TOSHIBA TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

TENTATIVE TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT SILICON GATE CMOS

16,777,216-WORD x4-BIT EDO (HYPER PAGE) DYNAMIC RAM

DESCRIPTION

The TC5164(5)405BJ/BFT/BJS/BFTS is an EDO (hyper page) dynamic RAM organized as 16,777,216
words by 4 bits. TC5164(5)405BJ/BFT/BJS/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)405BJ/BFT/BJS/BFTS to be
packaged in either a 32-pin plastic SOJ or a 32-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 3.3V*0.3V tolerance and direct interfacing
with high performance logic families such as LVTTL.

FEATURES
® 16,777,216-word by 4-bit organization ® Single power supply of 3.3V+0.3V
® Fast access time and cycle time with a built-in Vg generator
® Low power dissipation (max)
TC5164(5)405 Operating : 306mW (T'C5164405BJ/BFT/BJS/BFTS-40)
BJ/BFT/BIS/BFTS 252mW (T'C5164405BJ/BFT/BJS/BFTS-50)
.40 50 432mW (T'C5165405BJ/BFT/BJS/BFTS-40)
— - 360mW (T'C5165405BJ/BFT/BJS/BFTS-50)
trac  RAS Access Time 40ns 50ns

I " Standby : 1.8mW
A mesress | 2oms | a25ns 0.72mW (S-version)
e Outputs unlatched at cycle end, allowing two-dimensional

tcac  CAS Access Time 11ns 13ns chip selection
tge  Cycle Time 69ns 84ns | ® Read-Modify-Write and EDO (Hyper Page mode) capability
typc  Hyper Page Mode 16ns 20ns ® All inputs and outputs LVTTL-compatible
Cycle Time ® Packages
BJ/BJS : S0J32-P-400-1.27B, 1.27 grams
BFT/BFTS : TSOPI 32-P-400-1.27B, 0.50grams
Part No. Row Add. Col. Add. Refresh Refresh Cycle
RAS-Only refresh 8192/64 ms
TC5164405B)/BFT | AOtoA12 | AOtoA10 —— —
CAS-before-RAS refresh, Hidden refresh 4096/64 ms
TC5165405B)/BFT AOto Al1 A0to A11 | RAS-Only refresh, CAS -before-RAS refresh, Hidden refresh 4096/64 ms
RAS-Only refresh 8192/128 ms
TCS16440BISIBFTS | o212 | A0toATD kil
(S-version) CAS-before-RAS refresh, Hidden refresh, Self-refresh 4096/128 ms
TC5165405I.315/BFTS AOto A1 AOto A1l 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)405BJ/BFT/BJS/BFTS-40,-50

TC5164405BJ/BFT/BJS/BFTS

PIN ASSIGNMENT (TOP VIEW) PIN NAMES
Plastic SOJ Plastic TSOP
(Normal Bend Type)
Vee O 1 32 H vgs Vee O 1 32 H vss AOtoA12 | Address Inputs
vo1 O 2 31  roa o1 O 2 31 [ voa —
o2 O 3 30 [ o3 o2 O 3 30 [ o3 RAS Row Address Strobe
Ne [ a 290 [ NC Ne [ 2 29 [ Ne e
Ne O s 28 0 Ne ne O s 28 O Ne CAS Column Address Strobe
nc L 6 27 U NC Nne ] 6 27 H NC WE Write Enable
Nne O 7 26 |1 ¢As Nne O 7 26 |1 CAS —
wWeELO s 25 [ OF wWELO 8 25 [ OF OE Output Enable
RAas [ o 24 [ aA12R RAS [ 9 24 [ A12R
20 O 10 23 O AR A0 O 10 23 0 A11R I/01t01/04 | Data Input/Output
A1 O n 22 H a0 a1 n 22 Hd a0 Vee Power ( +3.3V)
A2 O 12 21 1 A9 A2 12 21 [ a9
a3 [ 13 20 [0 A8 a3 O 13 20 0 A8 Vss Ground
A4 ] 14 19 [ A7 aa [ 14 19 [ A7 .
N N
as O 15 18 [ A6 As O 15 18 [0 A6 ¢ © Connection
vee O 16 17 1 vss Vee O 16 17 H v
BLOCK DIAGRAM
VQ1 1Q2 193 1Qa
Vee Vs
() {
77 J—
VOLTAGE DATA-IN DATA-OUT [<O V¢
CONVERTER | | BUFFER BUFFER <O OF
WEo—— Al IR
| 4 I
o NO.2 CLOCK
CAS O GENERATOR [
¥
—11“ COLUMSI\SI 11“ COLUNMN
ADDRE
Ao On AL /| DECODER
Al O>
SENSE AMP.
A2 O> REFRESH |« O GATE
A3 O> CONTROLLER | 4
Al g: * I 2048 x4
AS REFRESH "
A6 O> COUNTER
A7 O> K ol = =
Ag O> 20| ! MEMORY
12
A9 O> ROW 13(12> €8s 81:92 ARRAY
A100> qy ADDRESS w iy
—X BUFFERS
AR o> 2
A12R O> I—v 1
_ NO.1 CLOCK [ SUBSTRATE BIAS  [<0 V¢
RAS O™ GENERATOR [— GENERATOR <0 Vg
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TOSHIBA TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

