fiW/$§~.'W//fffi#ffiW~#4W"#M"ffiW0~ 

:~~~~ ::s:£ 
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 / Bare 
refreshed alternately by Auto Refresh. The Auto Refresh has autoprecharge function, therefore precharge 
operation is executed automatically. Next command can be asserted after tRC 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 assel1ed and a delay of tRC 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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ClK 

CS \ / \ I 
RAS ~A ~~ ~ 

CAS ~~ ~ ~ 

WE ~ ~ ~ 

Ao-Al0 ~Reg Data_ 
BS i 

Arbitrary Cycl e 
(Row Address Strobe Cycle) 

BS 0 

AlO 0 

Ag 0 
Reserved 

As 0 

A7 T Test Mode 

An L 

A5 L Latency field 

AI!. ·L 

A~ SIl Addressing mode (Sequential/Interleave) 

A2 B 

Al B Burst Length field 

Ao B 

Figure 3. Mode Register Set Cycle 

5.1 LATENCY 

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

AO 
L L L S/I B B B 

A6 As A4 tCAC (Cycle) 

0 1 0 2 

0 1 1 3 

1 0 0 4 

Note: Any other combinations are not available on A6-A4 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. 

AD 

I 0 I 0 I 0 0 T L L L S/I B B B 

Burst Length field (A2-AD) 
A2 Al AD Sequential Interleave 

0 0 I 2 2 

0 I 0 4 4 

0 I 1 8 8 

Other combinations are prohibited 

Interleave/Sequential Select (A3) A3 Addressing Mode 

0 Sequential 

I 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 A 7 bit is set, the device enters Test Mode. The A 7 bit should be set to "0" during normal operation. 

6. POWER DOWN MODE 
The Icc 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. POWERUP 

To ensure that the outputs are high-Z, DQM and CKE should track V cc. After power up, a pause of 20011 
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. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-9 



TC59S1604, TC59S1608 

S/I Burst Length Addressing Sequence 

Sequential 4 bit 0 I 2 3 
(A3 = 0) (A2-Ao = 010) 2 3 0 1 

7 4 5 6 
13 14 15 12 

Sequential 8 bit 0 I 2 3 4 5 6 7 
(A3 = 0) (A2-Ao = 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 0 1 2 3 
(A3 = 1) (A2-Ao = 010) 1 0 3 2 

7 6 5 4 
13 12 15 14 

Interleave 8 bit 0 1 2 3 4 5 6 7 
(A3 = 1) (A2-Ao=01l) 1 0 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 3.3 3.6 V 

VeeQ Supply Voltage for DQ Buffer 3.0 3.3 3.6 V 

V/H Input High Voltage 2.0 Vee + 0.3 V 

V1L Input Low Voltage - 0.5 0.8 V 

CAPACITANCE (Ta=0-70° C, Vee = 3.3V ± 10%, f= IMHz) 

SYMBOL PARAMETER MIN. MAX. UNIT 

C Input Capacitance 5 pF 
I 

Co Input/Output Capacitance 7 pF 
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TC59S1604, TC59S1608 

DC CHARACTERISTICS (Ta=O-70° C, Vcc=3.3V±O.3V) 

Limits 
PARAMETER 

-10 (IOOMHz) -12 (80MHz) 

RAS Operation Current Single Bank 
SOmA 70mA 

ROW Address Strobe Command Operation 
& Precharge Command Cycling 

Interleave 
IpRD = min IRC = min 

Operation 
140mA 130mA 

CAS Operation Current 
Column Address Strobe Command 

90mA 80mA 
Cycling 
tpRD = min tpc = min 

No Operation Current 
Both Bank Active lOrnA lOrnA 
CS = VlH FIX 

Standby Current TTL 
2mA 2mA 

Input 
Both Bank Precharged CKE= V1L 

CMOS 
ImA ImA 

CS = VIII FIX 
Input 

TTL 
7mA 7mA 

Input 
CKE=VlH 

CMOS 
Input 

SmA SmA 

Auto Refresh Current 
Auto Refresh Command Cycling 80mA 70mA 
tpRD = min tRC = min 

