TOSHIBA TC5164(5)165BFT/BFTS-40,-50
TENTATIVE TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT ~ SILICON GATE CMOS
4,194,304-WORD x 16-BIT EDO (HYPER PAGE) DYNAMIC RAM

DESCRIPTION

The TC5164(5)165BFT/BFTS is an EDO (hyper page) dynamic RAM organized as 4,194,304 words by 16
bits. The TC5164(5)165BFT/BFTS utilizes TOSHIBA’s CMOS silicon gate process technology as well as
advanced circuit techniques to provide wide operating margins, both internally and to the system user.
Multiplexed address inputs permit the TC5164(5)165BFT/BFTS to be packaged in a 50-pin plastic TSOP. The
package size provides high system bit densities and is compatible with widely available automated testing and
insertion equipment. Other features include a single power supply of 3.8V£0.3V tolerance and direct
interfacing with high performance logic families such as LVTTL.

FEATURES
® 4,194,304-word by 16-bit organization ® Single power supply of3.3V+0.3V
® Fastaccess time and cycle time with a built-in VBg generator
® Low power dissipation (max)
Operating : 306mW (TC5164165BFT/BFTS-40)
TC5164(5)165BFT/BFTS 252mW (TC5164165BFT/BFTS-50)
_40 50 432mW (TC5165165BFT/BFTS-40)
— 360mW (TC5165165BFT/BFTS-50)
trac RAS Access Time 40ns 50ns Standby . 1.8mW
taa  Column Address 20ns 25ns 0.72mW (S-version)
Access Time ® Qutputs unlatched at cycle end, allowing
CAS i two-dimensional chip selection
t CAS A T 11 13
Sas coess me e = ® Read-Modify-Write and EDO (Hyper Page mode)
tre Cycle Time 69ns 84ns capability
typc  Hyper Page Mode 16 20 ® Allinputs and outputs LVTTL-compatible
Cycle Time ns ns ® Package
TSOP II 50-P-400-0.80D, 0.50 grams
Part No. Row Add. Col. Add. Refresh Refresh Cycle
RAS-Only refresh 8192/64 ms
TC5164165BFT | AOtoA12 | AOtoA8 [—— —
CAS-before-RAS refresh, Hidden refresh 4096/64 ms
TC5165165BFT | AOto A1l AOto A9 | RAS-Only refresh, CAS -before-RAS refresh, Hidden refresh 4096/64 ms
RAS-Only refresh 8192/128 ms
TCST64165BFTS | AotoA12 | AOtoA8 — —
(S-version) CAS-before-RAS refresh, Hidden refresh, Self-refresh 4096/128 ms
TC51651§5BFTS AOto A1 A0 to A9 RAS-Only refresh, CAS-before-RAS refresh, Hidden refresh, 4096/128 ms
(S-version) Self-refresh
980910EBA1

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product could cause loss of human life, bodily injury or
damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

@ The products described in this document are subject to the foreign exchange and foreign trade laws.

@ The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice.
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TOSHIBA TC5164(5)165BFT/BFTS-40,-50

PIN ASSIGNMENT (TOP VIEW) PIN NAMES
Plastic TSOP

(Normal Bend Type)
Vee O 1 50 O Vgg AOto A12 Address Inputs
o7 2 29 (11016
/024 3 48 O 1/015 RAS Row Address Strobe
/1030 4 47 0 1/014
I</O4E g 22 %UOB TUEAS Column Address Strobe
I/C% O 7 44 A I/6512 / Upper Byte Control
/1060 8 43 0 1/011 ___ Column Address Strobe
/o774 9 42 0 1/010 LCAS
o8 d 10 41 0 1709 / Lower Byte Control
NCO 11 40 A NC — -
Ve O 12 390V WE Write Enable
wE g 13 38 OLeA —
RAS O 14 37 B UCAS OE Output Enable
NE o 18 32 HRC
NE E 1{73 g§ %X%R /0110 1/016 Data Input/Output
A0O 19 32 0 A11R Vee Power (+3.3V)
A1 0 20 31 @ A10R
A20 21 30 @ A9R Vss Ground
A3 0O 22 29 0 A8
A4 23 28 O A7 NC No Connection
A5 O 24 27 0 A6
Vee O 25 26 [ Vg

BLOCK DIAGRAM
1102 I/84 11Q6 1/Q8 11010 1/1Q12 1/Q14 1/1Q16
|

ww TITITITY . TITIETY

R {es 8t ? leg el
VOLTAGE DATA-IN DATA-OUT DATA-OUT DATA-IN

CONVERTER BUFFERS BUFFERS J) BUFFERS BUFFERS
wEor—y 1 ° I 1¢ 8
E ’7 1
UCAS ©—>| NO.2 CLOCK
[CAS O—| GENERATOR
1]
LUMN
— | ADDResS X coumn
9 BUFFERS 9 DECODER
vV
A0 O> "|  SENSE AMP. T
A1 O> REFRESH /0 GATE
A2 O> CONTROLLER v v
A3 O> ] u"---512x16---un
A4 O> REFRESH o
A5 O> COUNTER o
: MEMORY
A O> K %8 8192
2; 8: 12 ROW =O| | ARRAY
9 ADDRESS 13(12) g —j’»
—— K| suFFERs
A9R O> 4 SUBSTRATE BIAS [<«—0 Vcc
A10RO> A GENERATOR [«—O Vss
ATORO>{ | NO.1 CLOCK
A12RO>{ | RAS O>1 GENERATOR