TC5165405BJ/BFT/BJS/BFTS

PIN ASSIGNMENT (TOP VIEW) PIN NAMES
Plastic SOJ Plastic TSOP
(Normal Bend Type)
Vee O 1 32 1 v Vee O 1 32 1 Vg AOto A1l | Address Inputs
vo1 O 2 31  roa vo1 O 2 31 [ o4
o2 O 3 30 Hvos w020 3 30 0 o3 RAS Row Address Strobe
NC O a4 29 [ NC NC O 4 29 [ NC —
ne O s 28 O ne ne O s 28 0 ne CAS Column Address Strobe
Nc O 6 27 O NC Ne O 6 27 O NC WE Write Enable
N[ 7 26 [1 CAsS N[ 7 26 1 CAS —
wE L 8 25 [ OE wE [] 8 25 [ OF OE Output Enable
Ras [ o 24 [1 NC RAS [ 9 24 [1 NC
a0 O 10 23 B A1 Ao O 10 23 O A11 1/101to /104 | Data Input/Output
A1 O 1 22 1 At0 A1 O 11 22 [ A10 Vee Power { + 3.3V)
A2 O 12 21 [ A9 A2 12 21 [ A9
A3 [ 13 20 [ A8 A3 13 20 [0 as Vss Ground
A4 ] 14 19 [ A7 A4 ] 14 19 1 a7 ;
N N
a5 O 15 18 [ A6 A5 O 15 18 O A6 ¢ o Connection
Vee O 16 17 3 Vg Vee O 16 17 B Vg
BLOCK DIAGRAM
I7Q1 1/Q2 1/Q3 1/Q4
Vee Vs
79 lag———al
VOLTAGE DATA-IN DATA-OUT <O V¢
CONVERTER BUFFER BUFFER |«o OF
weo—D——H.E2T 0]
I
NO.2 CLOCK
CAS O GENERATOR [<]
¥
— COLUMN N\| COLUMN
A0 O 123  ADDRESS 12
Al O] —v BOFReRe /| DECODER
A2 O>
Al O CONTROLLER | /O GATE | 4
A5 O> ¥ 4096 x4
A6 O> REFRESH
A7 O COUNTER O
A8 O> ’IZK > w Ic
A9 O> N MEMORY
ROW 12 C O | 4096
A100> ==X]  ADDRESS /]= Q| ARRAY
A11 0> BUFFERS o ==
A
— NO.1 CLOCK [ SUBSTRATE BIAS  |«0 V¢
RAS GENERATOR [— GENERATOR <0 Vg
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TOSHIBA

TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNIT NOTES
Input Voltage Vin -0.3toVec+0.3 1
Output Voltage Vour -0.3toVec+0.3 1
Power Supply Voltage Vee -0.3t04.6 1
Operating Temperature Torr 0to 70 °C 1
Storage Temperature Ts1g -5510 150 °C 1
Soldering Temperature (10s) TsoLDER 260 °C 1
Power Dissipation Pp 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 \ 2
Viy Input High Voltage 2.0 - Vee+0.3* \ 2
Vi Input Low Voltage —0.3** - 0.8 \ 2