Self Refresh Current 
CKE=V1L ImA ImA 
CMOS Input 

PARAMETER min max 

Input Leakage Current -IOIlA IOIlA 

Output Leakage Current -IOIlA IOIlA 

Output "H" Level Voltage (lout = -4mA) 2.4V 

Output "L" Level Voltage (lout = 4mA) 0.4V 

TOSHIBA AMERICA ELECTRONIC COMPONENTS,INC. D-11 



TC59S1604, TC59S1608 

AC CHARACTERISTICS (Ta=O-70°C, Vee = 3.3V ± O.3V) 

·10 ·12 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX 

'Re Random ReadfWrite Cycle Time 100 120 ns 2 

tRAC Access Time from RAS 60 72 ns 2,4 

'ReD RAS 10 CAS Delay Time 20 30 24 36 ns 2,4 

'RP 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 

tpe Page mode Cycle Time 2 2 Cycle 

tRSH CAS to Precharge'Delay Time 2 2 Cycle 

tCKA Access Time from eLK 10 12 ns 

tWR Write Recovery Time 1 I Cycle 

tRST Burst Cycle Reset time 20 24 ns 2 

tOH Output data hold time 5 6 ns 

too 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 

tRAS RAS to Precharge Delay 60 100 72 100 nsius 2 

lSTUP [nput Signal SetupTime 2 2 ns 

tHOLD Input Signal hold time 3 4 ns 

tT Transition time I 10 I 10 ns 

tpRO CLKPeriod 10 12 ns 

tCLKH CLK High Time 2 3 ns 

tCLKL CLKLowTime 2 3 ns 

tpEF Refresh Period (4k Refresh) 64 64 ms 

tRSC Mode Register Set Cycle Time 40 48 ns 2 

tRH Register Set Data hold time 8 10 ns 

tRs Register Set Data setup time 2 2 ns 

D-12 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC59S1604, TC59S1608 

NOTES 

I. AC measurements assume tT=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. 

CLK time=round up (
Timing Parameter ) 
--··--tpRO -----

TC59S I 6800FT ffR -10 

CLKFreq 
tRC tRP tRRD tCAC tRAS 

lOOns 40ns 20ns 30ns 60ns 

33*-50MHz 5 2 I 2 3 

51-66MHz 7 3 2 2 4 

67-75MHz 8 3 2 3 5 

76-83MHz 9 4 2 3 5 

84-100MHz 10 4 2 3 6 

TC59S I 6800FTffR-I 2 

CLK Freq 
tRC tRP tRRD 

120ns 48ns 24ns 

25*-4IMHz 5 2 I 

42MHz 7 3 1 

43-55MHz 7 3 2 

56-62MHz 8 3 2 

63-69MHz 9 4 2 

70-80MHz 10 4 2 

tCAC 
36ns 

2 

2 

2 

3 

3 

3 

tRAS 
72ns 

3 

4 

4 

5 

5 

6 

3. *:It is the minimum frequency so the synchronous DRAM has performance advantage over standard 
DRAMs. 

4. Operation within the tRCD (max) limit insures that tRAC (max) can be met. 
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16M Synchronous DRAM 

Figure 5 - 1 
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16M Synchronous DRAM 

Figure 5 -2 

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

~'igure 6 - 1 
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16M Synchronous DRAM 

Figure 6 - 2 
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Figure 7-1 
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16M Synchronous DRAM 

Figure 7 - 2 
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16M Synchronous DRAM 

Figure 9 

ACTIVE PAGE READ TO WRITE (8 WRAP MODE) 
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16M Synchronous DRAM ACTIVE PAGE READ·WRITE·READ (4 WRAP MODE) 

Figure 10 
(eLK= 100MHz) 
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16M Synchronous DRAM 

Figure 11 

READ AND AUTOPRECHARGE (4 WRAP MODE) 
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7777)7:;)., 17,}'7'7')",., 07,b'J ,>;1: >'>7,J»»>;»,:; "b5>,»~»»,:J;" ,> D>';'»»>~ > hi D ;J,> >, >,1):;, j;:; h;;, >J; J';' J;; 55 J ;1)" ,>,i»" ,;,»>,> war ~~ ~~~~ ~:g ~~~1!ff/3 
BS~~~~_ 