1998-02-25 2/32



TOSHIBA TC5164(5)165BFT/BFTS-40,-50

PIN ASSIGNMENT (TOP VIEW) PIN NAMES
Plastic TSOP

(Normal Bend Type)
Vee O 1 50 O Vgg A0to Al1 Address Inputs
o7 2 29 (11016
/024 3 48 O 1/015 RAS Row Address Strobe
/1030 4 47 B /1014
I</O4E g 22 %UOB TUEAS Column Address Strobe
I/C% O 7 44 A I/6512 / Upper Byte Control
/1060 8 43 0 1/011 _ Column Address Strobe
/o774 9 42 0 1/010 LCAS
o8 d 10 41 0 1709 / Lower Byte Control
NCO 11 40 A NC — -
Vee O 12 390V WE Write Enable
wE g 13 38 OLeA —
RAS O 14 37 B UCAS OE Output Enable
SEI |5
NE E 1{73 g§ % NE /0110 1/016 Data Input/Output
A6 19 32 0ATIR Vee Power (+3.3V)
A1 0 20 31 @ A10R
A20 21 30 0 A9 Vss Ground
A3 0O 22 29 0 A8
A4 23 28 O A7 NC No Connection
A5 O 24 27 B A6
Vee O 25 26 [ Vg

BLOCK DIAGRAM
1102 I/84 11Q6 1/Q8 11010 1/1Q12 1/Q14 1/1Q16
|

ww TITITITY . TITIETY

R {es 8t ? leg el
VOLTAGE DATA-IN DATA-OUT DATA-OUT DATA-IN

CONVERTER BUFFERS BUFFERS J) BUFFERS BUFFERS
WE sl —1 Tef 1 8| 8
WE O_ﬁ:)} Ve
E ’7 1
UCAS O—>| NO.2 CLOCK
[CAS O—| GENERATOR
1]
N COLUMN > oLoN
ADDRESS
10 )| BUFFERS 10 DECODER
Ao o> "l SENSE AMP
Al O> REFRESH /O GATE 16
A2 O> CONTROLLER Y Y
A3 O> ] u"---1024x16--un
A4 O> REFRESH
A5 O> COUNTER =
A6 O> gg : MEMORY
A7 O> 30 4096
A8 O> 12 ROW 0| ARRAY
A9 O> T ADDRESS 12 23
—— K| suFFeRs
2 SUBSTRATE BIAS [<«—0 Vcc
A10RO> A GENERATOR  |<—O Vss
AT1IRO> | - NO.1 CLOCK
RAS O>1 GENERATOR
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TOSHIBA TC5164(5)165BFT/BFTS-40,-50

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNIT NOTES
Input Voltage VN -0.3toVec+0.3 \ 1
Output Voltage Vour -0.3toVec+0.3 v 1
Power Supply Voltage Vee -0.3t04.6 Vv 1
Operating Temperature Torr 0to70 °C 1
Storage Temperature Ts1g -55t0150 °C 1
Soldering Temperature (105s) TsOLDER 260 °C 1
Power Dissipation Po 1.0 w 1
Short Circuit Output Current lout 50 mA 1

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

SYMBOL PARAMETER MIN TYP. MAX UNIT NOTES
Vee Supply Voltage 3.0 33 3.6 \Y 2
ViH Input High Voltage 2.0 - Vce+0.3* \ 2
Vi Input Low Voltage - 0.3%* - 0.8 \ 2

*  Vcc+ 1.2V at pulse width=20ns (pulse width is measured at Vcc)
*¥*  —1.2V at pulse width=20ns (pulse width is measured at Vss)

CAPACITANCE (Vcc=3.3V+0.3V, f=1MHz, Ta=0to 70°C)

SYMBOL PARAMETER MIN MAX UNIT
Ci Input Capacitance (Address) - 5 pF
Cp Input Capacitance (RAS, UCAS, LCAS, WE, OE) - 7 pF
Co 1/0 Capacitance (/01 to 1/016) - 7 pF
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TOSHIBA

TC5164(5)165BFT/BFTS-40,-50

DC CHARACTERISTICS (Vcc =3.3V 0.3V, Ta=0to 70°C)