*
* %

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

Vce + 1.2V at pulse width=20ns (pulse width is measured at Vcc)
- 1.2V at pulse width=20ns (pulse width is measured at Vss)

SYMBOL PARAMETER MIN MAX UNIT
Ci Input Capacitance (Address) - 5 pF
C2 Input Capacitance (RAS, CAS, WE, OE) - 7 pF
Co /0 Capacitance (/01 to 1/04) - 7 pF
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TOSHIBA TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

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

SYMBOL PARAMETER MIN MAX UNIT | NOTES
TC5164405B)/BFT/BJS/BFTS-4 -
OPERATING CURRENT TE;ZMgZBzBFT;Bj:;BFTz 53 33
Iccr  |Average Power Supply Operating Current - — mA 3,4, 5
R . . TC5165405BJ/BFT/BJS/BFTS-40 - 120
(RAS, CAS, Address Cycling: tre =tre min)
TC5165405BJ/BFT/BJS/BFTS-50 - 100

STANDBY CURRENT
lccz | Power Supply Standby Current - 1 mA
(RAS=CAS=V,)

RASONLY REFRESH CURRENT restoasavermmsersso] | 7o
lccz |Average Power Supply Current, RAS-Only Mode - = mA 3,5
SAE . e . TC5165405BJ/BFT/BJS/BFTS-40 - 120
(RAS Cycling, CAS=V|y: trc=trc min)
TC5165405BJ/BFT/BJS/BFTS-50 - 100
Testempseyrasarsso ] | s
lcca |Average Power Supply Current, Hyper Page Mode — mA 3,4, 5
— f— . . TC5165405BJ/BFT/BJS/BFTS-40 - 90
(RAS =V, CAS, Address Cycling: typc =typc min)
TC5165405BJ/BFT/BJS/BFTS-50 - 75
STANDBY CURRENT 500
lccs | Power Supply Standby Current - 200 1A
(RAS =CAS =V -0.2V) (S-version)
G anron s s o T e
lccg |Average Power Supply Current, CAS-before-RAS = = mA 3,5
S — \ \ TC5165405BJ/BFT/BJS/BFTS-40 - 120
Mode (RAS, CAS Cycling: trc=trc min)
TC5165405BJ/BFT/BJS/BFTS-50 - 100

BATTERY BACK-UP CURRENT
Average Power Supply Current, Battery Back-up Mode

Icc7 | (RAS Cycling, CAS =CAS-before-RAS Cycling or 0.2V, OF, WE, Address = V¢ - 0.2V - (S-vzgsoion) pA
ar 0.2V, /0110 1/O4=Vee—- 0.2V, 0.2V or Hi-Z: tge=31.245 tras =tras Minto
300ns)
SELF-REFRESH CURRENT

lecs Aviage_Power Su_ppIy_Current, Self-Refresh Mode _ 409 A
(RAS =CAS =V, OFE, WE, Address=V¢c-0.2V or 0.2V, /01tol/04=Vc-0.2V, (S-version)

0.2V or Hi-2)

INPUT LEAKAGE CURRENT
iy [Input Leakage Current, Any Input -10 10 pA
(OV=V|yE Ve, All Other Pins Not under Test=0V)

OUTPUT LEAKAGE CURRENT

| -10 10
om (Dour Is Disabled, 0 V=Voyur=Veo) HA

OUTPUT LEVEL
Vou 2.4 - Y
Output H Level Voltage (Ioyt= - 2mA)

OUTPUT LEVEL
Vol - 0.4 v
Output L Level Voltage (loyt=2mA)
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TOSHIBA TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

AC_CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS
(Vee=3.3V20.3V, Ta=0to 70°C) (Notes 6, 7, 8)