ADD~~a~~w~fl!'.b~Cl<x~ 

AIO ~~a~~[~~4R~b~: ~ 

DQM 
j_ i i itRAS' i i .j : j I ~ _: i :tRASi iii ~ I 

CKE 

DQ I ~a~Xa~lX~2Xa~3> ~ 1 ~~xO ( bXl~ X~2x~n 

Note: Internal Pre charge is performed at tRCD + Burst Length. 
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16M Synchronous DRAM 

Figure 12 

WRITE AND AUTOPRECHARGE (4 WRAP MODE) 

(CLK=100MHz) 

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

: ~ 1(. . - ~ hRc ~ -l • Lf ~ ---1 l 1 l tRc1 -=-~ l 
es ~l .. . ~-'-l.rt'~ ~j . . V-

RAS _ ~~~-ldm~~l~ 
CAS ~ .;~kl.I~~ ~ 
we •• 1~1.1~~i~ 
BSwk .1~~I.!~~~!J. 

ADD -W#{@FfA.waxO>.w~~RAb~ ~~~~~ ~ 
............... ~~~~ ~ ~~ ~ 

A10 W$&(~.W41 ~~b_-~~ ~ 
. - - ::::::::"0 :::::... . 

1tRAS: : : .l l l l l. 'tRAS.;; .l 
DQM 1 1 1 ~ 1 1 

. ., . 

eKE : : ~ :: ; ~W::~: ~ 
.. tR~D • : • Bwst l,ngt~ ... tRP: .. tR~D • :. : Burn leqgth: ... tRP: 

DQ j ('~OX+1X+2xa~3) j j (b~O .~1 Xb~n~3) j 

Precharge timing Precharge timing 

Note: Internal Precharge is performed at tReD + Burst length. 
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Figure 13 

AUTO REFRESH CYCLE 

(eLK = 100MHz) 

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

CSyj .. ~j ...... I .~i ...... 1 . 
RAS~~~~~~~ 

m!~I~~I~ 
~I~! ! 

CAS 

WE 

AIO m! • 
DQM 

CKE 

DQ ······r··· ······r·····l·····l····· ....... ·····r····· .................. ·····r····r··r···l····..,.····l······i······l·····i·······r···· 
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Figure 14 

SELF REFRESH CYCLE 

(eLK= 100MHz) 
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Figure 15 

ClK 

cs 

RAS 

CAS 

WE~AW, 

POWER DOWN MODE 

~ 

ADD~~S~X~S~~~R~a~: _ ;XCAx~ 

:0 : : . :1 
: :: : 

Ala AAa~&2X: ~ 

DQM 

DQ 

CKE 
~l~ ---7--;---:---.;--;---;;----;-tS-T7b~pd:: : 

~: ; 1: : : 

: : ,: ~! --'-~-"'-.., 
,... ... : .. : .................... Power Down ........... ~ 

Note; The Power Down Mode is initiated with the eKE 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 .. tPR[ 
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RESTRICTION OF FOLLOWING COMMAND FROM READ COMMAND 
Figure 16 

o 1 2 3 4 5 6 

Read CAS Latency=Zcycle (Case of tRST;;; tpRO) 
Burst Length = Z : 

'. 

7 8 9 10 11 12 13 

. ....... . 
Command ... :..... : .... :.~ .. : ·~ .. f····: 

.... " ... 

......... ..................... : . 

DQ ~ :tRST! 
Burst Length=4: . ! : 

Command <R~ad) . 
......... ........ . 

: : .. ':..... ~ ... :.; .. :'.~ .. : ..... : ..... : .... : 
~:tRSTI . 

Burst Length= 8 : 

DQ 

Command (R~ad) .: ... , ........ .' " 

DQ 

Read <::AS Latency = 3 cycle (Case of tRST > tpRO) 

Burst Length = Z : 

. ......... : ......... ,. ........ . 

. ............... . 
.... : .... : .... ~ .... : ...... : ............ : .... :", 

"~' i 

14 

Command 
(R~ad): .: .. : ...... . .................................. " ::~~:: :::>:::::;::::>::::::::::::.-.. :::;:' ::: ...... ". 

