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Static RAM/Non-Volatile Memory Contents

Standard Static RAM

Part Number Date Density Organization Package Features Lit. Number Page Number

TCB5257D-L ........ 7/95......256K ........ 32K x 8.......... PREFT s Low Power........c......... SR25010795
TC85257DI-L........ 9/95...... WBEFT... Ind. Temp/Low Power ......... SR25020995

TCB5257DI-V ..... 12/95...... v B R FTo, Ind. Temp/Low Voltage......... SR25031295
TC55257D-V ........ 9/95...... 256K ........ 32K x 8.......... PR FT s Low Voltage ................. SR25040995
TC551001B.......... 7/95........ P F FT, TR... SR01010795
TC551001B-L ...... 7/95........ P F FT.,TR... SR01020795

TC5510018Bl......... 9/95........ P EFT TR . Industrial Temp. .............. SRO1030994.........ccevvvnenn A-69
TC551001BI-L...... 9/95........ P FFTTR........ Ind. Temp/Low Power. ......... SRO1040994..........ccvuee. A-81
TC551001BI-V ..... 2/95........ P F FT, TR....... Ind. Temp/Low Voltage......... SR01050295

TC551001B-V ...... 7/95........ PEFLTR e Low Voltage.........cccue. SR01060795

TCH54161 ............ 7795, AM L 25BK X 16 Floiiiiiccins s SR04010795
TC554161-L......... 7/95........ ... Low Power.......... SR04020795

TC5541611 ........... 2/95........ e FT o Ind. Temp ..o.coveevneennnee SR04030295
TCB541611-L........ 2/95........ Ind. Temp/Low Power ......... SR04040295

TC5541611-V...... 10/95........ ....Ind. Temp/Low Voltage......... SR04051095
TCbH54161-V......... 7/95..cc..AM L 256K X6 s FT e Low Voltage ......ccccevunee SR04060795

High Speed Static RAM

Part Number Date Density Organization Package Features Lit. Number Page Number
TC55V328A........ 12/94...... 256K ........ SR25011294
TCH58128A.......... 7/95........ M......... SR01010795
TCB559128A.......... 7/95....1.125M SR01020795
TC551664A.......... 8/95........ TM......... SR01030895
TC551864A.......... SR01040795

TC551402 IMX4 . J o SR04010995

High Speed Synchronous RAM

Part Number Date Density Organization Package Features Lit. Number Page Number

TC55V1165........ 12/95 SR01011295
TCB5V1325........ 12/95 SR01021295

Non-Volatile Memory

Part Number Date Density Organization Package Features Lit. Number
TC58A040............ 1/96......4M.........4M x 1 ... SOP......Designed for audio applications .. NV04010196
TC5816AFT .......... 1/96 ...TSOP Il ... Industrial temperature available... NV16010196

TC5816ADC......... 3/96
TCB832 ... 1/96

v SSFDC e Solid state floppy disk.......... NV16030396
.......... TSOP II.... 3.3V and 5V versions available... NV32010196

Package: P = Plastic DIP, F = Flat package (SOP), SP = Slim Plastic DIP, FW = Flat Wide package
FT = Forward bend TSOP, TR = Reverse bend TSOP, J = SOJ
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TOSHIBA

TC55257DPL/DFL/DFTI-55L/70L/85L

PRELIMINARY

Static RAM

A. Standard

SILICON GATE CMOS
32,768 WORD x 8 BIT STATIC RAM

Description

The TC55257DPL is a 262,144 bit static random access memory organized as 32,768 words by 8 bits using CMOS
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both high speed and low
power features with an operating current of 5mA/MHz (typ.) and a minimum cycle time of 55ns.

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is 0.3uA
typically. The TC55257DPL has two control inputs. Chip Enable (CE) allows for device selection and data retention con-
trol, while an Output Enable input (OE) provides fast memory access. Thus the TC55257DPL is suitable for use in micro-
processor application systems where high speed, low power, and battery backup are required.

The TC55257DPL is offered in a standard dual-in-line 28-pin plastic package (0.6 inch width), a small outline plastic
package, and a thin small outline plastic package (forward type).

Pin Connection (Top View)

Features
e Low power dissipation:  27.5mW/MHz (typ.) © 28 PIN DIP & SOP o 28 PIN TSOP  (forward type)
* Standby current: 20A (max.) at Ta = 25°C sl MU
* 5V single power supply arls
e Access time (max.) ::E:
TC55257DPL/DFL/DFTL aals
a2ls
-55L -70L -85L arll
a0l
Access Time 55ns 70ns 85ns o
CE Access Time 55ns 70ns 85ns :;g; E
OE Access Time 30ns 35ns 45ns Gno 5 26
* Power down feature: CE
¢ Data retention supply voltage: 2.0~5.5V
¢ Inputs and outputs directly TTL compatible
¢ Package TC85257DPL  : DIP28-P-600
TCB5257DFL  : SOP28-P-450
TC55257DFTL  : TSOP28-P
Pin Names
A0 ~ A14 Address Inputs
R/W Read/Write Control Input
OE Output Enable Input
CE Chip Enable Input
/01 ~ /08 | Data Input/Output
Vpp Power (+5V)
GND Ground TSOP Pinout
PIN NO. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
PINNAME | OE | Ayy | Ay | Ag | Az | RW | Vpp | A | A | Ar | As | As | Ay | As
PIN NO. 15 16 17 18 19 20 21 22 23 24 25 26 27 28
PIN NAME A, Aq Ao /01 | /02 | /O3 | GND | /04 | /O5 | /06 | /07 | 1/O8 CE Aqo

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-1



TC55257DPL/DFL/DFTL-55L/70L/85L

Static RAM

SR25010795

Block Diagram

1
e

CE

-~—o0 Voo
«<«—o0 GND

. .
f{zc A Ha —
A70 cerelles] MEMORY CELL
o '
e 82(188 | ARRAY
ﬁ};gf 22 512x64x8
A130— = Hd° |~ (262144)
A14C x <
— F-—-6a ----1
1012 8 B SENCE AMP.
e z [~ COLUMN ADDRESS
 © S DECODER
o < S I T
o -l < COLUMN ADDRESS
o q v REGISTER
11080 il | b T
00 e "
S
AQA1A2A3A4A10
R/wc’—[g_
O
Tk I
Cto > CE
Operating Mode
OPERATION MODE CE OF RW | 1/01~1/08 | POWER
Read L L H Dout Ibbo
Write L * L DIN IDDO
Output Deselect L H H High-Z Ibbo
Standby H * * High-Z | Ipps
*HorlL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vpp | Power Supply Voltage -0.3~7.0 \
Vin Input Voltage -0.3*~7.0 \
Vo | Inputand Output Voltage -0.5* ~Vpp + 0.5 \
Pp Power Dissipation 1.0/0.6** W
TsoLper | Soldering Temperature (10 s) 260 °C
Tstra | Storage Temperature -55 ~ 150 °C
Topr | Operating Temperature 0~70 °C

* -8.0V at pulse width 50ns

" SOP

A-2

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

PRELIMINARY



SR25010795 Static RAM TC55257DPL/DFL/DFTL-55L/70L/85L

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpp | Power Supply Voltage 45 5.0 5.5
ViH Input High Voltage 2.2 - Vpp +0.3 v
ViL Input Low Voltage -0.3* - 0.8
Vpy | Data Retention Supply Voltage 2.0 - 55

* -3.0V at pulse width 50ns

DC and Operating Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Leakage Current Vin=0~Vpp - - +1.0 LA
CE=VyorRW =V orOE=V,
I Output Leakage Current H i H - - +1.0 A
o P ¢ Vour =0 ~Vpp "
loH Output High Current Vou = 2.4V -1.0 - - mA
lo. | Output Low Current VoL =04V 4.0 - - mA
CE=V_ toycle = Tus - 10 -
| R/W =V,
poo1 Other Input =Vig/Vi |t = Min.cycle | - - 70
IOUT =0mA
Operating Current CE=02V toycle = 118 - 5 - mA
R/W =Vpp - 0.2V
Ibpo2 Other Input .
= vDD -0.2V/0.2V tcycle = Min. cycle - - 60
'OUT =0mA
lopst CE =V _ _ 3 mA
| Standby Current CE =Vpp - 0.2V Ta=0~70°C - - 20 uA
DDS2 Vpp =2.0V ~ 5.5V Ta =25°C - 0.3 2
Capacitance* (Ta = 25°C, f = 1MHz)
SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Cin | Input Capacitance Vin = GND 10 F
Cout | Output Capacitance Vour = GND 10 P

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

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-3



TC55257DPL/DFL/DFTL-55L/70L/85L

Static RAM

SR25010795

AC Characteristics (Ta =0 ~ 70°C, Vpp = 5V+10%)

Read Cycle
TC55257DPL/DFL/DFTL
SYMBOL PARAMETER -55L -70L -85L UNIT
MIN. MAX. MIN. MAX. MIN. MAX.
trc | Read Cycle Time 55 - 70 - 85 -
tacc | Address Access Time - 55 - 70 - 85
tco | CE Access Time - 55 - 70 - 85
toe Output Enable to Output in Valid - 30 - 35 - 45
tcoe | Chip Enable (CE) to Output in Low-Z 10 - 10 - 10 - ns
toge | Output Enable to Output in Low-Z 5 - 5 - 5 -
top | Chip Enable (CE) to Output in High-Z - 20 - 25 - 30
topo | Output Enable to Output in High-Z - 20 - 25 - 30
ton Output Data Hold Time 10 - 10 - 10 -
Write Cycle
TC55257DPL/DFL/DFTL
SYMBOL PARAMETER -55L -70L -85L UNIT
MIN. MAX. MIN. MAX. MIN. MAX.
twc | Write Cycle Time 55 - 70 - 85 -
twp | Write Pulse Width 45 - 50 - 60 -
tow | Chip Selection to End of Write 50 - 60 - 65 -
tas | Address Setup Time - - 0 -
twr | Write Recovery Time - - 0 - ns
topw | R/W to Output in High-Z - 20 - 25 - 30
toew | R/W to Output in Low-Z 5 - 5 - 5 -
tps | Data Setup Time 25 - 30 - 40 -
toH Data Hold Time 0 - 0 . 0 -
AC Test Conditions
Input Pulse Levels 2.4V/0.6V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V
Output Load Ly 2212 and gtz ?8855’5%{, -85L)

A-4
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SR25010795 Static RAM TC55257DPL/DFL/DFTL-55L/70L/85L A/
Timing Waveforms
Read Cycle ()
ADDRESSES * _ 3(
| |ton
= \\\\\\\\\\\\\\\\\\Q
Write Cycle 1 ¥ (R/W Controlled Write)
ADDRESSES >< ><
RW — | = /

DATA IN STABLE

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-5



TC55257DPL/DFL/DFTL-55L/70L/85L Static RAM SR25010795

Write Cycle 2 ¥ (CE Controlied Write)

twe

ADDRESSES ><

t
| tas WR
RW
CE
tcoE
Dour
Din : DATA IN STABLE f

Notes:
1. R/W is High for read cycle.

2. Assuming that CE Low transition occurs coincident with or after the R/W Low transition, Outputs remain in a high
impedance state.

3. Assuming that CE High transition occurs coincident with or prior to the R/W High transition, Outputs remain in a high
impedance state.

4. Assuming that OE is High for a write cycle, the Outputs are in a high impedance state during this period.

5. The I/O may be in the output state during this time; input signals of opposite phase must not be applied.

A-6 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY
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SR25010795 Static RAM TC55257DPL/DFL/DFTL-55L/70L/85L

Data Retention Characteristics (Ta = 0 ~ 70°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpy | Data Retention Supply Voltage 2.0 - 5.5 \Y
Ipps2 | Standby Current Vor =30V - - 10° uA :mff/m, w :
VDH = 55V - - 20
tcpr | Chip Deselect to Data Retention Mode 0 - — ns
tr Recovery Time tre() - -

* 2pA (Max.) Ta = 0 ~ 40°C
Note (1): Read Cycle Time

CE Controlled Data Retention Mode

Voo \ DATA RETENTION MODE

(2)

Vy = =———

_—
~<J

CE
Vpp-0.2V
coR

GND

Note (2): If the Vy; of CE is 2.2V in operation, Ippg; current flows during the period that the Vpp voltage is going down from 4.5V to 2.4V.

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC55257DPL/DFL/DFTL-55L/70L/85L Static RAM SR25010795

Outline Drawing
DIP28-P-600 Unit in mm
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Weight : 4.42g (Typ.)
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SR25010795 Static RAM TC55257DPL/DFL/DFTL-55L/70L/85L
Outline Drawing ‘
SOP28-P-450 Unitinmm ‘B &
-ty
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2 15——r _
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Weight : 0.79g (Typ.)
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TC55257DPL/DFL/DFTL-55L/70L/85L Static RAM - SR25010795

Outline Drawing
TSOP29-P Unit in mm
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Weight : 0.22g (Typ.)

. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

. LIFE SUPPORT POLICY
Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.
A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

)

The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.

@
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TOSHIBA

TC55257DPI/DF1/DFTI-70L/-85L

SILICON GATE CMOS
32,768 WORD x 8 BIT STATIC RAM

Description

The TC55257DPI is a 262,144 bit static random access memory organized as 32,768 words by 8 bits using CMOS tech-
nology, and operated from a single 5V power supply. Advanced circuit techniques provide both high speed and low power
features with an operating current of 5mA/MHz (typ.) and a minimum cycle time of 70ns.

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is 0.3uA typ-
ically. The TGC556257DPI has two control inputs. Chip Enable (CE) allows for device selection and data retention control, and
an Output Enable input (OE) provides fast memory access. The TC55257DPI is suitable for use in microprocessor applica-
tion systems where high speed, low power, and battery backup are required. The TC55257DPI is guaranteed over an
operating temperature range of -40 ~ 85°C so the TC55257DP! is suitable for use in wide operating temperature sys-
tems.

The TC55257DP! is offered in a standard dual-in-line 28-pin plastic package (0.6 inch width), a small outline plastic
package, and a thin small outline plastic package (forward type).

Features Pin Connection (Top View)
o | ow power dissipation:  27.5mW/MHz (typ.)
o Standby current: 2;.IA (max.) at Ta =25°C © 28 PIN DIP & SOP o 28 PIN TSOP (forward type)
i 78]l
* 5V single power supply aally 28 [vgp [inaannananan
) a2 l]2 27 D rw i 1
e Access time (max.) ar (3 26 a3
6 [] ]
TC55257DPYDFI/DFTI asls  2aflne
aslls 230 an
-70L -85L a3 lly 22 oe
- a2lls 210 a0
Access Time 70ns 85ns arlls 200cE
CE Access Time 70ns 85ns a0 [f10 19 uos
bkl ot ln 18P o7
OE Access Time 35ns 45ns 1702 {12 170106
— 103013 1601705
e Power down feature: CE ano 01a 15 fl1r0a hs 28
e Data retention supply voltage: 2.0 ~5.5V UITTTTOIOa
¢ Inputs and outputs directly TTL compatible
o Wide operating temperature: -40 ~ 85°C
e Package TC55257DPI : DIP28-P-600
TC55257DFI| : SOP28-P-450
TC55257DFTI  : TSOP28-P
Pin Names
A0 ~ A14 Address Inputs
R/W Read/Write Control Input
OE Output Enable Input
CE Chip Enable Input
/01 ~ 1/08 | Data Input/Output
Vbp Power (+5V)
GND Ground
PIN NO. 1 2 3 4 5 6 7 8 9 10 1 12 13 14
PINNAME | OE | Ay | Ay | Ag | A |RW | Vpp | A | A | Ar | As | As | Ay | Ag
PIN NO. 15 16 17 18 19 20 21 22 23 24 25 26 27 28
PIN NAME A, Aq Ao 1/01 | 1/02 | I/03 | GND | /04 1/105 1106 1107 /08 CE Ao

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TC55257DPI/DFI/DFTI-70L/85L

Static RAM

SR25020995

Block Diagram

I ¢£§l
A5 O— ) w
ABO i
ars ew|lzS]| 1] MemoRrycew
Agc 8zl188|™ ARRAY
Al 1IN 512x64x8
Al30 &= _1§° L (262144)
A140 o« «
— F==="6a--—-]
11016 o
o 2 8 SENCE AMP.
© =g a COLUMN ADDRESS
, © 5 DECODER
o- < S I I
o = o COLUMN ADDRESS
© g X« REGISTER
w
1/08 ©- o=z
- w
v O -(-1

TTTTTT
IR !

AQOA1 A2 A3 A4A10

CE

-<—o0 Voo

<«—o0 GND

=D,
CE DS
CEo > CE
Operating Mode
OPERATION MODE CE OE RW | 1/01~1/08 | POWER
Read L L H DOUT lDDO
Write L * L Din IDDO
Output Deselect L H H High-Z Ibbo
Standby H * * High-Z lops
*HorL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vop Power Supply Voltage -0.3~7.0 \
Vin Input Voltage -0.3*~ 7.0 \
Viio |Input and Output Voltage -0.5* ~Vpp + 0.5 \
Pp Power Dissipation 1.0/0.6** w
TsoLper | Soldering Temperature (10 s) 260 °C
Tstrg | Storage Temperature -55 ~ 150 °C
Topr | Operating Temperature -40 ~ 85 °C
* -B.0V at pulse width 50ns
" SOP
A-12 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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SR25020995 Static RAM TC55257DPI/DFI/DFTI-70L/85L

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT ] %
Vpp | Power Supply Voltage 4.5 5.0 5.5 E § £
Vi Input High Voltage 2.4 - Vpp + 0.3 y % % ‘
ViL Input Low Voltage -0.3* - 0.6 ok
Vpy | Data Retention Supply Voltage 2.0 - 5.5

*  -3.0V at pulse width 50ns

DC and Operating Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Leakage Current Vin=0~Vpp - - +1.0 A
llo | Output Leakage Current CE =V or AW =V)_or OF =Viy - - +1.0 | pA

Vour=0-~Vpp
lon Output High Current Voy =2.4V -1.0 - - mA
lo. | Output Low Current VoL =04V 4.0 - - mA
—g—E/vv= V\l}. tcyde = 1].[5 - 10 -
| =ViH
poot Other Input = Vig/ViL | 1, e = Min. cycle - - 70
IOUT =0mA
Operating Current E‘EN: 0 i/gv y toycle = 1HS — 5 - mA
=Vpp- 0.2
Ibpo2 Other Input .
- VDD -0.2V/0.2V tcyde = Min. cycle - - 60
IOUT =0mA
Ibpsi CE=Vjy - - 3 mA
Standby Current CE =Vpp-0.2V Ta =-40 ~ 85°C - - 30
IDDSZ Vpn = \Vj \ HA
DD = 2.0V ~55 Ta =25°C - 0.3 2
Capacitance* (Ta = 25°C, f = 1MHz)

SYMBOL PARAMETER TEST CONDITION MAX. | UNIT

Cin | Input Capacitance Vin=GND 10 F
Cout | Output Capacitance Vout = GND 10 P

*This parameter is periodically sampled and is not 100% tested.

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-13



TC55257DPI/DFI/DFTI-70L/85L

Static RAM

e

SR25020995

AC Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%)

Read Cycle
TC55257DPI/DFI/DFTI
SYMBOL PARAMETER -70L -85L UNIT
MIN. MAX. MIN. MAX.
trRe Read Cycle Time 70 - 85 -
tacc | Address Access Time - 70 - 85
tco | CE Access Time - 70 - 85
toe Output Enable to Output in Valid - 35 - 45
tcoe | Chip Enable (CE) to Output in Low-Z 5 - 5 - ns
toge | Output Enable to Output in Low-Z 0 - 0 -
top | Chip Enable (CE) to Output in High-Z - 25 - 30
topo | Output Enable to Output in High-Z - 25 - 30
ton Output Data Hold Time 10 - 10 -
Write Cycle
TC55257DPI/DFI/DFTI
SYMBOL PARAMETER -70L -85L UNIT
MIN. MAX. MIN. MAX.
twec | Write Cycle Time 70 - 85 -
twp | Write Pulse Width 50 - 60 -
tcw | Chip Selection to End of Write 60 - 65 -
tas Address Setup Time 0 - 0 -
twr | Write Recovery Time 0 - 0 - ns
topw | R/W to Output in High-Z - 25 - 30
toew | R/W to Output in Low-Z 0 - 0 -
tps Data Setup Time 30 - 40 -
toH Data Hold Time 0 - 0 -
AC Test Conditions
Input Pulse Levels 2.6V/0.4V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V
Output Load 1 TTL Gate and C_ = 100pF

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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SR25020995 Static RAM TC55257DPI/DFI/DFTI-70L/85L
Timing Waveforms
Read Cycle (1) L8
e
e
g

i

tre
v
ADDRESSES * >\
tacc
|
\ co

too ‘

>

Do OUTPUT DATA VALID
UNKNOWN
Write Cycle 1 @ (R/W Controlled Write)
twc
ADDRESSES >< ><
| 2as twr
| twe
RIW 4

= Il \\\\\\\\\\\\\\\\\\\\\\\\\\\

tos ton
5% DATA IN STABLE ¥
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TC55257DPI/DFI/DFTI-70L/85L Static RAM SR25020995

Write Cycle 2 ¥ (CE Controlled Write)

twe

ADDRESSES ><

& I

Notes:
1. R/W is High for read cycle.

2. Assuming that CE Low transition occurs coincident with or after the R/W low transition, Outputs remain in a high
impedance state.

3. Assuming that CE High transition occurs coincident with or prior to the R/W high transition, Outputs remain in a high
impedance state.

4. Assuming that OE is High for a write cycle, the Outputs are in a high impedance state during this period.

5. The I/0O may be in the output state during this time; input signals of opposite phase must not be applied.
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SR25020995 Static RAM TC55257DPI/DFI/DFTI-70L/85L

Data Retention Characteristics (Ta = -40 ~ 85°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT %»U‘ =
Sige m;
Vpy | Data Retention Supply Voltage 2.0 - 5.5 Vv f,-§ ©
Vpy = 3.0V - - 15* S5
I Standby Current e
DDS2 Y Von = 5.6V — — 30 HA =
tcpr | Chip Deselect to Data Retention Mode 0 - - s
n
tr Recovery Time tre() - -
Note (1): Read Cycle Time *21A (max.) Ta = 0 ~ 40°C
CE Controlled Data Retention Mode
Y
eo \ DATA RETENTION MODE
\
45V === ——=— e, —— -
(2)
Vih === \
c \Y 0.2v
tcor o™ tr
GND
Note (2): If the Vi of CE is 2.4V in operation, Ippsy current flows during the period that the Vpp voltage is going down from 4.5V to 2.6V.
A-17
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TC55257DPI/DFI/DFTI-70L/85L Static RAM SR25020995

Outline Drawing

DIP28-P-600 Unit in mm
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Weight : 4.42g (Typ.)
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SR25020995 Static RAM TC55257DPI/DFI/DFTI-70L/85L
Outline Drawing
SOP28-P-450 Unit in mm
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Weight : 0.79g(Typ.)
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TC55257DPI/DFI/DFTI-70L/85L Static RAM SR25020995

Outline Drawing

TSOP28.P Unit in mm
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Weight : 0.22g (Typ.)

1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

. LIFE SUPPORT POLICY
Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.
A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

N

The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

TC55257DPI/DFI/DFTE70V/85V

PRELIMINARY

SILICON GATE CMOS
32,768 WORD x 8 BIT STATIC RAM

Description

The TC55257DPI is a 262,144 bit static random access memory organized as 32,768 words by 8 bits using CMOS technol-
ogy, and operated from a single 2.7 ~ 5.5V power supply. Advanced circuit techniques provide both high speed and low
power features with an operating current of 5mA/MHz (typ.) and a minimum cycle time of 70ns.

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is 0.3pA typ-
ically. The TC55257DPI has two control inputs. Chip Enable (CE) allows for device selection and data retention control, while
an Output Enable input (OE) provides fast memory access. The TC55257DP! is suitable for use in microprocessor applica-
tion systems where high speed, low power, and battery backup are required. The TC55257DPI is guaranteed over an
operating temperature range of -40 ~ 85°C so the TC55257DPI is suitable for use in wide operating temperature
systems.

The TC55257DPI is offered in a standard dual-in-line 28-pin plastic package (0.6 inch width), a small outline plastic
package, and a thin small outline plastic package (forward type).

Features
o Low power dissipation:  27.5mW/MHz (typ.) o 28 PIN DIP & SOP o 28 PIN TSOP  (forward type)
o Standby current: 2uA (max.) at Ta = 25°C aals 2D Voo
o Single 2.7 ~ 5.5V power supply a2 02 27 Q RW ia 1
o Access time (max.) arls Epas
as (s 200 a9
5V+10% 2.7~56.5V e E . » %ﬂ’
A3 47 22 P OE
-70v | -85V | -70V | -85V s 1 faw
E:ess Time 70ns 85ns | 120ns | 150ns :; E ?o fg % :C/an
CE Access Time | 70ns 85ns 120ns | 150ns o1 On 181707
—— : 1102 012 1701106
OE Access Time 35ns 45ns 70ns 75ns 1703 013 1601705
— ono [ra 15 /04 !
o Power down feature: CE ﬁﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁ
o Data retention supply voltage: 2.0~55V
o Inputs and outputs directly TTL compatible
o Wide operating temperature: -40 ~ 85°C
e Package TC55257DPI : DIP28-P-600
TC55257DFI : SOP28-P-450
| TC55257DFTI  : TSOP28-P
Pin Names
A0 ~ A14 Address Inputs
R/W Read/Write Control Input
OE Output Enable Input
CE Chip Enable Input
/01 ~ 1/08 | Data Input/Output
Vbp Power (+5V)
GND Ground i
TSOP Pinout
PIN NO. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
PINNAME | OE | Ajy | Ag | Ag | A;3 |RW | Vpp | A | Aa | A | Ag | As | Ay | Ag
PIN NO. 15 16 17 18 19 20 21 22 23 24 25 26 27 28
PINNAME | A, A Ao | V01 | 1102 | 103 | GND | /04 | 1105 | 1106 | 107 | 1108 | TE | Ay

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TC55257DPI/DFI/DFTI-70V/85V Static RAM SR25031295
Block Diagram
LE T
ASg ) - ) o0
A6 v » 7 <«—o0 GND
A7© celles] MEMORY CELL
A8 O- [l [} = P T
A9 O a-]la0 |~ ARRAY
A110 L3I 512x64x8
NET gxlgol | (262144)
A140— bl «
C ‘__‘ }- e 64 il -4{
rror s 5 F SENCE AMP.
o= = COLUMN ADDRESS
, o S DECODER
o Yl T T —
< -
© 2 2 COLUMN ADDRESS
e g ¥
1/08 O 8y ul HIIIH_H
- w
Pl 2a %i a4
0 9 0 O S
A0 A1A2A3A4A10
R/W
seo—H )
CE IS
CEo {> CE
Operating Mode
OPERATION MODE CE OF RW | 1/01~1/08 | POWER
Read L L H Dout lbbo
Write L * L D|N IDDO
Output Deselect L H H High-Z Ibpo
Standby H * * High-Z IpDs
*HorlL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vpbp Power Supply Voltage -0.3~7.0 \%
Vin Input Voltage -0.3*~7.0 \Y
Vio Input and Output Veltage -0.5* ~Vpp + 0.5 Vv
Pp Power Dissipation 1.0/0.6** W
TsoLper | Soldering Temperature (10 s) 260 °C
Tstrg | Storage Temperature -55 ~ 150 °C
Topr | Operating Temperature -40 ~ 85 °C
* -3.0V at pulse width 50ns
** SOP
A-22 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY
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SR25031295

Static RAM

TC55257DPI/DFI/DFTI-70V/85V

DC Recommended Operating Conditions (Ta = -40 ~ 85°C)

A, Standard
Static RA

5V+£10% 2.2~5.5Y
SYMBOL PARAMETER UNIT
MIN. | TYP. MAX. MIN. MIN. MAX.
Vpp | Power Supply Voltage 4.5 - 55 2.7 - 55
Vin Input High Voltage 2.4 - Vpp +0.3 | Vpp-0.2 - VDD +0.3 v
Vi Input Low Voltage -0.3* - 0.6 -0.3* - 0.2
Vpy | Data Retention Supply Voltage 2.0 - 5.5 2.0 - 5.5
*-8.0V at pulse width at 50ns Max.
DC and Operating Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%)
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Leakage Current Vin=0~Vpp - - +1.0 | NA
CE=V|yorR/MW =V, or OE =V,
| Output Leakage Current H IL IH - - | 10| pA
to P g Vour=90~Vpp :
loy | Output High Current Von =2.4V -1.0 - - mA
loL Output Low Current VoL =0.4V 4.0 - - mA
ﬁ = VIL, R/W = VIH tcyde = 1}18 - 10 -
Ibbo1 Other Input = V|y/V, )
lout = OmA teycle = Min.cycle | — - 70
Operating Current — mA
CE=0.2V, R/W =Vpp-0.2V | tryce = Tus - 5 -
IDDOZ Other Input = VDD -0.2v/0.2V )
louT = OMA toycle = Min.cycle | — - 60
IpDs1 CE=Vjy - - 3 | mA
| Standby Current CE =Vpp-0.2V Ta=-40 ~ 85°C - - 30 A
pos2 Vpp = 2.0V ~ 5.5V Ta=25°C o[ 2 | "
DC and Operating Characteristics (Ta = -40 ~ 85°C, Vpp = 3V+10%)
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Leakage Current Vin=0~Vpp - - +1.0 | pA
l.o | Output Leakage Current CE =Vy or A/W =V or OF =Viy, - - | #10 | pA
Vour=0~Vpp
loy | Output High Current Vou =Vpp - 2.0V -0.1 - - mA
lo. | Output Low Current VoL =0.2V 0.1 - - mA
CE =0.2V, RW =Vpp = 2.0V Min. | - - 20
Ibpo2 | Operating Current Other Input = Vpp - 0.2V/0.2V teycle mA
lour = OmA s = | = | 5
Vpp=3Vs |Ta=-40~85C | - - 20
10% Ta=25°C - 1 1.5
Ippsz | Standby Current CE=Vpp-0.2V Ta=-40~40°C| - - 2 HA
Vpp = 3.0V | Ta=25°C - - 1
Ta=-40~85°C | - - 15
Capacitance (Ta = 25°C, f = 1MHz2)
SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Ciy | Input Capacitance Vin = GND 10 E
Cout | Output Capacitance Vour = GND 10 P
Note: This parameter is periodically sampled and is not 100% tested.
PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TC55257DPI/DFI/DFTI-70V/85V Static RAM SR25031295

AC Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%)

Read Cycle
TC55257DPI/DFI/DFTI
SYMBOL PARAMETER -0V -85V UNIT
MIN. MAX. MIN. MAX.
tre Read Cycle Time 70 - 85 -
tacc | Address Access Time - 70 - 85
tco | CE Access Time - 70 - 85
toe Output Enable to Output in Valid - 35 - 45
tcoe | Chip Enable to Output in Low-Z 5 - 5 - ns
toge | Output Enable to Output in Low-Z 0 - 0 -
top Chip Enable to Output in High-Z - 25 - 30
topo | Output Enable to Output in High-Z - 25 - 30
ton Output Data Hold Time 10 - 10 -
Write Cycle
TC55257DPI/DFI/DFTI
SYMBOL PARAMETER =70V -85V UNIT
MIN. MAX. MIN. MAX.
twc | Write Cycle Time 70 - 85 -
twp | Write Pulse Width 50 - 60 -
tcw | Chip Selection to End of Write 60 - 65 -
tas Address Setup Time 0 - 0 -
twr | Write Recovery Time 0 - 0 - ns
topw | R/W to Output in High-Z - 25 - 30
toew | B/W to Output in Low-Z 0 - 0 -
tps Data Setup Time 30 - 40 -
toH Data Hold Time 0 - 0 -
AC Test Conditions
Input Pulse Levels 2.6V/0.4V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V
Output Load 1L Gate o gt z ?885;(5-%\)/, -85V)
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SR25031295 Static RAM TC55257DPI/DFI/DFTI-70V/85V

AC Characteristics (Ta = -40 ~ 85°C, Vpp = 2.7 ~ 5.5V)

Read Cycle
TC55257DPI/DFI/DFTI
SYMBOL PARAMETER -T0V -85V UNIT
MIN. MAX. MIN. MAX.
tre Read Cycle Time 120 - 150 -
tacc | Address Access Time - 120 - 150
tco | CE Access Time - 120 - 150
toe Output Enable to Output in Valid - 70 - 75
tcog | Chip Enable to Output in Low-Z 5 - 5 - ns
toee | Output Enable to Output in Low-Z 0 - 0 -
top Chip Enable to Output in High-Z - 50 - 50
topo | Output Enable to Output in High-Z - 50 - 50
toH Output Data Hold Time 10 - 10 -
Write Cycle
TC55257DPI/DFI/DFTI
SYMBOL PARAMETER -10V -85V UNIT
MIN. MAX. MIN. MAX.
twc | Write Cycle Time 120 - 150 -
twp | Write Pulse Width 80 - 100 -
tcw | Chip Selection to End of Write 100 - 120 -
tag Address Setup Time 0 - 0 -
twr | Write Recovery Time 0 - 0 - ns
topw | R/W to Output in High-Z - 50 - 50
toew | R/W to Output in Low-Z 0 - 0 -
tps Data Setup Time 50 - 60 -
toH Data Hold Time 0 - 0 -
AC Test Conditions
Input Pulse Levels Vpp - 0.2V/0.2V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Levels 1.5V
Output Load C\ = 100pF (Include Jig)
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TC55257DPV/DFI/DFTI-70V/85V Static RAM SR25031295

Timing Waveforms

ADDRESSES * )(
| ACC ton
- .

R

Write Cycle 1 ¥ (R/W Controlled Write)
ADDRESSES >§ — )(
RAW —— l = 4

tos DH
DATA IN STABLE Y&
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SR25031295 Static RAM TC55257DPI/DFI/DFTI-70V/85V

Write Cycle 2 ¥ (CE Controlled Write)

o
twe ,§
8
ADDRESSES ( >< 4
/ L.
tas twr
~——>|
RW
CE
Douyr
Din DATA IN STABLE

Notes:
1. R/W is High for read cycle.

2. Assuming that the CE Low transition occurs coincident with or after the R/W Low transition, Outputs remain in a high
impedance state.

3. Assuming that CE High transition occurs coincident with or prior to the R/W High transition, Outputs remain in a high
impedance state.

4. Assuming that OE is High for a Write Cycle, Outputs are in a high impedance state during this period.

5. The I/0 may be in the output state during this time, input signals of opposite phase must not be applied.
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TC55257DPI/DFI/DFTI-70V/85V Static RAM SR25031295

Data Retention Characteristics (Ta = -40 ~ 85°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpy | Data Retention Supply Voltage 2.0 - 5.5 \
Ippsz | Standby Current Vo =30V - ~ 1% pA
Vpy = 5.5V - - 30
tcpr | Chip Deselect to Data Retention Mode 0 - - ns
tr Recovery Time tre(1) - -
Note (1): Read Cycle Time * 2pA (max.) Ta = -40 ~ 40°C

CE Controlled Data Retention Mode

\
ee \ DATA RETENTION MODE

(2)

Vg == ——

_—

Vpp-0.2V
—_—1 tcor tr

GND

Note (2): If the V} of CE is 2.4V in operation, Ipps1 current flows during the period that the Vpp voltage is going down from 4.5V to 2.6V.
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SR25031295 Static RAM TC55257DPI/DFI/DFTI-70V/85V
Outline Drawing :
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Weight : 4.42g (Typ.)
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SR25031295

TC55257DPI/DFI/DFTI-70V/85V Static RAM
Outline Drawing
SOP28-P-450 Unit in mm
28 15
- ¥ -
nooonnopooQoQogoneEn I
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r> g 2 o3
1 L \\‘
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14
0.995TYP 0.43+0.1 &70. N
— 19{0.25 M)
, 19.0MAX
: 18.5+0.2
l/ } ! -8 <
i e
2
70.1] -8 °r——
s 1.040.2

Weight : 0.79g (Typ.)
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SR25031295 Static RAM TC55257DPI/DFI/DFTI-70V/85V

QOutline Drawing
TSOP29-P Unitinmm

Static RA

A Standard

8.2MAX
7.910.1

11.840.2 l s

1.0£0.1 0.1+0.05

13.410.2

0.375TYP

Weight : 0.22g (Typ.)
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TC55257DPI/DFI/DFTI-70V/85V Static RAM SR25031295

Notes

1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

. LIFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

N

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

w

. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

TC55257DPL/DFL/DFTL-55V/70V/85V

PRELIMINARY

A:. Standard
Static RA

SILICON GATE CMOS
32,768 WORD x 8 BIT STATIC RAM

Description

The TC55257DPL is a 262,144 bit static random access memory organized as 32,768 words by 8 bits using CMOS tech-
nology, and operated from a single 2.7 ~ 5.5V power supply. Advanced circuit techniques provide both high speed and low
power features with an operating current of 5mA/MHz (typ.) and a minimum cycle time of 55ns.

When CE is a logical high, the device is placed in a low power standby mode in which the standby current is 0.3pA at
room temperature. The TC55257DPL has two control inputs. Chip Enable (CE) allows for device selection and data reten-
tion control, while an Output Enable input (OE) provides fast memory access. The TC55257DPL is suitable for use in micro-
processor application systems where high speed, low power, and battery backup are required.

The TC55257DPL is offered in a standard dual-in-line 28-pin plastic package (0.6 inch width), a small outline plastic
package, and a thin small outline plastic package (forward type).