TC5164(5)405BJ/BFT/BJS/BFTS
SYMBOL PARAMETER -40 -50 UNIT NOTES
MIN MAX MIN MAX
tre Random Read-or-Write Cycle Time 69 - 84 - ns
trRMwW Read-Modify-Write Cycle Time 92 - 1111 - ns
trac Access Time from RAS - 40 - 50 ns |9,14,15
teac Access Time from CAS - 11 - 13 ns 9,14
taa Access Time from Column Address - 20 - 25 ns 9,15
tepa Access Time from CAS Precharge - 22 - 28 ns 9
terz CAS to Output in Low-Z 0 - 0 - ns
torr Output Buffer Turn-off Delay 0 11 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
RAS Hold Time from CAS Precharge
fRrce (Hyper Page Mode) ’ 22 - 28 - ne
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
tep 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
teaH 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
treH Read Command Hold Time 0 - 0 - ns 1
tRRH Read Command Hold Time Referenced to RAS 0 - 0 - ns 11
tweH 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
tpy Data Hold Time 6 - 8 - ns 12
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TOSHIBA

TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

AC CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS

(Continued)

TC5164(5)405BJ/BFT/BJS/BFTS
SYMBOL PARAMETER -40 -50 UNIT NOTES
MIN MAX MIN MAX
- 64 - 64
tRep Refresh Period _ 128 _ 128 ms
(S-version) (S-version)

twes Write Command Set up Time 0 - 0 - ns 13
tewp 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
tcsr CAS Set up Time (CAS-before-RAS Cycle) 5 - 5 - ns
tCHR CAS Hold Time (CAS-before-RAS Cycle) 6 - 8 - ns
trpc RAS-to-CAS Precharge Time 5 - 5 - ns
tROH 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 Cycie) 5 - 5 - ns
tWRH WE-to-RAS Hold Time (CAS-before-RAS Cycle) 6 - 8 - ns
trnep | 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
tecon Output Data Hold Time - 5 - ns
tReZ Output Buffer Turn-off Delay from RAS 11 0 13 ns 10, 16
twez Output Buffer Turn-off Delay from WE 1 0 13 ns 10
tWED WE-to-Data Delay 11 - 13 - ns
toe OE Pulse Width 1 - 13 - ns
toep OE Precharge Time - - ns
tcpo CAS-to-OE Precharge Time - 5 - ns
tocH CAS Hold Time Referenced to OF 6 - 8 - ns

RAS Pulse Width (CAS-before-RAS Self-Refresh
tRass (S-version only) ( ) 100 - 100 - "

RAS Precharge Time (CAS-before-RAS Self-Refresh
tres (S-version or?ly) ( ) 69 B 84 B ns
tas CAS H?Id Time (CAS-before-RAS Self-Refresh) 50 _ 50 _ ns

(S-version only)
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TOSHIBA TC5164(5)405BJ/BFT/BJS/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.
Icc, Iccs, Ioca and Ioge depend on the cycle rate.

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

gk W

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

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 t7=2ns.

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

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

10. torr (max), torz (max), trez (max) and twgy (max) define the time at which the output goes open
circuit and are not referenced to output voltage levels.

11. Either tgrcy or tgry 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. twces, tRwD, tcwD, tAwD and topwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twces=twces (min), the cyele is an Early
Write cycle and the Data-out pin will remain open circuit (high impedance) throughout the entire
cycle. If tRwp=trwpD (min), tecwp=tcwp (min), tAwp= tawDp (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 tgep (max) limit ensures that trac (max) can be met. trep (max) is specified
as a reference point only; if trcp is greater than the specified trep (max) limit, then the access
time is determined by tcac.

15. Operation within the tRap (max) limit ensures that tRac (max) can be met. traDp (max)is specified
as a reference point only; if tRaDp is greater than the specified tRaD (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 (torp).
If CAS goes high before RAS goes high, the output goes open circuit when RAS goes high (trgy).
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TOSHIBA

TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

DATA-OUT HI-Z CONTROL LOGIC

RAS CAS OE WE Timing Specification

H S L H torr

S H L H trez

L L e H toez

L H L N twez

DATA-OUT L0O-Z CONTROL LOGIC

RAS CAS 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)405BJ/BFT/BJS/BFTS-40,-50