SYMBOL PARAMETER MIN MAX UNIT NOTES
s m—
lcci |Average Power Supply Operating Current = — mA 3,4,5
— e . . TC5165165BFT/BFTS-40 - 120
(RAS, CAS, Address Cycling: trc=trc min)
TC5165165BFT/BFTS-50 - 100
STANDBY CURRENT
lcco | Power Supply Standby Current - 1 mA
(RAS = CAS = V1))
oy e cnar T am——
Icc3 |Average Power Supply Current, RAS-Only Mode — mA 3,5
(RAS Cycling, TAS =Vt tuc=tu min) TC5165165BFT/BFTS-40 - 120
yeling, =5 =Tin: tre=TRe TC5165165BFT/BFTS-50 _ 100
TC5164165BFT/BFTS-4 -
HYPER PAGE MODE CURRENT ng‘lzmgiBFT;BFT: Sg 32
lcca |Average Power Supply Current, Hyper Page Mode — mA 3,4,5
(RAS =V, CAS, Address Cycling: typc=tnypc min) TC5165165BFT/BFTS-40 - 90
= yeling: thpc=thpc TC5165165BFT/BFTS-50 _ 75
STANDBY CURRENT 500
lccs  |Power Supply Standby Current - 200 pA
(RAS = CAS = Ve - 0.2V) (S-version)
CAS BEFORE RAS REFRESH CURRENT rosteueriosao | - | 2o
lccse |Average Power Supply Current, CAS-before-RAS — mA 3,5
e FrE . . TC5165165BFT/BFTS-40 - 120
Mode (RAS, CAS Cycling: tgc=trc min)
TC5165165BFT/BFTS-50 - 100
BATTERY BACK-UP CURRENT
Average Power Supply Current, Battery Back-up Mode 500
lccz  |(RAS Cycling, CAS =CAS-before-RAS Cycling or 0.2V, OE, WE, Address=Vcc - - (S-version) A
0.2V or 0.2V, I/01t01/016 =V¢c - 0.2V, 0.2V or Hi-Z: tgre=31.245 tras =tras
min to 300ns)
SELF-REFRESH CURRENT
| Average Power Supply Current, Self-Refresh Mode 400 A
€S |(RAS=CAS =V, OF, WE, Address=Vcc—0.2V or 0.2V, /01t0 /016 = Vcc - (S-version)|
0.2V, 0.2V or Hi-2)
INPUT LEAKAGE CURRENT
liy |Input Leakage Current, Any Input -10 10 uA
(0 V=V|y=Vcc, All Other Pins Not under Test=0V)
OUTPUT LEAKAGE CURRENT
lo w : -10 10 “A
(Douyr Is Disabled, 0V=Vqyr=Vco)
Von OUTPUT LEVEL 24 _ v
Output H Level Voltage (Ioyr= - 2mA)
VoL OUTPUT LEVEL _ 0.4 v
Output L Level Voltage (Ioyt=2mA)
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TOSHIBA TC5164(5)165BFT/BFTS-40,-50

AC_CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS
(Ve =3.3V£0.3V, Ta=0to 70°C) (Notes 6, 7, 8)

TC5164(5)165BFT/BFTS

SYMBOL PARAMETER -40 -50 UNIT NOTES

MIN MAX MIN MAX
tre Random Read-or-Write Cycle Time 69 - 84 - ns
trRvwW Read-Modify-Write Cycle Time 92 - 111 - ns
trAC Access Time from RAS - 40 - 50 ns |9,14,15
tcac Access Time from CAS - 11 - 13 ns 9,14
tan Access Time from Column Address - 20 - 25 ns 9,15
tepa Access Time from CAS Precharge - 22 - 28 ns 9
toLz CAS to Output in Low-Z 0 - 0 - ns
torF Output Buffer Turn-off Delay 0 1 0 13 ns 10,16
tr Transition Time (Rise and Fall) 1 50 1 50 ns 8
trp RAS Precharge Time 25 - 30 - ns
tras RAS Pulse Width 40 10,000 50 10,000 ns
trASP RAS Pulse Width (Hyper Page Mode) 40 100,000 50 100,000 ns
tRsH RAS Hold Time 6 - 8 - ns
tance ?:;Sp:ro::: ;m'\:o::;w CAS Precharge 2 _ 28 B ns
tesH CAS Hold Time 30 - 35 - ns
tcas CAS Pulse Width 6 10,000 8 10,000 ns

treD RAS-to-CAS Delay Time 10 29 12 37 ns 14
trAD RAS-to-Column-Address Delay Time 8 20 10 25 ns 15
tcrp CAS-to-RAS Precharge Time 5 - 5 - ns
tcp CAS Precharge Time 6 - 8 - ns
tasr Row Address Set up Time 0 - 0 - ns
trRAH Row Address Hold Time 6 - 8 - ns
tasc Column Address Set up Time 0 - 0 - ns
tcaH Column Address Hold Time 6 - 8 - ns
trAL Column-Address-to-RAS Lead Time 20 - 25 - ns
tres Read Command Set up Time 0 - 0 - ns
trRCH Read Command Hold Time 0 - 0 - ns 1
tRRH Read Command Hold Time Referenced to RAS 0 - 0 - ns 1
twceH Write Command Hold Time 6 - 8 - ns
twp Write Command Pulse Width 6 - 8 - ns
trRwL Write-Command-to-RAS Lead Time 6 - 8 - ns
tewl Write-Command-to-CAS Lead Time 6 - 8 - ns
tps Data Set up Time 0 - 0 - ns 12
toH Data Hold Time 6 - 8 - ns 12
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TOSHIBA

TC5164(5)165BFT/BFTS-40,-50

AC CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS

(Continued)

TC5164(5)165BFT/BFTS
SYMBOL| PARAMETER -40 -50 UNIT NOTES
MIN MAX MIN MAX
- 64 - 64
trRer Refresh Period 128 128 ms
(S-version) (S-version)

twces Write Command Set up Time 0 - 0 - ns 13
tcwp | CAS-to-WE Delay Time 26 - 30 - ns 13
tRWD RAS-to-WE Delay Time 55 - 67 - ns 13
tawD Column-Address-to-WE Delay Time 35 - 42 - ns 13
tcpwp | CAS-Precharge-to-WE Delay Time 37 - 45 - ns 13
tesr CAS Set up Time (CAS-before-RAS Cycle) 5 - 5 - ns

tcHr CAS Hold Time (CAS-before-RAS Cycle) 6 - 8 - ns

trpC RAS-t0-CAS Precharge Time 5 - 5 - ns

tRoOH RAS Hold Time Referenced to OF 6 - 8 - ns

toea OE Access Time - 11 - 13 ns 9
toep OE-to-Data Delay 1 - 13 - ns

toLz OE to Output in Low-Z 0 - 0 - ns

toez Output Buffer Turn-off Delay Time from OE 0 1" 0 13 ns 10
toEH OE Command Hold Time 6 - 8 - ns