Features Pin Connection (Top View)
e Low power dissipation: ~ 27.5mW/MHz (typ.)
* Standby current: 2uA (max.) at Ta=25°C © 28 PIN DIP & SOP © 28 PIN TSOP  (forward type)
e Single 2.7 ~ 5.5V power supply a1l 28 [ Voo
o Ac time ( ) a2l 27 0 rw ia 1
cess time (max. e E : % % s
A6 L4 25 | A8
5V £10% 2.7~5.50 o M) 3
.55V | -70V | -85V | -55V/70V/85V ol ZpE
Access a2ls 21 P ato
) 70ns 85ns | 100ns 150ns arls 0
Time AOE 10 19 3 1108
— ot yn 18 P 17107
CEAccess | 70ns | gsns | 100ns |  150ms o202 170 woe
Time uoina 153:/05
ﬁACCeSS GND Y14 1sHU1/04 hs 28
Time 35ns | 45ns | 50ns 75ns WIIHI]]]]]]II]]]]II]]]T

* Power down feature: CE

e Data retention supply voltage:2.0 ~ 5.5V

¢ Inputs and outputs TTL compatible

e Package TC55257DPL.: DIP28-P-600

TC55257DFL  : SOP28-P-450
TC55257DFTL  : TSOP28-P

Pin Names
A0 ~ A14 Address Inputs
R/W Read/Write Control Input
OE Output Enable Input
CE Chip Enable Input
1/01 ~ 1/08 | Data Input/Output
Vbp Power
GND Ground TSOP Pinout
PIN NO. 1 2 3 4 5 6 7 8 9 10 1 12 13 14
PINNAME | OE | Ajy | Ag | Ag | Ajs |[RW | Vpp | As | Ap | A7 Ag As A, As
PIN NO. 15 16 17 18 19 20 21 22 23 24 25 26 27 28
PIN NAME Ay Ay Ay | I/O1 | /02 | /O3 | GND | 1/04 | 1/05 | /06 | 1/07 | /08 | CE Ao
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TC55257DPL/DFL/DFTL-55V/70V/85V Static RAM SR25040995

Block Diagram

£E ]
.'.‘ V
a3 2w Ha ot
A v H ] <«—o0 GND
A7g e |led] ! MEMORY CELL
ﬁgc 821188 {™ ARRAY
A1) O— L2 Ee 512x64x8
NET g g+ (262144)
A140- - el «
— F--- 64 ----]
1019 3 8 SENCE AMP.
sy
z COLUMN ADDRESS
g O o DECODER
v o —
(e b I
o 2% COLUMN ADDRESS
o < ||x & REGISTER
11080 °ligy T
a8l LU
ITTTT
§88LLL &
A0 A1A2A3 A4A10
R/W 0—[@____
sto—H )
CE D
CEo {> CE
Operating Mode
OPERATION MODE CE OF RW | 1/01~1/08 | POWER
Read L L H DOUT IDDO
Write L * L DIN IDDO
Output Deselect L H H High-Z Ibpo
Standby H * * High-Z Iobs
*HorlL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vpp Power Supply Voltage -0.3~7.0 \'
ViN Input Voltage -0.3*~ 7.0 \'
Vijo | Input and Output Voltage -0.5" ~Vpp + 0.5 v
Pp Power Dissipation 1.0/0.6** w
TsoLper | Soldering Temperature (10 s) 260 °C
Tstrg | Storage Temperature -55 ~ 150 °C
Topr | Operating Temperature 0~70 °C

* -3.0V at pulse width 50ns
* SOP
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SR25040995

Static RAM

TC55257DPL/DFL/DFTL-55V/70V/85V

DC Recommended Operating Conditions (Ta = 0 ~ 70°C)

5V +10% 2.2~5.5V
SYMBOL PARAMETER UNIT
MIN. | TYP. MAX. MIN. MIN. MAX.

Vop Power Supply Voltage 4.5 5.0 5.5 2.7 - 5.5
ViH Input High Voltage 2.4 - VDD +0.3|Vpp-0.2 - Vpp + 0.3 v
ViL Input Low Voltage -0.3* - 0.6 -0.3* - 0.2
VpH Data Retention Supply Voltage 2.0 - 5.5 2.0 - 5.5

* -3.0V at pulse width at 50ns Max.

DC and Operating Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+£10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
Iy Input Leakage Current ViNn=0~Vpp - - +1.0 uA
lLo |OutputLeakage Current CE = Vyy or R/W =V or OE = Viy - - 1.0 | pA

Vour=0~Vpp
loy | Output High Current Vou = 2.4V -1.0 - - mA
lo. | Output Low Current VoL = 0.4V 4.0 - - mA
CE= ViL RIW =V | teycle = Tps - 10 -
IDDO1 Other Input = VIHNIL )
lout = OMA teycle = Min. cycle - - 70
Operating Current CE=0.2v toycle = 1us - 5 - mA
R/W = Vpp - 0.2V
Ippoz Other Input )
=Vpp-0.2V/0.2V | teycle =Min. cycle | - - | 60
IOUT =0mA
Ippst CE=Vy - Z 3 mA
| Standby Current CE =Vpp - 0.2V, Ta=-40 ~ 85°C - - 20 WA
DDS2 Vpp = 2.0V ~ 5.5V Ta = 25°C - 0.3 2
DC and Operating Characteristics (Ta = -0 ~ 70°C, Vpp = 3V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
M Input Leakage Current Vin=0~Vpp - - +1.0 | pA
llo | Output Leakage Current CE = Vi or RAW = Vi, or O =V, - - | 1.0 | pA

Vour =0~ Vpp
lon Output High Current Vou =Vpp - 2.0V -0.1 - - mA
loL Output Low Current VoL = 0.2V 0.1 - - mA
CE=0.2V _ _ 20
. R/W = VDD =2.0V Min.
Ibpoz | Operating Current Other Input = Vpp - 0.2V/0.2V |  tovcle ) : mA
IOUT =0mA us - -
Vpp=3v |Ta=-0~70°C - - 15
_ +10% Ta=25°C - 1 1.5
CE=Vpp-0.2V - . - -
Ipps2 | Standby Current or CE2 = 0.2V Ta=0~70°C 10 pA
Vpp =3.0V [ Ta=0 ~ 40°C - - 2
Ta =25°C - - 1
Capacitance (Ta = 25°C, f = 1MHz2) |

SYMBOL PARAMETER TEST CONDITION MAX. | UNIT |

Cin | Input Capacitance V|y = GND 10 F
Cout | Output Capacitance Vout = GND 10 P

Note: This parameter is periodically sampled and is not 100% tested.
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TC55257DPL/DFL/DFTL-55V/70V/85V Static RAM SR25040995

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)

Read Cycle
TC55257DPL/DFL/DFTL
SYMBOL PARAMETER -55V -70V -85V UNIT
MIN. MAX. MIN. MAX. MIN. MAX.
tre Read Cycle Time 55 - 70 - 85 -
tacc | Address Access Time - 55 - 70 - 85
tco |CE Access Time - 55 - 70 - 85
toe Output Enable to Output in Valid - 30 - 35 - 45
tcoe | Chip Enable to Output in Low-Z 10 - 10 - 10 - ns
toee | Output Enable to Output in Low-Z 5 - 5 - 5 -
top Chip Enable to Output in High-Z - 20 - 25 - 30
topo | Output Enable to Output in High-Z - 20 - 25 - 30
ton Output Data Hold Time 10 - 10 - 10 -
Write Cycle
TC55257DPL/DFL/DFTL
SYMBOL PARAMETER -55V -0V -85V UNIT
MIN. MAX. MIN. MAX. MIN. MAX.
twc | Write Cycle Time 55 - 70 - 85 -
twp | Write Pulse Width 45 - 50 - 60 -
tcw | Chip Selection to End of Write 50 - 60 - 65 -
tas Address Setup Time 0 - 0 - 0 -
twr | Write Recovery Time 0 - 0 - 0 - ns
topw | R/W to Output in High-Z - 20 - 25 - 30
toew | R/W to Output in Low-Z 5 - 5 - 5 -
tps Data Setup Time 25 - 30 - 40 -
tpH Data Hold Time 0 - 0 - 0 -
AC Test Conditions
Input Pulse Levels 2.4Vv/0.6V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V
TS
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SR25040995

Static RAM

TC55257DPL/DFL/DFTL-55V/70V/85V

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 2.7 ~ 5.5V)

Read Cycle
SYMBOL PARAMETER MIN. MAX. | UNIT
tre Read Cycle Time 150 -
tacc | Address Access Time - 150
tco | CE Access Time - 150
toe Output Enable to Output in Valid - 75
tcoe | Chip Enable CE to Output in Low-Z 10 - ns
toee | Output Enable to Output in Low-Z 5 -
top Chip Enable CE to Output in High-Z - 50
topo | Output Enable to Output in High-Z - 50
ton Output Data Hold Time 10 -
Write Cycle
SYMBOL PARAMETER MIN. MAX. | UNIT
twc | Write Cycle Time 150 -
twp | Write Pulse Width 100 -
tcw | Chip Selection to End of Write 120 -
tas | Address Setup Time 0 -
twr | Write Recovery Time 0 - ns
topw | R/W to Output in High-Z - 50
toew | R/W to Output in Low-Z 5 -
tps Data Setup Time 60 -
ton Data Hold Time 0 -
AC Test Conditions
Input Pulse Levels Vpp - 0.2V/0.2V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V

Output Load

G, = 100pF (Include Jig)

PRELIMINARY
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TC55257DPL/DFL/DFTL-55V/70V/85V Static RAM SR25040995

Timing Waveforms

Read Cycle (1)

ADDRESSES *

DI

OUTPUT DATA VALID

UNKNOWN

Write Cycle 1 ¥ (R/W Controlled Write)

twe

ADDRESSES ><

RW 4

os DH
o Y DATA IN STABLE Wi
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SR25040995 Static RAM TC55257DPL/DFL/DFTL-55V/70V/85V
Write Cycle 2 ) (CE Controlled Write)
5
soonesses X X B
W )

Notes:
1. R/W is High for read cycle.

2. Assuming that CE low transition occurs coincident with or after the RAW Low transition, Outputs remain in a high
impedance state.

3. Assuming that CE High transition occurs coincident with or prior to the R/W High transition, Outputs remain in a high
impedance state.

4. Assuming that OE is High for a Write Cycle, the Outputs are in a high impedance state during this period.

5. The I/O may be in the output state during this time; input signals of opposite phase must not be applied.
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TC55257DPL/DFL/DFTL-55V/70V/85V Static RAM SR25040995

Data Retention Characteristics (Ta = 0 ~ 70°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
VpH Data Retention Supply Voltage 2.0 - 5.5 \
Ipps2 | Standby Current Von = 3.0V - - 107 pA

Vpy = 5.5V - - 20
tcpr | Chip Deselect to Data Retention Mode 0 - - ns
tg Recovery Time tre) - -

Note (1): Read Cycle Time *2pA (max.) Ta = 0 ~ 40°C

E Controlled Data Retention Mode

V
oo \ DATA RETENTION MODE

(2

Viy ===

_—
T~

CE
VDD -0.2v
tcor

GND

Note (2): If the Vy of CE is 2.2V in operation, Ippg1 current flows during the period that the Vpp voltage is going down from 4.5V to 2.4V.
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SR25040995 Static RAM TC55257DPL/DFL/DFTL-55V/70V/85V

Outline Drawing
DIP28-P-600 Unitinmm -

'A. Standard ;
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Weight : 4.42g (Typ.)
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TC55257DPL/DFL/DFTL-55V/70V/85V Static RAM

SR25040995

Outline Drawing
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Weight : 0.79g (Typ.)

A-42

b

Unit in mm

11.43
(450mil)
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SR25040995 Static RAM TC55257DPL/DFL/DFTL-55V/70V/85V
Outline Drawing
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Weight : 0.22g (Typ.)
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TC55257DPL/DFL/DFTL-55V/70V/85V Static RAM SR25040995

1.

2.

A-44

Notes

This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

LIFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book

is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

"TC551001BPL/BFL/BFTL/BTRIL-70/85

SILICON GATE CMOS

A. Standard
Static RA

131,072 WORD x 8 BIT STATIC RAM

Description
The TC551001BPL is a 1,048,576 bit static random access memory organized as 131,072 words by 8 bits using CMOS
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both high speed and low
power features with an operating current of 5SmA/MHz (typ.) and a minimum cycle time of 70ns. When CE1 is a logical high,
or CE2 is low, the device is placed in a low power standby mode in which the standby current is 2uA typically. The
TC551001BPL has three control inputs. Chip Enable inputs (CE1, CE2) allow for device selection and data retention control,
while an Output Enable input (OE) provides fast memory access. The TC551001BPL is suitable for use in microprocessor
application systems where high speed, low power, and battery backup are required.

The TC551001BPL is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a
thin small outline plastic package (forward, reverse type).

Features Pin Connection (Top View)
o Low power dissipation: ~ 27.5mW/MHz (typ.)
o Standby current: 100pA (max.) © 32 PIN DIP & SOP o 32 PIN TSOP
o 5V single power supply 1 32E| Voo (forward type)
. 2 31 A15
e Access time (max.) 3 300 ce2 16 1
TC551001BPL/BFL/BFTL/BTRL 4 290 rRw
5 28 A13
-70 -85 6 2700 A8
7 260 A9
Access Time 70ns 85ns 8 2501 ANt
CET Access Time 70ns 85ns 190 §§ % éc_’fg
CE2 Access Time 70ns 85ns 11 227 TET
— - 12 2101708
OE Access Time 35ns 45ns 13 200 1707
— 14 190 1706
° Power down feature: CE1, CE2 15 183 1705 . .
» Data retention supply voltage: 2.0~5.5V 16 17011104 TUTCOOOOo
° Inputs and outputs TTL compatible
o Package TC551001BPL : DIP32-P-600
TC551001BFL : SOP32-P-525
TC551001BFTL  : TSOP32-P-0820
TC551001BTRL  : TSOP32-P-0820A
Pin Names
AO ~ A16 | Address Inputs
R/W Read/Write Control Input
OE Output Enable Input
CET, CE2 | Chip Enable Inputs
1/01 ~ 1/08 | Data Input/Output
Vob Power (+5V)
GND Ground
NC No Connection TSOP Pinout
PIN NO. 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
PINNAME | Ay | Ag | Ag | Ajg |RW [CE2 | Ais | Vop | NC | Ag | As | Aa | Ar | As | As | As
PIN NO. 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
PINNAME | A; | A, | A | Ag |01 | 1102 | /103 | GND | 1104 | 1105 | 1106 | 1¥O7 | 1108 | TET | Ay | OE
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TC551001BPL/BFL/BFTL/BTRL-70/85 Static RAM SR01010795
Block Diagram
CE
A7 00— ¢ % -0 VDD
Aso—n Hu Az f o GND
A/‘?go—g En: 5 MEMORY CELL
All1S—o ow||ae ARRAY
N ppemm EHEED 25| 1024x128x8
Alao— s 1oz US|
Also—85M 888k (1048576)
Alpo—xe]| |xx||xO
1 |
701 2 & SENSE AMP.
o Y reotomn AboRess
o ol . DECODER
! o gL - o L T
> 23|l | [COLUMNADDRESS
° OV |lve REGISTER
1/08 © Qw T ,
2| [COLUMN ADDRESS

A-46

TTIIIIT &

A0 A1 A2 A3 A4 AS AG

Operating Mode

b CE

OPERATION MODE CEl CE2 OF RW | 1/01~1/08 | POWER
Read L H L H Dout Iobo
Write L H * L Din Ibbo
Output Deselect L H H H High-Z Ibpo
Standby H - : - High-2 | 'oos

* L * * High-Z Ipps
*HorlL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vop Power Supply Voltage -0.3~7.0 Vv
Vin Input Voltage -0.3*~ 7.0 Vv
Vio Input and Output Voltage -0.5~Vpp +0.5 Vv
Pp Power Dissipation 1.0/0.6** W
TsoLper | Soldering Temperature (10 s) 260 °C
Tstrg | Storage Temperature -55 ~ 150 °C
Topr | Operating Temperature 0~70 °C

*
o

-3.0V at pulse width 50ns Max.

SOP
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SR01010795 Static RAM TC551001BPL/BFL/BFTL/BTRL-70/85

DC Recommended Operating Conditions (Ta = 0 ~ 70°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpp | Power Supply Voltage 4.5 5.0 5.5
Vi Input High Voltage 2.2 - Vpp + 0.3 Y
ViL Input Low Voltage -0.3* - 0.8
Vpy | Data Retention Supply Voltage 2.0 - 5.5

* -3.0V with a pulse width of 50ns

DC and Operating Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Leakage Current Vin=0~Vpp - - +1.0 HA
CE1 = VIH or CE2 = V"_ or R/W = V||_ or
| Output Leakage Current = - - +1.0
o P g OE =V Vour =0~ Vpp WA
lon Output High Current Von =24V -1.0 - - mA
lo. | Output Low Current VoL =04V 4.0 - - mA
CE1=V| and CE2 =V, Min. - - 70
| and R/W = VIH, t
DDOT louT = OMA e | 1us - - 20
Other Inputs =V /V|_
Operating Current CE1=0.2Vand Min. - - 60 mA
CE2 =Vpp - 0.2V
] R/W = VDD - 02V t
DDO2 louT = OMA ovle | s - - 10
Other Inputs
=Vpp - 0.2V/0.2V
lDDS1 CE1 = ViH or CE2 = V||_ - - 3 mA
Standby Current CET =Vpp - 0.2V or CE2=0.2V
(1) DD - - - -
'ops2 Vpp=2.0V ~5.5V,Ta=0 ~70°C 2 100 | WA

Note (1): In standby mode with CET > Vpp - 0.2V, these specification limits are guaranteed under the condition CE2 > Vpp - 0.2V or CE2 < 0.2V.

Capacitance* (Ta = 25°C, f = 1MHz)

SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Cin Input Capacitance Vin=GND 10 F
Cout | Output Capacitance Vour = GND 10 P

*This parameter is periodically sampled and is not 100% tested.
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TC551001BPL/BFL/BFTL/BTRL-70/85

Static RAM

SR01010795

A-48

AC Characteristics (Ta=0 ~ 70°C, Vpp = 5V+10%)

Read Cycle
TC551001BPL/BFL/BFTL/BTRL
SYMBOL PARAMETER -70 -85 UNIT
MIN. MAX. MIN. MAX.
tre Read Cycle Time 70 - 85 -
tacc | Address Access Time - 70 - 85
tcoi | CET Access Time - 70 - 85
tco2 | CE2 Access Time - 70 - 85
toe Output Enable to Output in Valid - 35 - 45 ns
tcoe | Chip Enable (CET, CE2) to Output in Low-Z 10 - 10 -
toee | Output Enable to Output in Low-Z - 5 -
top | Chip Enable (CET, CE2) to Output in High-Z - 25 - 30
topo | Output Enable to Output in High-Z - 25 - 30
toH Output Data Hold Time 10 - 10 -
Write Cycle
TC551001BPL/BFL/BFTL/BTRL
SYMBOL PARAMETER -70 -85 UNIT
MIN. MAX. MIN. MAX.
twe | Write Cycle Time 70 - 85 -
twp | Write Pulse Width 50 - 60 -
tcw | Chip Selection to End of Write 60 - 75 -
tas | Address Setup Time 0 - 0 -
twr | Write Recovery Time 0 - 0 - ns
topw | R/W to Output in High-Z - 25 - 30
toew | R/W to Output in Low-Z 5 - 5 -
tps Data Setup Time 30 - 35 -
toH Data Hold Time 0 - 0 -
AC Test Conditions
Input Pulse Levels 2.4V/0.6V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V

Output Load

1 TTL Gate and C; = 100pF

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



T

SR01010795

Static RAM

TC551001BPL/BFL/BFTL/BTRL-70/85

Timing Waveforms

Read Cycle (!

ADDRESSES

OF

X_

t

|———>

|

too

top

A. Standard
st

|

OUTPUT DATA VALID

Write Cycle 1 ) (R/W Controlled Write)

ADDRESSES ><TS ><
RW ﬁm’ B // -
= T

| toow toew

v £

N
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TC551001BPL/BFL/BFTL/BTRL-70/85 Static RAM SR01010795

Write Cycle 2 ¥ (CET Controlled Write)

ADDRESSES 3( ><
\ twe twr

CE2

(e
m

ttttt

t
fe———

RN G

Write Cycle 3 ) (CE2 Controlled Write)

X

ADDRESSES ><

tas
|e——
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SR01010795 Static RAM TC551001BPL/BFL/BFTL/BTRL-70/85

Notes:
1. R/W is High for Read Cycle.

2. Assuming that CE1 Low transition or CE2 High transition occurs coincident with or after the R/W Low transition, Out- 2
puts remain in a high impedance state.

3. Assuming that CE1 High transition or CE2 Low transition occurs coincident with or prior to the R/W High transition,
Outputs remain in a high impedance state.

4. Assuming that OE is High for a Write Cycle, Outputs are in a high impedance state during this period.

5. The I/0 may be in the output state during this time, input signals of opposite phase must not be applied.
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TC551001BPL/BFL/BFTL/BTRL-70/85 Static RAM SR01010795

Data Retention Characteristics (Ta = 0 ~ 70°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpy | Data Retention Supply Voltage 2.0 - 5.5 \
Ipps2 | Standby Current Vop =30V - ~ %0 A

Vpp = 5.5V - - 100
tcpr | Chip Deselect to Data Retention Mode 0 - - ns
tr Recovery Time 5 - - ms

CE1 Controlled Data Retention Mode (1)

Vpp
Voo \ DATA RETENTION MODE
45y === ——— RS V) | S S, 2 [ U
(2) (2)
W T \ /
. / Vpp- 0.2V
CEl toor 1R
GND

CE2 Controlled Data Retention Mode

Voo ———\ DATA RETENTION MODE /———
e o i

0.2V

GND

Notes:
1. In the CE1 controlled data retention mode, minimum standby current is achieved under the condition of CE2 < 0.2V or
CE2 2 Vpp - 0.2V.

2. If the Vjy of CE1 is 2.2V in operation, during the period that the Vpp voltage is going down from 4.5V to 2.4V, Ippgy
current flows.

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition of CE2 < 0.2V.
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SR01010795 Static RAM TC551001BPL/BFL/BFTL/BTRL-70/85

Outline Drawing
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Weight : 4.45g (Typ.)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-53



_—

TC551001BPL/BFL/BFTL/BTRL-70/85 Static RAM SR01010795
Outline Drawing
SOP32-P-525 Unit in mm
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Weight : 1.04g (Typ.)
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SR01010795 Static RAM TC551001BPL/BFL/BFTL/BTRL-70/85

Outline Drawing
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Weight : 0.34g (Typ.)
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TC551001BPL/BFL/BFTL/BTRL-70/85 Static RAM SR01010795

Outline Drawing
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1.

N

w

Weight : 0.34g (Typ.)

This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

. LIFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. Allinformation in this data book

is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

"TC551001BPL/BFL/BFTL/BTRL-70L/85L

SILICON GATE CMOS

131,072 WORD x 8 BIT STATIC RAM

Description
The TC551001BPL is a 1,048,576 bits static random access memory organized as 131,072 words by 8 bits using CMOS
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both high speed and low power
features with an operating current of 5SmA/MHz (typ.) and a minimum cycle time of 70ns. When CET1 is a logical high, or CE2 is
low, the device is placed in a low power standby mode in which the standby current is 2uA typically. The TC551001BPL has
three control inputs. Chip Enable inputs (CE1, CE2) allow for device selection and data retention control, while an Output
Enable input (OE) provides fast memory access. The TC551001BPL is suitable for use in microprocessor application sys-
tems where high speed, low power, and battery backup are required.

The TC551001BPL is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a
thin small outline plastic package (forward, reverse type).

Features Pin Connection (Top View)

e | ow power dissipation:  27.5mW/MHz (typ.)
e Standby current: 4pA (max.) at Ta = 25°( © 32PINDIP & S0P @ 222N T30P
e 5V single power supply petah 20 {forward type) (reverse type)
« Access time (max.) NH I * ' ' *
TC551001BPL/BFLBFTLBTRL ] A¢
-70L -85L mge
Access Time 70ns 85ns Ez E 33
CET Access Time 70ns 85ns 1oig s
CE2 Access Time 70ns 85ns Hoag1e v 22 i
OE Access Time 35ns 45ns
» Power down feature: CET, CE2
e Data retention supply voltage: 2.0~5.5V
¢ Inputs and outputs directly TTL compatible
* Package TC551001BPL : DIP32-P-600
TC551001BFL : SOP32-P-525
TC551001BFTL  : TSOP32-P-0820
TC551001BTRL  : TSOP32-P-0820A
Pin Names
AQ ~ A16 | Address Inputs
R/W Read/Write Control Input
OE Output Enable Input
CET, CE2 | Chip Enable Inputs
1/01 ~ I/0O8 | Data Input/Output
Vop Power (+5V)
GND Ground
N.C. No Connection TSOP Pinout
PIN NO. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
PINNAME | Ay | Ag | Ag | Az |RW |CE2 | Ais | Voo | NC | Ag | A | An | A | Ag | As | As
PIN NO. 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
PINNAME | As | A, | A; | Ap [ O1 | ¥O2 | VO3 [ GND | V04 | 1105 | /06 | 1/O7 | 108 | TET | Ay | OE
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TC551001BPL/BFL/BFTL/BTRL-70L/85L Static RAM SR01020795

Block Diagram

CE
ﬁé“" vy ~«—o Voo
O— w
A8 |2 (]e MEMORY CELL D
m%O—S A ARRAY
ae—2E| (2% 2g|| 1024x128x8
Alqo—3 o o i
INE 3sH32HzY (1048576)
Alpo— o] |xx||zo
| ]
17or & z SENSE AMP.
o B Y [ [COLUMN ADDRESS
(o]
.z Ll s ]DECODERI b
o 3| %| [COLUMNADDRESS
¢ OU || REGISTER
1/08 ©- gy I
2| JCOLUMN ADDRESS
BUFFER }
LLELELY &
A0 A1 A2 A3 A4 AS A6

CE1 b cCE
2ot

Operating Mode

OPERATION MODE CET CE2 OE RW | 1/01~1/08 | POWER
Read L H L H Dout Ibbo
Write L H * L Din Ibbo
Output Deselect L H H H High-Z Ibbo
Standby H ’ - . High-Z loos

* L * * High-Z Ipps
*HorlL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vop Power Supply Voltage -0.3~7.0 \"
Vin Input Voltage -0.3*~7.0 \Y
Vio Input and Output Voltage -0.5~Vpp +0.5 Vv
Pp Power Dissipation 1.0/0.6** W
TsoLpeRr | Soldering Temperature (10s) 260 °C
Tstrg | Storage Temperature -55 ~ 150 °C
Topr | Operating Temperature 0~70 °C

* -3.0V at pulse width of 50ns Max
** SOP
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>

DC Recommended Operating Conditions

SYmBoOL PARAMETER MIN. | TYP. MAX. UNIT
Vpp | Power Supply Voltage 4.5 5.0 5.5
Vig | Input High Voltage 22 - | Vpp+03 y
Vi Input Low Voltage -0.3* - 0.8
Vpy | Data Retention Supply Voltage 2.0 - 5.5

*-3.0V at pulse width of 50ns Max.

DC and Operating Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Leakage Current Vin=0~Vpp - - +1.0 pA
CE1=V|yorCE2=V|_orR/W =V, _or
I Output Leakage Current == T 'H IL L - - +1.0
o P 9 OE =V Vour =0~ Vpp hA
loy | Output High Current Vou =24V -1.0 - - mA
lo. | Output Low Current VoL =04V 4.0 - - mA
CE1 = V"_ and CE2 = VIH Min. - - 70
| and R/W = VIH, t
DDOT louT = OMA ovle | qus - - 20
Other Inputs = Vu/V
Operating Current CE1=0.2V and Min. - - 60 mA
CE2 = VDD - 02V
I R/W =Vpp - 0.2V t
DDO2 IOUT =0mA cycle 1 us - - 10
Other Inputs
=Vpp - 0.2V/0.2V
IDDS‘I CE1=Vyor CE2 = Vi - - 3 mA
y Standby Current CE1 = VDD -0.2Vor Ta=0~70°C - - 30
Ipps2t" CE2=0.2V 0 pA
Vpp = 2.0V ~ 5.5V Ta=25°C - 2 4
Note: (1) In standby mode with CET > Vpp - 0.2V, these specification limits are guaranteed under the condition of CE2 > Vpp - 0.2V or CE2 < 0.2V.
Capacitance (Ta = 25°C, f = 1MHz)
SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Cin | Input Capacitance Vin=GND 10 E
Cout | Output Capacitance Vout = GND 10 P
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e

SR01020795

AC Characteristics (Ta =0 ~ 70°C, Vpp = 5V+10%)

Read Cycle
TC551001BPL/BFL/BFTL/BTRL
SYMBOL PARAMETER -70L -85L UNIT
MIN. MAX. MIN. MAX.
trc | Read Cycle Time 70 - 85 -
tacc | Address Access Time - 70 - 85
tcoy | CET Access Time - 70 - 85
tcoz | CE2 Access Time - 70 - 85
toe Output Enable to Output in Valid - 35 - 45
tcoe | Chip Enable (CET, CE2) to Output in Low-Z 10 - 10 - ne
toge | Output Enable to Output in Low-Z 5 - 5 -
top | Chip Enable (CET, CE2) to Output in High-Z - 25 - 30
topo | Output Enable to Output in High-Z - 25 - 30
toH Output Data Hold Time 10 - 10 -
Write Cycle
TC551001BPL/BFL/BFTL/BTRL
SYMBOL PARAMETER -70L -85L UNIT
MIN. MAX. MIN. MAX.
twec | Write Cycle Time 70 - 85 -
twp | Write Pulse Width 50 - 60 -
tow | Chip Selection to End of Write 60 - 75 -
tas | Address Setup Time 0 - -
twr | Write Recovery Time 0 - - ns
topw | R/W to Output in High-Z - 25 - 30
toew | R/W to Output in Low-Z 5 - 5 -
tps Data Setup Time 30 - 35 -
toH Data Hold Time 0 - 0 -
AC Test Conditions
Input Pulse Levels 2.4V/0.6V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V

Output Load

1TTL Gate and C; = 100pF

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Timing Waveforms

Read Cycle (1)

ADDRESSES >< )(

|~

| tobo

OUTPUT DATA VALID

tas
|e—— L twe twr
RW 4
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Write Cycle 2 ¥ (CET Controlled Write)

ADDRESSES 3( ><
f twe twr

tas
|2 w 1 tw

RAW

CE2 w

CET
Do

tp
e

SN GRS

Write Cycle 3 ) (CE2 Controlled Write)

ADDRESSES >( ><
twe twr

w \

owmawswsie X

N 8
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Notes:

1. R/W is High for Read Cycle.

2. Assuming that CE1 Low transition or CE2 High transition occurs coincident with or after the R/W low transition, Out-
puts remain in a high impedance state.

A Standard

3. Assuming that CE1 High transition or CE2 Low transition occurs coincident with or prior to the R/W high transition,
Outputs remain in a high impedance state.

4. Assuming that OE is High for a Write Cycle, Outputs are in a high impedance state during this period.

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied.
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TC551001BPL/BFL/BFTL/BTRL-70L/85L Static RAM SR01020795
Data Retention Characteristics (Ta = 0 ~ 70°C)
SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpy | Data Retention Supply Voltage 2.0 - 5.5 \Y
| Standby Current Vop =3.0V ~ ~ 1% A
u
DDS2 y Vop = 5.5V _ _ 30 u
tcpr | Chip Deselect to Data Retention Mode 0 - - ns
tr Recovery Time 5 - - ms
*3PA (max.) Ta = 0 ~ 40°C
CE1 Controlled Data Retention Mode (1)
Voo
Voo \ DATA RETENTION MODE
45V ——=———— —_—m e e m e, e, e ————
(2) ()
YT \ /
_ / Vpp-0.2V
CE1 tcor tr
GND

CE2 Controlled Data Retention Mode

DATA RETENTION MODE

0.2V

GND

Notes:

CE2 > Vpp - 0.2V.

1. In the CE1 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V or

2. Ifthe V| of CE1 is 2.2V in operation, during the period that the Vpp voltage is going down from 4.5V to 2.4V, Ippgy

current flows.

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V.

A-64
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Outline Drawing :
DIP32-P-600 Unit in mm
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Weight : 4.45g (Typ.)
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Outline Drawing
SOP32-P-525

Unit in mm
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Weight : 1.04g (Typ.)
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Outline Drawing
TSOP32-P-0820 Unit in mm
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Weight : 0.34g (Typ.)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-67



TC551001BPL/BFL/BFTL/BTRL-70L/85L Static RAM SR01020795

Outline Drawing

TSOP32-P-0820A Unit in mm
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Weight : 0.34g (Typ.)

1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

. LIFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

IS}

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

3. Theinformation in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

'TC551001BPI/BF1/BFTI/BTRI-85/10

SILICON GATE CMOS
131,072 WORD x 8 BIT STATIC RAM

A. Standard

Description

The TC551001BPL is a 1,048,576 bits static random access memory organized as 131,072 words by 8 bits using CMOS
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both high speed and low power
features with an operating current of 5mA/MHz (typ.) and a minimum cycle time of 85ns. When CE1 is a logical high, or CE2 is
low, the device is placed in a low power standby mode in which the standby current is 2uA typically. The TC551001BPL has
three control inputs. Chip Enable inputs (CE1, CE2) allow for device selection and data retention control, while an Output
Enable input (OE) provides fast memory access. The TC551001BPL is suitable for use in microprocessor application sys-
tems where high speed, low power, and battery backup are required. The TC551001BPI guarantees -40 ~ 85°C operating
temperature so TC551001BP! is suitable for use in wide operating temperature system.

The TC551001BPL is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a
thin small outline plastic package (forward, reverse type).

Features Pin Connection (Top View)
° Low power dissipation:  27.5mW/MHz (typ.) o 3, pin Dip & sop 32 PIN TSOP
° Standby current: 2OOIJA (max) (forward type) (reverse type)

° 5V single power supply
° Access time (max.)

16 1 1 16,

TC551001BPI/BFI/BFTI/BTRI
-85 -10
Access Time 85ns 100ns
CE1 Access Time 85ns 100ns
CE2 Access Time 85ns 100ns i i i T
OE Access Time 45ns 50ns
e Power down feature: CE1, CE2

o Data retention supply voltage: 2.0 ~ 5.5V
° Inputs and outputs directly TTL compatible
e Wide operating temperature: -40 ~ 85°C
o Package TC551001BPI : DIP32-P-600

TC551001BFI : SOP32-P-525
TC551001BFTI : TSOP32-P-0820
Pin Names TC551001BTRI  : TSOP32-P-0820A

A0 ~ A16 | Address Inputs
R/W Read/Write Control Input
OE Output Enable Input
CET, CE2 | Chip Enable Inputs
/01 ~ /08 | Data Input/Output
Vbp Power (+5V)
GND Ground
N.C. No Connection TSOP Pinout j

PINNO. | 1 2 [ 3] 4] 5] s 7 8 9 [ 10 [ 11121314 15[ 16
PINNAME | Ay | Ag | Ag | As |RW [CE2 | As | Voo | NC | Ag | As | Az | Ar | As | As | As
PINNO. | 17 | 18 | 19 [ 20 | 21 [ 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32
PINNAME | A; | A, | Ay | Ao | 701 [ Vo2 | 103 | GND | 1104 | 1105 | o6 | 07 | o8 | CET | Ay | OE
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TC551001BPI/BFI/BFTI/BTRI-85/10 Static RAM SR01030994
Block Diagram
CE
ﬁg O—rrf ! { -<—o Vpp
o—ia AR & A -«—o GND
A3 (|2 []= MEMORY CELL
AlNlo—8 185 ||8a ARRAY
Al3o—]28||25||28 || 1024x128x8
Alqo—> © L 4
Also—85M32M3% (1048576)
A 1 6 O OC D -4 x 0 I
]
or = B SENSE AMP.
O o _r COLUMN ADDRESS
o= ° DECODER
i o g - 8 |
S wE 2| [COLUMN ADDRESS
OV |Ixe REGISTER
1/08 © o= 1 )|
319 | COLUMN ADDRESS
BUFFER T
ITLLLD
A0 A1 A2 A3 A4AS5 AG
S
W =a
CET . CE
CE2
Operating Mode
OPERATION MODE CET CE2 OE R/W | I/01~1/08 | POWER
Read L H L H DOUT IDDO
Write L H * L DIN IDDO
Output Deselect L H H H High-Z Ibbo
H * * * High-Z 1
Standby fg Dbs
* L * * ngh-Z IDDS
*HorlL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vpp Power Supply Voltage -0.3~7.0 \
Vin Input Voltage -0.3*~7.0 \Y
Vio Input and Output Voltage -0.5~Vpp + 0.5 \Y
Pp Power Dissipation 1.0/0.6** W
TsoLper | Soldering Temperature (10s) 260 °C
Tstrg | Storage Temperature -55 ~ 150 °C
Topr | Operating Temperature -40 ~ 85 °C

A-70

* -3.0V at pulse width 50ns Max.

* SOP
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Static RAM

TC551001BPI/BFI/BFTI/BTRI-85/10

DC Recommended Operating Conditions (Ta = -40 ~ 85°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpp | Power Supply Voltage 4.5 5.0 5.5
Vin Input High Voltage 24 - | Vpp+0.3 v
ViL Input Low Voltage -0.3" - 0.6
Vpy | Data Retention Supply Voltage 2.0 - 5.5
*-3.0V at pulse width 50ns Max.
DC and Operating Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%)
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Leakage Current Vin=0~Vpp - - +1.0 pA
CET1=VjyorCE2=V, orRW =V, or
I Output Leakage Current ~=' T 'H IL. IL - - +1.0 A
o P 9 OE =V, Vour =0~ Vpp :
loy | Output High Current Vo =2.4V -1.0 - - mA
loL Output Low Current VoL =04V 4.0 - - mA
CE1 = V||_ and CE2 = V]H Min. - - 70
| and R/W = VlH, t
DDO1 loyT = OMA cycle 1us _ _ 20
Other Inputs = Viu/ViL
Operating Current CE1=0.2Vand Min. - - 60 mA
CE2=Vpp-0.2V
1 R/W =Vpp - 0.2V N
DDO2 louT = OMA ovdle | us - - 10
Other Inputs
=Vpp - 0.2V/0.2V
IDDS1 CE1 = VlH or CE2 = V||_ - - 3 mA
Standby Current CE1=Vpp-0.2Vor CE2=0.2V
(1) oD - V. . _
Ipps2 Vp = 2.0V ~ 5.5V, Ta = -40 ~ 85°C 2 | 200 | wA

Note: (1) In standby mode with CE1 2 Vppy - 0.2V, these specification limits are guaranteed under the condition of CE2 > Vpp - 0.2V or CE2 < 0.2V.

Capacitance (Ta = 25°C, f = 1MHz2)

SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Cin Input Capacitance Vin = GND 10 E
Cout | Output Capacitance Vout = GND 10 P

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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AC Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%)

Read Cycle
TC551001BPI/BFI/BFTI/BTRI
SYMBOL PARAMETER -85 -10 UNIT
MIN. MAX. MIN. MAX.
tre Read Cycle Time 85 - 100 -
tacc | Address Access Time - 85 - 100
tco1 | CET Access Time - 85 - 100
tcoz | CE2 Access Time - 85 - 100
toe | Output Enable to Output in Valid - 45 - 50 ns
tcoe | Chip Enable (CE1, CE2) to Output in Low-Z 5 - 5 -
toge | Output Enable to Output in Low-Z 0 - 0 -
top Chip Enable (CET, CE2) to Output in High-Z - 35 - 40
topo | Output Enable to Output in High-Z - 35 - 40
ton Output Data Hold Time 10 - 10 -
Write Cycle
TC551001BPI/BFI/BFTI/BTRI
SYMBOL PARAMETER -85 -10 UNIT
MIN. MAX. MIN. MAX.
twe | Write Cycle Time 85 - 100 -
twp Write Pulse Width 60 - 60 -
tcw | Chip Selection to End of Write 75 - 80 -
tas | Address Setup Time 0 - 0 -
twr | Write Recovery Time - 0 - ns
topw | R/W to Output in High-Z - 35 - 40
toew | R/W to Output in Low-Z 0 - 0 -
tps Data Setup Time 35 - 40 -
oy Data Hold Time 0 - 0 -
AC Test Conditions
Input Pulse Levels 2.6V/0.4V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V

Output Load

1 TTL Gate and C|_ = 100pF

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Timing Waveforms “
comses X X o
OE Llﬂ‘
Write Cycle 1 ) (R/W Controlled Write)
ADDRESSES >< _ ><
ow X0
Yot i ) .
V. Gy 8
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Write Cycle 2 ¥ (CET Controlled Write)

ADDRESSES ><
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|e——

X
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Write Cycle 3 ) (CE2 Controlled Write)
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Notes:
1. R/W is high for Read Cycle.