TIMING DIAGRAMS

READ CYCLE
tre
tras trp
RAS Vig — S J—
Vi — \—k ,/ \
tesH
| < ICRP trep trsH tcre
Vi —
CAS }‘ \\ teas / /
Vi — tRAD =
t tran traL
ARl |l tasc tean
Vi —2 #
Address : ROW COLUMN ROW
\Vp— 74 * X7 ¥ X 7\
treH
tres | 1RRH
ViH
WE
ViL tocH
troH twez
tan trez
v toea
_ IH — o
OF \ /
ViL — X
e |<tose |
LraC Z toez
Von— 55 N 4 X
Vo1 to VO4 Hi-Z — DATA-OUT >
VOL_ NALL X g —‘ —i
toLz
%
: H L
Note: D)y=Hi-Z % or

@: Invalid Data
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TOSHIBA TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

OE-CONTROLLED READ CYCLE

tesH
Vig —
s \
Vi — A Y
tonn torn
| MURE MR L
—_— —
Yin teas
CAS
Vi =/ tRAD . i
t trRaH
ARl | Tasc - |<CAH,
ViH - d
Address ROW COLUMN %
ViL -~
tres »

tan tocn tero

e / /
ViL
toe toep toe toep

OF :'” — \ Loea /—#_!\F /-,c—:\

Vi — S A g S
teac 1 tora t
tRAC QEZ QEZ
VOH— —# : & _‘ :
1701 to /04 Hi-Z Dout >»- : Dout>7
VoL— toL7 torz &7 K
el

Note: D = Hi-Z

:HorL

@: Invalid Data
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TOSHIBA

TC51

64(5)405BJ/BFT/BJS/BFTS-40,-50

WRITE CYCLE (EARLY WRITE)

Address

I/01 to 1/04

tre
) tras ol trp .
ViH — A\ )—
V|| e - 2 \
tesu
1< fcrP trep trsH tere
Vig ——
IH \\ tcas / /
Vi — tRAH N .
tral
tAESR; tasc tean
Vin #
ROW COLUMN ROW
IL i\
| traD tc
< > WL
TWCS tweH
" =
ViL !
trwi
Vi —3
ViL
IpH
Vi _, / 77 4 7 77 777,
e .
N

Note: Dgyr=Hi-Z

:HorL
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TOSHIBA

TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

OE-CONTROLLED WRITE CYCLE

Address

I/01 to 1/04

tre
tras . v trp .
Vi — -~ \
tesH
|<_CRP trep TRsH Icrp
1
Vi — _‘\\ CAS /
ViL ————— 7/ trRAD j S ¥ -
¢ X traL
RAH
AR ST tasc tean,
Vih —7 4
ROW COLUMN W % ROW
ViL — A ¥
towL
trwi
twp
ViH — \
Vi — & N
tops toEn
"3 I
Vi
tps
| toH 5
"y 7 _ / DATA-IN %5 .
IL 7 % 7

Note: DOUT= Hi-Z

:HorL
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TOSHIBA

TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

READ-MODIFY-WRITE CYCLE

Address

/01 to 1/04

VoH

trviw
- tras o1 1o tRP
— —
_ N\ \
tesH
lcep tRep trsH tcrg
teas
/ \\ / /
— / U £/
tasr| |tRAH  tasc tcaH
—Z m,
ROW }@( COLUMN % %( ROW
— A §
traD tawp tew
trRCs tewp trwi
twe
N \
trRwb
tan
\ toea
trac
toep « DH o
teac
R p
Hi-Z Din %
toL toez
tazl, >
N . N |
Hi-z Dour |

VoL
~

: HorlL
%: Invalid Data
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TOSHIBA TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