····f ........ · .. ·f ........ · .. ·, ...... · 
DQ 

.......................... \:: ...... . Burst Length=4 

Command (R~ad) : 
~ : i : :( : ~···r···: .... : .... : .... ; .... : .... ; ...... ' ... : .... 

< ~o X Ql X Q2 X .. ~.~.~ t~T ". 
DQ 

Burst Length=8 

Command (R~ad) 
DQ 

Read CAS Latency = 4 cycle (Case of tRST > tpRO) 

Burst Longth= 2 : 

~~mmand (Read) I <:::::::> 

Burst Length=4 

... ,..... : · .. f ... ·~~···--.-.;-_.~: 

< ~o X ~1): tHilT 

. : 

Command 

DQ 

Burst Length = 8 

(~;X Q' X Q' X Q' ):-oi· ...... -·· ;-tRST-:-: -': ... ';[)-,/ 

Command 

DQ 
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RESTRICTION OF FOLLOWING COMMAND FROM WRITE COMMAND 
Figure 17 

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

Burst. Length= 2 ... 

Command (~rite): ::::::::::::·C;::::>:::::::::::":::::::::::·.::::::::::"· : ......... : ;::::::: ........ ,..... .. , ..... : 

DQ (~OX~t): : 

Burst Length= 4 
~ . .. ,' ........................... : ...... ".: ........ , 

Command ~ i .... , ...... :.: ......... : ...................................... . 

DQ ~. 

Burs~ Lengtl=s I I 
Command (Write) -C., ..... ::- j '. <: .. :::::::.:::::::::::::.:::: ..... ::::::::: .. :: 

~ ~ l 
DQ 
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Figure 18 

Rend "CAS Latency=3 
Burst Length=4 

o 
By Burst Read 

Command 

DQ 

By Burst Write: 

1 2 

BURST READ INTERRUPTED 

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

Command ~ l: ~,jrite) 
DQM ~kr'-: --"--'----\\'-:;-----:---;.--..:--'---'----'---'--'-

: : : ~o. ~G(~D3ct~:--~:--~--~-+-DQ 
N':ote : The earliest wrj.te operation hlter V.alid data from the previoub read.: 

By Precharge Command (Assert to Read Operation Bank) I:::: I:::: I:::: I:::: ;.: 

Command <R~ad~~ : ! 
DQ :: ~f-. ""'",----.--<-----.--<-----.--<---<--

: : : . . ~ Inv~lid D~ta 

Figure 19 
Burst Write Interrupted 

Burst Length = 4 

o 
By Burst Write 

Command ~rite) 
DQ 

1 2 3 4 

<~rite) 

:Writt~n 
By Burst Read (Read "CAS Latency= 3) : 

Command ~ritc) I ~ 
DQ 

'-i-v-i-' '-i----v--+--' 
}Vritte~ N~t Writ~en 

5 6 

By Pre charge Command (Assert to Write Operation Bank) 

Command 

7 8 9 10 11 12 13 

DQM 

DQ 

(~::.rite) @ 
~--~/: \~~--~~--~~~--~~~ 
~-+--~--~~--~--+---~--~--~--~--~ 

'-i--v--i-' '-i----v--+--' 
in ritte~ :Mask ; 
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rOSHIBA TC59R0409 

SILICON GATE CMOS 
512KX9 RDRAMTM 

DESCRIPTION 

target 

This a new generation ultra high speed CMOS Rambus™ DRAM organized as 5l2KX9. 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 

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

48 ns from beginning of read request to first byte, 
2 ns per byte thereafter 

2 cache lines per RDRAM - Each cache line is 1 
KByte each 

RDRAM entirely self-contained, on-board RAS/ 
CAS and refresh logic 

Vertically oriented surface mount plastic 
package (SVP) 

SYSTEM BENEFITS 

Eliminates second level caches 

Vastly imporves graphics performance at lower 
cost 

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

Same pinout as 2MX9 RDRAM 

Full Rambus Channel performance in 
configurations as small as one RDRAM 

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

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

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

PIN DESCRIPTION 

SIGNAL I/O DESCRIPTION 

BusData I/O Bus data for request, write, and 
[0-8) 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 

I 
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 

I 
out on reads as well as the 
acknowledge packets. This is a 

low swing signal referenced to 

Vref. 