2. If the CE1 Low transition or CE2 High transition occurs coincident with or after the R/W Low transition, Outputs remain :
in a high impedance state. i

3. If the CE1 High transition or CE2 Low transition occurs coincident with or prior to the R/W High transition, Outputs
remain in a high impedance state.

4. Assuming that OE is High for a write cycle, Outputs are in a high impedance state during this period.

5. The I/0 may be in the output state during this time, input signals of opposite phase must not be applied.
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Static RAM SR01030994
Data Retention Characteristics (Ta = -40 ~ 85°C)
SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpy | Data Retention Supply Voltage 2.0 - 5.5 \
Ipps2 | Standby Current Vop = 3.0V —~ _ 100 pA
Vpp = 5.5V - - 200
tcor | Chip Deselect to Data Retention Mode 0 - - ns
tr Recovery Time 5 - - ms

CE1 Controlled Data Retention Mode (1)

Viy ===

N
|

GND

DATA RETENTION MQOE

(2)

()

Vpp-0.2V

tr

CE2 Controlled Data Retention Mode

Notes:

GND

ATA RETENTION MODE

1. In the CE1 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V or

CE2 > Vpp - 0.2V.

2. If the Vi of CET is 2.4V in operation, during the period that the Vpp voltage is going down from 4.5V to 2.6V, Ippgq
current flows.

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V.
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Outline Drawing i
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Weight : 4.45g (Typ.)
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Outline Drawing
SOP32-P-525 Unit in mm
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Outline Drawing
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Weight : 0.34g (Typ.)
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Outline Drawing

TSOP32-P-0820A Unit in mm
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Weight : 0.34g (Typ.)

1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

2. LIFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

8. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TC551001BPI/BFI/BFTI/BTRI85L/10L | £
cs
poft
SILICON GATE CMOS Ha
Y o
131,072 WORD x 8 BIT STATIC RAM
Description
The TC551001BPL is a 1,048,576 bits static random access memory organized as 131,072 words by 8 bits using CMOS
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both high speed and low power
features with an operating current of 5mA/MHz (typ.) and a minimum cycle time of 85ns. When CET is a logical high, or CE2 is
low, the device is placed in a low power standby mode in which the standby current is 2uA typically. The TC551001BPL has
three control inputs. Chip Enable inputs (CE1, CE2) allow for device selection and data retention control, while an Output
Enable input (OE) provides fast memory access. The TC551001BPL is suitable for use in microprocessor application sys-
tems where high speed, low power, and battery backup are required. The TC551001BPI guarantees -40 ~ 85°C operating
temperature so TC551001BP! is suitable for use in wide operating temperature system.
The TC551001BPL is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a
thin small outline plastic package (forward, reverse type).
Features Pin Connection (Top View)
e |_ow power dissipation: ~ 27.5mW/MHz (typ.) o 32 PIN DIP & SOP o 32 PIN TSOP
e Standby current: 4pA (max.) at Ta = 25°C (forward type) (reverse type)
e 5V single power supply - . 4 -
e Access time (max.)
TC551001BPI/BFI/BFTI/BTRI
-85L -10L
Access Time 85ns 100ns
CET Access Time 85ns 100ns
CE2 Access Time 85ns 100ns ﬁﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂm& 5 e
OE Access Time 45ns 50ns
e Power down feature: CE1, CE2
e Data retention supply voltage: 2.0 ~ 5.5V
¢ Inputs and outputs TTL compatible
o Wide operating temperature: -40 ~ 85°C
e Package TC551001BPI : DIP32-P-600
TC551001BFI : SOP32-P-525
TC551001BFTI : TSOP32-P-0820
Pin Names TC551001BTRI  : TSOP32-P-0820A
AQ ~ A16 | Address Inputs
R/W Read/Write Control Input
OE Output Enable Input
CET, CE2 | Chip Enable Inputs
1/01 ~ 1/08 | Data Input/Output
Vop Power (+5V)
GND Ground
N.C. No Connection TSOP Pinout
PIN NO. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
PINNAME | Ajy | Ag | Ag | A3 |RW [ CE2 | Ais | Vop | NC | A | A | Ap | Ar | As | As | A4
PIN NO. 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
PIN NAME | Aj Ao Aq Ay | VO1 | 1/O2 | I/O3 | GND | I/O4 | I1/O5 | I1/O6 | I/O7 | /08 | CET | Ayp OE
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Block Diagram

-«—o Voo
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-«—o GND
MEMORY CELL

ARRAY
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H (1048576)

i

ROW ADDRESS
DECODER

COWNEBWN —-OWO~J
ROW ADDRESS
ROW ADDRESS
REGISTER

>>Pprp>

I ]
SENSE AMP.

COLUMN ADDRESS
DECODER

1
COLUMN ADDRESS
REGISTER

COLUMN ADDRESS
BUFFER

VUSELLL &

AQ A1 A2A3A4AS AB

=
(e}

f_f

]

DATA
CONTROL

00000000

1108

GENERATOR

cLOCK

| g

OE
RW
mgo_ics

Operating Mode

OPERATION MODE CE1 CE2 OF R/W | 1/01~1/08 | POWER
Read L H L H Dout Ibbo
Write L H * L Din Ibbo
Output Deselect L H H H High-Z Ibpo
Standby H - i . HighZ | loos

* L * * High-Z [
*HorlL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vpp | Power Supply Voltage -0.3~7.0 v
Vin Input Voltage -0.3*~7.0 \'
Vijo | Inputand Output Voltage -0.5~Vpp + 0.5 v
Pp Power Dissipation 1.0/0.6** W
TsoLper | Soldering Temperature (10s) 260 °C
Tstrg | Storage Temperature -55 ~ 150 °C
Topr | Operating Temperature -40 ~ 85 °C

* -3.0V at pulse width 50ns Max.
** SOP
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Static RAM

TC551001BPI/BFI/BFTI/BTRI-85L/10L

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpp | Power Supply Voltage 45 5.0 5.5
ViH Input High Voltage 2.4 - Vpp + 0.3 v
ViL Input Low Voltage -0.3" - 0.6
Vpy Data Retention Supply Voltage 2.0 - 5.5

*-3.0V at pulse width 50ns Max.

DC and Operating Characteristics (Ta = -40 ~ 85°C, Vpp = 5V£10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Leakage Current Vin=0~Vpp - - +1.0 HA
CET =V,yor CE2=V,_or RW =V, or
I Output Leakage Current == T H It L - - £1.0
Lo P g OE =Viy,Vour =0 ~Vpp nA
lon Output High Current Voy =2.4V -1.0 - - mA
loL Output Low Current VoL = 0.4V 4.0 - - mA
CE1 =V|L and CE2 =V|H Min. - - 70
| and R/W = V|H, t
DDO1 lout = OMA cycle 1us _ _ 20
Other Inputs =V /Vy
Operating Current CET=0.2V and Min. - - 60 mA
CE2 =Vpp-0.2V
| R/W =Vpp - 0.2V t
DDO2 louT = OMA ¥de | qus - - 10
Other Inputs
=Vpp - 0.2V/0.2V
Ipps1 CEl = ViyorCE2 = ViL - - 3 mA
Standby Current C—E_1 = VDD -0.2Vor Ta=-40 ~ 85°C - - 70
Ipps2'™" CE2=0.2V N A
Vpp = 2.0V ~ 5.5V Ta=25°C - 2 4

Note (1): In standby mode with CE1 2 Vpp, - 0.2V, the specification limits are guaranteed under the condition of CE2 > Vpy - 0.2V or CE2 < 0.2V.

Capacitance (Ta = 25°C, f = TMHz)

SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Cin Input Capacitance Vin=GND 10 E
Cout | Output Capacitance Vout = GND 10 P

Note: This parameter is periodically sampled and is not 100% tested.
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TC551001BPI/BFI/BFTI/BTRI-85L/10L

Static RAM

SR01040994

AC Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%)

Read Cycle
TCG551001BPI/BFI/BFTI/BTRI
SYMBOL PARAMETER -85L -10L UNIT
MIN. MAX. MIN. MAX.
trRe Read Cycle Time 85 - 100 -
tacc | Address Access Time - 85 - 100
tcor | CET Access Time - 85 - 100
tcoz | CE2 Access Time - 85 - 100
tog | Output Enable to Output in Valid - 45 - 50 ns
tcoe | Chip Enable (CE1, CE2) to Output in Low-Z 5 - 5 -
toge | Output Enable to Output in Low-Z 0 - 0 -
top Chip Enable (CET, CE2) to Output in High-Z - 35 - 40
topo | Output Enable to Output in High-Z - 35 - 40
ton | Output Data Hold Time 10 - 10 -
Write Cycle
TC551001BPI/BFI/BFTI/BTRI
SYMBOL PARAMETER -85L -10L UNIT
MIN. MAX. MIN. MAX.
twe | Write Cycle Time 85 - 100 -
twp Write Pulse Width 60 - 60 -
tow | Chip Selection to End of Write 75 - 80 -
tas Address Setup Time 0 - 0 -
twr | Write Recovery Time 0 - 0 - ns
topw | R/W to Output in High-Z - 35 - 40
toew | R/W to Output in Low-Z 0 - 0 -
tps Data Setup Time 35 - 40 -
toH Data Hold Time 0 - 0 -
AC Test Conditions
Input Pulse Levels 2.6V/0.4V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V

Qutput Load

1 TTL Gate and C| = 100pF
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Timing Waveforms

Read Cycle ()

tac
ADDRESSES >< >(
tacc

too

P

|
( QUTPUT DATA VALID

Write Cycle 1 ) (R/W Controlled Write)

ADDRESSES >< ><

twp twr

W Y/

[P S Py

1____,.
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Write Cycle 2 ¥) (CET Controlled Write)

twe

ADDRESSES >< 4)(

AS

t
| ) twe | twe

tos tou

{
|

Write Cycle 3 ¥) (CE2 Controlled Write)

ADDRESSES ><

A
<~ 1 twp [ twr

CE2 \

tas

t

Dour

t
———————>
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SR01040994 Static RAM TC551001BPV/BFI/BFTI/BTRI-85L/10L

Notes:

1. R/W is high for Read Cycle.

2. Assuming that CE1 Low transition or CE2 High transition occurs coincident with or after the R/W Low transition, Out- «
puts remain in a high impedance state.

A. Standard
. Static RA

3. If the CE1 High transition or CE2 Low transition occurs coincident with or prior to the R/W High transition, Outputs
remain in a high impedance state.

4. Assuming that OE is High for a write cycle, outputs are in a high impedance state during this period.

5. The I/0O may be in the output state during this time, input signals of opposite phase must not be applied.
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Data Retention Characteristics (Ta = -40 ~ 85°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpy | Data Retention Supply Voltage 2.0 - 5.5 \Y
Vpp = 3.0V - - 35*
Ippsz2 | Standby Current Voo = 5.5V — — 7 A
tcpr | Chip Deselect to Data Retention Mode 0 - - ns
tr Recovery Time 5 - - ms

*3pA (max.) Ta = -40 ~ 40°C

CET Controlled Data Retention Mode (1)

Voo
Voo \ DATA RETENTION MODE
445v —————— - e o el Pt G e G T S G S GEe Gee Swe Gen e e S wmn e Gme cwn G e e e e ——
(2) (2)
Vi === \ /
/ Vpp- 0.2V
CET tcor tr

GND

CE2 Controlled Data Retention Mode

Voo
Voo -_D_\ DATA RETENTION MODE /—_—
4.5V = = e o o e e o o o o o o o e - e o = e s o - —
CE2
Vin 1

0.2v

GND

Notes:
1. In the CE1 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V or
CE2 2 Vpp - 0.2V.

2. If the V| of CE1 is 2.4V in operation, during the period that the Vpp voltage is going down from 4.5V to 2.6V, Ippgy
current flows. !

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition CE2 < 0.2V.
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Outline Drawing :
DIP32-P-600 Unit in mm

Static RAM
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Weight : 4.45g (Typ.)
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Outline Drawing
SOP32-P-525 Unit in mm
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Weight : 1.04g (Typ.)
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Outline Drawing

TSOP32-P-0820 ' Unitinmm
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Weight : 0.34g (Typ.)
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Outline Drawing

TSOP32-P-0820A Unit in mm
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1. This technical data may be controlled under U.S. Export Administration Regutations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.
2. LIFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

@

The information in this document has been carefully checked and is believed to be refiable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TC551001BPI/BFI/BFTI/BTRI-85V/10V | §£5
&5
SILICON GATE CMOS PRELIMINARY & &
131,072 WORD x 8 BIT STATIC RAM
Description
The TC551001BPL is a 1,048,576 bits static random access memory organized as 131,072 words by 8 bits using CMOS
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both high speed and low
power features with an operating current of 5SmA/MHz (typ.) and a minimum cycle time of 85ns. When CE1 is a logical high, or
CE2 is low, the device is placed in a low power standby mode in which the standby current is 2pA typically. The
TC551001BPL has three control inputs. Chip Enable inputs (CE1, CE2) allow for device selection and data retention con-
trol, while an Output Enable input (OE) provides fast memory access. The TC551001BPL is suitable for use in micropro-
cessor application systems where high speed, low power, and battery backup are required. The TC551001BPI guarantees
-40 ~ 85°C operating temperature so TC551001BP! is suitable for use in wide operating temperature system.
The TC551001BPL is offered in a standard dual-in-line 32-pin plastic package, a small outline plastic package, and a
thin small outline plastic package (forward, reverse type).
Features Pin Connection (Top View)
o | ow power dissipation: ~ 27.5mW/MHz (typ.) 12 PIN DIP & SOP
o o
* Standby current: 4uA (max.)atTa=25°C = — —— 32 PN T50P TS?ZWM yee) (reverse type)
e Single 2.7 ~ 5.5V power supply I I .
o Access time (max.) *
5V+10% 2.7~5.5V
-85V -10V -85V/-10V
Access Time 85ns 100ns 200ns
CET Access Time | 85ns | 100ns 200ns
CE2 Access Time | 85ns | 100ns 200ns T T
OE Access Time | 45ns | 50ns 100ns
o Power down feature: CET, CE2
o Data retention supply voltage: 2.0 ~ 5.5V
¢ Inputs and outputs directly TTL compatible
o Wide operating temperature: -40 ~ 85°C
o Package TC551001BPI : DIP32-P-600
TC551001BFI : SOP32-P-525
TC551001BFTI : TSOP32-P-0820
Pin Names TC551001BTRI  : TSOP32-P-0820A
A0 ~ A16 | Address Inputs
R/W Read/Write Control Input
OE Output Enable Input
CE1, CE2 | Chip Enable Inputs
1/01 ~ 1/08 | Data Input/Output
Vbp Power (+5V)
GND Ground
N.C. No Connection TSOP Pinout
PIN NO. 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
PINNAME | Ajy | Ag | Ag | Az |R/W | CE2 | Ais | Voo | NC | Ag | As | Az | A7 | Ag | As | A
PIN NO. 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
PINNAME | Az | Ay | Ay | Ag | /01 | /02 | /O3 | GND | I/04 | I/O5 | 1/06 | 1/07 | I/108 | CE1 | Aqq | OE
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TC551001BPI/BFI/BFTI/BTRI-85V/10V Static RAM SR01050995
Block Diagram
CE
A7 o—— I ‘ ~—o Vpp
ﬁg o—rol 2 A2 H ——o GND
A10 0— Ez E MEMORY CELL
o— Su||oe ARRAY
Al3o——]25||85([28]| t024x128x8
A1 o— S |
Ald 30H3S (1048576)
A16 0— cx||{x0
1
/oy o K SENSE AMP.
o . Y [ [COTOMN ADDRESS
° ol « DECODER
1 o «~| & I T
° <3|l %| [COLUMNADDRESS
OV |lx e REGISTE
1/08 © 8y T Ll
2w | [COLUMN ADDRESS
BUFFER

TTILIIT &

AOA1A2A3 A4AS AB

CEl e CE
Erool =

Operating Mode

OPERATING MODE CE1 CE2 OE RW | 1/01~1/08 | POWER
Read L H L H Dout Ibpo
Write L H * L Din Ibpo
Output Deselect L H H H High-Z Ibbo
Standby H - - . Hfgh-Z loos

* L * * High-Z Ibps
*HorL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vpp Power Supply Voltage -0.3~7.0 \"
Vin Input Voltage -0.3*~7.0 Vv
Vio Input and Output Voltage -0.5 ~Vpp + 0.5 \'
Pp Power Dissipation 1.0/0.6** w
TsoLper | Soldering Temperature (10s) 260 °C
Tstrg | Storage Temperature -55 ~ 150 °C
Topr | Operating Temperature 0~70 °C

A-94

* -8.0V at pulse width 50ns Max.

** SOP
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Static RAM

DC Recommended Operating Conditions (Ta = -40 ~ 85°C)

5V £10% 2.2~5.5V
SYMBOL PARAMETER UNIT
MIN. | TYP. MAX. MIN. MIN. MAX.

Vpp | Power Supply Voltage 4.5 5.0 5.5 2.7 - 5.5
VIH Input ngh Voltage 2.4 - VDD +0.3 VDD -0.2 - VDD +0.3 v
ViL Input Low Voltage -0.3* - 0.6 -0.3* - 0.2
Vpy | Data Retention Supply Voltage 2.0 - 5.5 2.0 - 5.5

* -3.0V with a pulse width of 50ns Max.

DC and Operating Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Leakage Current Vin=0~Vpp - - +1.0 | pA
lo |Output Leakage Current CE =Vyy or R/W =V_or O = Viy - - | £1.0 | pA

Vour=0~Vpp
loy | Output High Current Vou = 2.4V -1.0 - - mA
lo. | Output Low Current VoL = 0.4V 4.0 - - mA
CE=V,_ toycle = 1us - - 70
I R/W =V, —Mi
DDO1 Other Input = Viy/V), teycle = Min. - - 20
. lour = OmA cycle
Operating Current — mA
CE=0.2V teycle = Tus - - 60
| R/W = VDD -0.2v .
DDO2 Other Input = Vpp - 0.2V/0.2V | teycle = Min. -l - | 10
IOUT =0mA cycle
Ipps1 CE=Vy _ _ 3 | mA
| Standby Current CE = Vpp - 0.2V Ta =-40 ~ 85°C - - 70 WA
bDs2 Vpp = 2.0V ~ 5.5V Ta = 25°C - 2 4
Note (1): In standby mode with CET = Vpp - 0.2V, the specification limits are guaranteed under the condition of CE2 > Vpp - 0.2V or CE2 < 0.2V.
DC and Operating Characteristics (Ta =-40 ~ 85°C, Vpp = 3V£10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Leakage Current Vin=0~Vpp - - +1.0 | pA
lo | Output Leakage Current CE =Vjy or R/W =V;_or O = Vi, - - | #10 | pA

Vour =0 ~ Vpp
lon Output High Current Vou = Vpp - 2.0V -0.1 - - mA
loL Output Low Current Vo = 0.2V 0.1 - - mA
CE=0.2V _ - | 20
) R/W = Vpp = 2.0V Min.
Ibpoz | Operating Current Other Input = Vpp - 0.2V/0.2v | toycle mA
IOUT =0mA us - - 5
Vpp=3v |Ta=-40~85°C - - 40
£10% Ta = 25°C - 1 2
Ipps2 | Standby Current CE =Vpp - 0.2V Ta=-40 ~ 85°C - - 35 uA
Vpp=3.0V |Ta=-40 ~40°C | - - 3
Ta =25°C - 1 -

PRELIMINARY
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TC551001BPI/BFI/BFTI/BTRI-85V/10V Static RAM SR01050995
Capacitance* (Ta = 25°C, f = 1MHz)
SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Cin Input Capacitance Vin = GND 10 F
Cout | Output Capacitance Vout=GND 10 P
Note: This parameter is periodically sampled and is not 100% tested.
AC Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%)
Read Cycle
TC551001BPI/BFI/BFTI/BTRI
SYMBOL PARAMETER -85V -10V UNIT
MIN. MAX. MIN. MAX.
tgc | Read Cycle Time 85 - 100 -
tacc | Address Access Time - 85 - 100
tco | CE Access Time - 85 - 100
toe Output Enable to Output in Valid - 45 - 50
tcoe | Chip Enable (CE1, CE2) to Output in Low-Z 5 - 5 - ns
toee | Output Enable to Output in Low-Z 0 - 0 -
top Chip Enable (CE1, CE2) to Output in High-Z - 35 - 40
topo | Output Enable to Output in High-Z - 35 - 40
ton Output Data Hold Time 10 - 10 -
Write Cycle
TC551001BPI/BFI/BFTI/BTRI
SYMBOL PARAMETER -85V -10V UNIT
MIN. MAX. MIN. MAX.
twc | Write Cycle Time 85 - 100 -
twp | Write Pulse Width 60 - 60 -
tcw | Chip Selection to End of Write 75 - 80 -
tas | Address Setup Time 0 - 0 -
twr | Write Recovery Time 0 - 0 - ns
topw | R/W to Output in High-Z - 35 - 40
toew | R/W to Output in Low-Z 0 - 5 -
tps Data Setup Time 35 - 40 -
ton Data Hold Time 0 - 0 -
AC Test Conditions
Input Pulse Levels 2.6V/0.4V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Levels 1.5V
Output Timing Measurement Reference Levels 1.5V

Output Load

1 TTL Gate and C,_ = 100pF
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Static RAM

TC551001BPI/BFI/BFTI/BTRI-/85V/10V

AC Characteristics (Ta = -40 ~ 85°C, Vpp = 2.7 ~ 5.5V)

Read Cycle
SYMBOL PARAMETER MiN. MAX. | UNIT

tpc | Read Cycle Time 200 -

tacc | Address Access Time - 200

tcor | CE1 Access Time - 200

tcoz | CE2 Access Time - 200

toe Output Enable to Output in Valid - 100

tcoe | Chip Enable (CE1, CE2) to Output in Low-Z 5 - ns
toge | Output Enable to Output in Low-Z 0 -

top | Chip Enable (CE1, CE2) to Output in High-Z - 60

topo | Output Enable to Output in High-Z - 60

ton Output Data Hold Time 10 -

Write Cycle
SYMBOL PARAMETER MIN. MAX. | UNIT

twe | Write Cycle Time 200 -

twp | Write Pulse Width 120 -

tcw | Chip Selection to End of Write 150 -

tas | Address Setup Time 0 -

twr | Write Recovery Time 0 - ns
topw | R/W to Output in High-Z - 60
toew | R/W to Output in Low-Z 0 -

tps | Data Setup Time 80 -

tpH Data Hold Time 0 -

AC Test Conditions
Input Pulse Levels Vpp - 0.2V/0.2V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V

Output Load

C_ = 100pF (Include Jig)

PRELIMINARY
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Timing Waveforms

Read Cycle (1)
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Write Cycle 1 ¥ (R/W Controlled Write)
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A-98 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY



SR01050995 Static RAM TC551001BPI/BFI/BFTI/BTRI-/85V/10V

Write Cycle 2 @ (CE1 Controlled Write)
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toe | toow

tos DH
R e g o e

Write Cycle 3 ¥ (CE2 Controlled Write)
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A-100

Notes:
1. R/W is High for Read Cycle.

2. Assuming that CE1 Low transition or CE2 High transition occurs coincident with or after the R/W Low transition, Out-
puts remain in a high impedance state.

3. Assuming that CE1 High transition or CE2 Low transition occurs coincident with or prior to the R/W High transition,
Outputs remain in a high impedance state.

4. Assuming that OE is High for a Write Cycle, Outputs are in a high impedance state during this period.

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied.
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SR01050995 Static RAM TC551001BPI/BFI/BFTI/BTRI-/85V/10V

Data Retention Characteristics (Ta = -40 ~ 85°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT : e
VpH Data Retention Supply Voltage 2.0 - 5.5 Vv E -;‘: g
Ippsz | Standby Current Vop = 3.0V - - 3 pA & g

VDD = 5.5V - - 70 i <',,
tcpr | Chip Deselect to Data Retention Mode 0 - - ns
tr Recovery Time 5 - - ms

*3pA (max.) Ta = -40 ~ 40°C

CE1 Controlled Data Retention Mode ()

Voo
Voo \ DATA RETENTION MODE
4.5V —————— s e e e cne me S e . S G . . I S S—e G = — —
(2)
Vg === /
— Vpp- 0.2V
CE1 tcor tr
GND
CE2 Controlled Data Retention Mode @
Vop
Voo ———\ DATA RETENTION MODE | ——
F A R e -
tr
| |
0.2V

GND

Notes:
1. In the CE1 controlled data retention mode, minimum standby current is achieved under the condition of CE2 < 0.2V or
CE2 2 Vpp - 0.2V.

2. If the V| of CET1 is 2.4V in operation, during the period that the Vpp voltage is going down from 4.5V to 2.6V, Ippg1
current flows.

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition of CE2 < 0.2V.
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Static RAM SR01050995

3.3V Operation
DC Recommended Operating Conditions (Ta = -40 ~ 85°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vpp | Power Supply Voltage 3.0 3.3 3.6
Viy Input High Voltage Vpp - 0.2 - Vpp + 0.3 '
Vi Input Low Voltage -0.3 - 0.2

DC and Operating Characteristics (Ta = -40 ~ 85°C, Vpp = 3.3V+0.3V)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Leakage Current Vin=0~Vpp - - +1.0 | pA
lo |Output Leakage Current CE = Vyyy or R/W =V or OF = Vi, - - | #1.0 | pA

Vour =0 - Vpp
IOH Output High Current VOH = VDD - 2.0V -0.1 - - mA
loL Output Low Current VoL =0.2V 0.1 - - mA
CE = 0.2V, R/W = Vpp = 2.0V ) - | - | 25
Ippo2 | Operating Current Other Input = Vpp - 0.2V/0.2V teycle Min. mA
lour = 0mA s | - - 5
Ta=-40~85°C | - - 45
VDD = 33V + 0.3V
Ta =25°C - 2 3
Ipps2 | Standby Current CE =Vpp - 0.2V Ta=-40~85°C | - - 40 pA
Vpp = 3.3V Ta=-40~40°C| - - 5
Ta=25°C - 2 -
Capacitance* (Ta = 25°C, f = 1MHz)

SYMBOL PARAMETER TEST CONDITION MAX. | UNIT

Cin | Input Capacitance Vin = GND 10 E
Cout | Output Capacitance Vout = GND 10 P

Note: This parameter periodically sampled is not 100% tested.
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SR01050995 Static RAM TC551001BPI/BFI/BFTI/BTRI-/85V/10V

3.3V Operation

et
AC Characteristics (Ta = -40 ~ 85°C, Vpp = 3.3V+0.3V) T,
Read Cycle <
SYMBOL PARAMETER MIN. MAX. | UNIT
tre Read Cycle Time 150 -
tacc | Address Access Time - 150
tco1 | CE1 Access Time - 150
tco2 | CE2Access Time - 150
toe Output Enable to Output in Valid - 75 ns
tcoe | Chip Enable CE to Output in Low-Z 5 -
toge | Output Enable to Output in Low-Z 0 -
top | Chip Enable CE to Output in High-Z - 50
topo | Output Enable to Output in High-Z - 50
ton Output Data Hold Time 10 -
Write Cycle
SYMBOL PARAMETER MIN. MAX. | UNIT
twc | Write Cycle Time 150 -
twp | Write Pulse Width 100 -
tcw | Chip Selection to End of Write 120 -
tas Address Setup Time 0 -
twg | Write Recovery Time 0 - ns
topw | R/W to Output in High-Z - 50
toew | R/W to Outputin Low-Z 0 -
tps Data Setup Time 60 -
tpH Data Hold Time 0 -
AC Test Conditions
Input Pulse Levels Vpp - 0.2v/0.2V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V
Output Load Cy =100pF (Include Jig)
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TC551001BPI/BFI/BFTI/BTRI-85V/10V Static RAM SR01050995

Outline Drawing

DIP32-P-600 Unit in mm
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Weight : 4.45g (Typ.)
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SR01050995 Static RAM TC551001BPI/BFI/BFTI/BTRI-/85V/10V

Outline Drawing

SOP32-P-525 Unitinmm

A Standard

EEEEELEETEETEE B
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Weight : 1.04g (Typ.)
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TC551001BPI/BFI/BFTI/BTRI-85V/10V Static RAM SR01050995

Outline Drawing
TSOP32-P-0820 Unit inmm
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Weight : 0.34g (Typ.)
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Static RAM TC551001BPI/BFI/BFTI/BTRI-/85V/10V

Outline Drawing
TSOP32-P-0820A
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Notes
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TOSHIBA

; E
L
TC551001BPL/BFL/BFTL/BTRL-70V/85V | £
5%
SILICON GATE CMOS 2 o
131,072 WORD x 8 BIT STATIC RAM
Description
The TC551001BPL is a 1,048,576 bits static random access memory organized as 131,072 words by 8 bits using CMOS
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both high speed and low
power features with an operating current of 5SmA/MHz (typ.) and a minimum cycle time of 70ns. When CE1 is a logical high, or
CE2 is low, the device is placed in a low power standby mode in which the standby current is 2uA typically. The
TC551001BPL has three control inputs. Chip Enable inputs (CE1, CE2) allow for device selection and data retention con-
trol, while an Output Enable input (OE) provides fast memory access. The TC551001BPL is suitable for use in micropro-
cessor application systems where high speed, low power, and battery backup are required.
The TC551001BPL is offered in a dual-in-line 32-pin plastic package, a small outline plastic package, and a thin small
outline plastic package (forward, reverse type).
Features Pin Connection (Top View)
o Low power dissipation:  27.5mW/MHz (typ.)
e Standby current: 4pA (max.) at Ta = 25°C o 32 PIN DIP & SOP o 32 PIN TSOP
° Single 2.7 ~ 5.5V power supply (forward type) (reverse type)
o Access time (max.) 16 1 1 1
5V +£10% 2.7~55
=70V -85V -70V/-85Y
Access Time 85ns 100ns 200ns
T Access 8sns | 100ns 200ns
ime
~ED 17 32 32 17]
%EfeAc"ess 85ns | 100ns 200ns HTTHOIOCOOOE THTHOOTUOTITOTD
OE Access Time | 45ns 50ns 100ns
® Power down feature: CE1, CE2
» Data retention supply voltage: 2.0 ~ 5.5V
e |nputs and outputs directly TTL compatible
° Package TC551001BPL : DIP32-P-600
TC551001BFL : SOP32-P-525
Pin Names TC551001BFTL  : TSOP32-P-0820
A0 ~ A16 | Address Inputs (OP32-P-0820A
R/W Read/Write Control Input
OE Output Enable Input
CET, CE2 | Chip Enable Inputs
1/01 ~ 1/08 | Data Input/Output
Vbp Power
GND Ground
N.C. No Connection TSOP Pinout
PIN NO. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
PIN NO. 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
PINNAME | A; | A, | Ay | Ag [¥O1 [ 1702 | vO3 | GND | V04 | o5 | V06 | 1VO7 | VO8 | TET | Ay | OE
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TC551001BPL/BFL/BFTL/BTRL-70V/85V Static RAM SR01060795
Block Diagram
CE
A7 O—i { : <—o Voo
Adee—e [l (]2 MEMORY CELL °
QH o—2& Suw||Se ARRAY
Aljo—2s| |25 2g|| 1024x128x8
Aldo—a1 3G |
AlsSziHaenaE (0w
A16 [oS e - o4 [-Ja]
] 1
o1 = 0 SENSE AMP.
o HA COLUMN ADDRESS
° ° DECODER
iy © ac]| & T -
o 28|l %| [COLUMN ADDRESS
° oL |lxa REGISTER
1108 © o=z ] 1
o | JCOLUMN ADDRESS

TTIL0IT L

AD A1 A2 A3 A4AS AB

Operating Mode

b CE

OPERATION MODE CET CE2 OE RW | 1/01-1/08 | POWER
Read L H L H Dourt lopo
Write L H * L Din Ibpo
Output Deselect L H H H High-Z Ippo
Standby H ’ - - High2 | loos

* L * * High-Z Ibps
*HorlL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vpp Power Supply Voltage -0.3~7.0 Vv
Vin Input Voltage -0.3*~ 7.0 \Y
Vo | Input and Output Voltage -0.5 ~ Vpp + 0.5 '
Pp Power Dissipation 1.0/0.6** w
TsoLper | Soldering Temperature (10s) 260 °C
Tstrg | Storage Temperature -565 ~ 150 °C
Topr | Operating Temperature 0~70 °C

* -8.0V with a pulse width of 50ns

" SOP

A-110
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SR01060795

Static RAM

TC551001BPL/BFL/BFTL/BTRL-70V/85V

DC Recommended Operating Conditions (Ta = 0 ~ 70°C)

5V +£10% 2.2~5.5V
SYMBOL PARAMETER UNIT
MIN. | TYP. MAX. MIN. MIN. MAX.

Vbp Power Supply Voltage 4.5 5.0 5.5 2.7 - 5.5
Viy Input High Voltage 2.4 - Vpp + 0.3 | Vpp - 0.2 - Vpp + 0.3 v
Vi Input Low Voltage -0.3* - 0.8 -0.3* - 0.2
VbH Data Retention Supply Voltage 2.0 - 5.5 2.0 - 5.5

*-8.0V at pulse width at 50ns Max.

DC and Operating Characteristics (Ta = 0 ~ 70°C, Vpp = 5V + 10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Leakage Current Vin=0~Vpp - - | #1.0 | pA
Lo |Output Leakage Current CE =V or R/W =V)_or OF = Vi - | - [£1.0] pA

Vour =0~ Vpp
loy | Output High Current Von = 2.4V -1.0| - - | mA
lo. | Output Low Current VoL = 0.4V 4.0 | - - | mA
CE1 =V, and CE2 =V toycle = 1us - - 70
I and R/'W = VIH i
DDOT Other Input = Viy/V,, teycle = Min. S N P
IOUT =0mA CyCle
Operating Current CE1 = 0.2V and CE2 = Vpp - 0.2 | teyeie = 1ns - | - | 60 | MA
R/W = Vpp - 0.2V
Ibpo2 Other Inputs toyole = Min.
= Vpp - 0.2V/0.2V oyale - -] 10
IOUT =0mA
Ibpst CET =Vjyand CE2 = V),_ - =1 3 [ ma
| Standby Current CE1=Vpp-0.2VorCE2=0.2v | Ta=0~70°C - - 30 WA
bDS2 Vpp = 2.0V ~ 5.5V Ta = 25°C — 2] a
Note: (1) In standby mode with TET 2 Vpp - 0.2V, these specification limits are guaranteed under the condition of CE2 > Vpp - 0.2V or CE2 < 0.2V.
DC and Operating Characteristics (Ta = -0 ~ 70°C, Vpp = 3V+0.3V)
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
Iy Input Leakage Current ViN=0~Vpp - - [#1.0| pA
CE1 =V, or CE2 =V, or RW
I Output Leakage Current == T VIH IL - - | #1.0
Lo P 9 OE = Viy, Vour =0 ~ Vpp nA
lon Output High Current Vou = Vpp - 2.0V -01 | - - mA
lo. | Output Low Current VoL =0.2V 0.1 - - | mA
CE1 =0.2V and CE2 = Vpp - 0.2V B _ 20
| Operating Current R/W = Vpp = 2.0V t Min. mA
DDO2 Other Input = Vpp - 0.2V/0.2V cycle
lout = OMA ws| - | - |5
Ta=0~70°C - - 20
VDD = 2.5 ~3V
_ Ta=25°C - 1 2
CE =Vpp - 0.2V = S ~ -
Ipps2 | Standby Current or CE2 = 0.2V Ta=0~70°C 15 | pA
Vpp=3.0V [Ta=0-~40°C - | - 3
Ta=25°C - 1 -

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.




TC551001BPL/BFL/BFTL/BTRL-70V/85V Static RAM SR01060795

Capacitance (Ta = 25°C, f = 1MHz)

SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Cin Input Capacitance Vin=GND 10 E
Cout | Output Capacitance Vout = GND 10 P

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

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)

Read Cycle
TC551001BPI/BFI/BFTI/BTRI
SYMBOL PARAMETER -0V -85V UNIT
MIN. MAX. MIN. MAX.
tre Read Cycle Time 70 - 85 -
tacc | Address Access Time - 70 - 85
tcoy | CET Access Time - 70 - 85
tco2 | CE2 Access Time - 70 - 85
toe Output Enable tcl Output in Valid - 35 - 45 ns
tcoe | Chip Enable (CE1, CE2) to Output in Low-Z 10 - 10 -
toge | Output Enable to Output in Low-Z 5 - 5 -
top Chip Enable (CE1, CE2) to Output in High-Z - 25 - 30
topo | Output Enable to Output in High-Z - 25 - 30
ton Output Data Hold Time 10 - 10 -
Write Cycle
TC551001BPI/BFI/BFTI/BTRI
SYMBOL PARAMETER -70V -85V UNIT
MIN, MAX. MIN. MAX.
twc | Write Cycle Time 70 - 85 -
twp | Write Pulse Width 50 - 60 -
tcw | Chip Selection to End of Write 60 - 75 -
tas Address Setup Time 0 - 0 -
twr | Write Recovery Time 0 - 0 - ns
topw | R/W to Output in High-Z - 25 - 30
toew | R/W to Output in Low-Z 5 - 5 -
tps Data Setup Time 30 - 35 -
toH Data Hold Time 0 - 0 -
AC Test Conditions
Input Pulse Levels 2.4V/0.6V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V
Output Load 1 TTL Gate and C| = 100pF
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SR01060795

Static RAM

TC551001BPL/BFL/BFTL/BTRL-70V/85V

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 2.7 ~ 5.5V)

Read Cycle
SYMBOL PARAMETER MIN. MAX. | UNIT

the Read Cycle Time 150 -

tacc | Address Access Time - 150

tco1 | CE1 Access Time - 150

tcoz | CE2 Access Time - 150

toE Output Enable to Output in Valid - 75 ns
tcoe | Chip Enable (CE1, CE2) to Output in Low-Z 10 -

toeg | Output Enable to Output in Low-Z 5 -

top Chip Enable (CE1, CE2) to Output in High-Z - 50

topo | Output Enable to Output in High-Z - 50

ton Output Data Hold Time 10 -

Write Cycle
SYMBOL PARAMETER MIN. MAX. | UNIT

twc | Write Cycle Time 150 -

twp | Write Pulse Width 100 -

tcw | Chip Selection to End of Write 120 -

tas | Address Setup Time 0 -

twr | Write Recovery Time 0 - ns
topw | R/W to Output in High-Z - 50
toew | R/W to Output in Low-Z 5 -

tps Data Setup Time 60 -

toH Data Hold Time 0 -

AC Test Conditions

A Standard
. Static RAI

Input Pulse Levels

Vpp - 0.2/0.2V

Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V

Output Load

C_ =100pF (Include Jig)
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TC551001BPL/BFL/BFTL/BTRL-70V/85V Static RAM SR01060795

Timing Waveforms

Read Cycle (1)

1rRC
ADDRESSES * ><
tacc t

\\\\\\\\\\\\\\\\\\\\\\

<___J__.