HYPER PAGE MODE READ CYCLE

tRASP tre
RAS Vip — 3\ trneD / \
ViL — » 7 N
thpe thec trsH t
[‘C‘R,P trep tep truce cRP
v | leas " Icas Ll N Tcas
_ H— t \
CAS e \ / \ l{ tep \ //
ViL —/ tran = S 7 N 4
tesH tean trAL
tasg Tasc tean tasg Tasg| [teat
ViH N 4
Address ROW COL. 1 COL.2 COL. N ROW
Vi <4 X7 N f r A Lz i 7,
tRCii tocH treH
_ ViH t
ROH
WE v J / tocn %
I taa trrH
tan tan
tepa tepa tReZ
toea toea
Vi —
ot N
V||_ — 1
trac tcac tcac torr
; teac tcon logz toz 1oEZ
CLZ
VoH — \ "\
1701 to /04 Dour 1 }@{ Dour 2 }—@{ o N >_
ouUT
VoL — torz| | & % v toLz T

Note: Dy = Hi-Z : HorL
@: Invalid Data
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TOSHIBA TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

HYPER PAGE MODE WRITE CYCLE (EARLY WRITE)

trase trp
ViH — ‘\ trucp / \
RAS \ v
Vi — -~ T )\
thpc thrc
terp trep tep tep trsH terp
v | teas teas teas |
A W= 7 \\\ /; \\ /; N / 7
ViL —=/ traH . S o N7 x‘ 7
tesu tRAL
tasg | tase, | [lcan tasd [ty tasc| [tcan
ViH N  d
Address v % ROW’ g COL. 1 ﬁ% COL. 2 }%{ COL.N % ROW
L= 2 B 1 -
tRAD tewt towr tewl
twes twen twes ;wcli . trRwi
twp wWp WCS twey
\Y
"7 7N L)\, 7)) el f 7
ViL %F Z %F % %F ¢/
. Vin —~
OE v
IL
tos ton o5 oy tos ton
|20 N ey « {%dul > o | o | -< dl} 3> o | ow « {%dul ’

NN

Dy N

0 // D
VL —Z i Din 1 / IN

Note: Doyt = Hi-Z : Horl

1998-03-26 16/24

www.DataSheet4U.com



TOSHIBA TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

HYPER PAGE MODE READ-MODIFY-WRITE CYCLE

trasp trp
Vih — ™ tesH trHCP
RAS v, S_ ] \
Vi \
treD tep terp
terp tHPrRWC tHPrWC trsH
v teag teas teas
xE H = N tean
cAS ST N /N /N /]
ViL —J TRAD A 3 3 A h 4/
tcp
tRAH . tean traAL
tasR ias Lan Tas tasg
VIH — X7
Address v ROW| COL. 1 W % COL.2 W COL.N W ROW
L — C
1
trwp tewp tepwp
tres tewp tcpwn towp trwi
tewr
— Vi — F
WE / \ _,|/ /
ViL — tawp N tawp X‘—J tawp X
t?A tewl taa tewL tAAt .
QEA twp to twp OEA| WP
o oz I N/ \ /
Vi — ]
trac torp Leea toen e toen
eac tps teac ips fteac s
Vig — +
v — Dy 1 E D2 E Din N E—
—>|don 24
1701 to /04 tov oz oL
teiz toez ez toez ez toez
Von— ; N N N
EX|Pouyt 1 Doyt 2 Doyt N
VoL — : / / /

] Hor L

B2« Invalid Data
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TOSHIBA

TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

HYPER PAGE MODE READ-WRITE MIXED CYCLE

RAS

CAS

Address

/01 to 1104

trasp trp
tere| | tesH _ twpe o, twpe ., type N TC&
treD CP. _tcp tcp tcp
— f teas teas teas \ teas \ teas ="
— traD %\- Z \ Z & Z g /
trAH tean
tas Tasc < tasc| [tcan tasc| ftcan tasc| [tcan tasc| | teay
R 3 <—>| | || < | |- |«
+
%ROW E@Z COL. 1 %cm.zi@g coL. 3 E%( coL. 4 E@( COL.N E@(ROW
| A
tres tren
twes
ToEA tweH
— tera tepa tera
teac Leac teac tbs teac
tan taa tan tou AA torr
tRAC twez -~
tCOC’H ftcou twep toz trez
_ { ow4)
. Doyt 1 Doyt 2 )
_ ouT ouT N A

folz

}CLZ

:HorL

A . Invalid Data
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TOSHIBA TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