tops Output Disable Set up Time 0 - 0 - ns

twrp WE-to-RAS Precharge Time (CAS-before-RAS Cycle) 5 - 5 - ns

tWRH WE-to-RAS Hold Time (CAS-before-RAS Cycle) 6 - 8 - ns

tanep | RAS-to-Next-CAS Delay Time (Hyper Page Mode) 40 - 50 - ns

thpc Hyper Page Mode Cycle Time 16 - 20 - ns

thprwe | Hyper Page Mode Read-Modify-Write Cycle Time 47 - 57 - ns

tcoH Output Data Hold Time - - ns

trez Output Buffer Turn-off Delay from RAS 1 0 13 ns 10, 16
twez Output Buffer Turn-off Delay from WE 1 0 13 ns 10
twED WE-to-Data Delay 1 - 13 - ns

toe OE Pulse Width 1 - 13 - ns

toep OE Precharge Time 6 - 8 - ns

tcpo CAS-to-OE Precharge Time - 5 - ns

tocH CAS Hold Time Referenced to OE 6 - 8 - ns

faass géjef;(l)s:ovr\]llgth (CAS-before-RAS Self-Refresh) 100 _ 100 _ s

teps RAS Pr.echarge Time (CAS-before-RAS Self-Refresh) 69 _ 84 _ ns

(S-version only)
teus CAS H?Id Time (CAS-before-RAS Self-Refresh) 50 _ _s0 _ ns
(S-version only)
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TOSHIBA TC5164(5)165BFT/BFTS-40,-50

NOTES:

1. Conditions outside the limits listed under “Absolute Maximum Ratings” may cause permanent
damage to the device.

All voltages are referenced to Vgg,

Icc1, Iccs, Icca and Igcg depend on the cycle rate.

Icc1 and Igcy depend on output loading. Specified values are obtained with the output open.

ou ok BN

The address can be changed once at most while RAS=Vyy. In the case of Igc4, it can be changed
once at most during a Hyper Page Mode cycle (tHpc).

6. An initial pause of 200us is required after power-up followed by a minimum of eight RAS-Only
refresh cycles before proper device operation is achieved. When using the internal refresh counter,
a minimum of eight CAS-before-RAS refresh cycles instead of eight RAS-Only refresh cycles is
required.

7. AC measurements assume tp=2ns.

8. Vig (min) and Vi, (max) are reference levels for measuring the timing of input signals. Also,
transition times are measured between the Vi and Vi, levels.

9. This is measured with a load equivalent to 100pF at Vop = 2.0V (Iout = —2mA), VoL = 0.8V
(IouT = 2mA).

10. torF (max), togz (max), tRrz (max) and twgz (max) define the time at which the output goes open
circuit and are not referenced to output voltage levels.

11. Either treng or tRrg must be satisfied for a Read cycle.

12. These parameters are referenced to the leading edge of CAS in Early Write cycles and to the
leading edge of WE in Read-Modify-Write cycles.

13. twes, tRwD, tcwD, tAwD and tcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcs=twces (min), the cycle is an Early
Write cycle and the Data-out pin will remain open circuit (high impedance) throughout the entire
cycle. If tRwp=trwp (min), tcwp=tcwp (min), tAwp=tawD (min) and tcpwp= tcpwp (min) (Hyper
Page mode), the cycle is a Read-Modify-Write cycle and the data output will contain data read
from the selected cell. If neither of the above sets of conditions is satisfied, the data output (at
access time) is indeterminate.

14. Operation within the trcp (max) limit ensures that tRac (max) can be met. trep (max) is specified
as a reference point only; if trep is greater than the specified trcp (max) limit, then the access
time is determined by tcac.

15. Operation within the tRap (max) limit ensures that trac (max) can be met. trap (max) is specified
as a reference point only; if tRap is greater than the specified tRap (max) limit, then the access
time is determined by taA.

16. If RAS goes high before CAS goes high, the output goes open circuit when CAS goes high (toFp).
If CAS goes high before RAS goes high, the output goes open circuit when RAS goes high (trgz).
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TOSHIBA TC5164(5)165BFT/BFTS-40,-50

DATA-OUT HI-Z CONTROL LOGIC

RAS UCAS, LCAS OE WE Timing Specification

H . L H torr
. H L H trez
L L . H toez
L H L _\_ twez

DATA-OUT LO-Z CONTROL LOGIC

RAS UCAS, LCAS OE WE Timing Specification

L _\_ L H taz
L L _\_ H torz
L L _/_\_ H toLz

CAUTION

The WCBR (WE, CAS-before-RAS) timing shown below is not allowed during normal operation, such as
during Read, Write and Refresh operations. When WCBR is input, a malfunction may occur due to the change
in internal circuit operation status.

WCBR timing
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TOSHIBA TC5164(5)165BFT/BFTS-40,-50

TIMING DIAGRAMS

READ CYCLE
tre
tras trp
Vi — \ [ I
RAS \ / \
V||_ —_ X
tesH
|< LCrP trep trsH terp
UCAS, Vin — } \\ teas / /
L
CAS ViL — traD =
. tran traL
ARl |1 tasc tean,
Vin A
Address / ROW COLUMN % % ROW
V||_ -~
tRCH
tres, trRH
___ ViH —2
WE
Vi tocH
tRoH twez
taa trez
toea
Viy — #
OE /
ViL — X
teac torr
_ trac - toez
Vou— |Q1 NS N\
/01 to /1016 Hi-z & A DATA-OUT 4
oL—— torz] | X N
laz,