ML
4/////// ,

CE2

[«3]

OF

OUTPUT DATA VALID

Sy 8, 5777

DS
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SR01060795 Static RAM TC551001BPL/BFL/BFTL/BTRL-70V/85V

Write Cycle 2 ) (CET Controlled Write)

ADDRESSES ><

tos 1

Div ////////// //////////////// DATA IN STABLEW(sm

Write Cycle 3 ¥} (CE2 Controlled Write)

ADDRESSES >< ><
las

| twp twr

w 77

N

tew N

e |

Dy ////////// ///////// DATA IN S‘TABLE (5)
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TC551001BPL/BFL/BFTL/BTRL-70V/85V Static RAM SR01060795

Notes:

A-116

1. R/W is High for Read Cycle.

2. Assuming that CE1 Low transition or CE2 High transition occurs coincident with or after the R/W Low transition, Out-
puts remain in a high impedance state.

3. Assuming that CE1 High transition or CE2 Low transition occurs coincident with or prior to the R/W High transition,
Outputs remain in a high impedance state.

4. Assuming that OE is High for a Write Cycle, the outputs are in a high impedance state during this period.

5. In I/0 may be in the output state during this time, input signals of opposite phase must not be applied.
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SR01060795 Static RAM TC551001BPL/BFL/BFTL/BTRL-70V/85V

Data Retention Characteristics (Ta = 0 ~ 70°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT =
Vpy Data Retention Supply Voltage 2.0 - 5.5 Vv ‘ é %
CoE
Vpp = 3.0V - - 15 S8
Ipps2 | Standby Current uA K0
Vpp = 5.5V - - 30 <
tcpr | Chip Deselect to Data Retention Mode 0 - - ns
tr Recovery Time 5 - - ms

*3uA (max.) Ta = -40 ~ 40°C

E1 Controlled Data Retention Mode (1)

Vop
Voo \j DATA RETENTION MODE
45V === ——— e A e e o e
(2) (2)
Vi === \ /
. Vpp-0.2V
CE1 tcor tr
GND

CE2 Controlled Data Retention Mode ©

Voo

DATA RETENTION MODE | S

GND

Notes:
1. In the CE1 controlled data retention mode, minimum standby current is achieved under the condition of CE2 < 0.2V or
CE2 > VDD -0.2V.

2. If the V| of CE1 is 2.4V in operation, during the period that the Vpp voltage is going down from 4.5V to 2.6V, Ippg1
current flows.

3. In the CE2 controlled data retention mode, minimum standby current is achieved under the condition of CE2 < 0.2V.
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TC551001BPL/BFL/BFTL/BTRL-70V/85V Static RAM SR01060795

Outline Drawing
DIP32-P-600 Unit in mm
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Weight : 4.45g (Typ.)
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Outline Drawing
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Outline Drawing
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Weight : 0.34g (Typ.)
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Outline Drawing
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TC551001BPL/BFL/BFTL/BTRL-70V/85V Static RAM SR01060795

Notes

1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indii-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

. LIFE SUPPORT POLICY

IS

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.
3. The information in this document has been carefully checked and is believed to be reliable; however no responsibiiity can be assumed for inaccuracies that may not have been caught. All information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

TC554161FT1-70/85

PRELIMINARY

SILICON GATE CMOS
262,144 WORD x 16 BIT STATIC RAM

Description
The TC554161FTL is a 4,194,304 bits static random access memory organized as 262,144 words by 16 bits using CMOS
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both high speed and low
power features with an operating current of 10mA/MHz (typ.) and a minimum cycle time of 70ns. When CE is a logical high,
the device is placed in a low power standby mode in which the standby current is 100pA (max.). The TC554161FTL has
two control inputs. A Chip Enable input (CE) allows for device selection and data retention control, while an Output Enable
input (OF) provides fast memory access. Also, it allows that lower and upper byte access by Data Byte Control (LB, UB).
The TC554161FTL is suitable for use in microprocessor application systems where high speed, low power, and battery
backup are required.

The TC554161FTL is offered in a 54-pin thin small outline plastic package.

Features Pin Connection (Top View)
o | ow power dissipation: ~ 55mW/MHz (typ.)
e Standby current: 100pA (max.) NCc 010 54 E A4
. A3(2 53 A5
o 5V single power supply A d3 > hae
o Access time (max.) A1 04 51 pA7
A00s 50 PN.C.
TC554161FTL /016 06 49 0101
110154 7 48 gl/oz
R - Vec 08 47 DV
70 85 GND 9 46 h GND
- /1014410 45 pI/O3
A_ccess Time 70ns 85ns w134 1 22 fyos
CE Access Time 70ns 85ns usgi12 43 pLB
P - E013 42 pOE
OE Access Time 35ns 45ns or. g 14 41 poOP.
— RWO15 40 PN.C.
o Power down feature: CE 11012416 39 puos
e Data retention supply voltage: 2.0~5.5V VGO,\}& E }; §$ igﬂg
o Inputs and outputs directly TTL compatible Vec 419 36 P Ve
rvotog20 35 pwo7
o Package TC554161FTL : TSOP54-P-400 10921 34 DlO8
N.C. E 22 33 A8
A17023 32 DA9
Al6024 31 Emo
A15025 30 fAN
. A14026 29 DA12
Pin Names a13d27__ 28 iNC
A0 ~ A17 Address Inputs
1/01 ~ /016 | Data Input/Output
CE Chip Enable Input
R/W Read/Write Control Input
OE Output Enable Input
LB, UB Data Byte Control Input
Vbp Power (+5V)
GND Ground
N.C. No Connection
OP. Option

* OP. pin must be connected to GND or open.
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TC554161FTL-70/85

Static RAM

SR04010795

Block Diagram

A1g
A o Ve
A3 8 MEMORY
AlZ S1l  cew amray | €° GND
Az ©H 1.028x256x16
A0 (4,194,304)
Vo2
17103 - CE e
1103 o— <Su | [ J/ <§,‘fﬂ
1705 Cauw e e L
gee—p a2 = 532 =
1/09 o= | SENSE AMP. —
11010 =N
Vo1 eI « 5 \ <22
/el i < £5 <53
1015 o o-= DECODER 00m
11016 T
v COLUMN CcE
CLOCK ADDRESS BUFFER
GENERATOR a6 Rs° A10
A5 A7 A9 ANl
RW o————
OF 00—\ §' —
UBo = )
Fe = )
TE® > CE
Operating Mode
OPERATING MODE CE OE R/W 1] UB 1/01 ~ 1/08 1/09 ~ 1/016 POWER
L L Output Output Inpo
Read L L H H L High Impedance Qutput Ippo
L H Output High Impedance Ippo
L L Input Input Iopo
Write L * L H L High Impedance Input Ippo
L H Input High Impedance Ipno
L H H * *
Output Deselect High Impedance High Impedance Ip,
* * H H Do
Standby * * * * High Impedance High Impedance Ipps
*HorL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vpp Power Supply Voltage -0.3~7.0 v
Vin Input Terminal Voltage -0.3*~7.0 v
Viro Input/Qutput Terminal Voltage -0.5* ~Vpp + 0.5 v
Pp Power Dissipation 0.6 w
Tsoper | Soldering Temperature (10s) 260 °C
Tstrg | Storage Temperature -56 ~ 150 °C
Topr Operating Temperature 0~70 °C

* -3.0V at pulse width 30ns MAx
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SR04010795 Static RAM TC554161FTL-70/85
DC Recommended Operating Conditions
SYMBOL PARAMETER MIN. | TYP. MAX. UNIT o g
Voo | Power Supply Voltage 45 | 50 5.5 9
Vi | Input High Voltage 22 | - |Vop+03| a8
ViL | Input Low Voltage -0.3* - 0.8 <
VpH Data Retention Supply Voltage 2.0 - 5.5
* -3.0V with a pulse width of 30ns Max.
DC and Operating Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Leakage Current ViN=0~Vpp - - +1.0 HA
lo |Output Leakage Current CE =V or R/W = V_or OF =V - - +1.0 | pA
Vour =0~ Vpp
lox Output High Current Vou = 2.4V -1.0 - - mA
lo | Output Low Current VoL = 0.4V 2.1 - - mA
_ 70ns - - 110
CE= V||_, IOUT =0mA _ _
lopot Other Inputs = Vyy/V_ teyale | 85nS 100
X 1us - 15 -
Operating Current mA
_ 70ns - - 100
CE =0.2V, lgyr = 0mA - ~
ooz Other Inputs = Vi/Vy,_ teycle | 85nS %
1us - 10 -
lops1 CE= Viu, Other Inputs = Vju/V, - - 3 mA
Standby Current CE=Vpp-0.2V
Ibos2 Vpp = 2.0V ~ 5.5V i
Capacitance (Ta = 25°C, f = 1.0MHz2)
SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Cin Input Capacitance Viy = GND 10 E
Cour | Output Capacitance Vour = GND 10 P
Note: This parameter is periodically sampled and is not 100% tested.
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TC554161FTL-70/85

Static RAM

SR04010795

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)

Read Cycle
TC554161FTL
SYMBOL PARAMETER -70 -85 UNIT
MIN. MAX. MIN. MAX.
trc Read Cycle Time 70 - 85 -
tacc | Address Access Time - 70 - 85
tco |CE Access Time - 70 - 85
toe | OE Access Time - 35 - 45
tga UB, LB Access Time - 35 - 45
ton g;:tput Data Hold Time from Address 10 _ 10 _
ange ns
tcoe | Output Enable Time from CE 10 - 10 -
toee | Output Enable Time from OE - 5 -
tge Output Enable Time from UB, LB 5 - 5 -
top | Output Disable Time from CE - 25 - 30
topo | Output Disable Time from OE - 25 - 30
tgp | Output Disable Time from UB, LB - 25 - 30
Write Cycle
TC554161FTL
SYMBOL PARAMETER -70 -85 UNIT
MIN. MAX. MIN. MAX.
twc | Write Cycle Time 70 - 85 -
twp | Write Pulse Width 50 - 55 -
tcw | Chip Enable to End of Write 60 - 70 -
tgw | UB, LB Enable to End of Write 50 - 55 -
tas Address Setup Time 0 - 0 - ns
twr | Write Recovery Time 0 - 0 -
tps | Data Setup Time 30 - 35 -
toH Data Hold Time - -
toew | Output Enable Time from R/W 5 - 5 -
topw | Output Disable Time from R/W - 25 - 30
AC Test Conditions
Input Pulse Levels 2.4V/0.6V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V
Output Load 1 TTL Gate and C|_ = 100pF
A-126 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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SR04010795 Static RAM TC554161FTL-70/85

Timing Waveforms
ADDRESSES X X
: Y
Write Cycle 1 ¥ (R/W Controlled Write)
ADDRESSES Y X
== NI 777777
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TC554161FTL-70/85 Static RAM

SR04010795

Write Cycle 2 ¥ (CE Controlled Write)

ADDRESSES )( - ><
s, — -
CE | - }{
- | T

E
COE .
DS toH
| e——
Din s *DATA IN STABLE* s

ADDRESSES >L = ><
; e
UB, B | 4

tco
tae
ps tpH
Din (s) DATA IN STABLE )
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SR04010795 Static RAM TC554161FTL-70/85

Notes:
1. R/W is High for Read Cycle.

2. Assuming that CE Low transition occurs coincident with or after the R/W Low transition, Outputs remain in a high
impedance state.

3. Assuming that CE High transition occurs coincident with or prior to the R/W High transition, Qutputs remain in a high
impedance state.

4. Assuming that OE is high for a Write Cycle, Outputs are in a high impedance state during this period.

5. The I/0O may be in the output state during this time, input signals of opposite phase must not be applied.

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-129



SR04010795

TC554161FTL-70/85 Static RAM
Data Retention Characteristics (Ta = 0 ~ 70°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
VpH Data Retention Supply Voltage 2.0 - 5.5 \
Ipps2 | Standby Current Vop = 3.0V - - %0 pA

Vpp = 5.5V - - 100
tcpr | Chip Deselect to Data Retention Mode 0 - - ns
tg Recovery Time 5 - - ms

CE Controlled Data Retention Mode

Note:

Voo

(1)

(1)

—————

Vpp- 0.2V

/ tcor

tr

GND

1. If the Vy of CE is 2.2V in operation, during the period that the Vpp voltage is going down from 4.5V to 2.4V, Ippsy

A-130
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SR04010795 Static RAM TC554161FTL-70/85

Outline Drawing
TSOP54-P-400 Unit in mm

H =
e
rEL
g
54 28 _ oy
BAPRAHAAAMFAAMAAAAAAAARAAAARARBA . Hé :
g e
Ol w0
-~
gl =
(¢ J
tHHHHHHHHHHHHHHHHHHHHHHHH?_' 3 9
1 2
0.71TYP 0.32+0.08
- ${013®
L 22.62MAX
22.2240.1 é% %

Q]

2
0.140.05
= T omt
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TC554161FTL-70/85 Static RAM SR04010795

Notes

1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

2. UFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

SILICON GATE CMOS
262,144 WORD x 16 BIT STATIC RAM

Description

TC554161FTL-70L/85L

PRELIMINARY

The TC554161FTL is a 4,194,304 bit static random access memory organized as 262,144 words by 16 bits using CMOS
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both high speed and low

power features with an operating current of 10mA/MHz (typ.) and a minimum cycle time of 70ns. When CE is a logical high,
the device is placed in a low power standby mode in which the standby current is 80pA (max.). The TC554161FTL has two
control inputs. A Chip Enable input (CE) allows for device selection and data retention control, while an Output Enable input
(OF) provides fast memory access. Also, it allows that lower and upper byte access by Data Byte Control (LB, UB). The

TC554161FTL is suitable for use in microprocessor application systems where high speed, low power, and battery backup

are required.

The TC554161FTL is offered in a 54-pin thin small outline plastic package.

Features

e | ow power dissipation:
e Standby current:

e 5V single power supply
® Access time (max.)

55mW/MHz (typ.)
8UA (max.) at Ta = 25°C

TC554161FTL
-70L -85L
Access Time 70ns 85ns
CE Access Time 70ns 85ns
OE Access Time 35ns 45ns
o Power down feature: CE
* Data retention supply voltage: 2.0 ~5.5V

¢ |nputs and outputs directly TTL compatible

e Package TC554161FTL : TSOP54-P-400
Pin Names
A0 ~ A17 Address Inputs
1/01 ~ 1/016 | Data Inputs/Outputs
CE Chip Enable Input
R/W Read/Write Control Input
OE Output Enable Input
LB, UB Data Byte Control Input
Vpp Power (+5V)
GND Ground
N.C. No Connection
OP* Option

* OP. pin must be connected to GND or open.

Pin Connection (Top View)

N.c. 010 54 Pag
A302 53 PAS
A203 52 QA6
A1Q4 51 pA7
A00S 50 PN.C.
ro16 06 49 /o1
¥o15 47 48 D102
Vec 08 47 P Vcc
GND 9 46 JGND
/014010 45 P03
17013 0 11 44 B /04
UsOdi12 43 pIB
CEQ13 42 pOE
op.014 41 OOP.
RWO15 40 pN.C
/012016 39 PI/O5
7011017 38 {1106

GND O 18 37 PGND

cC
7010 Q4 20 35 p1o7
1709 g 21 34 Q108
N.C. 022 33 pA8
A17 023 32 PA9
A16024 31 pA10
A15025 30 A1t
A14 026 29 PA12
A13 027 28 N.C.
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TC554161FTL-70L/85L Static RAM SR04020795
Block Diagram
Al7
Voo
A13 o MEMORY
AlZ 2|l ceLarray | € ONO
a2 OH 1.02ax256x16
A0 (4,194,304)
92
1103 - CE s
1104 <5y [ [ _// <z J
1705 Lex =g
A=) = k=
[*| SENSE AMP. =
1/09
11010 o |3\ o
vo11 <58 N
ro13 25y COLUMN 55
171012 o <25 -\ 455
/015 0-= DECODER 00w
11016 ol
J COLUMN CE
CLOCK ADDRESS BUFFER
‘—[GENERAT“ A4 A6 A8 A10
A5 A7 A9 Al
RW o—————f
OF 0—
- s,
Eo g’"\
TE© <> CE
Operating Mode ]
OPERATING MODE CE OE RIW LB UB 1/01 ~ 1/08 1/09 ~ 1/016 POWER
L L Output Output Ippo
Read L L H H L High Impedance Cutput )
L H Output High Impedance Ippo
L L Input Input Inpo
Write L * L H L High Impedance Input Ippo
L H Input High Impedance Inpo
H H * *
Output Deselect " - m r High Impedance High Impedance lopo
Standby * * * * High impedance High Impedance Inps
*HorlL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vop Power Supply Voltage -03~70 v
Vin Input Voltage -0.3*~7.0 v
Vio Input and Qutput Voltage -0.5* ~Vpp + 0.5 v
Pp Power Dissipation 0.6 w
Tsowper | Soldering Temperature (10s) 260 °C
Tstrg | Storage Temperature -55 ~ 150 °C
Topr Operating Temperature 0~70 °C

*-3.0V at pulse width 30ns Max.
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SR04020795 Static RAM TC554161FTL-70L/85L
DC Recommended Operating Conditions
SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpp | Power Supply Voltage 4.5 5.0 5.5
Viu Input High Voltage 2.2 - Vpp + 0.3 y
ViL Input Low Voltage -0.3* - 0.8
VbH Data Retention Supply Voltage 2.0 - 5.5
* -8.0V with a pulse width of 30ns
DC and Operating Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
Iy Input Leakage Current ViNn=0~Vpp - - +1.0 LA
o |Output Leakage Current CE=Vyy or RAW =Vy_or OF = Vi - - #1.0 | pA
Vour =0~ Vpp
lon Output High Current Vou = 2.4V -1.0 - - mA
lo. | Output Low Current VoL = 0.4V 2.1 - - mA
_ 70ns - - 110
CE= V"_, IOUT =0mA _ _
'bpot Other Inputs = Vju/V_ toyole | 85nS 100
. 1us - 15 - mA
Operating Current
_ 70ns - - 100
CE = 0.2V, lgyr = 0mA ~ ~
IDD02 Other Inputs = VIHNIL tche 85ns 90
1us - 10 -
Ippst CE =V, Other Inputs = V}/V_ - - 3 mA
| Standby Current CE = Vpp - 0.2V Ta=0~70°C - - 60 uA
DDS2 Vpp = 2.0V ~ 5.5V Ta=25C - 4 8
Capacitance (Ta = 25°C, f = 1.0MHz2)
SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Ciy | Input Capacitance V|n = GND 10 F
Cout | Output Capacitance Vour = GND 10 P
Note: This parameter is periodically sampled and is not 100% tested.
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TC554161FTL-70L/85L

Static RAM

SR04020795

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)

Read Cycle
TC554161FTL
SYMBOL PARAMETER -70L -85L UNIT
MIN. MAX. MIN. MAX.
trc | Read Cycle Time 70 - 85 -
tacc | Address Access Time - 70 - 85
tco | CEAccess Time - 70 - 85
toe OE Access Time - 35 - 45
tga UB, LB Access Time - 35 - 45
ton 8rl.:tput Data Hold Time from Address 10 B 10 _
ange ns
tcoe | Output Enable Time from CE 10 - 10 -
toge | Output Enable Time from OE - -
tge Output Enable Time from UB, LB - -
top | Output Disable Time from CE - 25 - 30
topo | Output Disable Time from OE - 25 - 30
tsp Output Disable Time from UB, LB - 25 - 30
Write Cycle
TC554161FTL
SYMBOL PARAMETER -70L -85L UNIT
MIN. MAX. MIN. MAX.
twc | Write Cycle Time 70 - 85 -
twp | Write Pulse Width 50 - 55 -
tcw | Chip Enable to End of Write 60 - 70 -
tgw | UB, LB Enable to End of Write 50 - 55 -
tas Address Setup Time 0 - 0 - ns
twr | Write Recovery Time 0 - 0 -
tps | Data Setup Time 30 - 35 -
tpH Data Hold Time - -
toew | Output Enable Time from R/W 5 - 5 -
topw | Output Disable Time from R/W - 25 - 30
AC Test Conditions
Input Pulse Levels 2.4V/0.6V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V

Output Load

1 TTL Gate and C| = 100pF
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SR04020795 Static RAM TC554161FTL-70L/85L

Timing Waveforms

Read Cycle (!

tre
ADDRESSES )( X
tacc
tco

toH
|———
top

lobo

18D

CE

OF

Dout Output Data Valid

| Xas | twe twr
RAW y

= NN 7777777
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TC554161FTL-70L/85L Static RAM SR04020795

Write Cycle 2 ) (CE Controlled Write)

ADDRESSES )( )(
I twe twr

D0

t
AS

20

High Impedance

Write Cycle 3 ) (UB, LB Controlled Write)

ADDRESSES X - X
VR ;4
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SR04020795 Static RAM TC554161FTL-70L/85L

Notes:
1. R/W is High for Read Cycle.

g
— 8
2. Assuming that CE Low transition occurs coincident with or after the R/W Low transition, Outputs remain in a high % =
impedance state. 36
&

3. Assuming that CE High transition occurs coincident with or prior to the R/W High transition, Outputs remain in a high
impedance state.

4. Assuming that OE is High for a write cycle, the Outputs are in a high impedance state during this period.

5. The I/0 may be in the output state during this time, input signals of opposite phase must not be applied.
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TC554161FTL-70L/85L

Static RAM

SR04020795

Data Retention Characteristics (Ta = 0 ~ 70°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpy | Data Retention Supply Voltage 2.0 - 5.5 \'
Ippsz | Standby Current Vop =30V - - 8 pA

Vpp = 5.5V - - 60
tcpr | Chip Deselect to Data Retention Mode 0 - - ns
tr Recovery Time 5 - - ms

*BA (max.) Ta = 0 ~ 40°C

CE Controlled Data Retention Mode

Note:

Voo \
4.5\/ —————— — - ——

(1)

——— ——

(1)

Vpp- 0.2V

Vin -
CE / tcoR

tr

GND

1. If the V}y of CE is 2.2V in operation, during the period that the Vpp voltage is going down from 4.5V to 2.4V, Ippg1

A-140

current flows.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

PRELIMINARY



-~

SR04020795 Static RAM TC554161FTL-70L/85L

Qutline Drawing
TSOP54-P-400

Unit in mm
54 28
A0QAAARRRRAAAAEAAARARAAARRE — T 2
3 g
a8
S| =
@)
jﬁiﬁﬁﬂj ' FBODOHBBOOBERBEOBE. o 9
1 27
0.71TYP 0.32+0.08
— + @013(:}
| 22.62MAX
22.2240.1 % :st( 3
o N ?‘
Lw T8g 0 T % ﬁ
=] g '9
:l o
d . .
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TC554161FTL-70L/85L Static RAM SR04020795

Notes
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TOSHIBA

TC554161FT1-85/10

SILICON GATE CMOS PRELIMINARY

262,144 WORD x 16 BIT STATIC RAM

Description

The TC554161FTl is a 4,194,304 bits static random access memory organized as 262,144 words by 16 bits using CMOS
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both high speed and low
power features with an operating current of 10mA/MHz (typ.) and a minimum cycle time of 85ns. When CE is a logical high,
the device is placed in a low power standby mode in which the standby current is 200pA (max.). The TC554161FTl has two
control inputs. A Chip Enable input (CE) allows for device selection and data retention control, while an Output Enable input
(OE) provides fast memory access. Also, it allows that lower and upper byte access by Data Byte Control (LB, UB). The
TC554161FTl is suitable for use in microprocessor application systems where high speed, low power, battery backup are
required, and wide operating temperature system for TC554161FTI guarantees -40 ~ 85°C operating temperature.

The TC554161FTl is offered in a 54-pin thin small outline plastic package.

Features Pin Connection (Top View)
e Low power dissipation:  55mW/MHz (typ.)
e Standby current: 200pA (max.) nc. 70 5a Pas
i A3Q2 53 DAS
e 5V smgle: power supply ads 3 EAG
e Access time (max.) A1 04 51 QA7
A0QS 50 PN.C.
TC554161FTI o164 6 49 pro1
yo1s g7 48 pvo2
-85 -10 Vec Q8 47 PVcc
GND {9 46 I GND
Access Time 85ns 100ns /014410 45 P03
— ¥013Q11 44 DuO4
LCEAccess Time 85ns 100ns l_J% g12 43 g %‘g
OF Access Time 45ns | 50ns a3 azpoe
— RWO15 40 DN.C
¢ Power down feature: CE |/o1zg 16 39 puos
o Data retention supply voltage: 2.0~5.5V VGON’; d :g §§ E,‘g‘,ﬂg
i i VeeQ19 36 PV,
e |Inputs and outputs directly TTL compatible osdn 32 birs
¢ Package TC554161FTI : TSOP54-P-400 09 g21 34 pros
e Wide temperature operating: -40 ~ 85°C T“c, E g gi 3:3

A16024 31 PA10
A15025 30 pA11
Pin Names Al4026 29 PA12

A0 ~ A17 | Address Inputs ABOZ_ZBRNG

1/01 ~ 1/O16 | Data Inputs/Outputs

CE Chip Enable Input

R/W Read/Write Control Input

OE Output Enable Input

B, UB Data Byte Control Input

Vpp Power (+5V)

GND Ground

N.C. No Connection

OF. Option

* OP. pin must be connected to GND or open.
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TC554161FT1-85/10 Static RAM SR04030295

Block Diagram
NIE:
Al 5l B e Voo
A3 o o MEMORY
A;‘\g 2 Sl cew array | €° GNO
Aze N 1.02ax256x 16
A3 (4,194,304)
12
« . |CE o
R s m——/ =
08 322N =/ 83a—
V08 —
> SENSE AMP. =
1709
1ot 3 NP =
012 <ou Pt dvd
tE e AN
V015 a-= DECODER L_\
016
v COLUMN CE
CLOCK ADDRESS BUFFER
Iﬂ’ﬁ"_' Ad A6 A8 A10
AS A7 A3 Al
=Py
OF 00— :'; —
=D
Bo >
—38
CE P CE
Operating Mode
OPERATING MODE CE OE RW LB UB 1/01 ~ 1/08 1/09 ~ 1/016 POWER
L L Output Output Inpo
Read L L H H L High Impedance Output Inpo
L H Output High Impedance Inpo
L L Input Input Inpo
Write L * L H L High Impedance Input Inpo
L H Input High Impedance Ippo
L H H * * . .
Output Deselect 1 — - m m High Impedance High Impedance Iopo
Standby H * * * * High Impedance High Impedance Inps
*HorlL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Voo Power Supply Voltage -03~7.0 v
Viy Input Terminal Voltage -0.3*~7.0 v
Viro Input/Output Terminal Voltage -0.5* ~Vpp + 0.5 v
Pp Power Dissipation 0.6 w
Tsooer | Soldering Temperature (10s) 260 °C
Tstrg | Storage Temperature -55 ~ 150 °C
Topg | Operating Temperature -40 ~ 85 °C

*-3.0V at pulse width 30ns Max.
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SR04030295

Static RAM

TC554161FTI-85/10

DC Recommended Operating Conditions (Ta = -40 ~ 85°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vbp Power Supply Voltage 4.5 5.0 5.5
Viu Input High Voltage 24 - Vpp + 0.3 v
Vi Input Low Voltage -0.3* - 0.6
VpH Data Retention Supply Voltage 2.0 - 5.5
* -8.0V at pulse width 30ns Max.
DC and Operating Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
Iy Input Leakage Current Vin=0~Vpp - - +1.0 pA
lo |Output Leakage Current CE = Vyy or =ViLor OB =Viy - - 1.0 | pA

Vour=0~Vpp
lon Output High Current Vou = 2.4V -1.0 - - mA
loL Output Low Current VoL = 0.4V 2.1 - - mA
70ns - - 110
CE =V, lout = 0mA 85ns, | _
Ioor Other Inputs = Vi/V),_ teyele | q0ns 100
. 1us - 15 -
Operating Current mA
70ns - - 100
CE = 0.2V, IgyT = OmA 8sns, | _ _
Ibpoz Other Inputs = Vj/Vy, teycle | qons 90
1us - 10 -
lbpst CE= Vin, Other Inputs = Vi/V). - - 3 mA
Standby Current CE =Vpp-0.2V
lops2 Vpp = 2.0V ~ 5.5V - - 200 | wA
Capacitance (Ta = 25°C, f = 1.0MHz)

SYMBOL PARAMETER " TEST CONDITION MAX. | UNIT

Cin | Input Capacitance Vin = GND 10 E
Cour | Output Capacitance Vour = GND 10 P

Note: This parameter is periodically sampled and is not 100% tested.
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TC554161FT1-85/10

Static RAM

SR04030295

AC Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%)

Read Cycle
TC554161FTI
SYMBOL PARAMETER -85 -10 UNIT
MIN. MAX. MIN. MAX.
tre Read Cycle Time 85 - 100 -
tacc | Address Access Time - 85 - 100
tco CE Access Time - 85 - 100
toe OE Access Time - 45 - 50
tga | UB, LB Access Time - 45 - 50
ton gxtput Data Hold Time from Address 10 _ 10 _
ange ns
tcoe | Output Enable Time from CE 5 - 5 -
toeg | Output Enable Time from OE 0 - 0 -
tge Output Enable Time from UB, LB 0 - 0 -
top Output Disable Time from CE - 35 - 40
topo | Output Disable Time from OE - 35 - 40
tsp Output Disable Time from UB, LB - 35 - 40
Write Cycle
TC554161FTI
SYMBOL PARAMETER -85 -10 UNIT
MIN. MAX. MIN. MAX.
twc | Write Cycle Time 85 - 100 -
twp | Write Pulse Width 55 - 60 -
tcw | Chip Enable to End of Write 70 - 80 -
tgsw | UB, LB Enable to End of Write 55 - 60 -
tas Address Setup Time 0 - 0 - ns
twr | Write Recovery Time - 0 -
tps Data Setup Time 35 - 40 -
ton Data Hold Time 0 - -
toew | Output Enable Time from R/W 0 - -
topw | Output Disable Time from R/W - 35 - 40
AC Test Conditions
Input Pulse Levels 2.6V/0.4V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V
Output Load 1 TTL Gate and C; = 100pF
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Timing Waveforms
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Write Cycle 2 ) (CE Controlled Write)
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Notes:
1

2.

. R/W is High for Read Cycle.

. Assuming that CE High transition occurs coincident with or prior to the R/W High transition, Outputs remain in a high

Assuming that the CE Low transition occurs coincident with or after the R/W Low transition, Outputs remain in a high f
impedance state.

B

impedance state.

. Assuming that is High for a Write Cycle, Outputs are in a high impedance state during this period.

. The I/0 may be in the output state during this time, input signals of opposite phase must not be applied.
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TC554161FTI-85/10 Static RAM SR04030295
Data Retention Characteristics (Ta = 0 ~ 70°C)
SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpy | Data Retention Supply Voltage 2.0 - 5.5 Vv
Ipps2 | Standby Current Vop = 3.0V - - 100 pA
Vpp = 5.5V - - 200
tcpr | Chip Deselect to Data Retention Mode 0 - - ns
tr Recovery Time 5 - - ms

CE Controlled Data Retention Mode

Note:

Voo

DATA RETENTION MOODE

(1)

tcor

Vpp-0.2V

r

GND

1. If the V) of CE is 2.2V in operation, during the period that the Vpp voltage is going down from 4.5V to 2.4V, Ipps+
~current flows.
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Outline Drawing
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TC554161FTI-85/10 Static RAM SR04030295

Notes

1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

. LIFE SUPPORT POLICY

IS

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.
3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. Allinformation in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

TC554161FTI-85L/10L

SILICON GATE CMOS PRELIMINARY
262,144 WORD x 16 BIT STATIC RAM

Description

The TC554161FTl is a 4,194,304 bits static random access memory organized as 262,144 words by 16 bits using CMOS
technology, and operated from a single 5V power supply. Advanced circuit techniques provide both high speed and low
power features with an operating current of 10mA/MHz (typ.) and a minimum cycle time of 85ns. When CE is a logical high,
the device is placed in a low power standby mode in which the standby current is 140pA (max.). The TC554161FTI has two
control inputs. A Chip Enable input (CE) allows for device selection and data retention control, while an Output Enable input
(OE) provides fast memory access. Also, it allows that lower and upper byte access by Data Byte Control (LB, UB). The
TC554161FTl is suitable for use in microprocessor application systems where high speed, low power battery backup are
required, and wide operating temperature.

The TC554161FTl is offered in a 54-pin thin small outline plastic package.

Features Pin Connection (Top View)
e L ow power dissipation: ~ 55mW/MHz (typ.)
. — 950 N.C.§10 54 Pad
o Staqdby current: 8uA (max.) at Ta = 25°C A3 02 33 bas
* 5V single power supply A2Q3 52 A6
* Access time (max.) ﬁé E ‘; ';’:, ;’;}?C.
101606 49 puo1
TC554161FTI vo1sd? a8 puo2
Vec (8 47 AVce
-85 -10 GND Q9 46 [ GND
- 1014410 45 P03
Access Time 85ns 100ns 17013 4 11 44 D104
CE Access Time 85ns 100ns Lé—:- E :g :g g %%
OE " op.1a 41 QOP.
OE Access Time 45ns 50ns rwdis 40 NG
¢ Power down feature: CE ',fg}f E :g gg 3 :fgg
 Data retention supply voltage: 2.0 ~5.5V GNDQ18 37 BGND
. . Vec G 19 36 P Ve
o Inputs and outputs directly TTL compatible 7010420 35 prO7
. 09 Q21 34 pros
® Package TC554161FTI : TSOP54-P-400 Ncd22 33pas
e Wide temperature operation: -40 ~ 85°C A17023 32 DA9
A16024 31 fA10
A15025 30 PAN
Pin Names A14026 29 pA12
A13027 28 DN.C.
A0 ~ A17 Address Inputs
1/01 ~1/016 | Data Inputs/Outputs
CE Chip Enable Input
R/W Read/Write Control Input
OE Output Enable Input
LB, UB Data Byte Control Input
Vbp Power (+5V)
GND Ground
N.C. No Connection
OP* Option

* OP. pin must be connected to GND or open.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

A-153



TC554161FTI-85L/10L Static RAM SR04040295
Block Diagram
Al7 o
AEMIE —
o
Al3 o o MEMORY
Az Sl cewarmay | € NP
RE: ©H 1.028x256x16
A0 (4,194,304)
v
« CE ra
voa s HID < 52 ! /) <2EE)
Vo 322 =71833
1708 —
| SENSE AMP. —— —
1/09
1010 e
V913 <5 \ <22
11013 Fau COLUMN 55
17014 <25 £33
V015 Q-a DECODER 00=
11016 =
+ COLUMN CE
CLOCK ADDRESS BUFFER
iﬂ“ﬂ_‘ A4 A6 A8 A10
AS A7 A9 All
e =
ote— | (=4 )~
w s=:P\
—al
o 9 )
[<3 P> CE
Operating Mode
OPERATING MODE CE (3 R/W iB UB 1/01 ~ 1/08 1/09 ~ 1/016 POWER
L L Output Output Ippo
Read L L H H L High Impedance Output Ipbo
L H Output High Impedance Inpo
L L Input Input Ippo
Write L * L H L High Impedance Input Iopo
L H Input High Impedance Ippo
L H H * * , _
Output Deselect " — r m High Impedance High Impedance Ippo
Standby H * * * * High Impedance High Impedance Inps
*HorlL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Voo Power Supply Voltage -03~7.0 '
Vin Input Terminal Voltage -0.3*~ 7.0 v
Viro Input/Output Terminal Voltage -0.5* ~Vpp + 0.5 v
Pp Power Dissipation 0.6 w
Tsoper | Soldering Temperature (10s) 260 °C
Tstrg | Storage Temperature -55 ~ 150 °C
Torr Operating Temperature -40 ~ 85 °C

*
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-3.0V at pulse width 30ns Max.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

PRELIMINARY



S—

SR04040295

Static RAM

TC554161FTI-85L/10L

DC Recommended Operating Conditions (Ta = -40 ~ 85°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpp | Power Supply Voltage 4.5 5.0 5.5
Viy Input High Voltage 24 - Vpp + 0.3 v
ViL Input Low Voltage -0.3* - 0.6
Vph Data Retention Supply Voltage 2.0 - 5.5
* -3.0V with a pulse width of 30ns
DC and Operating Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+£10%)
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Leakage Current ViN=0~Vpp - - +1.0 pA
o | Output Leakage Current CE =Vjy or R/W =V or OF = Viy - - #1.0 | pA
Vour=0~Vpp
loy | Output High Current Vou = 2.4V -1.0 - - mA
loL Output Low Current VoL = 0.4V 2.1 - - mA
70ns - - 110
CE = V), loyr = OMA 85ns, | _
'boor Other Inputs = Vj/V_ teycle | 10ns 100
. 1us - 15 -
Operating Current mA
70ns - - 100
CE = 0.2V, Iyt = OmA 8sns, | _ _
'oooz Other Inputs = Vj/V_ teycle | 10ns %0
1us - 10 -
CE= V|H1 Other Inputs = V|HN“_ - - 3 mA
Ippst Standby Current CE=Vpp-0.2V Ta=-40~85C | - - 140
Ipps2 pA
Vpp = 2.0V ~ 5.5V Ta = 25°C - 4 8
Capacitance (Ta = 25°C, f = 1.0MHz2)
SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Cin | Input Capacitance V)y = GND 10 E
Cout | Output Capacitance Vout = GND 10 P
Note: This parameter is periodically sampled and is not 100% tested.
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TC554161FTI-85L/10L

Static RAM

v

SR04040295

AC Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%)

Read Cycle
TC554161FTI
SYMBOL PARAMETER -85L -10L UNIT
MIN. MAX. MIN. MAX.
tgc | Read Cycle Time 85 - 100 -
tacc | Address Access Time - 85 - 100
tco | CE Access Time - 85 - 100
toe OE Access Time - 45 - 50
tga UB, LB Access Time - 45 - 50
ton 8:;?1;teData Hold Time from Address 10 _ 10 _ -
tcoe | Output Enable Time from CE 5 - 5 -
toee | Output Enable Time from OE 0 - 0 -
tge Output Enable Time from UB, LB 0 - 0 -
top | Output Disable Time from CE - 35 - 40
topo | Output Disable Time from OE - 35 - 40
tsp Output Disable Time from UB, LB - 35 - 40
Write Cycle
TC554161FTI
SYMBOL PARAMETER -85L -10L UNIT
MIN. MAX. MIN. MAX.
twc | Write Cycle Time 85 - 100 -
twp | Write Pulse Width 55 - 60 -
tcw | Chip Enable to End of Write 70 - 80 -
tsw | UB, LB Enable to End of Write 55 - 60 -
tas Address Setup Time 0 - 0 - ns
twr | Write Recovery Time 0 - 0 -
tps | Data Setup Time 35 - 40 -
tpH Data Hold Time 0 - 0 -
toew | Output Enable Time from R/W 0 - 0 -
topw | Output Disable Time from R/W - 35 - 40
AC Test Conditions
Input Pulse Levels 2.6V/0.4V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V
Output Load 1 TTL Gate and C, = 100pF
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SR04040295 Static RAM TC554161FTI-85L/10L

Timing Waveforms
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TC554161FTI-85L/10L Static RAM SR04040295

Write Cycle 2 @ (CE Controlled Write)
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Write Cycle 3 ¥ (UB, LB Controlled Write)
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SR04040295 Static RAM TC554161FTI-85L/10L

Notes:
1. R/W is high for Read Cycle.