RAS-ONLY REFRESH CYCLE

tre

tras

_ Vi — b 4
RAS \ / \
V||_ — -~ A

VL T — Nt
tasr traH
Vin — 3
Address _/ ROW }% % ROW
V||_ 7
Note: WE, OE and Dy=H or L % tHorl

CAS-BEFORE-RAS REFRESH CYCLE

tre
trp trp
tras
Vi —
s _/ \ \_
V||_ T e -~ Z
trrc L
Icp | jesR tcHR |

_ ViH —
CAS /
Vi —
tw twrH
[
\Y
- 'H i 7

AY =4 7
Vv VIL _W W
Von — \ )
/01 to 1104 Hi-Z
VoL e/
JR— l/
Note: Dy, OE and Address=H or L % tHorl
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TOSHIBA TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

HIDDEN REFRESH CYCLE (READ)

tre tre
tras R ~ trp . trp .
tras |
Vi —
RS N\ / N\ 7N N
Vi — X A X f __
terp trep trsh LeHR terp
<> |<—>
CAS traD \\ /
Vi — ¢ 2N £
RAH
tasr tasc tean
ViH #
Address % ROW COLUMN / ROW
ViL N N I

tres tRRH  twrp| | twrn
|
ViH —Z
W 7
ViL

tan
troH
toea
- Vi — \
OF v \ /
L —
teac trez |
toL toEz ' torr
taz >
VoH — e N 4 ' -
/01 to /04 v % Hi-Z & { DATA-OUT ’?_’?_
oL &
trac
] .
Note: Djy=Hi-Z /é tHorl
%: Invalid Data

1998-03-26 20/24

www.DataSheet4U.com



TOSHIBA

TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

HIDDEN REFRESH CYCLE (WRITE)

Address

1701

to /04

ViH

Vi

tre tre
tras trp trp
t
- \ / \ RAS |
—_ X A A ¥ y \
P " " " trap
FCRP tRCD tRSH tCHR -CRP
—_— - r
/0] Lo, NN /)
i 4 tasC 1= 7= /
1RAH
tasr tcan
||
— m,
%ROW COLUMN % ROW
—_— _‘ ’_ _\ I
twcs\ ‘ twcH tvlﬂ tWRHI
—
Jos < IDH o

R DATA-IN

0

0

.

Note:

DOUT= HI-Z

:HorL
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TOSHIBA TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

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

trp trass trps
- Vig — —\ J—
RAS \ /
ViL — ( y
trec > P = trRPC |
tep | L [tesr tehs
o VIH —
CAS
ViL — {
1)
twre TwRH |
/]
— Vih —
e 4 )
ViL
]
Voh——\
/01 to /04 Hi-Z
VoL ——/
Note: Dy, OE and Address=H or L VA HorL
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TOSHIBA TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

PACKAGE DIMENSIONS (SOJ32 - P -400- 1.27B)

Unit: mm
32 hﬁﬁﬁmmmmmmmmmg*
| I o | —
r ~) 1 /rs\jﬁr
o
; o
9 3
gl 2 5
el = »
O
P I i v s glovenoroon SO 2 \LL—_’—';J——:'
1 16 8%
27
& |
o
21.38mAxX
20.9610.12 X
+0.08
w1 073 007
2 ]
— 2 o
[+o]
TUTTIT UL TUL 4 3
U U U WU oUW WU el
’ ‘ 0.4570.05
> =051 204 5017 ()

0.955Tye  [1.27

1998-03-26 23/24

www.DataSheet4U.com



TOSHIBA TC5164(5)405BJ/BFT/BJS/BFTS-40,-50

PACKAGE DIMENSIONS (TSOPIl 32 -P-400- 1.27B)

Unit: mm
32 17 _
HEHBEHEEBEBHHAEBEHEAHAEAA f H%
= o
3 3
sl =
LO J
FEEJiEORBEEBOOBE | 9
1
0.95TYP 0.42+0.08
’ ‘ e 0.21
o (021
. 21.35MAX ,
i 20.95+0.1 s % zzg %
o & =
- 1-" ﬂ
r Fy (o. =
: T
z 2
@ 0.540.1
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