Vref 
I 

This is the logic threshold 
voltage for low swing signals. 

BusCtrl Control signal to frame packets, 

I/O 
Transmit opcode, and 

acknowledge requests. Signal is 
active low. 

BusEnable Control signal to enable the bus. 

This signal is pulsed to power up 
I the bus. Long assertions of this 

signal will reset all devices on the 

bus. Signal is active low. 

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

receivers. 

Gnd, Circuit ground. GndA is a 

GndA separate ground for clock 

receivers. 

Sin 
I 

Reset daisy chain input. TTL 

levels. Active high. 

SOut a 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. 

PINOUT 

32 pin SVP SIP 
(TOP VIEW) 

Vdd 
2 Gnd 

3 BusData8 

4 Gnd 
5 BllsData7 

6 (NC) 

7 Bus Enable 

8 Vdd 

9 BusData6 

10 Gnd 
11 BusData5 
12 VddA 

13 RxClk 

14 GndA 
15 TxClk 

16 Vdd 

17 . BusData4 

18 Gnd 
19 BllsCtrl 
20 SIn 

21 Vref 
22 SOut 
23 BllsData3 
24 Gnd 

25 BllsData2 
26 (NC) 

27 BusDatal 
28 Gnd 

29 BusDataO 

30 (NC) 

31 Gnd 

32 Vdd 
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BLOCK DIAGRAM 

ClockToMaster Primary or Secondary Channel 
LIO~K!:romMastcr 

-l> BusEnable, BusCtrl, BusData[8:0] r-'" 
I SIn I SOut I 

JII KxClk I ! TxClk 10 

I Receiver I RClk 1 Clock Glenerator r IClk Transmitter 

• II '/' ••• • H HH 't't 't't 
Request[5:0][9:0] I WriteData[7:0][8:0] I ACk[I:0]\ReadData[7:0J[S:O] 

37 25 
J~dr[IO:3] V72 "I' -

Op[3:0] nternal uata Bus 
OpX[I:0] 

AdrI35:11] Adr[2:0] 
Count[7:0] Address 

Start Mapping 
SMode[I:O] Logic 

." 
Yo AdrS[35: II] 

Command State Machine 
4.j AddressSelect[3:0 I [8:01 f--t> 

~ Device Id r ~ Frame State Machine IdMatch Compare Deviceld[3:01l8:0 I 

I ~ Device Type[3:0][8:01 
ReadDly,AckDly,WriteDly,AckWinDly 

"~ I Delay[3:0l[8:01 
RE,DEPD,CEX2,C[5:0] 

~ Mode[3:0][8:01 

Device Manufacturel3:0J[8:01 
-4-

Row Miss State Machine 
~ RowAddress 

Row Miss Compare 

l 
~ Row[3:0][8:01 

~ 
CoreAddress 

Logic P-t> RefRow[3:01[8:01 
Refresh State Machine 

~ RefZero 

~ 
Minlnterval[3:0] [8:01 

Refresh 
Counter 

RefInterval[3:01[8:01 P-t> 
RowPrccharge,RowSense,RowRestore 

i-
P-t> Raslnterval[3:0][8:0] 

CoreAccess 
CoreBankAddr 72 Core Restore 

172 72 
8 

72x128 RowSenseAmpLatch 72x 128 RowSenseAmpLatch J _core 

1 72x256 
Column 

lnx256 Addr 

L 
8 

I 72x128x256 DRAM Array - Bank 0 72x128x256 DRAM Array - Bank 0 
Lore ow Addr 
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SYSTEM CONFIGURATION 

PROTOCOL 

Rambus 
DRAMs 

Primary Channel 

• I to 320 RDRAMs per system 

• 30 traces per Channel 

• Controlled impedance design 

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 I 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 CUiTent 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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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 