2. Assuming that CE Low transition occurs coincident with or after the R/W Low transition, Outputs remain in a high
impedance state.

3. Assuming that CE High transition occurs coincident with or prior to the R/W High transition, Outputs remain in a high o
impedance state.

4. Assuming that OE is High for a Write Cycle, the Outputs are in a high impedance state during this period.

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied.
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TC554161FTI-85L/10L Static RAM SR04040295
Data Retention Characteristics (Ta = -40 ~ 85°C)
SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpy | Data Retention Supply Voltage 2.0 - 5.5 \
Ipps2 | Standby Current Von = 3.0V - - L HA
Vpy = 5.5V - - 140
tcpr | Chip Deselect to Data Retention Mode - - ns
tr Recovery Time - - ms

*6UA (max.) Ta= 0 ~ 40°C

CE Controlled Data Retention Mode

Note:

DATA RETENTION MODE

Voo \
4.5\/ —————— —— - —

(M)

Vi —_——
CE / tcor

(1)

—— e

Vpp- 0.2V

tr

GND

1. If the V}; of CE is 2.2V in operation, during the period that the Vpp voltage is going down from 4.5V to 2.4V, Ipps;
current flows.
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SR04040295 Static RAM TC554161FTI-85L/10L

Outline Drawing
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TC554161FTI-85L/10L Static RAM SR04040295

Notes

. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

. LIFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

N

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

TC554161FT1-85V/10V

SILICON GATE CMOS PRELIMINARY

A.Standard
Static RAM

262,144 WORD x 16 BIT STATIC RAM

Description

The TC554161FTl is a 4,194,304 bits static random access memory organized as 262,144 words by 16 bits using CMOS
technology, and operated from a single 3.0 ~ 5.5V power supply. Advanced circuit techniques provide both high speed and
low power features with an operating current of 10mA/MHz (typ.) and a minimum cycle time of 85ns. When CE is a logical
high, the device is placed in a low power standby mode in which the standby current is 60pA (max.). The TC554161FTl has
two control inputs. . _

A Chip Enable input (CE) allows for device selection and data retention control, while an Output Enable input (OF) pro-
vides fast memory access. Also, it allows that lower and upper byte access by Data Byte Control (LB, UB). The
TC554161FTl is suitable for use in microprocessor application systems where high speed, low power, and battery backup
are required.

The TC554161FTl is offered in a 54-pin thin small outline plastic package.

Features Pin Connection (Top View)
o | ow power dissipation:  55mW/MHz (typ.)
e Standby current: 8UA (max.) at Ta = 25°C NC 10 54 Das
o 5V single power supply A3Q2 D AS
e Access time (max.) ﬁf i 3 ﬁ?
5V+10% 3.0 ~ 5.5V orede B
85V | 10V | -85V-10V e ds hvo?
Access Time 85ns | 100ns 150ns ,%“,3 H g f,sg?
CE Access Time 85ns | 100ns 150ns i OJ—g g %)4
OE Access Time | 45ns | 50ns 75ns CE b GE
— OP. b oP.
o Power down feature: CE it s
o Data retention supply voltage: 2.0~5.5V 17011 B 1106
o Inputs and outputs directly TTL compatible G\;" C?: g S':CD
e Package TC554161FTI : TSOP54-P-400 I/ I%g g ;;8;
o Wide temperature operation: -40 ~ 85°C N.C. b A8
A7 b A9
Pin Names A16 DA10
A0 ~ A17 Address Inputs ﬁ:z 3 2:;
I/01 ~ /016 | Data Inputs/Outputs A13 pN.C
CE Chip Enable Input
R/W Read/Write Control Input
OE Output Enable Input
LB, UB Data Byte Control Input
Vpp Power (+5V)
GND Ground
N.C. No Connection
OP* Option

* OP. pin must be connected to GND or ope.
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TC554161FT1-85V/10V Static RAM SR04051095
Block Diagram
A
A1S <+—o Vpp
Al4
NE] MEMORY GND
A}é CELLARRAY | ¥°
A 1,024x 256 % 16
A0 (4,194,304)
63
1/03 o= -5 CE s
1108 <50 I ] __//<E$—-
1105 Fau \ P g
=) ==
109 > SENSE AMP.
17010 =R =[]
Voi2 <58 N <2
11013 Sau COLUMN _\ <55
11014 <Z5 55
17015 o -= DECODER O00wm
11016
COLUMN CE
CLOCK ADDRESS BUFFER
lﬂ‘i"ﬂl A4 A6 A8 A10
AS A7 A9 A1l
e = —
oto— | =
U_B >
Be a—\
[«d > CE
Operating Mode
OPERATING MODE CE [i] R/W LB UB 1/01 ~1/08 1/09 ~ 1/016 POWER
L L Output Output Inpo
Read L L H H L High Impedance Ouipui Inpo
L H Output High Impedance Inpo
L L Input Input Ippo
Write L * L H L High Impedance Input Ippo
L H Input High Impedance Ipo
H * *
Output Deselect " " " High Impedance High Impedance Ippo
Standby * * * * High Impedance High Impedance Ipps
*HorL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vop Power Supply Voltage -03~7.0 v
Vi Input Voltage -0.3*~7.0 v
Vio Input and Output Voltage -0.5* ~Vpp + 0.5 v
Pp Power Dissipation 0.6 w
Tsoper | Soldering Temperature (10s) 260 °C
Tstrg | Storage Temperature -55 ~ 150 °C
Torr Operating Temperature -40 ~ 85 °C

*
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TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

PRELIMINARY



SR04051095 Static RAM TC554161FTI-85V/10V

DC Recommended Operating Conditions (Ta = -40 ~ 85°C)

SYMBOL PARAMETER 5V+10% 30% ~ 5.5V UNIT = 5
MIN. TYP. MAX. MIN. TYP. MAX. UNIT i{é %‘
LEE
Vbp Power Supply Voltage 4.5 5.0 5.5 3.0 - 5.5 : ‘g %
Vih | Input High Voltage 2.4 - Vpp +0.3 | Vpp-0.2 - Vpp + 0.3 < -
ViL Input Low Voltage -0.3* - 0.6 -0.3* - 0.2 v
Vo g:;a Retention Supply Volt- 2.0 _ 5.5 2.0 _ 5.5

* -8.0V with a pulse width of 30ns

DC and Operating Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
Iy Input Leakage Current Vin=0~Vpp - - | +1.0 | pA
lo |Output Leakage Current CE = Vi or R/W = Vi or OF = Viy - - |#10| pA

Vour=0~Vpp
loy | Output High Current Vou =2.4V 1.0 | - - mA
lor | Output Low Current VoL = 0.4V 21 - - mA
CE =V, loyr = OmA Min. - | - | 100
Ibpot Other Inputs = Vj/V, toyole 1us — |15 | =
. IH/VIL it
Operating Current — - mA
1 CE=0.2y, IOUT =0mA t Min. - - 90
Dbo2 Other Inputs = Vjy/V,_ cycle 1us - |10 | -
Ippst CE = V}y, Other Inputs = Vj/Vy, - - 3 | mA
Ta=-40 ~ 85°C - - | 140
VDD = 2.0\/ ~ 5.5V
Ta=25°C - 4 8
Standby Current —
Ipps2 CE =Vpp - 0.2V Ta=-40 ~ 85°C - - 70 | pA
Vpp = 3.0V Ta =-40 ~ 40°C - - 6
Ta=25°C - 2 -
DC and Operating Characteristics (Ta = -40 ~ 85°C, Vpp = 3.3V+0.3V)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Leakage Current Vin=0~Vpp - - | £1.0| pA
lLo |Output Leakage Current CE=Vyy or R/W = V_or O = Vi - | - |+1.0] pA

Vour=0~Vpp
lon Output High Current Vou = 2.4V -1.0 | - - mA
loo | Output Low Current VoL = 0.4V 0.1 - - mA
) CE = 0.2V, lgyr = OmA MIN. - | - 183
Ippo2 | Operating Current Other Inputs = Vi/Vy, Teycle s - 5 - mA
Ta=-40 ~ 85°C - - 90
VDD = 3.3V + 03V
Ta=25°C - 2 4
Ipps2 Standby Current CE = Vpp - 0.2V Ta=-40~85°C | - - | 80 | pA
Vpp = 3.3V Ta=-40 ~ 40°C - - 8
Ta=25°C - 2 -
Capacitance (Ta = 25°C, f = 1.0MHz2)
SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Cin | Input Capacitance Vin = GND 10 F
Cour | Output Capacitance Vout = GND 10 P
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TC554161FTI-85V/10V Static RAM SR04051095
AC Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%)

Read Cycle
TC554161FTI
SYMBOL PARAMETER -85V -10V UNIT
MIN. MAX. MIN. MAX.
tre Read Cycle Time 85 - 100 -
tacc | Address Access Time - 85 - 100
tco | CE Access Time - 85 - 100
toe OE Access Time - 45 - 50
tga UB, LB Access Time - 45 - 50
ton gxtput Data Hold Time from Address 10 _ 10 _
ange ns
tcoe | Output Enable Time from CE 5 - 5 -
toge | Output Enable Time from OE 0 - 0 -
tge Output Enable Time from UB, LB 0 - 0 -
top Output Disable Time from CE - 35 - 40
topo | Output Disable Time from OE - 35 - 40
tsp Output Disable Time from UB, LB - 35 - 40
Write Cycle
TC554161FTI
SYMBOL PARAMETER -85V -10V UNIT
MIN. MAX. MIN. MAX.
twc | Write Cycle Time 85 - 100 -
twp | Write Pulse Width 55 - 60 -
tcw | Chip Enable to End of Write 70 - 80 -
tgw | UB, LB Enable to End of Write 55 - 60 -
tas | Address Setup Time 0 - 0 - ns
twr | Write Recovery Time 0 - 0 -
tps Data Setup Time 35 - 40 -
ton Data Hold Time 0 - 0 -
toew | Output Enable Time from R/W 0 - 0 -
topw | Output Disable Time from R/W - 35 - 40
AC Test Conditions
Input Pulse Levels 2.6V/0.4V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V
Output Load 1 TTL Gate and C = 100pF
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SR04051095 Static RAM TC554161FTI-85V/10V

AC Characteristics (Ta = -40 ~ 85°C, Vpp = 3.0V ~ 5.5V)

Read Cycle
SYMBOL PARAMETER MIN. MAX. | UNIT
tre Read Cycle Time 150 -
tacc | Address Access Time - 150
tco CE Access Time - 150
toe OE Access Time - 75
tea UB, LB Access Time - 75
ton grt:tput Data Hold Time from Address 10 _
ange ns
tcoe | Output Enable Time from CE 5 -
toee | Output Enable Time from OE 0 -
tge | Output Enable Time from UB, LB 0 -
top | Output Disable Time from CE - 50
topo | Output Disable Time from OE - 50
tep Output Disable Time from UB, LB - 50
Write Cycle
SYMBOL PARAMETER MIN. MAX. | UNIT
twe | Write Cycle Time 150 -
twp | Write Pulse Width 100 -
tcw | Chip Enable to End of Write 120 -
tgw | UB, LB Enable to End of Write 100 -
tas | Address Setup Time 0 -
twr | Write Recovery Time 0 - ns
tps Data Setup Time 60 -
ton Data Hold Time 0 -
toew | Output Enable Time from R/W 0 -
topw | Output Disable Time from R/W - 50
AC Test Conditions
Input Pulse Levels Vpp - 0.2V/0.2V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V
Output Load 100pF (Include Jig)
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TC554161FTI-85V/10V

Static RAM SR04051095
Timing Waveforms
Read Cycle (!
tac '
ADDRESSES X X
tacc tow

]

Output Data Valid

twr

4

Ny

200
%

toew

N

)K )
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SR04051095 Static RAM TC554161FTI-85V/10V

Write Cycle 2 ) (CE Controlled Write)

ADDRESSES X \ ( gw |
WW"
;(

b

Write Cycle 3 ) (UB, LB Controlled Write)

ADDRESSES >< - ><
- T o
U8, T8 ' £
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TC554161FTI-85V/10V Static RAM SR04051095

Notes:

A-170

1. R/W is High for Read Cycle.

2. Assuming that CE Low transition occurs coincident with or after the R/W Low transition, Outputs remain in a high
impedance state.

3. Assuming that CE High transition occurs coincident with or prior to the R/W High transition, Outputs remain in a high
impedance state.

4. Assuming that OE is High for a write cycle, the Outputs are in a high impedance state during this period.

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied.
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SR04051095 Static RAM TC554161FTI-85V/10V
Data Retention Characteristics (Ta = -40 ~ 85°C) :
SYMBOL PARAMETER MIN. | TYP. MAX. UNIT L e
Vpy | Data Retention Supply Voltage 2.0 - 5.5 Vv -E ‘;’ :
Vo = 3.3V - - 80* S B
Ipps2 | Standby Current DH WA e
Vpu = 5.5V - - 140 b
tcpr | Chip Deselect to Data Retention Mode - - ns
tr Recovery Time - - ms
*8UA (max.) Ta = -40 ~ 40°C
CE Controlled Data Retention Mode
Voo \ﬂ DATA RETENTION MODE
45V === === —_———r e e - —
(1) (1)
o TTT \ /
/ VDD' 0.2v
CE tcor tr
GND
Note:
1. If the Vy; of CE is 2.2V in operation, during the period that the Vpp voltage is going down from 4.5V to 2.4V, Ippgy
current flows.
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TC554161FTI-85V/10V Static RAM SR04051095

Outline Drawing

TSOP54-P-400 Unit in mm

10.1640.1
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1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

. LIFE SUPPORT POLICY

IS

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.
3. Theinformation in this document has been carefully checked and is believed to be refiable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

TC554161FTL-70V/85V

PRELIMINARY

Static RAM

A Standard |

SILICON GATE CMOS
262,144 WORD x 16 BIT STATIC RAM

Description

The TC554161FTL is a 4,194,304 bits static random access memory organized as 262,144 words by 16 bits a using
CMOS technology, and operated from a single 3.0 ~ 5.5V power supply. Advanced circuit techniques provide both high _
speed and low power features with an operating current of 10mA/MHz (typ.) and a minimum cycle time of 70ns. When CE
is a logical high, the device is placed in a low power standby mode in which the standby current is 4puA (max.). The
TC554161FTL has two control inputs. .

A Chip Enable input (CE) allows for device selection and data retention control, while an Output Enable input (OE) pro-
vides fast memory access. Also, it allows that lower and upper byte access by Data Byte Control (LB, UB). The
TC554161FTL is suitable for use in various microprocessor application systems where high speed, low power, and battery
backup are required.

The TC554161FTL is offered in a 54-pin thin small outline plastic package.

Features Pin Connection (Top View)
e | ow power dissipation:  55mW/MHz (typ.)
e Standby current: 8uA (max.) at Ta = 25°C NC 016 52 bas
o Single power supply: 3.0 ~5.5V A302 53 pAS
9 p. PRY A2(Q3 52 D A6
e Access time (max.) A104 51 DA7
A0 (5 50 PN.C.
5V+10% 3.0V ~5.5V 101606 49 p1/O1
101507 48 p1/02
-70V -85V -70V/-85V Vec 8 47 PVcc
GND Q9 46 0 GND
Access Time 70ns 85ns 150ns 014010 45 P03
= - 7013411 44 D104
CE Access Time 70ns 85ns 150ns OU—B- di2 43 p -L—Bo
BE " CEO13 42 POE
OE Access Time 35ns 45ns 75ns op.d1a 41 bop.
— g DN.C.
o Power down feature: CE ,,m d :2 §8 h |,oc5
: . - 1011017 38 P06
o Data retention supply voltage: . 2.0 ~5.5V GnDO18 37 honp
¢ |nputs and outputs TTL compatible VeeO19 36 chc
. 1010420 35 pwO7
e Package TC554161FTL : TSOP54-P-400 yoad21 34 hyos
N.C.O22 33 pA8
A17023 32 DAS
A16024 31 fJA10
Pin Names A15025 30 EAH
A14026 29 PAI2
A0 ~ A17 Address Inputs A13027 28 ON.C.
1/01 ~ 1/016 | Data Inputs/Outputs
CE Chip Enable Input
R/W Read/Write Control Input
OE Output Enable Input
LB, UB Data Byte Control Input
Vbp Power (+5V)
GND Ground
N.C. No Connection
OP.* Option

* OP. pin must be connected to GND or open.
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TC554161FTL-70V/85V

Static RAM

SR04060795

Block Diagram

[

|

E==mijjj

Als
R z o v
o
A3 IS MEMORY
<«—o GND
AlR E CELL ARRAY
o 1,024 %256 16
A0 (4,194,304)
192
1103 « CE [
/04 <58 [ I <2
s o <&s <55
[l 100
1107 o
1708 =
1109 o— ]  SENSE AMP.
17010 7 =
1/Q11 o— N NPT
i< 5 S\ B
ro13 - %5 COLUMN 33
/015 o o -a DECODER
11016 A
v COLUMN CE
CLOCK ADDRESS BUFFER
GENERATOR 46 8 1
A5 A7 A9 ATl
RIW o———y

ikt

OF o——
UBo
Bo
TE° CE
Operating Mode
OPERATING MODE CE OF R/W LB UB 1/01 ~ 1/08 1/09~1/016 | POWER
L L Output Output Inpo
Read L L H H L High Impedance Ouiput lopo
L H Output High Impedance Inpo
L L Input Input lono
Write L * L H L High Impedance Input Iooo
L H Input High Impedance Inpo
L H H * * . .
Output Deselect L " — r r High Impedance High Impedance Ibpo
Standby H * * * * High impedance High Impedance Iops
*HorL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vop Power Supply Voltage -0.3~7.0 v
Vin Input Voltage -0.3*~7.0 v
Vio Input and Output Voltage -0.5* ~Vpp + 0.5 v
Pp Power Dissipation 0.6 w
Tsoper | Soldering Temperature (10s) 260 °C
Tstrg | Storage Temperature -55 ~ 150 °C
Torr Operating Temperature 0~70 °C

* -3.0V at pulse width of 30ns Max.

A-174
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SR04060795

Static RAM

DC Recommended Operating Conditions (Ta = 0 ~ 70°C)

TC554161FTL-70V/85V

5V+£10% 3.0~5.5V
SYMBOL PARAMETER UNIT
MIN. TYP. MAX. MIN. TYP. MAX.

Voo Power Supply Voltage 45 5.0 5.5 3.0 5.0 5.5
Viu Input High Voltage 22 - Vpp + 0.3 Vpp - 2.2 - Vpp + 0.3 v
Vi Input Low Voltage -0.3* - 0.8 -0.3* - 0.2
Vou Data Retention Supply Voltage 2.0 - 5.5 2.0 - 55

* -8.0V at pulse width 30ns Max.

DC and Operating Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
Iy Input Leakage Current Vin=0~Vpp - - +1.0 VA
lo |OutputLeakage Current CE = Vyy or RAW =V or O =Viy - - 1.0 | pA

Vour =0 ~Vpp
lon Output High Current Voy =24V -1.0 - - mA
loL Output Low Current VoL = 0.4V 21 - - mA
CE= Vi, lour = OmA 70ns - - 110
Inpo1 Other Inputs = Vj/ toycle 85ns - - 100 mA
) Vi 1us _ 15 _
Operating Current —
CE =y, loyr = OmA 70ns - - | 100
Inpoz2 Other Inputs = V}y/ teycle 85ns - - 90 mA
L 1us - 10 -
Inpst CE= Vi, Other Inputs = Vi /Vy. - - 3 mA
Vpp-0.2v~ |Ta=0~70°C - - 60
5.5V Ta=25°C - 4 8
Standby Current —
Iops2 CE=Vpp-0.2v Ta=0-~70°C - - 30 A
Vpp-3.0V |Ta=0~40°C - - 6
Ta=25°C - 2 ~
DC and Operating Characteristics (Ta = 0 ~ 70°C, Vpp = 3.3V+0.3V)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
Iy Input Leakage Current Vn=0~Vpp - - +1.0 VA
lo | OutputLeakage Current CE =iy or RAW =V or O =Viy - - .0 | pA

Vour =0 ~Vpp
lon Output High Current Voy =24V -1.0 - - mA
loL Output Low Current VoL = 0.4V 0.1 - - mA
CE = 0.2V, Vpp - MIN. - - 35
. 0.2V, lgyr = 0mA
Ippo2 | Operating Current Other Inputs = Vpp - teycle 1us _ 5 _ mA
0.2v/0.2V
Vpp = 3.3V Ta=0~70°C - - 40 PA
+0.3v Ta=25°C - 2 4
Ippsz | Standby Current CE =Vpp-0.2v Ta=0~70°C - - 35
Vpp=3.3V |Ta=0~40°C - - 8
Ta=25°C - 2 -

PRELIMINARY
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TC554161FTL-70V/85V Static RAM SR04060795
Capacitance (Ta = 25°C, f = 1.0MHz)
SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Cin | Input Capacitance Vin = GND 10 .
Cout | Output Capacitance Vout = GND 10 P
Note: This parameter is periodically sampled and is not 100% tested.
AC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)
Read Cycle
TC554161FTI
SYMBOL PARAMETER -70v -85V UNIT
MIN. MAX. MIN. MAX.
tre Read Cycle Time 85 - 85 -
tacc | Address Access Time - 70 - 85
tco CE Access Time - 70 - 85
toe OE Access Time - 35 - 45
tga UB, LB Access Time - 35 - 45
ton Output Data Hold Time from Address Change 10 - 10 - ns
tooe Output Enable Time from CE 10 - 10 -
toee Output Enable Time from OE - 5 -
tae Output Enable Time from UB, LB 5 - 5 -
top Output Disable Time from CE - 25 - 30
topo | Output Disable Time from OE - 25 - 30
tgp Output Disable Time from UB, LB - 25 - 30
Write Cycle
TC554161FTI
SYMBOL PARAMETER -70V -85V UNIT
MIN. MAX. MIN. MAX.
twg | Write Cycle Time 70 - 85 -
twp Write Pulse Width 50 - 55 -
tow Chip Enable to End of Write 60 - 70 -
taw UB, LB Enable to End of Write 50 - 55 -
tas Address Setup Time 1} - [1} - s
twr Write Recovery Time - 0 -
tps Data Setup Time 30 - 35 -
toy Data Hold Time 0 - 0 -
toew | Output Enable Time from R/W 5 - 5 -
topw | Output Disable Time from R/W - 25 - 30
AC Test Conditions
Input Pulse Levels 2.4v/0.6V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V
Output Load 1TTL Gate and C_ = 100pF
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SR04060795

Static RAM

TC554161FTL-70V/85V

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 3.0 ~ 5.5V)

Read Cycle E = -
SYMBOL PARAMETER MIN. MAX. | UNIT g é .
tgc | Read Cycle Time 150 - 3 v
tacc | Address Access Time - 150
tco | CE Access Time - 150
toe OE Access Time - 75
tga UB, LB Access Time - 75
ton g;tput Data Hold Time from Address 10 _
ange ns
tcoe | Output Enable Time from CE 10 -
toge | Output Enable Time from OE 5 -
tge Output Enable Time from UB, LB -
top | Output Disable Time from CE - 50
topo | Output Disable Time from OE - 50
tsp Output Disable Time from UB, LB - 50
Write Cycle
SYMBOL PARAMETER MIN. MAX. | UNIT
twc | Write Cycle Time 150 -
twp | Write Pulse Width 100 -
tcw | Chip Enable to End of Write 120 -
tgw | UB, LB Enable to End of Write 100 -
tas | Address Setup Time 0 -
twr | Write Recovery Time 0 - ns
tps Data Setup Time 60 -
tpy Data Hold Time 0 -
toew | Output Enable Time from R/W 5 -
topw | Output Disable Time from R/W - 50
AC Test Conditions
Input Pulse Levels Vpp - 0.2V/0.2V
Input Pulse Rise and Fall Time 5ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V
Output Load 100pF (Include Jig)
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-177
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TC554161FTL-70V/85V Static RAM SR04060795

Timing Waveforms

Read Cycle (1)

tre
ADDRESSES 3( ){
tacc
lco

toH

70

CE

OF
BA
UB, 1B
tge
. OEE
Dout Output Data Valid
| coe

Write Cycle 1 ¥ (R/W Controlled Write)

ADDRESSES X X

1 tas | twe twr
RAW y 4

%7 DI 07777

toew
B o

(5)
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SR04060795 Static RAM TC554161FTL-70V/85V

Write Cycle 2 @ (CE Controlled Write)

X

ADDRESSES X

twp twr

R b

Write Cycle 3 (4 (UB, LB Controlled Write)

ADDRESSES X X

WR

2000

t
| tas
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TC554161FTL-70V/85V Static RAM SR04060795

Notes:
1. R/W is High for Read Cycle.

2. Assuming that CE Low transition occurs coincident with or after the R/W Low transition, Outputs remain in a high
impedance state.

3. Assuming that CE High transition occurs coincident with or prior to the R/W High transition, Qutputs remain in a high
impedance state.

4. Assuming that OE is High for a Write Cycle, Outputs are in a high impedance state during this period.

5. The I/O may be in the output state during this time, input signals of opposite phase must not be applied.
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SR04060795 Static RAM TC554161FTL-70V/85V

Data Retention Characteristics (Ta = 0 ~ 70°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
VpH Data Retention Supply Voltage 2.0 - 5.5 Vv
| Standby Current Vpp = 3.3V - - 35+ uA
an urren
bbs2 y Vpp = 5.5V - - 60
tcpr | Chip Deselect to Data Retention Mode 0 - - ns
tr Recovery Time 5 - - ms
*8pA (max.) Ta = 0 ~ 40°C
CE Controlled Data Retention Mode
Voo DATA RETENTION MODE
45V =—=———— ———— \ ————————————————————————————
(1) (1)
e T \ /
—_ / Vpp- 0.2V
CE tcor tr
GND
Note:
1. If the V), of CE is 2.2V in operation, during the period that the Vpp voltage is going down from 4.5V to 2.4V, Ippg+
current flows.
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-181

PRELIMINARY



TC554161FTL-70V/85V Static RAM SR04060795

Outline Drawing
TSOP54-P-400 Unit in mm
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. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-

rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

. LIFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book

is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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Static RAM






TOSHIBA

SILICON GATE CMOS

32,768 WORD x 8 BIT CMOS STATIC RAM

Description

The TC55V328AJ is a 262,144 bits high speed static random access memory organized as 32,768 words by 8 bits using :

CMOS technology, and operated from a single 3.3-volt supply. Toshiba’s CMOS technology and advanced circuit form pro-

vide low voltage operation and high speed feature. . ik
The TC55V328AdJ has low power feature with device control using Chip Enable (CE) and has an Output Enable Input (OE)

TC55V328AJ-15/17/20

for fast memory access. The TC55V328AJ is suitable for use in cache memory where high speed is required, and high speed

storage. All inputs and outputs are LVTTL compatible.

The TC55V328AJ is packaged in a 28-pin standard SOJ with 300mil width for high density surface assembly.

Features

e [Fast access time
- TC55V328AJ-15 15ns (max.)
- TC55V328AJ-17 17ns (max.)
- TC55V328AJ-20 20ns (max.)
e | ow power dissipation

- Operation:

- TC55V328AJ-15  100mA (max.)
- TC55V328AJ-17  100mA (max.)
- TC55V328AJ-20  90mA (max.)

- Standby:

300pA (max.)

¢ Fully static operation
® 3.3V single power supply: 3.3V £0.3V
e Qutput buffer control: OE
* All inputs and outputs:
- LVTTL compatible

e Package:

- TC55V328AJ: SOJ28-P-300A

Pin Names

AQ ~ A14 | Address Inputs

/01 ~ 1/08 | Data Inputs/Outputs
CE Chip Enable Input
WE Write Enable Input
OE Output Enable Input
Vbop Power (+3.3V)
GND Ground

Pin Connection (Top View)

TC55V328AJ

A14[
A12(0
A7
As(]
As(]
Aafl
A3[]
A2(]
A1l
Ao(]
1701(]
11020
1103(]
GND[]

LNV HEWN

s
w
>
a
o
-

10
1"
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TC55V328AJ-15/17/20 Static RAM SR25011294
Block Diagram
A8 o—i wn |
—
A8 o Se x MEMORY CELL o Voo
AL o—lsaul | o 8 ARRAY
A3 o——Z0
a2 —]293| | o 256x 128x8 +—o° GND
o— -
0 = (262,144)
LCE I I
1101 o-
1102 o 5 =5
V03 o g p=| senseawe N =
/04 © - =N
o5 © < /_ _\ ozl
1106 © s COLUMN h g
o7 © cwm DECODER <-| S22 H
/o8 © T T
= CE
o COLUMN ADDRESS
5 le— BUFFER
] b4
P¥E| TTI55T3S
ou A7 A0 A12 Al4
A9 A1l A13
i ‘”FJFC
OE o
CE o <> CE
Operating Mode
OPERATION MODE | CE | OE | WE 1/01 ~ 1/08 POWER
Read L{L|H Output lbpo
Write L|*|L Input Ibpo
Output Disable L | H | H | Highlmpedance lopo
Standby H | * | * | Highlmpedance Ipps
* High or Low
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vpp | Power Supply Voltage -0.5~4.6 \
ViN Input Voltage -0.5*~ 4.6 \Y
Vio Input/Output Voltage -0.5* ~ Vpp + 0.5** \
Pp Power Dissipation 0.5 W
TsoLper | Soldering Temperature (10s) 260 °C
Tstrg | Storage Temperature -65 ~ 150 °C
Topr | Operating Temperature -10 ~ 85 °C

* -2.0V with a pulse width of 10ns
**Vpp + 1.5V with a pulse width of 10ns
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SR25011294 Static RAM TC55V328AJ-15/17/20

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpp | Power Supply Voltage 30 |33 3.6 \
ViH Input High Voltage 20 | - |Vpp+03™*| V
ViL Input Low Voltage -0.37| - 0.8 \

*-1.5V with a pulse width of 10ns
“*Vpp + 1.0V with a pulse width of 10ns

DC and Operating Characteristics (Ta = 0 ~ 70°C, Vpp = 3.3V+0.3V)

B. High Speed
Static RAM

SYMBOL PARAMETER TEST CONDITION MIN. TYP. | MAX. | UNIT
Iy Input Leakage Current | Viy=0~Vpp - - +1 A
ILo Output Leakage Current | CE =V or OE =V or WE =V Voyr=0~Vpp - — | # | pA B
. IOH =-2mA 2.4 - - \
Voy | Output High Voltage
lop = -100pA Vpp-02| - - \%
'OL =2mA - - 0.4 \Y
VoL Output Low Voltage
loL = 100pA - - | 02 \
-15 - - 100

toycle = Min cycle, CE =V

Ippo | Operating Current Other Inputs = ViV, loyr = 0 mA -17 - - | 100 | mA
-20 - - 90
CE=V
IDDS1 o IH . - - 20 mA
ther Inputs = V|u/V), t = Min cycle
Standby Current SE—v P 5 2V|H L cycle Y
=Vpp - U _ _
ops2 Other Inputs = Vpp - 0.2V or 0.2V 300 | wA
Capacitance (Ta = 25°C, f = 1.0MHz)
SYMBOL PARAMETER TEST CONDITION MAX. UNIT
Cin | Input Capacitance Vin=GND 6 pF
Cyo | Input/Output Capacitance | V|o = GND 10 pF

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. B-3



TC55V328AJ-15/17/20 Static RAM SR25011294

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 3.3V+0.3V)

Read Cycle
TC55V328AJ-15 TC55V328AJ-17 TC55V328AJ-20
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX. MIN. MAX.
trc Read Cycle Time 15 - 17 - 20 -
tacc | Address Access Time - 15 - 17 - 20
tco | CE Access Time - 15 - 17 - 20
toe | OE Access Time - 7 - 7 - 10
toH Output Data Hold Time from Address Change 5 - 5 - 5 - ns
tcog | Output Enable Time from CE 5 - 5 - 5 -
tcop | Output Disable Time from CE - 8 - 8 - 8
toge | Output Enable Time from OE 1 - 1 - 1 -
topo | Output Disable Time from OE - 8 - 8 - 8
Write Cycle
TC55V328AJ-15 TC55V328AJ-17 TC55V328AJ-20
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX. MIN. MAX.
twe | Write Cycle Time 15 - 17 - 20 -
twp | Write Pulse Width 10 - 10 - 13 -
taw | Address Valid to End of Write 10 - 10 - 13 -
tcw | Chip Enable to End of Write 11 - 1 - 13 -
tas Address Setup Time 0 - 0 - 0 - ns
twr | Write Recovery Time 0 - 0 - 0 -
tps | Data Setup Time 8 - 8 - 10 -
toH Data Hold Time 0 - 0 - 0 -
toew | Output Enable Time from WE 1 - 1 - 1 -
topw | Output Disable Time from WE - 8 - 8 - 8
AC Test Conditions
Input Pulse Levels 3.0V/0.0V
Input Pulse Rise and Fall Time 3ns 33v
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V 12000
Output Load Fig. 1 o 29=500 /Opin
% R =500 C_=5pF /I 8700
Vi =15V ~ (For tcoe, toee. tcoos tooo.

toew and topw)

Figure 1.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Timing Waveforms -
ADDRESSES )( t )( :

OF

High Impedance

Dour

PRt

OUTPUT DATA VALID

UNKNOWN

Write Cycle 1 ¥ (WE Controlled Write)
ADDRESSES )( : )(
WE = n ]( =

UNKNOWN

toew(s)

High Impedance £ R

UNKNOWN
tos toH

Din * DATA IN STABLE *

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TC55V328AJ-15/17/20 Static RAM SR25011294

Write Cycle 2 () (CE Controlled Write)

twc |

ADDRESSES )(

tas i twe | twr
|
WE
tow
163 #
toow (5)
2L
High Impedance
Dour
toH
tos g
| ——
Din . * DATA IN STABLE

Notes:
1. WE is High for Read Cycle.

2. Assuming that CE Low transition occurs coincident with or after the WE Low transition, Outputs remain in a
high impedance state.

3. Assuming that CE High transition occurs coincident with or prior to the WE High transition, Outputs remain
in a high impedance state.

4, Assuming that OE is High for a Write Cycle, the Outputs are in a high impedance state during this period.
5. These parameters are specified as follows and measured by using the load shown in Figure 1.

(A) tCOE’ tOEE! toew - - - - Output Enable Time
(B) tco: topo: topw - - - - Output Disable Time

CE, OF N
d e
WE
—® R
High Impedance 5 °'szi h Impedance
Dourt v X _OUTPUT DATA VALID X 9
UNKNOWN UNKNOWN | Ao2v

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



SR25011294 Static RAM TC55V328AJ-15/17/20

Outline Drawings Unit in mm

Plastic SOJ (S0OJ28-P-300A)

28 15
i W e W W B B e B e W e W e W W e W e W o B
S o8 =
27| 7 @
NS ©
N| ©
)
0 5 R o R s 5 e B E
14 0
-l
27
18.84MAX :
18.4210.12
‘ 0.71234s
o
9
v
o

1.27

Weight: 083g (Typ.)
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TC55V328AJ-15/17/20 Static RAM SR25011294

Notes

. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

. LIFE SUPPORT POLICY

N

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.
8. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. Al information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

"TC558128AJ-15/20

PRELIMINARY

SILICON GATE CMOS
131,072 WORD x 8 BIT CMOS STATIC RAM

Description
The TC558128AJ is a 1,048,576 bits high speed static random access memory organized as 131,072 words by 8 bits using
CMOS technology, and operated from a single 5-volt supply. Toshiba's CMOS technology and advanced circuit form provide
high speed feature. The TC558128AJ has low power feature with device control using Chip Enable (CE), and has Output
Enable input (OE) for fast memory access.

The TC558128AJ is suitable for use in cache memory where high speed is required and high speed storage. All Inputs and
Outputs are TTL compatible.

The TC558128AdJ is packaged in a 32-pin plastic SOJ with 400mil width for high density surface assembly.