Note: Dy =Hi-Z tHorl
@: Invalid Data
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TOSHIBA TC5164(5)165BFT/BFTS-40,-50

BYTE READ CYCLE

tre
tras trp
Viy —
RAS \ / \
Vi — N 7
Tesh
|<_LCRP trep tRsH tcrp
UCAS Vin — *\\ teas / /‘
(LCAS) Vi — \
tcrp trec
@ T E
(UCAS) Vi
trap
t trRAH tea >
AR sy tascy tean,
Vin g + 2
Address ROW COLUMN ROW
ViL 7 -~ 7
(LRCH
tRes o |y tRRH
_ ViH
WE
Vi — tocH
troH twez
L7VN trRez
toea
_ Vi — 7
OF IH \ /
tcac torr
trAC toez
VoH— X - |
1/09 to /016 OH _ 4 N
(/01 to 108) Hi-Z o ; ziigk DATA-OUT %
to
/01 to 108~ VoH— .
i
(109to VO16)
Note: Dy (I/O1to 1/O8)=Don't Care ] HorL
Dy (1109 to 1/016) = Hi-Z
Dy (VO1 to 1/08) = Hi-Z _ ,
(D”\, (/09 to 1/016) = Don't Care B& - invalia pata
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TOSHIBA TC5164(5)165BFT/BFTS-40,-50

OE-CONTROLLED READ CYCLE

tesH
_ —
Vin
- \
V||_ —_— N
tcrp trep Teas
e N //
LCAS Vi — traD
tasr trRaH tasc tean
Vig —~ f Y Vi y
Address % ROW COLUMN W
Vi — B ~x
tres,
= Vin
WE /
v
. tocH tero
toe ;o foep toe | | toer
_ Vip — \ | toea toea 2 \
OF \ \
V”_ — K
tan teac .
trAC loez Oz
Voy— :( i
I/01 to 11016 Hi-Z Dout % Dour
VoL — 3
toLz tolz
oz

: Horl
@: Invalid Data

Note: D)= Hi-Z
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TOSHIBA TC5164(5)165BFT/BFTS-40,-50

OE-CONTROLLED BYTE READ CYCLE

tesu
s \
V||_ —_— N
tcre trReD teas
> SN N\ /
(LCAS) v — p4
tcre
LCAS V|H —
(UCAS) /
ViL —= trRAD
tasr trAH tasc tean
Address ViH i
ROW COLUMN
VL . 7 x 2
tres
R Vv —_—
v . U
\
. tocu tero
toe | foEp | tor | | foep
OF Vig — \\ toea y‘_*\ toea S
ViL — | S
t teac ;
AA
tRAC togz O
/09 to /016 VOoH— "z - N 7
i- ouT ouT
(/01 to 1/08) , " )4 \
torz tolz
CLz
/01 to 1108  Von— .
(/109 to 1/016) Hi-Z
VoL —
] .
Note: Dyy=Hi-Z A+ or L

@: Invalid Data
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TOSHIBA

TC5164(5)165BFT/BFTS-40,-50

WRITE CYCLE (EARLY WRITE)

tre
tras [ trp
Viy —
RAS \
Vi — X
tesH
|<_fCcrP treD trsH tcrp
s N
ViL — trRAH ==
tral
task tasc tean,
Vih — +#
Address ROW COLUMN ROW
Vi N
traD ¢
WL
Vin tweg ‘ twen
WE % . f
ViL .
trwi
. Vip —3
OE
ViL
ton
Viy —
V01 to 11016 DATA-IN ></
ViL —
Note: Doyt = Hi-Z % :Horl
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TOSHIBA TC5164(5)165BFT/BFTS-40,-50

BYTE WRITE CYCLE (EARLY WRITE)

tre
tras trp
_ Vi — )
RAS IH \ /
V||_ —_— - 7
tesH
|<_fCcrP treD trsH tcrp
UCAS Vi — "\\ teas / /
(LCAS) Vi, — X
tcrp trpc
LCAS Vi — 7 X
(UCAS) %/
ViL — tRAH
tral
tasr tasc tean,
Vih —3 v &
Address ROW COLUMN W % ROW
ViL — X
traD
TewL
v tweg twen
w
WE
ViL
trRwi
__ Viygy —2
OE H
ViL —
tps tpH
1109 to /1016 VIH —
(/01 to 108) |, DATA-IN
L —
Note: Dy (/01 to I/08) =Don’t Care v
Dour = Hi-Z A HortL
D\ (/09 to I/016) = Don’t Care
Dour = Hi-Z
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TOSHIBA TC5164(5)165BFT/BFTS-40,-50

OE-CONTROLLED WRITE CYCLE

tre
tras | trp
Viy —
RAS N
Vi — -~ 7
tesh
|<_LCcrP trep tRsH tcrp
_ teas
UCAS, Vi — *\\ / /‘
LCAS
VIL — trAD N
. X traL
RAH
ASR| |37 tasc tean,
ViH —7 4
Address ROW COLUMN % % ROW
V||_ -~
« towL | |
trwi
v o twp |
. H—
WE \
V||_ —_— Y
tops. toen
. Vip —
oF / \
ViL —
t
tp < DH
Viy —
/01 to /1016 DATA-IN
ViL —
Note: DOUT= Hi-Z % “HorlL
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TOSHIBA TC5164(5)165BFT/BFTS-40,-50