VIN,ASS 
Voltage applied to any low-swing 

-0,5 Vdd+0.5 V 
pin with respect to Gnd 

VIN, TTL, ASS 
Voltage applied to any TTL pin 

-0.5 Vdd+0.5 V 
with respect to Gnd 

VDD.ASS 
Voltage on VDD with respect to 

-0.5 6.5 V 
Gnd 

TJ, ASS Junction temperature under bias -55 125 DC 

TSTORE Storage temperature -55 125 DC 

THERMAL PARAMETERS 

SYMBOL PARAMETER MIN. MAX. UNIT 

TJ Junction operating temperature 0 100 DC 

SJC J unction-to-Case thermal resistance TBD DC/Watt 

CAPACITANCE 

SYMBOL PARAMETER and CONDITIONS MIN. MAX. UNIT 

C1N,TTL TTL input parasitic capacitance 10 pF 

COUT,TTL TTL output parasitic capacitance 15 pF 

RECOMMENDED ELECTRICAL CONDITIONS 

SYMBOL PARAMETER MIN. MAX. UNIT 

VDD, VDDA Supply voltage 4.5 5.5 V 

VREF Reference voltage 1.9 2.4 V 

V1L Input low voltage VREP-O.4 VREP-0.2 V 

VIHInputhigh Input high voltage 
VREF+0.2 VREF+O.4 V 

voltage 

V1L,TTL TTL input low voltage -0.5 0.8 V 

V IH, TTL TTL input high voltage 2.0 Vdct + 0.5 V 
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ELECTRICAL CHARACTERISTICS. 

SYMBOL PARAMETER MIN. MAX. UNIT 

lREF V REF current @ V REp=2.4V -10 10 IlA 

lIN Input current @ (O:::;V IN:::;V DD) -10 10 IlA 

Output low current (at maximum 

IOL programmed value) @ VOUT = 35 rnA 
1.6V to 2.2V 

ll.IOL 
Error in programmed output low 

-0.55 0.55 rnA 
current (from unit to unit) 

IOH 
Output high current @ V OUT = 

-10 10 IlA 2.0V to 2.7V 

lIN, TTL 
TTL input leakage current @ 

-10.0 10.0 IlA 
(O:::;VIN, TTL:::;VDD) 

VOL, TTL TTL output voltage @ VoL=1.0mA 0.4 V 

VOH, TTL 
TTL output high voltage @ V OH=-

2.4 V 
0.25mA 

RECOMMENDED TIMING CONDITIONS. 

SYMBOL PARAMETER MIN. MAX. UNIT 

tCR' tCF 
TxClk and RxClk input rise and fall 

0.3 0.7 ns 
times 

tCYCLE TxClk and RxClk cycle times 4 10 ns 

tCH' tCL 
TxClk and RxClk high and low 

1.3 tCYCLE -1.3 ns 
times 

ITR TxClk-RxClk differential 0 tCYCLE -1.2 ns 

tDR, tDF 
Data/Control input rise and fall 

0.3 0.7 ns 
times 

tQR' tQF 
Data/Control output rise and fall 

0.4 0.6 ns 
times 

ts 
Data/Control-to-RCIk setup time 

0.3 ns 

tH RClk-to-DataiControl hold time 0.3 ns 

tREF Refresh interval 16 ms 

tLOCK 
RDRAM internal clock generator 

10 Ils 
lock time 
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TIMING CHARACTERISTICS 

SYMBOL PARAMETER MIN. MAX. UNIT 

tSD 
SIn-to-SOut propagation delay @ 

5 50 ns 
CLOAD, TTL =40pF 

tQ TClk-to-Data/Control output time tcycLlJ4 +0.3 tcycLlJ4 +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. 

tCYCLE TxClk and RxClk cycle times 4 10 

tRESPONSE 
Start of request packet to Ack or 7(1) 10(1) 
Nack 

tREADHIT 
Start of request packet to first read 12(1) 15(1) 
data for Row Hit 

tWRITEHIT 
Start of request packet to start of 4(1) 7(1) 
write data 

tREADRETRY 
Start of RowMiss packet to 26(2) 
RowMatch packet 

tWRITERETRY 
Start of Row Miss packet ot 26(2) 
RowMatch packet 

tREADBURST32 
Start of request packet to end of 32 28(3) 
byte read for Row Hit 

tREADBURST256 
Start of request packet to end of 140(3) 
256 byte read for Row Hit 

tWRITEBURST32 
Start of request packet to end of 32 20(4) 
byte write for Row Hit 

tWRlTEBURST256 
Start of request packet to end of 132(4) 
256 byte write for Row Hit 

(I) Programmable 

(2) Minimum at tCYCLEMIN' Delay programmable to give equivalent timings at long tCYCLE 

(3) Calculated with tREADHITMIN 

(4) Calculated with tWRlTEHITMIN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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ns 

tCYCLE 

tCYCLE 

tCYCLE 

!cYCLE 

tCYCLE 

tCYCLE 

tCYCLE 

tCYCLE 

tCYCLE 
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RISEiF ALL TIMING 

CLOCK TIMING 

VOIta.in 

"Conttolin 

VDaIiJ.,OU! 