B.HighSpeed

Features Pin Connection (Top View)

¢ Fast access time
- TC558128AJ-15 15ns (max.)
- TC558128AJ-20  20ns (max.)
e Low power dissipation

TC558128A)

Cycle Time 15| 20 | 25 | 30 | 50 ns
Operation (max.) 170 | 140 | 130|120 | 100 | mA
- Standby: 1mA (max.)

e 5V single power supply: 5V+10%
 Fully static operation
e All nputs and outputs: TTL compatible
« Qutput buffer control: OE
e Package:

- TC558128AJ: SOJ32-P-400A

b=
w
>
(-8
o
-

Pin Names
A0 ~ A16 Address Inputs
/01 ~1/08 | Data Inputs/Outputs

CE Chip Enable Input
WE Write Enable Input
OE Output Enable Input
Vpbp Power (+5V)

GND Ground

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TC558128AJ-15/20 Static RAM SR01010795
Block Diagram
A100—T 7 | | |
A9 © n « MEMORY
Ag = w CELL ARRAY
A7 o— 8 : 8 <+—o0 Vpp
:go__°_ 2z | 3o 256x512x8 o GND
@ QN
ad o § || | (1,048,576)
A3 &—
o e | [
/01 ©
1102 & ¢ N =
1103 o- 5V SENSE AMP. \\ 2
o - &
/04 © Zw / \ 3 b
/05 o <5 <2
1106 © e COLUMN R
o7 © e DECODER *_I s I
1708 ©
S 1 I CE
o« COLUMN ADDRESS
o g | BUFFER
v
g T1T311]
UZ | A0 A2 A12 A14 Al6
] Al A11 A13 A15
WE
OF o
CE o CE
Operating Mode
OPERATING MODE CE OF WE 10 POWER
Read L L H Output Ibbo
Write L * L Input Ibbo
Output Disabled L H H High-Z Ibbo
Standby H * * High-Z Iobs
*HorL
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vpp | Power Supply Voltage -0.5~7.0 \Y
ViN Input Terminal Voltage -2.0"~7.0 Vv
Vo | Input/Output Voltage -0.5* ~Vpp + 0.5 \
Pp Power Dissipation 1.1 W
TsoLper | Soldering Temperature (10s) 260 °C
Tstrg | Storage Temperature -65 ~ 150 °C
Topr | Operating Temperature -10 ~ 85 °C

B-10

*-3V with a pulse width of 10ns
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SR01010795 Static RAM TC558128A4-15/20
DC Recommended Operating Conditions
SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vbp Power Supply Voltage 4.5 5.0 5.5 \
Viy Input High Voitage 2.2 - Vpp + 0.5 \
ViL Input Low Voltage -0.5" - 0.8 \%
* -3V with a pulse width of 10ns
DC and Operating Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Leakage Current Vin=0~Vpp - - | £10 | pA
CE =V,y or WE =V, _or OE =V,
! Output Leakage Current IH IL IH: - - | +10 | pA
LO p g VOUT =0~ VDD K
lon Output High Current Von = 2.4V -4 - - mA
loL Output Low Current VoL = 0.4V 8 - - mA
toycle = 1608 | — - | 170
CEove | omA teycle = 20Ns - - | 140
. =ViL loyt =UmA, - - -
lppo | Operating Current Other Inputs = ViV, teycle = 25N 130 | mA
teycle = 30N - - | 120
teycle = 50NS - - 100
| CE =V, Other Inputs = V,;/V - - 30
DSt Standby Current — IH P I L mA
Ippse E =Vpp - 0.2V, Other Inputs =Vpp-0.2Vor0.2V| - - 1
Capacitance (Ta = 25°C, f = 1.0MHz2)
SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Cin Input Capacitance Vin=GND 6 pF
Cio Input/Output Capacitance Vo= GND 8 pF

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

PRELIMINARY
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TC558128AJ-15/20 Static RAM SR01010795
AC Characteristics (Ta = 0 ~ 70°C("), Vpp = 5V+10%)

Read Cycle
TC558128AJ-15 | TC558128AJ-20
SYMBOL PARAMETER UNIT
MIN. | MAX. | MIN. | MAX.
tgc | Read Cycle Time 15 - 20 -
tacc | Address Access Time - 15 - 20
tco | Chip Enable Access Time - 15 - 20
toe Output Enable Access Time - 8 - 10
ton Output Data Hold Time from Address Change 5 - 5 - ns
tcoe | Output Enable Time from CE 5 - 5 -
toee | Output Enable Time from OE 1 - 1 -
tcop | Output Disable Time from CE - 8 - 8
topo | Output Disable Time from OE - 8 - 8
Write Cycle
TC558128AJ-15 | TC558128AJ-20
SYMBOL PARAMETER UNIT
MIN. MAX. | MIN. | MAX.
twc | Write Cycle Time 15 - 20 -
twp | Write Pulse Width 9 - 10 -
tcw | Chip Enable to End of Write 12 - 13 -
taw Address Valid to End of Write 12 - 13 -
tas Address Setup Time 0 - 0 - ns
twr | Write Recovery Time 0 - 0 -
tps Data Setup Time 8 - 10 -
tpH Data Hold Time 0 - 0 -
toew | Output Enable Time from WE 1 - 1 -
topw | Output Disable Time from WE - 8 - 8
AC Test Conditions
Input Pulse Levels 3.0v/0.0V ¥y ¥
Input Pulse Rise and Fall Time 3ns 2800 4800
Input Timing Measurement Reference Level 1.5V /Opin 1/Opin
Output Timing Measurement Reference Level 1.5V
Output Load Fig. 1 C = 30pFJ; 255Q CL=5pF 2550
(For tcoe, toee: tcoo
topo, toew and topw)
Figure 1.
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SR01010795 Static RAM TC558128AJ-15/20

Timing Waveforms

ADDRESSES X - X
. top® | §§‘ :
Write Cycle 1 & (WE Controlled)
ADDRESSES X X
WE &ml - ;{ =
Write Cycle 2 ® (CE Controlled)
ADDRESSES X t X
(4 y 4

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC558128AJ-15/20 Static RAM SR01010795

Notes:
1. The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute.

2. WE is High for Read Cycle.

3. Assuming that CE Low transition occurs coincident with or after the WE Low transition, Outputs
remain in a high impedance state.

4. Assuming that CE High transition occurs coincident with or prior to the WE High transition, Outputs
remain in a high impedance state.

5. Assuming that OE is High during a Write Cycle, the Outputs are in a high impedance state during this period.

6. These parameters are specified as follows and measured by using the load shown in Figure 1.

(A) tCOE' tOEE' tOEW ..... OUtpUt Enable Time
(B) tcop: topos topw - - - - Output Disable Time
o X 7
% 49 \
WE —
(A) (8)
; 0.2v
High Impedance 0.2v "N 4 High Impedance
Dour OUTPUT DATA VALID
0.2V f v 0.2v
UNKNOWN ’ UNKNOowN A

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY



SR01010795 Static RAM TC558128AJ-15/20

Outline Drawings Unit in mm

Plastic SOJ (SOJ32-P-400A)

32 17
o s o o e e o s o e o o I e Y o ey 5 (—ﬁ

10.1640.12
11.0540.12
9.31yP

| S N [ N [ A O O S O
1 16

1 J 1| W

21.38MAX

+0.1
I 0.71 005

k
‘L 20.96+0.12

0.8MIN

3.540.2

( ' 0431587 )

Weight : 1.22g (Typ.)
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TC558128AJ-15/20 Static RAM SR01010795

Notes

1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

. LIFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

S}

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

SILICON GATE CMOS

131,072 WORD x 9 BIT CMOS STATIC RAM

Description

The TC559128AJ is a 1,179,648 bits high speed static random access memory organized as 131,072 words by 9 bits using
CMOS technology, and operated from a single 5-volt supply. Toshiba’s CMOS technology and advanced circuit form provide
high speed feature. The TC559128AJ has low power feature with device control using Chip Enable (CE), and has an Output

Enable input (OF) for fast memory access.

TC559128AJ-15/20

PRELIMINARY

The TC559128AJ is suitable for use in cache memory where high speed is required and high speed storage. All inputs and

outputs are TTL compatible.

The TC559128AJ is packaged in a 36-pin plastic SOJ with 400mil width for high density surface assembly.

Features
o Fast access time

- TC559128AJ-15 15ns (max.)
- TC559128AJ-20 20ns (max.)
e Low power dissipation

Cycle Time 15| 20 | 25 | 30

50

ns

Operation (max.) 170 | 140 | 130|120

100

mA

o 5V single power supply: 5V+10%
o Fully static operation
o |nputs and outputs TTL compatible
e Qutput buffer control: OE
e Package:
- TC559128AJ: SOJ36-P-400

Pin Names

A0 ~ A16 Address Inputs

/01 ~ 1/09 | Data Inputs/Outputs
CE Chip Enable Input
WE Write Enable Input
OE Output Enable Input
Voo Power (+5V)
GND Ground
N.C. No Connection
N.U. Not Usable (Input)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

Pin Connection (Top View)

TC559128A)

(TOP VIEW)
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TC559128AJ-15/20 Static RAM SR01020795
Block Diagram
A10 o—F "] |
A9 « MEMORY
A8 © == wi CELL ARRAY
A7 o— g v 8 <+——o0 Vpp
A6 q Y gg 256 x512%9
AS O— Scn xQ 1,179,648 <4——o GND
A4 o— & | | L ( . g )
A3 O
e | [
/01 o L
1102 o — —
1103 © 5 V= senseave. B2
o e [-4
1104 © Zwl _\ 5w
/05 o ; v o e )
1106 o 2 <@
/07 © < @ COLUMN R -
1/08 © DECODER S,
o2
/09 " I T ce
< COLUMN ADDRESS
y g BUFFER
(%4
o | $1LEL1ELL)
oz AD A2 A12 A14 A16
It} A1 A11 A13 A15
WE
OF o
CEo CE
Operating Mode
OPERATING MODE CE [i] WE 1/01 ~ 1/09 POWER
Read L L H Output Ibbo
Write L * L Input Ibpo
Output Disabled L H H High Impedance Ibpo
Standby H * * High Impedance Ibps
*HorlL Note: N.U. pin must be kept open electrically or pulled down to GND level or less than 0.8V.

Applying a voltage more than 0.8V to N.U. pin is prohibited.

Maximum Ratings

SYMBOL ITEM RATING UNIT
Vbp Power Supply Voltage -05~7.0 \'%
Vin Input Terminal Voltage -2.0"~7.0 \
Vio Input/Output Voltage -0.5* ~Vpp + 0.5 Vv

Pp Power Dissipation 1.1 W
TsoLper | Soldering Temperature (10s) 260 °C
TstrRG Storage Temperature -65 ~ 150 °C
ToPr Operating Temperature -10 ~ 85 °C

*-3V with a pulse width of 10ns

B-18
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SR01020795 Static RAM TC559128AJ-15/20

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vop Power Supply Voltage 4.5 5.0 5.5 Vv
ViH Input High Voltage 2.2 - Vpp + 0.5 \
Vi Input Low Voltage -0.5* - 0.8 \

* -8V with a pulse width of 10ns

DC and Operating Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)

)

£
L2
T

=
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT § :
Q
Input Leakage Current B _ 3 T
" | (Except N.U. pin) Vin=0~Vpp +10 | pA &
Lo Output Leakage Current | CE =V or WE = V;,_or OE = Vi, Voyt=0 ~ Vpp - - | #10 | pA
livuy | Input Current (N.U. pin) Vin=0~0.8V -1 - 20 | pA
lon Output High Current Vo =2.4V -4 - - mA
loL Output Low Current VoL =0.4V 8 - - mA
tcyc[e = _ _
15ns 170
tcycle = _ _
20ns 140
; CE =V, loyr = 0mA, toycle = - _
Ioppo | Operating Current Other Inputs = Vyy/V, 35ns 130 | mA
tcycle = _ _
30ns 120
tcycle = _ _
50ns 100
| CE =V, Other Inputs = V;/V, - - 30
DDS1 Standby Current — IH i L mA
IDDSZ E= VDD - 02V, Other Inpu’ts = VDD -0.2Vor 0.2V - - 1

Capacitance (Ta = 25°C, f = 1.0MHz)

SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Cin Input Capacitance Vin=GND 6 pF
Cvo Input/Output Capacitance Vyo=GND 8 pF

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

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. B-19



TC559128AJ-15/20 Static RAM SR01020795

AC Characteristics (Ta = 0 ~ 70°C"), Vp = 5V+10%)

Read Cycle
TC559128AJ-15 | TC559128AJ-20
SYMBOL PARAMETER UNIT
MIN. | MAX. | MIN. | MAX.
trc Read Cycle Time 15 - 20 -
tacc | Address Access Time - 15 - 20
tco | Chip Enable Access Time - 15 - 20
toe | Output Enable Access Time - 8 - 10
ton Output Data Hold Time from Address Change 5 - 5 - ns
tcoe | Output Enable Time from CE 5 - 5 -
toge | Output Enable Time from OE 1 - 1 -
tcop | Output Disable Time from CE - 8 - 8
topo | Output Disable Time from OE - 8 - 8
Write Cycle
TC559128AJ-15 | TC559128AJ-20
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. | MAX.
twe Write Cycle Time 15 - 20 -
twp | Write Pulse Width 9 - 10 -
tow [ Chip Enable to End of Write 12 - 13 -
taw Address Valid to End of Write 13 - 13 -
tas Address Setup Time 0 - 0 - ns
twr | Write Recovery Time 0 - 0 -
tps Data Setup Time 8 - 10 -
toH Data Hold Time 0 - 0 -
toew | Output Enable Time from WE 1 - 1 -
topw | Output Disable Time from WE - 8 - 8
AC Test Conditions
Input Pulse Levels 3.0V/0.0V % X
Input Pulse Rise and Fall Time 3ns 4800 4800
Input Timing Measurement Reference Leve 1.5V 1/Opin 1/0pin
Output Timing Measurement Reference Level 1.5V
Output Load Fig. 1 C.= .’;OpF/I 255Q CL=5pF 255Q
(For tcoe, toee, tcoos
topo. toew and topw)
Figure 1.
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e andl

SR01020795

Static RAM

TC559128AJ-15/20

Timing Waveforms

Read Cycle @

ADDRESSES )

Dout

Write Cycle 1 & (WE Controlled)

ADDRESSES )(

Write Cycle 2 8 (CE Controlled)

ADDRESSES

WE

- X
We &m | - A -
) X
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TC559128AJ-15/20 Static RAM SR01020795

Notes:
1. The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute.

2. WE is High for Read Cycle.

3. Assuming that CE Low transition occurs coincident with or after the WE Low transition, Outputs
remain in a high impedance state.

4. Assuming that CE High transition occurs coincident with or prior to the WE High transition, Outputs
remain in a high impedance state.

5. Assuming that OE is High for Write Cycle, the Outputs are in a high impedance state during this period.

6. These parameters are specified and measured by using the load shown in Figure 1.

(A tcoe toee topw -+ - - - Output Enable Time
B) tcop: topos topw - - - - Output Disable Time
CE, OF L Y
1% i \
WE —— _—
(A) (B)
. 0.2v
High Impedance 0.2v "\ 4 High Impedance
Dour OUTPUT DATA VALID
0.2v ¢ v 0.2v
UNKNOWN T UNKNOWN 4
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SR01020795

TC559128AJ-15/20

Outline Drawings
Plastic SOJ (SOJ36-P-400)

Static RAM
Unit in mm
36 19
o I s T o I I I e o 1 v 1 e T 1 o 1 o o O e Y o B o Y e A 3
.
w P
ol o~
sl g £
Qi +H =
el 8 i
sl =
\ J -
J SN N [ I O [ U I N [ N O [ N N N N N N N 6 R \‘—c—:“’D
1 18 -8
P
o
| 23.92MAX . ©
23.540.12 .
+0.1
071 5005 ‘
4
S| o
2
o e n
] ]
0.4323.07
- L@F@ 2510180

1.27

Weight : 1.35g (Typ.)
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TC559128AJ-15/20 Static RAM SR01020795

Notes

1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

2. LIFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any ficense under the patent rights of Toshiba or any third parties.

&)
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TOSHIBA

SILICON GATE CMOS
65,536 WORD x 16 BIT CMOS STATIC RAM

Description

The TC551664AJ is a 1,048,576 bits high speed static random access memory organized as 65,536 words by 16 bits usin:
CMOS technology, and operated from a single 5-volt supply. Toshiba’s CMOS technology and advanced circuit form provid

high speed feature.

The TC551664AJ has low power feature with device control using Chip Enable (CE), and has Output Enable input (OF)
for fast memory access. Also, it allows that lower and upper byte access by Data Byte Control (LB, UB). The TC551664AJ is
suitable for use in high speed applications such as cache memory and high speed storage. All inputs and outputs are TTL com-

patible.

The TC551664AdJ is packaged in a 44-pin SOJ with 400mil width for high density surface assembly.

Features
o Fast access time

- TC551664AJ -15 15ns (max.)
- TC551664AJ -20 20ns (max.)
e | ow power dissipation

Cycle Time 15 20 25 30 50 ns

Operation (max.) 260 220 | 200 | 180 | 150 mA

- Standby: 1mA (max.)
e 5V single power supply:  5V£10%
e Fully static operation
* Inputs and outputs TTL compatible
 Output buffer control: OE
° Data byte controls: LB (/O1 ~ 1/08), UB (/O9 ~ 1/016)
e Package: S0J44-P-400

Pin Names
A0 ~ A15 Address Inputs
1/01 ~ 1/016 | Data Inputs/Outputs
CE Chip Enable Input
WE Write Enable Input
OE Output Enable Input
LB, UB Data Byte Control Input

Vpp Power (+5V)
GND Ground

N.C. No Connection
N.U. Not Usable Input

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TC551664AJ-15/20 Static RAM SR01030895
Block Diagram
A10 g:
ﬁg o w. b <+—o Vpp
AToy we ;8 MEMORY o
As o1 883 SE CELL ARRAY | °
A4 o ==
repe 256256 % 16
Q1 (1,048,576)
1/Q2 o=
1/03 = -5 CE se
1/104 o— Iow I Lo w [
i sl < £ =35
e py
1197 o -a cdal ]
1108
> SENSE AMP. —
1030 o =
fiia— P N
1013 Fau / CoLuvn mEu
11014 LzZ3 233
11015 - DECODER__ joy
11016
il COLUMN CE
ook ADDRESS BUFR
GENERATOR | Ao A2 A12 Al4
Al A11 A13 A1S

?nil

= )—
ot o— | == _)—
u =)
Ho g'ﬂ
TE —> cE
Operating Mode
OPERATING MODE CE OE WE B UB 1/01 ~1/08 1/09 ~ 1/016 POWER
L L Output Output Ibbo
Read L L H H L High Impedance Output Ibbo
L H Output High Impedance Ibpo
L L Input Input lbpo
Write L * L H L High Impedance Input Ibpo
L H Input High Impedance | Ippo
. L H H - * . . lboo
Output Disable High Impedance | High Impedance
L * * H H lopo
Standby H * * * * High Impedance | High Impedance Ipps
*HorL Note: N.U. pin must be kept open elctrically or pulled down to GND level or less than 0.8V.
Applying a voltage more than 0.8V to N.U. pin is prohibited.
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vop Power Supply Voltage -05~7.0 \Y
Vin Input Terminal Voltage -2.0°~7.0 \
Vyo | Input/Output Terminal Voltage -0.5* ~Vpp + 0.5 \
Pp Power Dissipation 1.5 w
TsoLpeRr | Soldering Temperature (10s) 260 °C
Tstrg | Storage Temperature -65 ~ 150 °C
Topr | Operating Temperature -10 ~ 85 °C

*-3V with a pulse width of 10ns

B-26

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



S——

SR01030895 Static RAM TC551664AJ-15/20
DC Recommended Operating Conditions
SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vbp Power Supply Voltage 45 5.0 5.5 \
ViH Input High Voltage 2.2 - Vpp + 0.5 \
Vi Input Low Voltage -0.5* - 0.8 \

* -3V with a pulse width of 10ns

DC and Operating Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
Input Leakage Current _0. _ _
"W | (Except N.U. pin) Vin=0~Vpp 10 | pA
CE=VjyorWE=V| orOE=V
I Output Leakage Current IH 1L H - - | 10| pA
o P ‘ Vour=0~Vpp "
livuy | Input Current (N.U. pin) Vin=0~0.8V -1 - 20 | pA
loy Output High Current Voy = 2.4V -4 - - mA
loL Output Low Current VoL =0.4V 8 - - mA
teycle = 15Ns - - 260
_ teycle = 20ns - - 220
) CE =V, loyr = 0mA, - _ _ |
Iopo | Operating Current Other Inputs = VjyV, teycle = 25nS 200 | mA
teycle = 30NS - - 180
toycte = 50Ns - - 150
'DDS1 —CE = VIHr Other Inputs = VIHNIL - - 30
| Standby Current CE = Vpp - 0.2V, Other Inputs = Vpp - N _ ’ mA
pbs2 0.2V or 0.2V
Capacitance (Ta = 25°C, f = 1.0MHz)
SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Cin Input Capacitance Vin = GND 6 pF
Cio Input/Output Capacitance Vijo=GND 8 pF

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TC551664AJ-15/20 Static RAM SR01030895

AC Characteristics (Ta = 0 ~ 70°C(), Vpp = 5V+10%)

Read Cycle
TC551664AJ -15 | TC551664AJ -20
SYMBOL PARAMETER UNIT
MIN. | MAX. | MIN. | MAX.
tre Read Cycle Time 15 - 20 -
tacc | Address Access Time - 15 - 20
tco | CE Access Time - 15 - 20
toe | OE Access Time - 8 - 10
tga | UB, LB Access Time - 8 - 10
toH Output Data Hold Time from Address Change 5 - 5 - ns
tcoe | Output Enable Time from CE 5 - 5 -
toge | Output Enable Time from OE 1 - 1 -
tgg | Output Enable Time from UB, [B 1 - 1 -
tcop | Output Disable Time from CE - 8 - 8
topo | Output Disable Time from OE - 8 - 8
tsp | Output Disable Time from UB, LB - 8 - 8
Write Cycle
TC551664AJ -15 | TC551664AJ -20
SYMBOL PARAMETER UNIT
MIN. | MAX. | MIN. | MAX.
twe | Write Cycle Time 15 - 20 -
twp | Write Pulse Width 9 - 10 -
tcw | Chip Enable to End of Write 12 - 13 -
taw | UB, LB Enable to End of Write 12 - 12 -
taw Address Valid to End of Write 12 - 12 -
tas Address Setup Time 0 - 0 - ns
twr | Write Recovery Time 0 - 0 -
tps Data Setup Time 8 - 10 -
toH Data Hold Time 0 - 0 -
toew | Output Enable Time from WE 1 - 1 -
topw | Output Disable Time from WE - 8 - 8
AC Test Conditions
Input Pulse Levels 3.0v/0.0V 5V sV
‘Input Pulse Rise and Fall Time 3ns
Input Timing Measurement Reference Level 1.5V 4800 4800
Output Timing Measurement Reference Level 1.5V I/Opin /Opin
Output Load Fig. 1
C_=30pF 2550 CL=5pF

/J; 2550

(For tcoe. toee. tcoo.
topo, toew and topw)

>

Figure 1.

B-28 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



e Tl

SR01030895 Static RAM TC551664AdJ-15/20

Timing Waveforms

Read Cycle @

tac

ADDRESSES X X

:

B.HighSpeed |
. static RAM

i

tooo (6)

QUTPUT DATA VALID

Write Cycle 1 ® (WE Controlled)

ADDRESSES X X |

twp twr

D0

toew (6)
3

N

High Impedance

| tos ton |
Din . * DATA IN STABLE
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TC551664AJ-15/20 Static RAM SR01030895

Write Cycle 2 ®) (CE Controlled)

twe
ADDRESSES X X

twe twr

4

toow (6)

2 High Impedance
ou
tos | ton
Din DATA IN STABLE

Write Cycle 39 (UB, LB Controlled)

wonssis —X W v
. | N @
U8, 18 J/
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SR01030895 Static RAM

TC551664AJ-15/20

Notes:

1. The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute.

2. WE is High for Read Cycle.

3. Assuming that CE Low transition occurs coincident with or after the WE Low transition, Outputs

remain in a high impedance state.

4. Assuming that CE High transition occurs coincident with or prior to the WE High transition, Outputs

remain in a high impedance state.

5. Assuming that OE is High for Write Cycle, the Outputs are in a high impedance state during this period.

6. These parameters are specified and measured by using the load shown in Figure 1.

(A) tcoe toes toew -« - - - - Output Enable Time
(B) tcop: topos topw - - - - Output Disable Time

¥ 0.2v

A High Impedance

CE, OF \ -/——_
o, \ | /
4f
¥ \§
WE EE—
(A) (8)
-
High Impedance 0.2v .
Dour OUTPUT DATA VALID
0.2V N
UNKNOWN UNKNOWN

[ 0.2V

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TC551664AJ-15/20 Static RAM SR01030895

Outline Drawings Unit in mm
Plastic SOJ (SOJ44-P-400)

44 23
iminisisisisinsisisinsiasisisisiniaisinisinlsls i,

10.1640.12
11.05+0.12

LS8 [ Ry Y R Y A N O W W o
1 22

1 29.0MAX

28.5810.12

0.1
' 0.71 9i05

0.8MIN

3.5+0.2

Weight : 1.64g (Typ.)

1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

2. LIFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

w

. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

SILICON GATE CMOS
65,536 WORD x 18 BIT CMOS STATIC RAM

Description

The TC551864AJ is a 1,179,648 bits high speed static random access memory organized as 65,536 words by 18 bits using '
CMOS technology and operated from a single 5-volt supply. Toshiba’s CMOS technology and advanced circuit form provide :

high speed feature.

__The TC551864AJ has a low power feature with device control using Chip Enable (CE), and has an Output Enable input
(OF) for fast memory access. Also, it allows that lower and upper byte access by Data Byte Control (LB, UB). The
TC551864AJ is suitable for use in various application systems where high speed is required such as cache memory, high speed

storage, and so on. All inputs and outputs are directly TTL compatible.

The TC551864Ad is packaged in a 44-pin plastic SOJ with 400mil width for high density surface assembly.

Features
e Fast access time

- TC551864AJ -15 15ns (max.)
- TC551864AJ -20 20ns (max.)
® | ow power dissipation

Cycle Time 15 20 | 25 | 30 50 ns
Operation (max.) | 260 | 220 | 200 | 180 | 150 | mA

- Standby: 1TmA (max.)
e 5V single power supply: 5V+10%
o Fully static operation
e All inputs and outputs TTL compatible
o Qutput buffer control: OE
» Data byte controls: LB, (/01 ~ 1/0g), UB (/010 ~ 1/018)
o Package
- TC551864AJ: SOJ44-P-400

Pin Names
A0 ~ A15 Address Inputs

1/01 ~ 1/018 | Data Inputs/Outputs
CE Chip Enable Input
WE Write Enable Input
OE Output Enable Input

LB, UB Data Byte Control Inputs

Vop Power (+5V)
GND Ground
N.U. Not Usable (Input)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

Pin Connection (Top View)
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TC551864AJ-15/20 Static RAM SR01040795
Block Diagram
A10
ﬁg o E <+ Vpp
A70q wull G MEMORY
Ao 28Ll 1B || cow array | €0 GNP
Al <ol &0
a3 256 X 256 x 18
:; % (1,179,648)
1/03 o— « CE e
104 kY Sw
1/Q5 o o <4z w |—I
:;§§ < e
1 8
1
Y010 o SENSE AMP. L= —
V011 -
IERS e <SEE
<d>5u ouw [
S e | \\ 3555
(=]
317 DECODER <
COLUMN CE
ook ADDRESS BUFFER
GENERATOR |An A2 A12.Al4
T————— A1 Al1 A13 AI5 U
e ]
OF o— _@J
UB =)
© )
TE© > CE
Operating Mode
OPERATING MODE CE OE WE LB UB 1/01 ~ 1/09 1/010 ~1/018 | POWER
L L Output Output lbpo
Read L L H H L High Impedance Output Ibpo
L H Output High Impedance Ibpo
L L Input Input Ibpo
Write L * L H L High Impedance Input Ibbo
L H Input High Impedance Ibbo
. L H H * * . . Ibbo
Output Disable High Impedance | High Impedance
L * * H H Ibbo
Standby H * * * * High Impedance | High Impedance lbps
*HorlL Note: N.U. pin must be kept open elctrically or pulled down to GND level or less than 0.8V.

Maximum Ratings

Applying a voltage more than 0.8V to N.U. pin is prohibited.

SYMBOL ITEM RATING UNIT
Vpp | Power Supply Voltage -0.5~7.0 \
Vin Input Terminal Voltage -2.0"~7.0 \
Vio Input/Output Voltage -0.5" ~Vpp + 0.5 Vv

Pp Power Dissipation 1.5 W
TsoLper | Soldering Temperature (10s) 260 °C
Tstrg | Storage Temperature -65 ~ 150 °C
Topr | Operating Temperature -10~ 85 °C

B-34

*-3V with a pulse width of 10ns
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SR01040795 Static RAM TC551864AJ-15/20

DC Recommended Operating Conditions (Ta = 0 ~ 70°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vbp Power Supply Voitage 45 5.0 5.5 Vv
Viy Input High Voltage 22 - Vpp + 0.5 \
ViL Input Low Voltage -0.5" - 0.8 \

*-3V with a pulse width of 10ns

DC and Operationg Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%) E‘S '
SYMBOL PARAMETER TEST CONDITION MIN. TYP. | MAX. | UNIT | & § :
.8
I Input Leakage Current (Except N.U. Pin) | Viy =0~ Vpp - - +10 HA _'5_1 §
(]

E=V|H OFWE_=VILOI‘6E-=V|H
Vour=0~Vpp

Lo Output Leakage Current

vuy | Input Current (N.U. Pin) Vin=0~0.8V -1 - 20 HA
loy | Output High Voltage Von =24V -4 - - mA
loL Output Low Voltage VoL = 0.4V 8 - - mA
teycle = 15ns - - 260
toycle = 20NS - - 220

CE= Vi loutr=0mA,

lopo | Operating Current Other Inputs = ViV, teycle = 25nS - - 200 | mA
teycle = 30ns - - 180
teycle = 50NS - - 150
CE =V, _ _
Ibpst Other Inputs = Vj/V,_ 30
Standby Current — mA
| CE=Vpp-0.2V _ _ 1
DDS2 Other Inputs = Vpp - 0.2V or 0.2V
Capacitance (Ta = 25°C, f = 1.0MHz2)
SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Cin Input Capacitance Vin = GND 6 pF
Cyo | Input/Output Capacitance Vyo= GND 8 pF

Note: This parameter is pericdically sampled and is not 100% tested.
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TC551864AJ-15/20

Static RAM

SR01040795

AC Characteristics (Ta = 0 ~ 70°C(), Vpp = 5V+10%)

Read Cycle
TC551864AJ -15 TC551864AJ -20
SYMBOL PARAMETER uNIT
MIN. MAX. MIN. MAX.
trc Read Cycle Time 15 - 20 -
tacc | Address Access Time - 15 - 20
tco | CE Access Time - 15 - 12
toe | OE Access Time - 8 - 10
tsa | UB, LB Access Time - - 10
ton Output Data Hold Time from Address Change 5 - 5 - ns
tcoe | Output Enable Time from CE 5 - 5 -
toee | Output Enable Time from OE 1 - 1 -
tge | Output Enable Time from UB, LB 1 - 1 -
tcop | Output Disable Time from CE - 8 - 8
topo | Output Disable Time from OE - 8 - 8
tgp | Output Disable Time from UB, LB - 8 - 8
Write Cycle
TC551864AJ -15 TC551864AJ -20
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX.
twec | Write Cycle Time 15 - 20 -
twp | Write Pulse Width 9 - 10 -
tcw | Chip Enable to End of Write 12 - 13 -
tsw | UB, LB Enable to End of Write 12 - 13 -
taw | Address Valid to End of Write 12 - 13 -
tas Address Setup Time 0 - 0 - ns
twr Write Recovery Time Q - 0 -
tps Data Setup Time 8 - 10 -
ton Data Hold Time 0 - 0 -
toew | Output Enable Time from WE 1 - 1 -
topw | Output Disable Time from WE - 8 - 8
AC Test Conditions
Input Pulse Levels 3.0V/0.0V Y Y
Input Pulse Rise and Fall Time 3ns
4800 4800
Input Timing Measurement Reference Level 1.5V 1Opin 1Opin
Output Timing Measurement Reference Level 1.5V
Output Load Fig. 1 2550

B-36

C. = 30pF/]/; 2550 Cy=5pF J;

(For tcoe. toee. tcoo.
topo. toew and topw)

Figure 1.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



e aedl

SR01040795 Static RAM TC551864AJ-15/20

Timing Waveforms

Read Cycle @

ADDRESSES X X

. Static RAM:

top® | | zé-

UB, T

QUTPUT DATA VALID

Dout

Write Cycle 1 ) (WE Controlled)

twe

ADDRESSES - X X

tps tp,
Din * DATA IN STABLE *

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. B-37



TC551864AJ-15/20 Static RAM SR01040795

Write Cycle 2 ¥ (CE Controlled)

ADDRESSES )(

tas twe twr

4

High Impedance

tge 6)
1, 6
oE (6)
s | to
Din DATA IN STABLE

Write Cycle 3 ©®) (UB, LB Controlled)

ADDRESSES % X

tas

WR

"%

/

High Impedance

tco
pw (6
tge(6) | ! >
D5 | tou |
Din DATA IN STABLE
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SR01040795 Static RAM TC551864AJ-15/20

Notes:
1

2.

. The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute.

WE is High for Read Cycle.

. Assuming that CE Low transition occurs coincident with or after the WE Low transition, Outputs

remain in a high impedance state.

. Assuming that CE High transition occurs coincident with or prior to the WE High transition, Outputs

remain in a high impedance state.
. Assuming that OE is High for Write Cycle, the Outputs are in a high impedance state during this period.
. These parameters are specified as follows and measured by using the load shown in Figure 1.
(A) tcor toes tow - - - - - Output Enable Time
(B) tcop: tobo: topw - - - - Output Disable Time
CE, OF \L Y
U5, 8 \ " /]
__f ) h N
WE
(A) (8)
. 0.2v
High Impedance 0.2v X N A High Impedance
Dour OUTPUT DATA VALID
0.2v . ~ 0.2V
UNKNOWN ’ UNKNOWN A

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TC551864AJ-15/20 Static RAM SR01040795

Outline Drawings Unit in mm

Plastic SOJ (SOJ44-P-400)

44 23
f‘!l‘lﬁr‘lf‘lﬂl‘lﬁ!‘lr‘lﬁﬁﬁr‘\r‘\l‘lﬁﬁr‘lhﬁﬁ "

10.160.12
11.0540.12
9.31vP

IL

-/,
[ JL S J S N N Sy ey
1 22

29.0MAX

28.5840.12

+0.1
0711014

0.8MIN
3.5+0.2

Iy
H

Weight: 1.64g (typ.)

This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

. LIFE SUPPORT POLICY
Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.
A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

1.

IS)

. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. Allinformation in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assurme responsibility for the use of any license under the patent rights of Toshiba or any third parties.

[&)
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TOSHIBA

SILICON GATE CMOS

TC551402]-25

4,194,304 WORD x 1 BIT/1,048,576 WORD x 4 BIT CMOS STATIC RAM

Description

The TC551402J is a 4,194,304 bits high speed static random access memory, it is possible to change the organization
between 4,194,304 words by 1 bit and 1,048,576 words by 4 bits using CMOS technology, and operated from a single 5-vo|t

supply. Toshiba’s CMOS technology and advanced circuit form provides high speed feature.

The TC551402J has a low power feature with device control using Chip Enable (CE), and has an Output Enable input

(OFE) for fast memory access.

The TC5514024J is suitable for use in various application systems where high speed is required such as cache memory, high

speed storage, main memory, and so on. All inputs and outputs are directly TTL compatible and separation.
The TC551402J is packaged in a 32-pin SOJ with 400mil width for high density surface assembly.

Features
e Fast access time
- TC551402J -25 25ns (max.)
e Low power dissipation
- TC551402J -25 160mA (max.)
- Standby: 10mA (max.)
¢ 5V single power supply:  5V+10%
e Fully static operation
o All inputs and outputs TTL compatible
e |/O separation (x1 Mode), I/O common (x4 Mode)
e Qutput buffer control: OE

o Package:
- TC551402J: SOJ32-P-400A
Pin Names
A0 ~ A21 Address Inputs
D Data Input
Q Data Output
CE Chip Enable Input
WE Write Enable Input
OE Output Enable Input
Vbp Power (+5V)
GND Ground
B1/B4 Bit Function

Pin Connection (Top View)

l’”” X4
r”5514

A0 A0[]
Al A1l
A2 A2(]
A3 A30a
Al A4fls 2
A5 CElls «
CE  wvoif7z 3
Voo Vool
GND GNDO9 =
o wo2fio ©
WE Wefi1 —

AB A5[12
A7 A6(
A8 A7(0
A9 A8l

A10 A9l

311 A18 A20

300 A17 A19
A16 A18
A15 A17
[e]3 A16
/04 [e]3
GND  GND
Vop Voo
1103 Q
Al4 AlS
A13 Al4
A12 A13
All A12
A10 All
B1/84 B1/B4

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TC551402J-25 Static RAM SR04010995

Block Diagram

A9 o— N
<! | MEMOR
= B £ |
o—1]38uw 29
— 138% ae 1024 1024 x 4 +— GND
< ol | (4,194,308)
A0
Tl ]
x IMODE : D o N ‘——[K—OQ
N e —
x4MODE : /01 © N COLUMN 1/O IN
N /—: arcur = W
o N
L/\ COLUMN
DECODER
(o2 k S
N
1104 0
v\ 3 ce COLUMN -
[ ADDRESS BUFFER
M ¥ o<
ga|  LLLILLLD
d@ A21 o A10: x IMODE
TT A9 7T\ A10: x4MODE
e
WE © —<>
OF o
—{— CE

Truth Table
TC851402J is possible to change the organization of bit mode between 4M words by one bit and 1M words by four bits with
input level of pin condition B1/B4.

“4M x 1 Mode” is performed on when pin pin B1/B4 is held on “V| level”. On the other hand “1M x 4 Mode” requires B1/B4
to be connected to V) _level”.

Input level of B1/B4 condition must be set at the same time of power on. Any chnage of input level B1/B4, high or low, is pro-
hibited after power on.