OE-CONTROLLED BYTE WRITE CYCLE

tre
tras trp
o Viy —= )
s \ / \
Vi — -~ 7
Tesh
|<_LCcrP trep tRsH tcrp
v Icas
UCAS IH — 3 \ / /L
(LCAS) v — X /
terp - trpc
LCAS VIH 4
(UCAS) Vi / traD
. X traL o
RAH
ARl |5 tasc tean,
Vi —3 b d
Address _/ ROW COLUMN }W % ROW
Vi -~
 fowL | |
trwi
v twp
WE L \ /
V||_ —_— Y
tops, toen
_ Vi —
OF / \
ViL —
i < IpH
109 to /016 VIH —
(V01 to VO8) \, DATA-IN
Note: Dy (/0110 I/08) =Don’t Care 7 .
Douyr = Hi-Z % :Horl
Dy (/09 to 1/1016) = Don't Care
Doyt = Hi-Z
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TOSHIBA

TC5164(5)165BFT/BFTS-40,-50

READ-MODIFY-WRITE CYCLE

UCAS,
LCAS

Address

I/01 to /016

trRvw
trAS - trp
ViH —_3\ ){_3
ViL— A ¢ \
TesH
terp trep trsH CRR
teas
ViH— \\ / /
ViL— X
tasr| |traH t
tasc CAH
Vih—= +
ROW COLUMN % ROW
ViL N
trAD tawp o towt
tres tewp - trRwi
twe
ViH _/ /F N >
ViL / \k /
trRwD
tan
toea
Vip— \i
ViL— /
tcac toep
trAC tps tpH
Hi-Z DATA-IN %
Vi — P
toez
Von— 552\]‘ \
Hi-Z DATA-OUT
VOL - tCLZ ESV! {
tolz”
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TOSHIBA

TC5164(5)165BFT/BFTS-40,-50

BYTE READ-MODIFY-WRITE CYCLE

UCAS
(LCAS)

LCAS
(UCAS)

Address

I/09 to /016
(I/01 to 1/08)

ViH

Vi

trvw
tras trp
-~ 7 \
¢ tesh
<3P trep trsH tCRR
teas
- \ / /L
\ X /
tcrp) |, trec
/
tasr| [traw t
tasc CAH

i/,
_/ ROW @g COLUMN % % ROW
N

tRAD tawD tewt
Tres | tewp - trwL
VIH [, \ WP
VL -~ /
trwD
taa
Toea
Vih — \
V||_ e !k /
teac toep
< trac tos| | ton
V —
g Hi-Z DATA-IN %
ViL —
toez
Vou— Hiz 45 Vi \
I- DATA-OUT
VoL— tez. \ % N 4
tolz
Note: Dy (I/O11t01/08)=Don’t Care 7
Dour (/01 to /08) = Hi-Z A Hor L

Din (/09 to 1/016) = Don’t Care
Dour (/09 to 1/016) = Hi-Z

@: Invalid Data
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TOSHIBA

TC5164(5)165BFT/BFTS-40,-50

HYPER PAGE MODE READ CYCLE

UCAS,
LCAS

Address

I/01 to /016

trasp trp
ViH —_-\\ trncp tRuce / R
CRP
ViL — B\ i \_
tesn thec thec
tcre trep teas tep teas tep tRsH
teas
Viy — 7 \ /‘_\-\ \
V||_ — tRAD \ 7 N
trRAH 1 tca teal
CAH <> A
tasr tasc > tasc tasc
Vi Y d V a -
ROW COL. COL.2 COL.N ROW
Vi -~ X
tRRH
tres i [tRCH
Vin
7 \
V||_ tROH
tocH ey tcpA toEz
v \ toea - toEa
H
ViL — = \‘* / \-h /
teac, teac fcac ! torr
taa tan t
trac tcoH . toez £A 4
Von — W, K —\
Hi-Z Dour 1 Dour 2 [} Dour N p——
VoL — x S 3
toLz laz
tcLz toiz

Note: D)y = Hi-Z

: HorlL
@: Invalid Data
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TOSHIBA

TC5164(5)165BFT/BFTS-40,-50

HYPER PAGE MODE BYTE READ CYCLE

UCAS
(LCAS)

LCAS

(UCAS)

Address

I/09 to /016

(/01 to V08) v —

I/01 to /08

trasp trp
Vip — 3 trRnCD trRHCP
\ / tcrp \_
V||_ I— N A,
tesn thec thec
tere trep teas tep teas tep tRsH
teas
Vin — \ /l_-\-\ \ 7
ViL —_/ S N /|
terr trec
Vin /7
ViL trAD
trRAH - ¢ tcaH tea
task tasc [PH | tasc < tasc <
Vin Y Y
ROW COL. COL.2 W COL.N ( ROW
V||_ N N N
tRRH
tres i trcH
ViH —
_/ / tocH %
Vi troH
tocH tcpa tep > togz
toea toea
V|H — N /—‘_\ /
ViL —— N
" teac teac tcac ! torr
tan tan t
trac tcon ; torz AA tREZ
Voy — - —\L
o i { 2 N §7 D, N
Hi-Z Dour 1 Dour 2 | A\ Dour
\ L /
loiz toz
tcLz toiz
Vou —
Hi-Z

(V09 to V016) )

Note:

Din (/0110 1/08) = Don’t Care
Doyt (/09 to 1/016) = Hi-Z

DIN (|/O1 to |/08) =
Doyt (/09 to 1/016) = Don’t Care

Hi-Z

:HorL

4 : Invalid Data
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TOSHIBA

TC5164(5)165BFT/BFTS-40,-50

HYPER PAGE MODE WRITE CYCLE (EARLY WRITE)