"Controlou! 

--K----------------;(:- vlH.MIN 
'-- ~ - ,--- -- -- - - -- - -- -- -- -:- - -- vlL\I.AX 

...j ~1cF h~ ~ 

---, --------------------- I ---. vIH..\lIN 
---r-, ----------------- ,-~---. vlI.MAX 

...j ~ tOF tDR ~ ~ 

-- , --------------------- --- VOH.MIl'l 
--~- ,---------------- -~--- VOt,MAX 

-.J /.- lQF fQR -.i i.-
Where: 

VOH_\!IN '" V TER.\(- Zo • (Toa\!IN) 
VOl•MAX = VTER.\{ - Zo • (ToL.\L\.X' programmed value) 

VT..cO' ______ _ 

VLOk ._-----

RECEIVE DATA TIMING 

E-8 

VDall,in 
V CuutrUtill 

~ t1K1( {even~11C( (oad) :1 
.---------""\~--_____ 1_+ --- ~ ------~ V REP 

I ~ M 
, I , 
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RISE/FALL TIMING 

V VlAb,out 
ControLout 

~ 1cYa..c I r lriCJ< (even) ~r 'tno (Odd) : 

------~---~------~-r----------~ 
~ to..\UX ~ r tQMAX ~I 1 . , , , , 

* tTICK is defined as one-half tCYCLE' 

SERIAL CONFIGURATION PIN TIMING 
VSln ______ * ______________________ _ 

VSW,m. 

~ tSPWl ., 

---------.'---- ,-------------
V~-------r---~-------------

I I 

Vsw,m. 

~ 

VSn ---uf:t~-mf Vsw,m. 

V.::wrn. = 1.5 V 

READ HIT TIMING DIAGRAM 

RxClk ----------su-LSLJL 
t 

t~ 

B~D .. <~ ..... '''' ... > ~ 
~ tRESPO:-''SE. .1 

BU$Ctd _/~ 

lAck) 

WRITE HIT TIMING DIAGRAM 

RxCIIc 

-+:====~--I~----------------------------. 
mror..'SE 

l1usData 

lIusCtrl _/~ 

("'ok) 
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TC59R0409 

READ MISS TIMING DIAGRAM 

RxClk rl51sL-------S~-----::.flJ1SL---SS----LJ 
tREADREIlty tREADHIT 

BusOata 
Reque.t Packet 

BlUetrl 

WRITE MISS TIMING DIAGRAM 

~- . 

RxOlc IULSL·····-·,~·····JU1SL:···»····LJ 
IWRlliREIRr IWRllEHlT 

BusOll1 

BusCtrl 

SURFACE VERTICAL PACKAGE (SVP) PACKAGE OUTLINE MM (MILS) 

E-10 

25.0 (984) 
--I 1.2 (49)typ 

~ 

3.5O(150)awc 

I · , " t '1111111111111111111111111 2111111 i 
~ . ~ O.90(3;)typ a. . 

Dimensions In mm (mils) ~ 
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TOSHIBA 
TC59R1609VK I 

SILICON GATE CMOS 
18 Mbit RDRAMTM 

DESCRIPTION 

target 

The TC59Rl609VK is a new generation ultra high speed CMOS Rambus™ DRAM organized as 2MX9. 
The TC59Rl609VK 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. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. E-11 
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TC59R1609VK 

PIN DESCRIPTION PINOUT 

SIGNAL I/O DESCRIPTION 32 pin SMT SIP 
BusData I/O Bus data for request, write, and (TOP VIEW) 
[0-8] 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. 