MODE B1/B4 | CE OF WE 10 POWER
Read H L L H Dout 1obo
1 Mode Write H L * L Din Ibpo
Output Disable H L H H High-Z Ibbo
Standby H H * * High-Z lbps
Read L L L H Dout Ibbo
4 Mods Write L L * L DN lbpo
Output Disable L L H H High-Z Ibbo
Standby L H * * High-Z Ibbs
“HorL
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SR04010995

Static RAM

TC551402J-25

Maximum Ratings

SYMBOL ITEM RATING UNIT
Vpp Power Supply Voltage -05~7.0 \Y
Vin Input Terminal Voltage -2.0*~7.0 \

Vout | Output Terminal Voltage -0.5* ~Vpp + 0.5 \
Pp Power Dissipation 1.0 w
TsoLper | Soldering Temperature (10s) 260 °C
TsTtrg | Storage Temperature -65 ~ 150 °C
Topr | Operating Temperature -10 ~ 85 °C

*-3V with a pulse width of 10ns

DC Recommended Operating Conditions (Ta = 0 ~ 70°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vbp Power Supply Voltage 45 5.0 5.5 \Y
ViH Input High Voltage 2.2 - Vpp + 0.5 \
Vi Input Low Voltage -0.5* - 0.8 \

*-3V with a pulse width of 10ns

DC and Operating Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
Iy Input Leakage Current ViN=0~Vpp - - +10 pA
loH Output High Current Vo =2.4V -4 - - mA
loL Output Low Current VoL =0.4V 8 - -
CE=V)yorWE=V, orOE=V
| Output Leakage Current H It H - - +10 A
o ? ¢ Vour=0~Vpp H
] teycle = Min cycle,
Ibbo | Operating Current CE =V, loyT = 0mA, - - 160 mA
Other Inputs =V ,/V)
CE =V, - -
IDDS1 Other Inputs = V]H/V"_ 30
Standby Current — mA
| CE=Vpp-0.2V _ _ 10
DDS2 Other inputs = Vpp - 0.2V or 0.2V
Capacitance (Ta = 25°C, f = 1.0MHz)
SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
Cin Input Capacitance Vin = GND 8 pF
Cout | Output Capacitance Vour=GND 8 pF

Note: This parameter is periodically sampled and is not 100% tested.
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TC551402J-25 Static RAM SR04010995
AC Characteristics (Ta = 0 ~ 70°C(), Vpp = 5V+10%)
Read Cycle
TC551402J -25
SYMBOL PARAMETER UNIT
MIN. | MAX.
tre Read Cycle Time 25 -
tacc | Address Access Time - 25
tco Chip Enable Access Time - 25
toe Output Enable Access Time - 12
tcoe | Output Enable Time from CE 5 -
tcop | Output Disable Time from CE - 10 ns
toge | Output Enable Time from OE 1 -
topo | Output Disable Time from OE - 10
ton Output Data Hold Time from Address Change 5 -
tpy Chip Selection to Power Up Time 0 -
tpp | Chip Deselection to Power Down Time - 25
Write Cycle
TC551402J -25
SYMBOL PARAMETER UNIT
MIN. MAX.
twe | Write Cycle Time 25 -
twp | Write Pulse Width 13 -
taw | Address Valid to End of Write 20 -
tcw | Chip Enable to End of Write 20 -
tas Address Setup Time 0 - ns
twr | Write Recovery Time 0 -
toew | Output Enable Time from WE 1 -
topw | Output Disable Time from WE - 10
tps Data Setup Time 12 -
toH Data Hold Time 0 -
AC Test Conditions
Input Pulse Levels 3.0v/0.0V
Input Pulse Rise and Fall Time 3ns
Input Timing Measurement Reference Level 1.5V
Output Timing Measurement Reference Level 1.5V
Output Load Fig. 1
5V 5V
4800 4800
Dour Dour
255Q 255Q

B-44
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(For tco, toee, tcoo: tooo.
toew.toow)

Figure 1.
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SR04010995 Static RAM TC551402J-25

Timing Waveforms

Read Cycle (1)
NN L% tco | - i-gsu ‘
Q — :9>EiE(S) OUTPUT DATA \jiflc:ﬂ : -

Write Cycle 1 ® (WE Controlled Write)

| twc
ADDRESS
— le tcw
TE
e taw
\ twp
WE
A' R ¢ 6
OF ' ODWI)
toDots) tOEE(®)
HIGH IMPEDANCE tOEW(E)
) I tps tDH _ |
° )E DATA IN STABLE
Write Cycle 2 (CE Controlled Write)
| twc [
ADDRESS * k
t
- tcw tWR
CE N —
T N "

ql twp
— 6

tCOE(6) 1%
—_—t

HIGH IMPEDANCE

| tDs DH

D * DATA IN STABLE
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TC551402J-25 Static RAM SR04010995

Notes:
1. The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute.

2. WE is High for Read Cycle.

3. Assuming that CE Low transition occurs coincident with or after the WE Low transition, Outputs
remain in a high impedance state.

4. Assuming that CE High transition occurs coincident with or prior to the WE High transition, Outputs
remain in a high impedance state.

5. Assuming that OE is High for Write Cycle, the Outputs are in a high impedance state during this period.

6. These parameters are specified and measured by using the load shown in Figure 1.

(A) tcor: toes torw -+ + - -+ - Output Enable Time
B) tCOD' tODOY tODW P OUtpUt Disable Time
CE, OF
4t
1!
WE
(A) (8)
14 0.2v
v h
Q High impedance 0.2V OUTPUT DATA VALID High Impedance
0.2v i
(1
UNKNOWN ’ UNKNOWN 4 0.2V

B-46 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY



SR04010995 Static RAM TC551402J-25
Outline Drawings Unit in mm
Plastic SOJ (SOJ32-P-400A)
32 17
rf_\f_ll-ll_lr"ll_\f"li_ll—\l_1r_|I‘1['_1l_|l_|l_\ (r:'j _
o~ o
- ! [N B
[=] o Ko
g 5 i3
S| = D
5%
e =)
T i —D=" e

S R N N [ N D O [ N N [ O S it P X

1 16 -9
¢7
| 21.38MAX B
20.9640.12
' 07134,
r4
H
©
1 =) “a,
i C o
l =K 0.4313:87
= 0.1} =<{${0.18 @)

Weight : 1.22g (Typ.)
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TC551402J-25 Static RAM SR04010995

Notes

1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directiy or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

. LIFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain fife.

IS}

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

w

. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

TC55V1165FF-8/10/12

PRELIMINARY

65,536 WORD x 16 BIT SYNCHRONOUS PIPELINE BURST SRAM

Description
The TC55V1165FF is a 1,048,576 bit synchronously pipelined burst SRAM that is organized as 65,536 words by 16 bits and
designed for use in a secondary cache to support MPUs which have burst functions.
The TC55V1165FF integrates a 2-bit burst address counter and control logic with a 64K x 16 static RAM. All inputs,
except the output enable (OE) input, are synchronous with either the rising edge of the clock (CLK) input.
The read operation can be initiated with either the address status processor (ADSP) input or the address status controller
(ADSC) input. Subsequent burst addresses can be generated internally and are controlled by the address advance (ADV) input. sames
___The write operation is internally self-timed and is initiated by the rising edge of the clock (CLK) input. Byte Write Enables

(BWT - BW2) allow a one to two byte write operation according to their logic states. “g .
The TC55V1165FF operates from a single 3.3V power supply, and is packaged in a low profile 100-pin plastic QFP 2 g
(LQFP). & £
Features Pin Connection (Top View) ;% ‘%,
* Organization: 84K words x 16 bits e
« Fast cyce time: 15ns min. (66.7MHz) e 5ggzl§lm.§§§a‘lél§|ol |° 232
e Fast access time: 8ns (max.) (Clock to data output) EQ 0E0ARAOAARAREREARE
e Pipelined burst operation ey (o 32,7 95 93 91 89 87 8s 83 81 1 ..
o 2-bit burst address counter (Interleaved Burst or Linear xg 2 ’%98 % 94 92 30 88 86 84 82 ;9 ) NC
Burst Sequences) vooQCI 4 T ES V5o
« Synchronous self-timed write (Global Write and Byte Write) vsiaoms BENsa
o LVTTL compatible interface o] BENSs
» Package 195, 2,
- 100-pin LQFP (0.65mm pitch, 1.6mm height typ.): vooacm oo
LQFP100-P-1420 (VVelght: 0.569 typ.) vol2cag 3 68 I /05
VDo 15 S Ne
NCCTT 16 (Top View) 65 o voo
A vssSCIm 17 84 T 22
o o 2 ey
A0 ~ A15 Address Inputs vo0Q T 20 &1 fr vooQ
/0T ~ /016 | Data Inputs /Outputs vesacm2y SmmveQ
CLK Clock Input Vor}g o %i gg = lr/:%l
CE, OE2, CE2 | Chip Enable Inputs VsSq o 38 3 B vssq
ADSP Address Status Processor VD%% == % gg = X?”
Input NC[TT] 29 52 M NC
NCCI}30 _ 32 34 36 38 40 42 44 46 48 S0S1 M NC

31 33 35 37 39 41 43 45 47 49

ADSC Address Status Controller Input
ADV Address Advance Input EEEQ@E@E??EESQEE??EE
GW Global Write Enable Input g >> <L«
BWE Byte Write Enable Input
BW1 ~ BW2 | Byte Write Enable Inputs
OE Output Enable Input
MODE Mode Select Input
7z Snooze Input
NU Not Usable Input

Voo Veog | Power

VssVssg | Ground
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TC55V1165FF-8/10/12 Static RAM SR01011295

Block Diagram
16 16 14 16
A15-A0 — D Address Q |~
—D Register
MODE —P—'
A1-A0

ADV jj Bi
P inary Q A1’

Counter and
CLK D—'_— CLR Llogic QO a0
ADSC————B_ I
ADSP————D“
BW1 8
—_D_ > Bytet Q N Byte 1
D* D Write Register ———-L_/ Write Driver 7
'8 Memory
Cell Array
64K x8x 2
BW2— (1,048,576)
:D—D > Byte2 Q T Byte 2 8
E_DO--- D Write Register -I_/ Write Driver 7
BWE— 8 ls 8
oW N
a3 > Enable
D Register Qi Q L ) L B) D
CE2 — Byte 1 > Byte 2 > Output
Input Input Register
—p Enable Delay Register —— Register Q Q
CE2 D Register Q D D T
Qutput
OE Buffer
8 8
1701 8
-1/08 7
1109 8
-/016 #
27—

NU ———>
Vop—>
Vgg—>
Voo™

Vssq—>
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SR01011295 Static RAM TC55V1165FF-8/10/12

Pin Descriptions

Pin Number Symbol Type Description

37, 36, 35, 34, 33, 32,
100, 99, 82, 81, 44, 45,

Input
(Synchronous)

Synchronous Address Inputs.
These address inputs are registered on the rising edges of CLK. All

46,47, 48

address inputs must meet the setup and hold times for all rising edges
of CLK when the chip is enabled.

93,94

Input

Synchronous Byte Write Enables.

(Synchronous)

These inputs are active low and control byte write operations when
BWE is low. BWT controls I/01 - 8. BW2 controls 1/09 - 16. For byte
write operations, if either of two inputs are low, all outputs are in high
impedance.

87

|
[es]

Input

Synchronous Byte Write Enable.

(Synchronous)

This input is active low and controls byte write operations.

88

Input

Synchronous Global Write.

(Synchronous)

This input is active low and controls a 16bit write operation indepen-
dent of the BWE and BW1, BW2 inputs.

89

Input

Reference Clock.

All synchronous input signals are registered on all rising edges of CLK.
All synchronous signal timings are measured from the rising edges of
CLK. All synchronous input signals must meet the setup time and hold
times referenced to the rising edges of CLK.

83

ADV

Input

Synchronous Burst Advance.

(Synchronous)

This signal is active low and controls the internal burst address counter
after the external address is loaded. When the signal is low, the internal
burst address is not advanced. If a write operation initiated by ADSP is
desired, this signal must be high to write the loaded address at the ris-
ing edge of the first clock after an assertion of ADSP.

C. High Speed

84

ADSP

Input

Synchronous Address Status Processor.

(Synchronous)

85

ADSC

Input

The signal is active low. This signal controls the burst start by register-
ing the new external address. The write enables (GW, BWE, BW1, BW2)
are ignored at the assertion of ADSP and a read operation is initiated. A
subsequent operation is dependent on the write enables at the rising
edge of the first clock after an assertion of ADSP. This signal is ignored
if CE is high.

Synchronous Address Status Controller.

(Synchronous)

This signal is active low. This signal initiates a burst read or write
depending on the write enables (GW, BWE, BW1, BW2) by registering
the new external address.

98

Input

Synchronous Chip Enable.

(Synchronous)

This signal is active low. This signal controls the chip status (enable or

disable) and the internal use of ADSP. This signal is sampled only when
a new external address is loaded.

92

Input

Synchronous Chip Enable.

(Synchronous)

This signal is active low. This signal controls the chip status (enable or
disable). This signal is sampled only when a new extemal address is
loaded. This input can be used for memory address depth expansion.

97

Input

Synchronous Chip Enable.

(Synchronous)

This signal is active high. This signal controls the chip status (enable or
disable). This signal is sampled only when a new extemal address is
loaded. This input can be used for memory address depth expansion.

PRELIMINARY
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TC55V1165FF-8/10/12

Static RAM SR01011295

86 OE Input Asynchronous Output Enable.

(Asynchronous) | This signal is active low and controls all 16bit I/O buffers. This signal
must be high for the time write data is driven prior to the assertion of
the byte write enables (GW, BWE, BW1, BW2) following a read opera-
tion.

Pin Number Symbol Type Description
58, 59, 62, 63, 68, 69, | I/01 -1/016 | Input /Output Synchronous Data Inputs/Outputs.
72,73,8,9,12,13, (Synchronous) Byte1 is 1/01 - 1/08, Byte2 is I/09 - I/016.
18,19, 22, 23
31 MODE Input Mode Select.

(Asynchronous) | This signal is used to select the burst sequence. If this signal is high or
not connected, the burst sequence is Interleaved Burst. If this signal is
low, the burst sequence is Linear Burst. This input is intemally pulled
up. Altering the input state while the device is operating is prohibited.

64 7z Input Snooze.

(Asynchronous) | This signal is active high and is used to place the device into sleep
mode, which is a low power standby mode. If this signal is low or not
connected, the device is in an active state. If this signal is high, the
device is in a sleep state, and the memory data is retained. The device
wakes up when a read or write operation is initiated by ADSP or ADSC
after deasserting this signal. This input must be connected to Vsg
when ZZ mode is not used.

38 NU Input Not Usable.
(Asynchronous) | This signal is used only by the manufacturer. This signal must be low or
not connected. This input is intemally pulled down.
1,2,3,6,7,14,16, |NC - No Connection.
24, 25, 28, 29, 30, 39, These inputs are not internally connected. Pin numbers 49 and 50 are
42, 43, 49, 50, 51, 52, reserved for future device expansion.
53, 56, 57, 66, 74, 75,
78,79
15, 41, 65, 91 VW Supply Power Supply.
17, 40, 67, 90 Vss Ground Ground.
4,11, 20, 27,54, 61, VBD—Q Supply Output Buffer Power Supply.
70,77
5,10, 21, 26, 55, 60, V@ Ground Output Buffer Ground.

71,76

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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SR01011295 Static RAM TC55V1165FF-8/10/12

Operation Mode

(1) Synchronous Input Truth Table —

Operation CLK CE | CE2Z | CE2 | ADSP | ADSC | ADV | WRITE* | zz* ADUDS'EEDSS 1/05 | CURRENT 2
— r:ﬁ t E ﬁ —I: ; ; ; E External J— -
Begin Burst Read — = — — — = = = = Dout (n IoboT

g L>H | L|LC|H | A L | x H [ |Address ™| Iooor
— f:ﬁ ; ; ; ﬁ ﬁ E ﬁ E Next Burst [ -
Continue Burst Read —=———=1—= = = — — = — — Dout (n, I5poT

LS5H | H | x | x | Lo | H L H L |Address ™) | lopor
LSH | x | x | x H H H H L |[Current i
Suspend BurstRead [ —___ [ — — — -5 — — — — | Burst Dout (n) 502
L->H H X X L H H H L Address .
P = = = = - = — | External —_—
L—>H L L H H L X L L Address N/A
Begin Burst Write LSH | x | x | x H H H L L | Curment Din (p) R
S — _Z — —5 — — — = Burst N/A
LoH H X X L H H L L Address
| LSH | x| x| X H H X L L |NextBurst _ _
Continue Burst Write ———==1—= = = = — = = = Next Burst Din (p) N/A
LSH | H | x| x | C H L L L |Address
LSH| x| x| x H H H L L | Current .
Suspend BurstWrite [ ——— | — | — - — — — - — | Burst Din (p) N/A
[SH|H | x| x| T H | H L L |Address
LSH | H| x| x X L X x [
LSH | L | H| x L X x X L
Deselected LSH | L | x| L L X X X L |None Hi-Z(p)| Topss
LSH | L | H| x H L X X C
LSH | L | x| L H [N X X L
Snooze LSH | x| x| x X X X X H | None Hi-Z(P)| To553
Note: ZZ input is asynchronous, but is included in this table.

1.

2. Consumption current does not include output buffer current.

3. His logical High and L is logical Low. X is High or Low. .

4. WRITE = L means any one or two byte write enable inputs (BW1, BW2) and BWE are Low or GW is Low. WRITE =

H means GW and BWE are High, or GW is High and BWE is Low and all byte write enable inputs are High.

(n) and (p) indicate the cycles affected by the synchronous control inputs. (n) is the next cycle, (p) is present cycle.

6. When CE = H, ADSP is disabled (ADSP = X). ADSP = L to avoid redundancy with the previous truth table entry
when CE = H and ADSP = H.

o
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TC55V1165FF-8/10/12 Static RAM SR01011295

(2)  Partial Truth Table for Write Enables (Synchronous Input)

Operation CLK | GW | BWE | BW1 | BW2 | 1/01-1/08 | 1/09 - /016
— CSH|H| H X X Dout (n) | Dout (n)
Read e — = = —
L—>H H L H H Dout (n) Dout (n)
LSH | L X X X Din (p) Din (p)
N LSH |H | C L L Din (p) Din (p)
Write e = — = — — —
LSH | H L L H Din (p) Hi- Z (p)
LSH | H | C H L Hi-Z(p) Din (p)

Note: 1. (n) and (p) indicate the cycles affected by the synchronous control inputs. (n) is the next cycle, (p) is present cycle.

(8)  Asynchronous Truth Table

Operation 0E | 2z 1/01 - 1/032
N L L Dout
Read = = —
H L Hi-Z
Write x | L Din, Hi- Z
Deselected X L Hi-Z
Snooze x | H Hi-Z
(4)  Write Pass-through Truth Table
Previous Cycle Present Cycle Next Cycle
Operation | Addr. | WRITE | 1/0 | Operation | Addr. | WRITE | CE | CE2 | CE2 | ADSP | ADSC | ADV | OE | 1/0 1/0
ADSP
Initiated e = = = h = = = =
Read Am X L L H L X X L
Cycle -
Q1 (Am)
___ | ADSC _
Write ~— - Dn | Initiated — = = = = = = = = Qn
Cycle Ak L A | Read Am H L L H H L X L m
Cycle
Con- X H X X X H H X L
tinue —_—
- — — - - — — — — Qn + 1 (AK
Read X H H X X L H L L +1AY
Cycle
Note: 1. Dn (AK) represents input data for the n-th burst address starting from address Ak.
2. Qn (Ak) represents output data from the n-th burst address starting from address Ak.
3. n=1,2,30r4.
4. WRITE = L means any one or two byte write enable inputs (BWT, BW2) and BWE are Low or GW is Low. WRITE =

H means GW and BWE are High, or GW is High and BWE is Low and all byte write enable inputs are High.
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SR01011295 Static RAM

TC55V1165FF-8/10/12

(6) Interleaved Burst Sequence (MODE input = NC or Vpp)

Bit Order: A15 A14 .......... AS A2 A1 Ao
Lower 2 bits are internally generated from the external address.

1st Address (External) 2nd Address (Internal) 3rd Address (Internal) 4th Address (Internal)
XXereran xx00 XXueeena xx01 XXevean xx10 XXursaee xx11
XXaresnn xx01 XXereeee xx00 XXuveen xx11 XXurenee xx10
XXerennn xx10 XXerenen xx11 XXeveren xx00 XXueeane xx01
XXeveae xx11 XXuuenne xx10 XXuveren xx01 XXereran xx00

The burst address wraps around 1o its initial state.

(6)  Linear Burst Sequence (MODE input = Vgg)

Bit Order: A15 A14 .......... A3 A2 A1 AO
Lower 2 bits are internally generated from the external address.

1st Address (External) 2nd Address (Internal) 3rd Address (Internal) 4th Address (Internal)
XXeerens xx00 XXereaee xx01 XXorrens xx10 Lo - xx11
XXuurene xx01 XXeverns xx10 XXuveunr xx11 XXuurens xx00
XXursane xx10 )., . xx11 XXeeeren xx00 XXereern xx01
XXuwrens xx11 XXeraee xx00 XXereree xx01 XXeverne xx10

The burst address wraps around to its initial state.

Maximum Ratings

SYMBOL ITEM RATING UNIT
Vsp | Power Supply Voltage -05~46 v
vm (a)gi;put Buffer Power Supply Volt- mm v
Vix | Input Terminal Voltage 05"~ 46 v
V,,—o Input/Output Terminal Voltage -0.5* ~ Vppg + 0.5 v
Pp | Power Dissipation 12 w
Tsoiper | Soldering Temperature (10s) 260 C
TstrRe | Storage Temperature 65 ~ 150 °C
Topr | Operating Temperature 10~ 85 °C

* -1.5V with a pulse width of 20% @ txs min (4ns max)
. Vppq+ 1.5V with a pulse width of 20% e ts min (4ns max)

PRELIMINARY
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TC55V1165FF-8/10/12

Static RAM

SR01011295

DC Recommended Operating Conditions (Ta = 0 ~ 70°C)

SYMBOL PARAMETER MIN. TYP. MAX UNIT
Vgp | Power Supply Voltage 31 33 36 v
Vssg | Output Buffer Power Supply Voltage 31 33 3.6 Y
Vig | Input High Voltage 2.0 - |Vpp+03~| V
Vizr | Input High Voltage for MODE pin Vpp-03 |Vos| Vo +0.3 | V
Vir | input Low Voltage -0.3 - 0.8 v
VE Input Low Voltage for MODE and NU pins -0.5 0.0 0.3 v

*

*k

Note:  NU pin must be low or not connected.

-1.0V with a pulse width of 20% @ txs min (4ns max)
Vpp + 1.0V with a pulse width of 20% ® txc min (4ns max)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Static RAM

TC55V1165FF-8/10/12

DC and Operating Characteristics (Ta = 0 ~ 70°C, Vpp = Vppq = 3.1V ~ 3.6V)

SYMBOL

PARAMETER

TEST CONDITION

MIN.

TYP.

Input Leakage Current
(Except MODE, Z2Z, NU pins)

ViN=0~Vpp

Output Leakage Current

Device Deselected or Output Dese-

!c_acted,
Voor=0~ Vpp

MODE pin

Vix = Vpp ~ Vpp - 0.3V

Viy =0~ 0.3V

Input Current N
ZZ pin

Vin = Vpp ~ 2.0V

Vin=0-~08V

Vin=0-~03V

NU pin

Vin=0-~03V

Von

Output High Voltage

fon = -8MA

Toy = -100pA

VoL

Output Low Voltage

iOL =8mA

ToL = 100pA

pyorpvapoeyrapnaforryonaond

<l

Ippoi

Operating Current

Device Selected,
Toyr = 0 mA
Allinputs = Vi/Vy
CLK S tggmin.

lDD02

Operating Current (Idle)

Device Selected,

Tour = 0 MA

ADSC, ADSP, ADV >V
Allinputs = ViV
CLK = tggmin.

Ipps1

Standby Current (CLK running)

Device Selected,
All inputs = Vig/Vy,
CLK = tggmin.

Ipps2

Standby Current

Device Selected,

All inputs = Vgp - 0.2V or 0.2V,
CLK frequency = OHz

Nl

Ipps3

Snooze Current

Z2Z=Vpp-0.2V,
Allinputs = Viy/Vy,
CLK = tggmin.

Nl

Capacitance (Ta = 25°C, f = 1.0MHz)

SYMBOL

PARAMETER

TEST CONDITION

MAX.

UNIT

EIN

Input Capacitance

Viy = GND

pF

Input Capacitance for MODE, ZZ, NU pin

Vv = GND

pF

-COUT

Input/Output Capacitance

VI/O =GND

~i| ooff ol

pF

NOTE: This parameter is periodically sampled and is not 100% tested.
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TC55V1165FF-8/10/12

Static RAM

SR01011295

AC Characteristics (Ta = 0 ~ 70°C, Vpp = Vppg = 3.1V ~ 3.6V)

TC55V1165FF-8 | TC55V1165FF-10 | TC55V1165FF-12
SYMBOL PARAMETER uNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
txc | CLK Cycle Time 15 - 16 = 20 -
tky | CLK High Pulse Width 5 - 5 - 6 -
tk. | CLK Low Pulse Width 5 - 5 - 3 -
tkqv | Access Time from CLK - 8 - 10 - 12
tkax | Output Hold Time from CLK 2 = 2 - 2 -
tkqLz | Output Enable Time from CLK 5 - 5 - 5 -
tkquz | Output Disable Time from CLK 2 5 2 5 2 6
tgqu | Access Time from OE - 6 - 6 - 7
tgqz | Output Enable Time from OE 0 - 0 = 0 -
tequz | Output Disable Time from OE 2 5 2 5 2 6
tas | Address Input Setup Time from CLK 25 - 25 - 30 -
tay | Address Input Hold Time from CLK 05 - 05 - 05 -
tapss | ADSP, ADSC input Setup Time from CLK 25 - 25 - 3.0 - ns
tapsy | ADSP, ADSC Input Hold Time from CLK 05 - 05 - 05 -
tys | ADV Input Setup Time from CLK 25 - 25 - 3.0 -
tyy | ADV Input Hold Time from CLK 05 = 05 - 05 -
tws | GW, BWE, BW1, BW2 Input Setup Time from CLK 25 - 25 - 3.0 -
twy | GW, BWE, BW1, BW2 Input Hold Time from CLK 05 - 05 - 05 -
tces | CE, CE2, CE2 Input Setup Time from CLK 25 - 25 - 3.0 -
tcen | CE, CE2, CE2 Input Hold Time from CLK 05 - 0.5 - 05 -
tps | Data Setup Time CLK 25 - 25 - 3.0 -
toy | Data Hold Time CLK 05 - 0.5 - 05 -
t;s | ZZ Standby Time 5 - 5 - 6 -
tzr | ZZRecovery Time 8 - 10 - 12 -
tsyz | Output Disable Time ZZ 0 12 0 12 0 14
AC Test Conditions
Input Pulse Levels 3.0/0.0V 33v
Input Pulse Rise and Fall Time 3ns
Input Timing Measurement Reference Level 1.5V 2950
Output Timing Measurement Reference Level | 1.5V 10 Zo=50Q 1/Opin
Output Load Fig. 1
R, =500 C_=5¢F 2170
C. = 30pj,- /J;
Vis1sv (For txquz, tkqHz,
tequz. and tgquz)
Figure 1.
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Timing Waveforms

tavk .ADV susdends burst

\ ',% % V2 4///%///

Read Cycle
| Single Read ) Burst Read Deselected
' : tke X
CLK 1 1 1 1 1 D !
:' taDss {43443 tapsh 'tKH W ! i EADSP is blocked by- CE htgh i - -
ADSP 7% ] EWEW&‘%////’////// 7 %_///: //'////E
5 : :tAOSS . tADSHi : | n | -
oS TNk A \ZAKZ ANk W/////Y///

tas 'H taw | H

A1s-Ag /////m////////////,m////////// / //M//// /////// //////M

|ttt : : P ! !
LT Y O T
BWEW/Ms%é T T =W5W§W////%i
W L ////////// /////%/://'/ U
i tces tcen : ' ' CE 'masks AD§P : I
« 7 (T [T |\ | T (T

tees E teen : § CE, T —G_ 2, CE2 stéte is sambled only when a néw addresi is Ioadec{
é%%V i /722?7443' Z /%?ﬁ 4%%/ 4%%7 7777 ‘?5/Ay

! Deselecn‘ed with T or CEZ

: tcss]ﬂﬂ{tcen l i '
CE2 Zips + ¥eziizg W///ﬁ////////////////////////////x ////////‘/
e——H o
O N 1 T N T N N
Din i 5 ' i i : : : ' :
I ) B s
Dout t t — 5 22
] : ‘KOtzt - Vo T ;
7//% Don't care o
i Undefined
Note

1. QI(A2) represents output data from 1st burst address starting from address A2. Q2(A2)
represents output data from 2nd burst address starting from address A2.
2. ZZ is Low.
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TC55V1165FF-8/10/12 Static RAM SR01011295

Write Cycle

___Single Write Burst Write , Deselected
v T T

W;WWWW@%%W/»

ADSC
E :ADV must be high .for ADSP \Nr:te : ADV sbspends b(:rsv.
)
ADVW:W/ O -
1 1 : ) : ! : l ] )

J, . 1
| 1 1 1 1
Ars-Ao Z) 7%
! ; twsmtwu i : GW performs wrlte mdependent ofr BWE and BW1-BWA. i

1 V. %/////ﬁ

tws twh

TWE //W ,ﬂ/// / /%/,, - WM

: tcgsl E teen ' CE, CE2, CE2 stéte is sambled only when a néw addres§ is Ioaded
T Z /// W/ %N @/77//)// /Wz////////x /8 Kf///%

1
]
|
]
|
|
1
1
1
|
'
1
T
'
]
[
'

i tees [ teem 3 :
<s2 1 | XU W//W// 7T
OF 5 ;‘E : I

'f//////%//////// Y /////W

JUURN (. RV
£
N

% Don't care
4 Undefined
Note

1. D1(A2) represents input data for 1st burst address starting from address A2. D2(A2)
represents input data for 2nd burst address starting from address A2.
2. ZZ is Low.
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Write Cycle (Byte Write Timing)

Write Pass-through

- Byte Write , Burst Read
' . N . . . f ' ' . .
CLK_/_\_./—\_/_\J_\_/_\J_\_/_\_/—\_/_\_/—\_/_\J
; taosH | : ; i ; 'ADSP is Hlocked byl CE high. |
o5 .V/% <. L LT LT G

! taoss }ﬂﬁitwm .' i i i
AOSC 0 | W///// %//W , %/// /7W Y A

| ADV mu§t be high ifor ADSP \write.

AoV w///////////////// W//M;%//X% 7

Ars-Ao //3/ ' /// €177/ D /// ///f//%

<

| 20 %/M:W//// T T |

swe 7T ,W”/'////x/ <l

BW1 ;W/ﬂ//w/ /M 27 %/%L//x//////ﬂ//ﬂ//m
; i tws‘-{-}ﬂ-’ltwu ;

BW2 ;

v////// 170 V///%\ //7 D777 ///////4‘
1 tees tcen i CE imasks ADSP.
< DD ///M/ 2.8, ////,\////ﬂ \ N

Deseleoted with TE2 or CEZ  tcgs tcen CE.C

CE CEZ CEZ state ls samp‘ed only '
&2 /%// 7] 7 /%/A V2 //»‘//A ///7/////// // /////////?

: tcss}ﬂ&-ﬂtcw 5
W22 V/z 78 W V///////////// /

CE2 ////7%

l
PR ' ' | I
OF i f WW/ /f/ % % %/m ; '
Dint : : E l tos tou : ; '
in . i . H ! .
-Ding T ; ; f /@/ ; T : : : :
: 'tKQH H | tos , toH tkQv ' tkQv )
Ding gy ' tp H— 3 !
-Din 16 E : : ; ‘ — R0 ; ‘
' it ' : : : a1 tox [
Dout 1 T n ! ! ! ! ! !
-Dout 8 ! ! i J ; i j 1
i i H i i | i i
Dout9 N y ) ; H | ; :
-Dout 16 : T T T
1 I 1 1
//// Don't care
'2‘,, Undefined
Note

1. ZZ is Low.
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TCS55V1165FF-8/10/12 Static RAM SR01011295

Read/Write Cycle
. Write Pass-through Output
| Single Read , ___Single Write | Burst Read , Disabled
: tKC l . ) ' 1
' : : j : : : : '
CLK
E ta0ss tADSH 'IKH kL ! i 'ADSP is blocked b)‘ CE hlgh
ADSP | %[//%///W////////WW
I
1+ tapss tADSH

ADSC |

V////Ar //W/M/]WWWWW-

'ADV muit be high} for ADSP \Nnte

mw/ T i I /Z: AVH/JV//////////%

Ats-Ag %/ % tAH/}//W//// ///z// //////////////ﬁ
o7 M%)/JW//WWWWW
///:/7//}//“4;1 %"/}/% 777 %W \ZgA /4
i //{// 7 // ////%t MWH///i/ //// //// ///// 4////////////

q: //'/ g ////////x ///////A //M %/ Ww

tees CE, CE2, CE are sampled only whén a new address is Ioaded :

287772 % ///;7///% W///////A ////;// ///////////%////////////yv

| tcsslﬂrﬂitcsr« i
<2 Z700% V//Z/// % //// \% //7/// /////////‘/ ////////// ////Z

l l k I l l : : : : |
— ) I 1] — O N— 1
OF _ ! : [ : :’x : : : ! e
' [ 1 1] 1 1 ' i 1 1 1
1 Ll 1 1 ] 1 1 1 1 1 1 1}
' Hiez ! t tosler toH ! ! H
Din — : ; ; DAY T
1 1] 1 1 - [
a 1 H |, tehz, i teau |,
© 0 Hi-z ' Y ' i
Dout —+— t ? Q141) ; -
' i 1 t )
: : : : RN B e
1 tkaQx H — | kaov
tkqv

1. When a write operation follows a read operation, OE must be driven high prior to the
assertion of the byte write enables (GW, BWE, BWI, BW2) and before input data is
applied to avoid data bus contention.

2. ZZ is Low.
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Snooze Cycle

| Single Read Snooze . Read
r

-t
]

., e
——h

CLK

tapsH el tke !

WI /VZJWW WW%W
: tAoss}H‘H{tAosn E ' :

s TN Y f*@% T
ABV %/ ///////// / /%W' ‘ 2 %// ////////W///Y//// //4

N 1, & M/%W 7 4///////

i tws }4—)‘0{1WH '
o Wj/ X WM //”%ﬁ/?///é% ///M/// /

: tws H—M—b{ TwH

BWEW/ %41 WW /(// W //W_/%///

S WW// % /////%//;// //// //y /1////1///%://///%
0 B L U s W

@ 77 % 7 /%// //W// / /M //7////////%\ ////4‘
i tcssh—M—b{tcsH i

&2 7778 | ’(/ /////%/ //%W/_// //4/_/_/7/////%////;%% ‘(//////
' ; W//M// 7 ///// ///%//L//m

1)
Din ' : 1 I . ( { | |I \ . ' ( '
! . ! [teqv| !tequz| | ! ' ' , 1 '
ez | : | i | : E E
i- 1 ' 1 I ! !
Dout T+ . Q1A ——H . —H— -
' § H i \ Y ' )
' 1 tKQLZHH 1 ' ' 1 i
1 | 1 tz;.? ' ' ' 1 tzr | i
1 t N tequ KQX ) ) i | T H :
2z | , : ; P | : Ly ;
T 1 1 | 1 T ( ( T v
1 1 ) I 1 ] 1 1 1 1
i 1 1 1 1 : :

Don't care
Undefined
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TC55V1165FF-8/10/12 Static RAM SR01011295

NOTE: 1. Don’t apply opposite phase data to the /O pins when they are in the output state.
2. Output enable and output disable times are specified as follows with the output load shown in Figure 1.

(a) tkQLZ, tKQHZ

CLK __7[_\__7[_\ 71_“_\ 7&_\__7[__
o\ |/ O\ L/
s \_|/ L/

T

_CE, . ]
w7777 77K 777
K982 10.2v txQHz Lo by
Dout High Impedance \ OUTP:)J(SATA VALl : ( ,%,.'hgh Impedance
2 0.2v s *3 Toﬁv

*1: The input states are defined in the Synchronous Input Truth Table.
*2: If the device was previously deselected, when the device is selected, the output remains in a high impedance state

in the present clock cycle regardless of OE because of the output enable delay register. Valid data appears in the
second clock cycle when OE is low.

*3: When the device is deselected, the output goes into a high impedance state in the present clock cycle regardiess
of OE.

(b) tGQLz, tGQHZ, tzHZ

E' z (- 7 tzHz
t t
<SQZ, | 102y " S22, | loav
Dout High Impedance OUTPUT DATA VALID Ek High Impedance
X 3
{
0.2v v To.2v

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY
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SR01011295 Static RAM TC55V1165FF-8/10/12

Outline Drawings Unitin mm
Plastic LQFP (LQFP100-P-1420)

22.020.2
: 20.030.1
N iao 51
>4 (EHBRAAAARAAAARRRAARAAAAARAARAAAA
Sr—ormf =k
o o =em}
= =
.
= = g g
= = |8
= =
= O =
100 | | L o 31
'¢1HE‘&B&.rHEHEHEHBHEHEHE%HHEHH%—_—_-
]
0.575TYP _'__ | | 0.32.56% rSLREIO
Bl

21.0+0.2

40085
,“0;‘45/’“@

0.5%0.2

Weight : 0.56g (Typ.)
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TC55V1165FF-8/10/12 Static RAM SR01011295

Notes

1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

. LIFE SUPPORT POLICY

IN)

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.
3. Theinformation in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

"TC55V1325FF-8/10/12

PRELIMINARY

32,768 WORD x 32 BIT SYNCHRONOUS PIPELINE BURST SRAM

Description

The TC55V1325FF is a 1,048,576 bit synchronously pipelined burst SRAM that is organized as 32,768 words by 32 bits and
designed for use in a secondary cache to support MPUs which have burst functions.
The TC55V1325FF integrates a 2-bit burst address counter and control logic with a 32K x 32 static RAM. Allinputs, except
the Output Enable (OE) input, are synchronous with either the rising edge of the clock (CLK) input.
The read operation can be initiated with either the address status processor (ADSP) input or the address status controller
(ADSC) input. Subsequent burst addresses can be generated internally and are controlled by the address advance (ADV) input. s

___The write operation is internally self-timed and is initiated by the rising edge of the clock (CLK) input. Byte Write Enables
(BW1 - BWA4) allow a one to four byte write operation according to their logic states.
The TC55V1325FF operates from a single 3.3V power supply, and is packaged in a low profile 100-pin plastic QFP (LQFP)

Features
o Qrganization:

e Fast cycle time:
¢ Fast access time:

32K words x 32 bits
15ns min. (66.7MHz)

o Pipelined burst operation

e 2-bit burst address counter (Interleaved Burst or Linear

Burst Sequences)

e Synchronous self-timed write (Global Write and Byte Write)

o LVTTL compatible interface

o Package:

- 100-pin LQFP (0.65mm pitch, 1.6mm height typ.):

LQFP100-P-1420 (Weight: 0.569 typ.)