UCAS,
LCAS

Address

I/01 to /016

trasp trp
ViH —_’\ tRHCP /
Vi — -~ 7 \_
thrc thrc
tcrp tReD tep TRsH terp
| i tcas teas teas
ViH _/ \ / \ / %-\
ViL =/ tran s el N 4
tesu trAL
A tagey Lo [dcan, asq (e Tasg! s
ViH N a \ r
ROW coL. 1 coL.2 COL.N %( ROW
ViL — 7
tow
traD towL tow trwi
twes tweH twes || [Iwey twes twe
twp [ twp twe
0 O NN
ViL
Viy —7
ViL
tps ton tps toH _,  tos ton o,
Vi —2 2
_/ % Din 1 Diy 2 Din N
ViL

Note: Doyt= Hi-Z

:HorL
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TOSHIBA TC5164(5)165BFT/BFTS-40,-50

HYPER PAGE MODE BYTE WRITE CYCLE (EARLY WRITE)

UCAS
(LCAS)

LCAS
(UCAS)

Address

I/09 to /016
(I/01 to 1/08)

trase trp
Vin— \ truce / N
Vi — -~ A
. thpc thec A
CRP treD tep trsH CRP
| i tcas teas teas
Vin —/ \ / \ / *'\ /
V”_ _ _s ’_ _‘ ’_ ,_
fcrp trpc
ViH—2 f
\' %
L traH
tesh traL
ta tasc tean tasq  [tead tasc| [teay
Viy - - r N 2
ROW COL. 1 coL.2 COL. N %( ROW
VL b N
tow
traD towL tow trwi
twes tweH twes || [Iwey twes twe
twe [ twp twe
Vi %f . # /
Vig—2
ViL
tps toH tps toH _, tos ton

ViH s
N o D 2 D N

Note: Dy (I/O1t01/08)=Don’t Care

Doyt = Hi-Z ) : HorlL

Din (/09 to 1/016) = Don’t Care
Doyt = Hi-Z
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TOSHIBA

TC5164(5)165BFT/BFTS-40,-50

HYPER PAGE MODE READ-MODIFY-WRITE CYCLE

RAS

UCAS,
LCAS

Address

I/01 to /1016

trasp trp
— trRHCP
Vin & Z \
ViL —
terp tes tHPRWC tRrsH tcrp
treD tcas I tcas tcp teas o
Vih— \\
V) — _/ traD k ] | i
tRAH tcaH tcan tcaH
tasr tasc tasc | tasc | thaL
Vin v
v ROW COL. 1 COL. 2 COL.N ROW
IL 1
trRWD tepwp tcpwp
Tres] | tewb tewp towp TrRwi
Ve —7 1 / i / 1 /
Vi / tawp | tawp xr_ tawD L[
tewL tewL tewL
toea | twp toea twp toea twe
> >
Vig — \ /
V|L —_— -\ \_‘. Sk
teac Lcac tcac
taA tps taa tbs taA tps
trac tcpa tcpa
toep| |[to toep| [toH toED toH
Vi —
V'“ I D 1) D 2]) DD —
IL
toez toez
Vo™, 1) EX =2 ) @Z ] —
VoL— &Y
toL toLz toLz
taz taz toz
*1 Doyt *2 Doyr2 *3 DourN

: HorlL
@: Invalid Data
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TOSHIBA

TC5164(5)165BFT/BFTS-40,-50

HYPER PAGE MODE BYTE READ-MODIFY-WRITE CYCLE

RAS

UCAS
(LCAS)

LCAS
(UCAS)

Address

I/09 to /016
(/01 to 1/08)

Vin
Vi

Note:

(

Din (/01 10 1/08) = Don’t Care
Dourt (/01 to 1/08) = Hi-Z

Din (/09 to I1/016) = Don't Care
Doyt (/09 t0 1/016) = Hi-Z

)

A
B

trasp trp
—*x trHCP Z
N \\
tcre tesh tHpRWC trsH tcrp
trep teas e teas icp tcas
— ﬁ — —
_ t \ _ _
tcrp trrC
. trAD
trAH tean tcAH tean
tasr ASC tascl | tasc traL
—2F
7 X Rrow coL. 1 coL.2 N
! | |
trRWD tepwp tcpwp
Tres] | tcwb tewp towp TrRwi
— tawp tawD \__ tawp q _.‘/
tewL tewL tewL
toea | twp toea twp toea twe
>
_ \ \ \
teac teac teac
Tan tps tan tps tan tps
trac tcpa tcpa
toep toep| [toH toep  tpH
—
—_— +
Hi-z D2 E _D,Nh-l:b—
|
toez toez toez
iz B N2} o ——
toL toLz
taz taz
*1 Doyt *2 Douyr2 *3 DoutrN

HorlL

Invalid Data
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TOSHIBA

TC5164(5)165BFT/BFTS-40,-50

HYPER PAGE MODE READ-WRITE MIXED CYCLE

RAS

UCAS,
LCAS

Address

/01 to 1/016

trasP trp
Vip— :x Z
ViL— \
terp tesn < thpc < thpc thpc terp
trep P, cp tep tep
ViH —j \\ tcas X tcas X teas X tcas X teas / /
Vi — trab X - - _ i 7
trRAH tcan
-~ tasc| [t tasc| [tean tasc| [t tasc| | t
tasR ’c‘AEC < ‘c§+ SC| [tcay | |CAH
ViH va J Va .
v %ROW %COL. 1 E@VOL 2 E%x coL.3 E@g coL. 4 E@( COL.N ROW
IL . —
tres treH
ViH 3 p
Vi J % x /
twcs
toea twcH
Vigp— tcpa tepa tepa
ViL—
teac teac, Teac tog teac
tan tAA taa tpH tan torrF
trRAC A I twez .
COH COH
o twED CLZ tREZ
Vih — 7 N
Hi-Z Diné
ViL — \ 4
Von—, Hi-z Dout 1 Dout2 ) —
VoL — 1- ouT ouT \ V4 \
toLz \ \
taz Dour3 DourN