Vdd 
2 Gnd 
3 BusData8 
4 Gnd 
5 BusData7 
6 (NC) 
7 Bus Enable 

RClk Receive clock. This clock is 8 Vdd 
aligned with incoming request 9 BusData6 

I 
anad write data packets. This 
clock is completely synchronized 

10 Gnd 
11 BusData5 

with the request and data sent out 12 VddA 
on the Rambus ™ Interface. 13 RClk 

TClk Transmit clock: This clock is 14 GndA 

aligned with the data being sent 

I 
out on reads as well as the 
acknowledge packets. This is a 
low swing signal referenced to 
Vref. 

15 TClk 
16 Vdd 
17 BusData4 
18 Gnd 
19 BusCtrl 
20 SIn 

Vref 
I 

This is the logic threshold 
voltage for low swing signals. 

21 Vref 
22 SOut 

BusCtrl Control signals to frame packets, 23 BusData3 

I 
Transmit opcode, and 
acknowledge requests. Signal is 

24 Gnd 
25 BusData2 

active low. 26 (NC) 

BusEnable Control signals to enable the bus. 
This signal is pulsed to power up 

I the bus. Long assertions ofthis 
signal will reset all devices on the 
bus. Signal is active low. 

27 BusDatal 
28 Gnd 
29 BusDataO 
30 (NC) 
31 Gnd 
32 Vdd 

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

receivers. 

Gnd, Circuit ground. GndA is a 
GndA separate ground for clock 

receivers. 

SIn 
I 

Reset daisy chain input. CMOS 
levels. Active high. 

SOut 
0 

Reset daisy chain output. CMOS 
levels. Active high. 
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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 
4 ns 

ClK 

rno 
BusData<~ 

~ BusCtrl _ \ IP///////////// 
(Ack) 

FIGURE2. WRITE HIT TIMING DIAGRAM 

ClK 

BusData< ~
D 

~03 ---------------------

BusCtrl_~ 

(Ack) 

FIGURE 3. READ MISS TIMING DIAGRAM 

4ns 

~-----~~----~5~~ elK 

BusData .r------~ 1<r_....:.TB""O"--_-C>f r-;.::;;:;;;;,::;;:;:;-",I.~~4' 
Request Packet Request Packet 

BusCtrl 
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TC59R1609VK 

FIGURE 4. WRITE MISS TIMING DIAGRAM 

ClK - > IL.:--~>---.~ 
~ TSD ~ TSD ~I . 

BUsData< Request paCke~ ~ . ___________ ~~ Request Packet> 

4 TBD .1 
BusCtrl~/= 

(NAck) 

PACKAGE OUTLINE MM (MILS) 

~ ____________ ~2~4~.1~3~(9~5~0~) __________ ~~~1 

-,... e 
CO 
d 

"~~~~TT~~~~~~TT~~~~~I 
T 

1.2 (47) 
IOoj ~ 

3.80 (150) 

L 111111111111111111111111 g 111111 i ~' ~t 
~ ~ 0.70 (28) 

E-14 

Dimensions in mm (mils) 
LC) 
to 
ci 
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256KX4 VIDEO RAM APPLICATION NOTE 
The TC524258 can bc used in a TC524256 basic feature application if: 

I) 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. 

TC524258BJ 

SC ~O VS$ 
SiO~ ~ S~04 

S!O~ ~ SI03 
or/OE &l ~ 
WH~01 5 
W2n01 6 

WBfW~ "I 

NC ~ 

RAS ~ 

AS 10 
AS 11 

AS 12 
A~ 13 

Vee 143 A7 
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128KX8 VIDEO RAM APPLICATION NOTE 
The TC528128 can be used in a TC528 126 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 "I" to ensure that data will not be masked. Please refer to Datasheet for 
details. 

TC528128BJ 

SC 1 Vss1 
SI01 2 SI08 
SI02 3 SI07 
SI03 4 SI06 
SI04 5 SI05 

DT/OE 6 SE 
W1/101 7 W8/108 
W2I102 8 W7/107 
W3/103 9 W6/106 
W4/104 10 W51105 

Vcc1 11 --
WBIWE 12 

NC 13 
RAS 14 
NC 15 -A8 16 
A6 17 
A5 18 
A4 19 

Vcc2 20 
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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) 235-411 4 

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 
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