: Horl
@: Invalid Data
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TOSHIBA

TC5164(5)165BFT/BFTS-40,-50

HYPER PAGE MODE BYTE READ-WRITE MIXED CYCLE

RAS

UCAS
(LCAS)

LCAS
(UCAS)

Address

I/09 to 1/1016
(I/01 to 1/08)

I/01 to /08
(/09 to 1/016)

trasp trp
VihR— Z
ViL— \
tere tes thpc tupc typc - tcrp
trep tcp tcp tep tcp
Vip— \ tcas tcas tcas fcas tcas /
Vi — N Y N N Y N /
tcrp trpC
V|H_/7
Vi trAD
traH tcan
> Tasc| [t tasc| [tean tasc| [t tasc| | ¢,
tASR‘ fA—%(— iﬁ'— | || <> (C—A;'- et CAR
VIH va - va -
v %ROW E@Z coL. 1 M*COL.Z E%& coL.3 coL. 4 E@g COL.N E@(Row
IL ) - n P
tres treH
|<—)» e
VIH—3 ~
Vi A /
twcs
tOEé tweH
VIH_/ tcpa tepa tepa
ViL
teac teac, teac tos teac
tan tan taa ; tbH AA torr
trac WEZ
tcon tcoH tweb taz trez
| <>
Vih — 7 N
Hi-Z Din4
ViL — \ 4
Vou— .
v Hi-Z Dout 1 E@ Dout2 E@ A ) \ E—
oL—
tolz \ \
taz Dout3 DoutN

:Hcr

L

@: Invalid Data

1998-02-25
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TOSHIBA TC5164(5)165BFT/BFTS-40,-50

RAS-ONLY REFRESH CYCLE

tre

tras

terp trpC

Viy — x
s — \_/
L[CAS Vi

tasr| [tRaH
||

VIH R

Address / ROW }% ROW
Vi 7

Note: Dy, WE and OE=H or L _ Hor L
CAS-BEFORE-RAS REFRESH CYCLE
tre
trp trp
v tras
—_— R R

RAS IH 7 \ K

V||_ I— -~ 2
trec,
ter |tCSR teHr |
UCAS, Vig —
LCAS VL — /
. twee tWRH,

_ Vin :/ / W

WE
Vi
Vo ™ ) Hi-z

/0110 1/016
VoL __/

:HorL

Note: Dy, OE and Address=H or L
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TOSHIBA

TC5164(5)165BFT/BFTS-40,-50

HIDDEN REFRESH CYCLE (READ)

UCAS,
LCAS

Address

Vv
/01 to 11016
VoL

VIH

Vin

Vi

Viy

ViL

Viy

ViL

VIH

OH

tre tre
tras trp trp
tras |
_ N\ / N\ /N
— — ’_ —
t t
| CRP trep trsH tcHr CRP
_ N /A
— \—k p4 /
traD
tasr tasc tean
— +
J RO COLUMN % %( ROW
N7 A 8
{rAH
fRcs Ja ] e
tan
\ troH
T toea /
teac tREZ torr
toL toez
tazl
—_— % 3( X by
Hi-Z § DATA-OUT ——
— R X p 4 p A
trac
Note: Dy = Hi-Z A Hor L

@: Invalid Data

1998-02-25 29/32



TOSHIBA

TC5164(5)165BFT/BFTS-40,-50

HIDDEN REFRESH CYCLE (WRITE)

tre tre
tras tre trp
tras

Viy — e
RS N\ / N\ \

Vv — X A .

terp trep trsH tCHR terp
UCAS, Vi — 4 . 3
LCAS RAD \
ViL — tasc N 7=
o1 1 ran t
tasr CAH

Vi —7 +
Address % ROW| COLUMN % ROW

V”_ —‘ ’_ _\

twen
twes twrp | [twrH
twe

Viy —2
we 7

V||_ N
o Vi —7
OE

Vi —

tpg tpy |

Vih —
/01 to 11016 DATA-IN
Vii —

Note: Doyt = Hi-Z

:HorL
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TOSHIBA TC5164(5)165BFT/BFTS-40,-50

CAS-BEFORE-RAS SELF-REFRESH CYCLE (S-version only)

trp trass trps o
_ Vig — —\_ —
RAS N /
Vi — (( /
trRpc ) trpc
tee | g | [tesr ters
UCAS, ViW —
LCAS Vi — (
)
twre twry |
/l
o VIH
we 7 )
Vi )
VOH——\

I/01 to /016 Hi-Z
VoL ——/

Note: Dy, OE and Address=H or L % :Horl
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TOSHIBA TC5164(5)165BFT/BFTS-40,-50

PACKAGE DIMENSIONS (TSOPII 50 - P - 400 - 0.80D)

Unit: mm

50 26 )
AOBRAOHAEHHBEHAARHAAHAHAEERAR 1 ,%
3 g
5| =
O
WHHHHHHHHHEHHHHHHHH 3 L‘é\l
25
0.875TvP ,110.3240.08 013
[0.8]
. 21.25MAX
20.95+0.1 S| % 0
i %
1l — T:‘ Q
e q-é AE
(=]

IN]

2

0.10.05
' 0~1
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