Pin Connection (Top View)

8ns (max.) (Clock to data output)

Pin Names
A0 ~ A14 Address Inputs
1/01 ~ 1/032 Data Inputs /Outputs
CLK Clock Input
CE, CE2, CE2 Chip Enable Inputs
ADSP Address S::gft Processor
ADSC Address Status Controller Input
ADV Address Advance Input
GW Global Write Enable Input
BWE Byte Write Enable Input
BW1 ~ BW4 Byte Write Enable Inputs
OE Output Enable Input
MODE Mode Select Input
y44 Snooze Input
NU Not Usable Input
Vpp, Vbba Power
Vss, Vssa Ground

igh épeed ,,
Synchronous’

o2utlEERERE T e

< <givu @U> >0
99 97 95 93 91 89 87 85 83 81 )

NCCIM ! 100 98° 96 94 92 90 88 86 84 82 80 [IONC
1101719 2 79 M V016
110181 3 78 I 11015

vDDQCII 4 77 I vb0oQ
vsSQrCIM S 76 [II3J VSSQ
1019l 6 75 @D 11014
o001 7 74 T 11013
1102111} 8 73 o w012
1702211} 9 72 7011
vssSQCI 10 71 VvssQ
voDQ I 11 70 M voDQ
11023114 12 69 I3 11010
1702471 13 68 113 1109

NC(CIT} 14 67 I3 VSS
voorm 1S 66 3 NC

NCTI 16 65 [ VDD

vsSCII] 17 64 I3 22
1/025C11] 18 63 I3 /08
11026 C11] 19 62 (13 /07
vD0DQ1j 20 61 [ITJ VDDQ
vssQram 21 60 [ VSSQ
11027 11] 22 59 [0 1106
1102811} 23 58 o 17105
11029 24 57 M /04
1/030C11] 25 S6 13 1103
VSSQUII] 26 55 I3 VsSsQ
vDDQ 27 54 T3 vDOQ
/0317174 28 S3 [ 1102
11032(11] 29 52 g vOt

NCCII)30 _ 32 34 3638 40 42 44 46 48 SO0S1 T3 NC

31 33 35 37 39 41 43 45 47 49

BHHBEHBEHBEHHEEHEEHD

QVUO—~NmaTUL
Q<<<<<<ZZV‘DZZ """"" zz
>> LI
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TC55V1325FF-8/10/12 Static RAM SR01021095

Block Diagram

15 15 13 15
A14-A0 7 D Address Q| £
—P Register
MODE
Al-A0
ADV B > Binary Q1 -
Counter and Al
CLK :D‘—‘ CLR Logic QO 0
ADSC——D_J
ADSP———_Dw
gl -D > Byte1 Q N Byte 1 8
:DO-- D Write Register ——-L_/ Write Driver 7
BWZ 8 8
D > Byte2 Q BN Byte 2 Memory
:DO--- D Write Register | ¢ Write Driver 7
- s Cell Array
BW3 ;D..D ,_> Byte3 Q 1 Byte 3 8[ 32K x8x4
D-- D Write Register r----l_/ Write Driver (1,048,576)
| 8
BWa :D-D S Bytea Q Byte d 8
:D"--- D Write Register "--L_/ Write Driver §
WE— 8 ls sl s
GW b
a3 o Enable
D Register Q |~ Q [E Q [ Q LE Q [ DDDD
W7} ‘D Byte 1 Byte2 |{'{ Byte3 Byte 4 Output
Input Input Input Input Register
“p Enable Delay "{ Register | "+ Register | '{ Register |'"{Register| | Q Q Q Q
CE2 D Register Q D [s) D D 1T
Output
OF Buffer
8 8 8 8
17101 8 I
-1/08 7
1109 8
-I1016 £
11017 8
-1/1024 £
11025 8
-1/032 —-
17—
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Static RAM

TC55V1325FF-8/10/12

Pin Descriptions

Pin Number Symbol Type Description
37,36, 35, 34, 33, 32, A0-Al4 Input Synchronous Address Inputs.
100, 99, 82, 81, 44, 45, (Synchronous) These address inputs are registered on the rising edges of CLK. All
46,47, 48 address inputs must meet the setup and hold times for all rising edges
of CLK when the chip is enabled.
93, 94, 95, 96 BWI1, BW2, Input Synchronous Byte Write Enables.
BW3, BW4 (Synchronous) These inputs are active low and control byte write operations when
BWE is low. BW1 controls 1/01 - 8. BW2 controls I/09 - 16. BW3 con-
trols 1/017 - 24. BW4 controls 1/025 - 32. For byte write operations, if
any of these four inputs are low, all outputs are in high impedance.
87 BWE Input Synchronous Byte Write Enable.
(Synchronous) This input is active low and controls byte write operations.
88 GW Input Synchronous Global Write.
(Synchronous) This input is active low and controls a 32bit write operation indepen-
dent of the BWE and BW1 - BW4 inputs.
89 CLK Input Reference Clock.
All synchronous input signals are registered on all rising edges of CLK.
All synchronous signal timings are measured from the rising edges of
CLK. All synchronous input signals must meet the setup time and hold
times referenced to the rising edges of CLK.
83 ADV Input Synchronous Burst Advance.

(Synchronous) | This signal is active low and controls the internal burst address counter
after the external address is loaded. When the signal is low, the internal
burst address is not advanced. If a write operation initiated by ADSP is
desired, this signal must be high to write the loaded address at the ris-

ing edge of the first clock after an assertion of ADSP.

84 ADSP Input Synchronous Address Status Processor.

(Synchronous) | The signal is active low. This signal controls the burst start by register-
ing the new external address. The write enables (GW, BWE, BW1 -
BW4) are ignored at the assertion of ADSP and a read operation is initi-
ated. A subsequent operation is dependent on the write enables at the
rising edge of the first clock after an assertion of ADSP. This signal is
ignored if CE is high.

85 ADSC Input Synchronous Address Status Controller.

(Synchronous) This signal is active low. This signal initiates a burst read or write
depending on the write enables (GW, BWE, BW1 - BW4) by registering

the new external address.
98 CE Input Synchronous Chip Enable.
(Synchronous) | This signal is active low. This signal controls the chip status (enable or
disable) and the internal use of ADSP. This signal is sampled only when
a new external address is loaded.
92 CE2 Input Synchronous Chip Enable.
(Synchronous) | This signal is active low. This signal controls the chip status (enable or
disable). This signal is sampled only when a new external address is
loaded. This input can be used for memory address depth expansion.
97 CE2 Input Synchronous Chip Enable.
(Synchronous) | This signal is active high. This signal controls the chip status (enable or
disable). This signal is sampled only when a new external address is
loaded. This input can be used for memory address depth expansion.
86 OE Input Asynchronous Output Enable.
(Asynchronous) | This signal is active low and controls all 32bit I/O buffers. This signal

must be high for the time write data is driven prior to the assertion of
the byte write enables (GW, BWE, BW1 - BW4) following a read opera-
tion.

PRELIMINARY
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TC55V1325FF-8/10/12 Static RAM SR01021095
Pin Number Symbol Type Description
52,53, 56,57,58,59, | 1/O1-1/032 Input /Output Synchronous Data Inputs/Outputs.
62, 63,68, 69,72, 73, (Synchronous) Bytel is /01 - 1/08, Byte2 is I/09 - 1/016, Byte3 is 1/07 - 1/024,
74,75,78,179,2,3,6, Byte4 is 1/025 - 1/032
7,8,9,12,13, 18, 19,
22,23,24,25,28,29
31 MODE Input Mode Select.
(Asynchronous) | This signal is used to select the burst sequence. If this signal is high or
not connected, the burst sequence is Interleaved Burst. If this signal is
low, the burst sequence is Linear Burst. This input is internally pulled
up. Altering the input state while the device is operating is prohibited.
64 77 Input Snooze.
(Asynchronous) This signal is active high and is used to place the device into sleep
mode, which is a low power standby mode. If this signal is low or not
connected, the device is in an active state. If this signal is high, the
device is in a sleep state, and the memory data is retained. The device
wakes up when a read or write operation is initiated by ADSP or ADSC
after deasserting this signal. This input must be connected to Vgg
when ZZ mode is not used.
38 NU Input Not Usable.
(Asynchronous) | This signal is used only by the manufacturer. This signal must be low or
not connected. This input is internally pulled down.
1, 14, 16, 30, 39, 42, NC - No Connection.
43, 49, 50, 51, 66, 80 These inputs are not internally connected. Pin humbers 49 and 50 are
reserved for future device expansion.
15,41, 65,91 Vbp Supply Power Supply.
17, 40, 67,90 Vss Ground Ground.
4,11, 20,27, 54, 61, Vbpo Supply Output Buffer Power Supply.
70,77
5, 10, 21, 26, 55, 60, Vsso Ground Output Buffer Ground.
71,76

C-22
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SR01021095 Static RAM TC55V1325FF-8/10/12

Operation Mode

)

Synchronous Input Truth Table

Operation CLK | CE | CEZ| ce2 | ADSP | ADSC | ADV | WAme® | zz4 | POPRESS | yos | cumment?
L—-H L L H L X X X L External
Begin Burst Read Dout (n I
¢ LoH| L | L |H]| H| L X H L Address @ | looor
L—->H X X X H H L H L
Next Burst
Continue Burst Read Dout (n I
LoH | H| x| x | L8 | H L H L Address @ 1 Topor
L—->H X X X H H H L
Current Burst
Suspend Burst Read Dout (n I
P LsH | H| x | x | L8 | H | H H L Address ™ | Ippoz
LsH|L|L|H L X L L External N/A t
Address g ;
Begin Burst Write Din 9
g L-H| x| x| x| H| H | H L L | Current Burst ® £
s N/A =
L-H | H| x| x |L H H L L Address g
£
L—->H X X X H H L L L o
Continue Burst Write . NextBurst | pye oy N/A
L>H | H | x| x | L H L L L Address
L—-H X X X H H H L L
. Current Burst .
Suspend Burst Write Din N/A
P LoH|H| x| x | L% ] H H L L Address ®
L—>H H X X X L X X L
L—>H L H X L X X X L
Deselected L—>H L X L L X X X L None Hi-Z(p) Ipps2
L—>H L H X H L X X L
L—->H L X L H L X X L
Snooze L—-H X X X X b3 X X H None Hi-Z(p) Ipps3
Note: 1. ZZinput is asynchronous, but is included in this table.
2. Consumption current does not include output buffer current.
3. His logical High and L is logical Low. X is High or Low.
4. WRITE = L means any one or more re byte write enable inputs (BWT, BW2, BW3, BW4) and BWE are Low or GW is

o o

Low. WRITE = H means GW and BWE are High, or GW is High and BWE is Low and all byte write enable inputs are
High.

(n) and (p) indicate the cycles affected by the synchronous control inputs. (n) is the next cycle, (p) is present cycle.
When CE = H, ADSP is disabled (ADSP = X). ADSP = L to avoid redundancy with the previous truth table entry
when CE = H and ADSP = H.
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(2)  Partial Truth Table for Write Enables (Synchronous Input)

Operation CLK | GW | BWE | BW1 | BW2 | BW3 | BW4 | 1/01-1/08 | I/09-1/016 | 1/017 - /024 | 1/025 - 1/032
Read L—>H H H X X X X Dout (n) Dout (n) Dout (n) Dout (n)
Lo>H | H L H H H H Dout (n) Dout (n) Dout (n) Dout (n)
L X X X X X Din (p) Din (p) Din (p) Din (p)
H L L L L L Din (p) Din (p) Din (p) Din (p)
L H H H Din (p) Hi-Z (p) Hi-Z(p) Hi-Z (p)
H L H H Hi- Z (p) Din (p) Hi-Z (p) Hi-Z (p)
Write L—H H| H L H | Hi-Z(p) | Hi-Z() Din (p) Hi-Z (p)
HI L [glH H L | H-Z(@p) | Hi-Z@p) | Hi-Z() Din (p)
The other 11 combinations of BW1 to BW4 are also effective.
BW!1 controls I/01 - I/08. BW2 controls 1/09 - i/016.
BW3 controls 1/017 - 1/024. BW4 controls /025 - 1/032.

Note: 1. (n)and (p) indicate the cycles affected by the synchronous control inputs. (n) is the next cycle, (p) is present cycle.

(8)  Asynchronous Truth Table

Operation OE | 2z 1/01 - 1/032
L L Dout
Read
H L Hi-Z
Write X L Din,Hi-Z
Deselected X L Hi-Z
Snooze X H Hi-Z
(4)  Write Pass-through Truth Table
Previous Cycle Present Cycle Next Cycle
Operation | Addr. | WRITE | 1/O | Operation | Addr. | WRITE | CE | CE2 | CE2 | ADSP | ADSC | ADV | OE | I/0 1/0
ADSP Ini-
;z::g Am | x L | L |H]|L x x | L
Cycle
- Q1 (Am)
) Dn ADSC Ini- Qn
Write Cycle | Ak L (AK) tiated Am H L L H H L X L (Ak)
Read
Cycle
Continue X H X X X H H L L
Read Qn + 1 (Ak)
Cycle X H H X X L H L L

Note: 1. Dn (Ak) represents input data for the n-th burst address starting from address Ak.

2. Qn (AK) represents output data from the n-th burst address starting from address Ak.

3. n=1,2,3,0r4.

4. WRITE = L means any one or more byte write enable inputs (BW1, BW2, BW3, BW4) and BWE are Low or GW is
Low. WRITE = H means GW and BWE are High, or GW is High and BWE is Low and all byte write enable inputs are

High.
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(6) Interleaved Burst Sequence (MODE input = NC or Vpp)

Bit Order: A14 A13 .......... A3 A2 A1 AO
Lower 2 bits are internally generated from the external address.

1st Address (External) 2nd Address (Internal) 3rd Address (Internal) | 4th Address (Internal)
XX...... XX00 XX...... XX01 XX...... Xx10 XX..ooo XX11
XX...... Xx01 XX...... XxX00 XX..oooo XX11 XX...... XX10
XX...... Xx10 XX xx11 XX...... XX00 XX.ooooo XX01
XX..owo Xx11 XX...... Xx10 XX...... XX01 XX...... XX00

The burst address wraps around to its initial state.

(6) Linear Burst Sequence (MODE input = Vgg)

Bit Order: A14 A13 .......... A3 A2 A1 AO
Lower 2 bits are internally generated from the external address.

1st Address (External) 2nd Address (Internal) 3rd Address (Internal) | 4th Address (Internal)
XX...... xx00 XX...... XX01 XX...... Xx10 XX.oooo XX11
XX...... XX01 XX...... Xx10 XX..ooow XX11 XX...... xX00
XX...... Xx10 XX...... XX11 XX...... XxxX00 XX...... XX01
XX..ooo XX11 XX...... XX00 XX...... XX01 XX...... Xx10

The burst address wraps around to its initial state.

Maximum Ratings

SYMBOL ITEM RATING UNIT
Vbp Power Supply Voltage -0.5~4.6 \%
Vbbo Output Buffer Power Supply Voltage -0.5 ~Vpp \4
ViN Input Terminal Voltage -0.5% ~ 4.6 v
Vio Input/Output Terminal Voltage -0.5% ~Vppgq + 0.5%* v
Pp Power Dissipation 1.2 w
TsoLDER Soldering Temperature (10s) 260 °C
TstrRG Storage Temperature -65 ~ 150 °C
Topr Operating Temperature -10~85 °C

* -1.5V with a pulse width of 20% e txc min (4ns max)
. Vppg+ 1.5V with a pulse width of 20% e tc min (4ns max)

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Static RAM

SR01021095

DC Recommended Operating Conditions (Ta = 0 ~ 70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vbbp Power Supply Voltage 3.1 33 3.6 v
VbbpQ Output Buffer Power Supply Voltage 3.1 33 3.6 v
Vig Input High Voltage 2.0 — | Vpp+03¥*| V
Vi1 Input High Voltage for MODE pin Vpp-0.3 Vb Vpp +0.3 v
D
ViL Input Low Voltage -0.3% - 0.8 \%
Vit Input Low Voltage for MODE and NU pins -0.5 0.0 0.3 A%

*

*k

Note:

C-26

-1.0V with a pulse width of 20% e txc min (4ns max)
Vpp + 1.0V with a pulse width of 20% ® tic min (4ns max)

NU pin must be low or not connected.
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DC and Operating Characteristics (Ta = 0 ~ 70°C, Vpp = Vppq = 3.1V ~ 3.6V)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. | MAX. | UNIT
Input Leakage Current
I (Except MODE, ZZ, NU pins) Vin=0~Vpp - - +1 uA
Device Deselected or Output Dese-
Lo Output Leakage Current lected, - - +1 UHA
Vour =0~ Vpp
Vin = Vpp ~ Vpp ~ 0.3V -1 - 1
MODE pin IN = VpD ~ VpD
Viy =0~ 0.3V -100 - 1
Vin = Vpp ~ 2.0V -1 - 100
Iy Input Current . IN" 70D pA
ZZ pin Viy =0~ 0.8V -1 -1 20
Vin=0~03V -1 - 1
NU pin Viy =0~ 0.3V -1 - 1 —
) IOH =-8mA 2.4 - - =
Vou Output High Voltage e
log = -100uA Vpp-0.2| - - v -§ 3
g e
|0L=8mA - - 0.4 n-e
VoL Output Low Voltage 9 5.
lor, = 100pA - - | o2 ‘Se=
Device Selected, : (?ﬂ:
i lour =0 MA _ _ g
Ippo1 Operating Current All inputs = Vigy/Vy, 220 | mA
CLK > th min.
Device Selected,
IOUT =0mA
Ippoz Operating Current (ldle) ADSC, ADSP, ADV 2 Vi - ~ | 190 | mA
All inputs = Vi/Vy
CLK 2 tkc min.
Device Selected,
Ibps1 Standby Current (CLK running) All inputs = Viy/Vy - - 35 | mA
CLK > tKC min.
Device Selected, )
Ipps2 Standby Current All inputs = Vpp - 0.2V or 0.2V, - - 2 mA
CLK frequency = OHz
ZZ =\Vpp - 0.2V,
Ibps3 Snooze Current All inputs = Vi/Vy. - - 2 mA
CLK> tRC min.
Capacitance (Ta = 25°C, f = 1.0MHz)
SYMBOL PARAMETER TEST CONDITION MAX. | UNIT
c Input Capacitance Vin = GND 5 pF
N Input Capacitance for MODE, ZZ, NU pin Vv = GND 8 pF
Cout Input/Output Capacitance Vyo = GND 7 pF

NOTE: This parameter is periodically sampled and is not 100% tested.
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TC55V1325FF-8/10/12 Static RAM SR01021095
AC Characteristics (Ta = 0 ~ 70°C, Vpp = Vppq = 3.1V ~ 3.6V)
TC55V1325FF-8 | TC55V1325FF-10 | TC55V1325FF-12
SYMBOL PARAMETER UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
txe CLK Cycle Time 15 - 16 - 20 -
tky CLK High Pulse Width 5 - 5 - 6 -
L CLK Low Pulse Width 5 - 5 - 6 -
tkav Access Time from CLK - 8 - 10 - 12
tkax Output Hold Time from CLK 2 - 2 - 2 -
tkaLz Output Enable Time from CLK 5 - 5 - 5 -
tkqHz Output Disable Time from CLK 2 5 2 5 2 6
taav Access Time from OE - 6 - 6 - 7
teaLz Output Enable Time from OE 0 - 0 - 0 -
tgqHz Output Disable Time from OE 5 2 5 2 6
tas Address Input Setup Time from CLK 25 - 25 - 3.0 -
taH Address Input Hold Time from CLK 0.5 - 0.5 - 0.5 -
tapss ADSP, ADSC Input Setup Time from CLK 25 - 25 - 3.0 - ns
tADSH ADSP, ADSC Input Hold Time from CLK 0.5 - 0.5 - 0.5 -
taaH ADV Input Setup Time from CLK 25 - 25 - 3.0 -
taas ADV Input Hold Time from CLK 0.5 - 0.5 - 0.5 -
tws GW, BWE, BWT - BW4 Input Setup Time from CLK | 2.5 - 25 - 3.0 -
twH GW, BWE, BW1 - BW4 Input Hold Time from CLK | 0.5 - 0.5 - 0.5 -
tees CE, CE2, CE2 Input Setup Time from CLK 25 - 25 - 3.0 -
teen CE, CEZ2, CE2 Input Hold Time from CLK 0.5 - 0.5 - 0.5 -
tps Data Setup Time CLK 25 - 25 - 3.0 -
tow Data Hold Time CLK 0.5 - 0.5 - 0.5 -
tzs ZZ Standby Time - 5 - 6 -
tzr ZZ Recovery Time - 10 - 12 -
tomz Output Disable Time ZZ 0 12 0 12 0 14
AC Test Conditions
Input Pulse Levels 3.0/0.0V 33v
Input Pulse Rise and Fall Time 3ns
Input Timing Measurement Reference Level 1.5V 2950
Output Timing Measurement Reference Level 1.5V 110 25=50Q 1/Opin
Output Load Fig. 1
R, = 50Q C_=5pF 217Q
C= 30,,;[; /J;
V=15V (For tkquz. tkquz,
tequz, and teouz)
Figure 1.
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Timing Waveforms

Read Cycle

Single Read , Burst Read , Deselected
T T

W : N7 A ! ! ! !
1 1 | l l 1 1 1
| | tapss [€3H| taosH : J? H H
—Aoscm@mwwwm
1 ]
1] | ' ;

: tavi | ADV susdends burst
' '

I //////////////////////////////////////////////////////////

CE masks ADﬁP

QE

H o
i i i
l 1] ] 1
ot S TS A i
H i y i
ez G| i] ] i
Din 1 | : \ : . i
] 1 1 1
t 1 | Q ! Burst wnaps around
) oz, ] H | to its initial state.:
Hi-2Z ' o £ 2\
Dout —K & 3
tkQuz}
H H —
o tkqv
m Don't care
Undefined
Note

1. Q1(A2) represents output data from 1st burst address starting from address A2. Q2(A2)
represents output data from 2nd burst address starting from address AZ2.
2. ZZ is Low.
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Write Cycle
,___Single Write | Burst Write ,Deselected
; .. W& : T
%
! t
CLK
i 1) 1
ADSP;is blockeci by CE hi’gh.
ADSP

;§

1. D1(A2) represents input data for 1st burst address starting from address A2. D2(A2)
represents input data for 2nd burst address starting from address A2.
2. ZZ is Low.
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Write Cycle (Byte Write Timing)

Write Pass-through

. Byte Write | Burst Read
f t

1 tKC

E E : E i : 5 E E ’ : 3
H } i : H i i H
1 b 1 1 1 1 1 1

) ] : T ]

EW is q'locked byE'C—E' high.i
% 7/ /A
H i 1aDss |96 taDsH | \
.

1
| ADV mus& be highifor ADSP \write.

i 'f////

E i : " tcEH E i : : '. CE imasks A_DT 1
3 \ | “////////////. : < O,
e ' ! CE E CEZ sl ns sam{nly !

o _| 7%/////////%///////////////////////////////,,. P

: ,
1 1
1 \ \ | tos WM toH 1 : :
pint ' : e ! : : i
Ding 7} E ! R : ! ! !
: b \ 1 : H H i
; h . 1 H f ¢ N H
[} [] [ ] i ] i
1 1 1
1 ] )

Din9
-Din 32

Dout 1

-Dout 8
Dout 9
-Dout 32 . H i
v/ Don't care
& Undefined
Note

1. ZZ is Low.
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TC55V1325FF-8/10/12 Static RAM

SR01021095
Read/Write Cycle

Write Pass-through Output
prite Passtnrougny u

Single Read ,___Single Write | Burst Read | Diia%led

t T T T
! KC |
CLK

1 1 1 1
1 ADSP is blocked by TE high. |

g //////////////////

1. When a write operation follows a read operation, OE must be driven high prior to the
assertion of the byte write enables (GW, BWE, BW1-BW4) and before input data is
applied to avoid data bus contention.

2. ZZ is Low.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY



~—

SR01021095 Static RAM TCS55V1325FF-8/10/12

Snooze Cycle

Single Read

Snooze , _Read
T

i

; /////////////////////////// |

C.HighSpeed |
Synchronous

0

Don’t care
§ Undefined
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NOTE: 1. Don’t apply opposite phase data to the I/O pins when they are in the output state.
2. Output enable and output disable times are specified as follows with the output load shown in Figure 1.

(a) tkQLZ, tKQHZ

a £\ 7&_\_7[4_\_7&_1__\__%_
/
-/

*1

7
N
2C

\

*1: The input states are defined in the Synchronous Input Truth Table.
*2: If the device was previously deselected, when the device is selected, the output remains in a high impedance state

in the present clock cycle regardiess of OE because of the output enable delay register. Valid data appears in the
second clock cycle when OE is low.

*3: When the device is deselected, the output goes into a high impedance state in the present clock cycle regardiess
of OE.

(b) tgqQLz, toqQuz, tzHz

E, 2Z (o 7t
t
S| 105y SQHz_| [ 0.2v
. I ‘
Dout High Impedance . OUTPLJ? DATA VALID X: High Impedance
3
I
0.2V v To.2v
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Outline Drawings Unit in mm
Plastic LQFP (LQFP100-P-1420)

22.020.2

20.040.1
80 51
3! ARARAARARARAAARAAARAIAGRAARARR
e =
& =
ad 3
ag = - ~
g = f 2
= S
ad o
= O =
100::::L 1L po 31
Q?HHHBHHUENHBHUHHEHHHHHHHHHH}‘%

‘ 032198
95&2’.’.11 L@
5

Weight : 0.56g (Typ.)
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Notes

1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

. LIFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

IS}

A critical component in any component of a life support system whose failure to perform may cause a maifunction of the life support system, or may affect its safety or effectiveness.

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TOSHIBA

TC58A040F

PRELIMINARY

4Mbit (4M x 1 BIT) CMOS AUDIO NAND EEPROM

Description
The TC58A040 is a single 5 volt 4M bit NAND Electrically Erasable and Programmable Read Only Memory (NAND EEPROM)
organized as 256 bits x 128 pages x 128 blocks.

The device has a 256 bit static register which allows program and read data to be transferred between the register and
the memory cell array in 256 bit increments. The erase operation is implemented in a single block unit (4k bytes).

The TC58A040 is suitable for digital recording systems such as digital answering machines and personal digital recorders.

Features Pin Names

¢ Organization DO Serial Data Output
- Memory cell array : 4M x 1 DI Serial Data Input
- Page Buffer : 256 bits -
- Page size : 256 bits _S_K Serial Clock
- Block size : 4k bytes CS Chip Select

° Mode : Read, Auto program, NC No Connection

Auto block erase, VooNss | Power Supply

Status read

° Mode control : Serial input/output
Command control Pin Connection (Top View)
* Package : TC58A040F
SOP28-P-450 "
(Weight: 0.81g Typ.) GND 1 28 [IVec
* Power supply Ve = 5V+10% NC O 2 27 ch
* Access time NC E 3 26 [INC
- Cell array - Register : 25ps ;i 4 ‘; ;i S:E
- Serial Read Cycle . 250ns
e Operating current DI []6 23 [INC
- Read (500ns cycle): 5mA typ. po 37 22 [INC
- Write : 15mA typ. NC 8 21 [INC
- Erase : 10mA typ. NC 9 20 [INC
- Standby : 50pA NC [ 10 19 [INC
NC O n 18 [INC
NC [ 12 17 [ONC
NC 13 16 [INC
NC ] 14 15 CINC

1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or
indirectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

2. LFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life sup-
port systems are either systems intended for surgical implant in the body or systems which sustain life.

A critical component in any component of a fife support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

3. The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this
data book is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TC58A040F NAND EEPROM NV04010196
Block Diagram
Vee Vss
Charge pumps/ Control gate drives i i
D [}
e e
S AR 4M bit memory cell array S
d d
e e
r r
7y 1 7y
DI » Data latches » DO
Interface / Control logic
[« SK
Maximum Ratings
SYMBOL PARAMETER RATING UNIT
Vee Power Supply -06~7.0
Vin Input Voltage -06~7.0 \
Vio Input/Output Voltage -0.6V ~ Vg + 0.5V (£ 7V)
Pp Power Dissipation 0.5 W
TsoLper | Soldering Temperature (10s) 260
Tsta Storage Temperature -55 ~ 150 °C
Topr | Operating Temperature 0~70
Capacitance* (Ta = 25°C, f = 1MH2)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Cin Input Capacitance ViN=0V - 5 10 F
Cout | Output Capacitance Vour =0V - 5 10 P

*This parameter is periodically sampled and is not 100% tested.
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NV04010196 NAND EEPROM TC58A040F

Valid Blocks (1)
The number of valid blocks in the range Block 0 ~ Block 126 @ js:

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Nyp1 | Number of Valid Blocks 117 TBD 127 Block

(1) The TC58A040 includes unusable blocks. Refer to notification (8) toward the end of this document.
(2) Block 127 is guaranteed to be good.

DC Operating Conditions
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vee Power Supply 4.5 5.0 5.5
Viy High Level Input Voltage 22 - Vec + 0.5 \"
Vi Low Level Input Voltage -0.3* - 0.8

* -2V (pulse width < 20ns).

DC Operating Characteristics (Ta = 0 ~ 70°C, V¢ = 5V+10%)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
I Input Leakage Current ViN=0V ~ Vo - - +10
Lo Output Leakage Current Voyr =04V ~ Ve - - +10 hA
lccot1 | Operating Current (Read Cycle) teycle = 250ns - 5 20
lccoz | Operating Current (Read Cycle) toycle = 118 - - 10 mA
lccos | Operating Current (Program) - - 15 60
lccosa | Operating Current (Erase) - - 10 40
lccsi | Standby Current CE=Vy - - 500
lccs2 | Standby Current CE =Vgg-0.2V - - 50 hA
Vou High Level Output Voltage loy = - 400pA 2.4 - - v
VoL Low Level Output Voltage loL =2.1mA - - 0.4
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TC58A040F NAND EEPROM NV04010196
AC Electrical Characteristics (Ta = 0 ~ 70°C, Vg = 5V+10%)
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
tsk Serial Clock Cycle Time 250" -
tskH SK High Time 120 -
tskL SK Low Time 120 ~
tcs | CS High Time 250 -

tcss CS Setup Time Relative to SK Rising edge 100 -

tois DI Setup Time Relative to SK Rising edge 50 - ns

tocswy | CS Hold Time tcshy: Relative to DO Rising edge 0 -

tcsHz | CS Hold Time tcsHe: Relative to SK Falling edge 20 -

toiH DI Hold Time Relative to SK Rising edge 20 -

toF CSto DO in High Z - 100
toH DO Hold Time Relative to SK Falling edge 0 -
tpp Output Delay Relative to SK Falling edge - 100
tsapp | Set Address Time - 200
tr Page Read Transfer Time - 25 ne
tsks SK to DO (Busy) Relative to SK Falling edge - 200 ns
*tr (transition time) = 5ns
sk
—_
ety — ty
Programming and Erasing Characteristics (Ta = 0 ~ 70°C, Vg = 5V+10%)

SYMBOL PARAMETER MiN. TYP. MAX. UNIT
tproOG Programming time - 300 ~ 1000 2000 us
tBERASE Block erasing time - 7 100 ms
Nw/e Number of write/erase cycles 10° - - Cycles
Npp* Number of programming cycles on same master page - - 50 Cycles

* Refer to the partial page write operation.
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Pin Description

Serial Data Input: DI
The DI pin is used for transferring in commands and data. Commands and data are latched on the rising edge of SK.

Serial Data Output: DO

The DO pin is used for transferring out status and data. Data is available tpp after the falling edge of SK. DO indicates the
internal state except during data output. A low level indicates that the device is busy. A high level indicates that the device is ready.

Chip Select: CS

This signal enables the device. When this signal is high, the device ignores SK. This signal can be tied to ground when there is
only one Audio-NAND device. The CS pin may be pulled high to reset the device.

Serial Clock: SK

This signal controls serial data input and output. Commands and data are latched on the rising edge of SK. Data is output on
the falling edge of SK.

Organization

The TC58A040F is a 4M bit device organized as 128 blocks of 16 master pages. A master page is further segmented into 8
pages as shown in the following figure. The write and read operations are executed on a page basis and the erase is executed on
a block basis.

Register (256bits) 1 Block

Page0 | Paget | Page2 | Page3 | Pagea | Pages | Page6 | Page7 | Master Page 0 (Page 0~7)

Page8 | Page9 | Page10| Pageli| Page12| Page13| Page1a| Page1s|Master Page 1 (Page 8~15)

128 Blocks

Master Page 15

*| paget 21fp Page123| Page124 Page125| Page126| Page127
.| Page120{ Page121| Page122| Page123| Page124| Page age age (Page 120~127)

256 bytes

1 page = 256 bits
1 master page = 8 pages =256 bytes
1 block = 16 master pages= 128 pages = 4096 bytes

A page is the unit of reading and programming.
A block is the unit of erasure.
A master page is divided into 8 pages. These 8 pages are controlled by a common word line.
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TC58A040F NAND EEPROM NV04010196

Address Assignment

The address is acquired through the DI pin using 16 consecutive clock cycles. The first 8 bits are the block address. The last
8 bits are the page address.

Decimal Binary
Block address 0~126 00000000 ~ 01111110
Set Address 0-~127 00000000 ~ 01111111

Example: Page 100 in block 50

block page
00110010 01100100 (16 bits serial data)

MsB LsB

Write Once Block

The TC58A040F has 128 blocks (block 0 ~ 127). The final block (block 127) has been set aside as a read only block. Once
data is written, this block cannot be erased. This block needs a special command for reading and writing. Block 127 may be used
for storing system configuration information that cannot be lost.

Block 0
|

Block 127

'« Final block cannot be erased.
(Block 127)

Command Table
There are 12 commands in the TC58A040. All operations are controlled by these commands, shown in the following table.
Instruction Start Bit Opcode Reserved Hex Command
Get Status 1 0000 000 80H
Set Address 1 0001 000 88H
Increment 1 0010 000 90H
Read 1 0011 000 98H
Write 1 0100 000 AOH
Erase 1 0101 000 A8H
Data Shift In 1 0110 000 BOH
Data Shift Out 1 0111 000 B8H
Write Enable 1 1100 000 EOH
Write Disable 1 1101 000 E8H
Write Last Block 1 1110 000 FOH
Read Last Block 1 1010 000 DOH

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY
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Commands

Set Address

The set address command defines which block and page of the memory is affected by an operation. The set address com-
mand is followed by two bytes, the first indicating the block number and the second indicating the page number. The set address
command is usually followed by a read or a data shift in command. Between the page address byte and the next command there
is a delay of tsapp-

The address that is selected remains the active address until a new set address or increment command is given.

Set address Block address Page address Read, Data Shift In
o]} 88H {XXH) { XXH) XXH
S S
tsapo

Example: If the 88H command is input, the MSB must be input first.

s LIl rrrir
DI 1 o 0 o0 1 0o 0 0
MSB Ls8

Increment

The increment command automatically increments the page address. When the last page in a block is selected, if the incre-
ment command is input, the address is set to 00H (Page 0) in the next block. However, if the last page in the last block (Block 126
is selected, the increment command will set the address to 00H (Page 0) in the same block (Block 126).

Read :
The read command transfers data from the selected page of the memory array into the on-chip buffer (256 bit shift register).
The read command is usually followed by a data shift out command. There is a delay of tg between the read command and the  *
data shift out command as the data is transferred from the memory array to the on chip buffer.

Write

The write command programs data from the on-chip buffer into the selected page of the memory array. A security code (55H)
follows the write command to ensure against accidental writes. Get status may be used to ensure that the operation was suc-
cessful. The write command will be ignored if write disable has been set.

Erase

The erase command erases a selected block. The erase command is followed by the block address. A security code (55H)
follows the block address to ensure against accidental erase. The get status command may be used to verify that the operation
was successful. The erase command will be ignored if write disable has been set.

Erase Block address  Security code
DI A8H { XXH) 55H
Nl
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Get Status

The get status command is used to output the status of the TC58A040. The eight status bits are defined as follows.

Bit Status Output
0 (LSB) Ready/Busy Ready “1” Busy “0”
1 Pass/Fail Pass “1” Fail “0”
2 Write enable/Write disable | Write enable: “1” Write disable: “0”
3 Not used Unknown “1” or “0”
4 Not used Unknown “1” or “0”
5 Not used Unknown “1” or “0”
6 Not used Unknown “1” or “0”
7 (MSB) Not used Unknown “1” or “0”

The status is output LSB first.

Data Shift In

The data shift in command is used to shift data into the on chip buffer. The number of bits sent into the buffer is determined by
an 8-bit argument following the command. The data shift in command is usually used prior to the write command.

Number of bits

Data shift in to shift in Bit1 Bitn
o GO D o o)
*1) (*2)
The value of (*1) is 1 less than the actual number of bits to be shifted in (*2).
Example:
Number of bits (*2) n =256 n=128 n=1

Number of bits argument (*1) FFH=11111111 7FH=01111111 00H = 00000000

Data Shift Out

The data shift out command is used to shift data out of the on chip buffer. The number of bits sent out of the buffer is deter-
mined by an 8-bit argument following the command. The data shift out command is usually used after the read command.

Number of bits
to shift out(*1)

D

Data shift out

o @D

Bit 1 Bitn(*2)
DO O .......... O___
The value of (1) is 1 less than the actual number of bits to be shifted out (*2).
Example:
Number of bits (*2) n =256 n=128 n=1

Number of bits argument (*1) FFH=11111111 7FH=01111111 00H = 00000000

Write Disable

The write disable command is used to prevent inadvertent writes or erases. Once this command is executed, all subsequent
write or erase commands will not be accepted. The status read operation (get status command) can be used to determine
whether the device is in the write enable or disable state.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY



e

NV04010196 NAND EEPROM TC58A040F

Write Enable
The write enable command is used to cancel the write disable mode.

Read Last Block

The read last block command is used to read the contents in the final block (Block 127). The set address command and 2

address bytes are required to set the page address. The block address is automatically set to 127, so the first address byte is
ignored.

Write Last Block

The write last block command is used to program into the selected page in the final block (Block 127). Once data is written
into the last block, it cannot be erased. A security code (55H) follows the write last block command to ensure against accidental
writes.

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-9
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Device Operation

Input/Output Operation

The TC58A040 has separate input and output pins. Address, command and input data are input as serial data through DI.
Status data and output data are output as serial data through DO. Input and output operations are as follows.
(1) Address input

Block address Pa?e address

Ms8 Ls8 Mms8 Ls8
8 bit 8 bit
Direction of input (MSB first)
(2) Command input (3) Data input

Start
bit MSB LS8 Stt)iatrt 0 1 2 cevmvmemnnnniennns 254 255

W — U

——
OP Code 256 bits data
~———————— Direction of input Direction of input
(4) Data output (5) Status data output
255 258 oo, 210 —_— Lor/E
‘1" or ‘0’ Pass / Fail
Direction of output (Bit 0 first) Unknown Write Enable/ Disable
Direction of output
(R/B first)

D-10 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY
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Register Operation
The TC58A040 has a 256 bit shift register on the chip. This register is used to transfer data to and from the memory cell array.

The register operation is as follows:

Input : 8 bit data input (new data shifts out oldest data)

Initial register state [ O] 1] 2] 3] oo [253]254 |255 |

State after inputting 8 bits [ 8[9[10]---[254[2s5|p|o|a|@|e|elo|e]|«— 020000600
—

Serial Input data

Output : 8 bit data output (register acts as a circular buffer)

Initial register state { 0] 1] 23 [248 [249 [250 [251 252 [253 [ 254 | 255
0,1,2,3,4,5,6,7 8| 9fwofnf-J25a 255 0 1] 2] 3] 4] 5]6] 7
State after outputting 8 bits {
\

Data is output again after 256 bits.

Read Operation
The read operation transfers data to the register from the memory cell array and outputs data synchronized to SK. This oper-

ation is shown in Figure 1.

Set Block Page Data  Number of bits
address  address  address Read shift out  to shift out
DI 88H @ XXH (98H) B8H XXH
00 \ | h |——<P<P(P ...... op—
tsa00 tr Bit1 2 3 Bit 256
256 bit

Shift Register /
;————» Serial Output

1 \ 7 1
T

|
Selected w

Block

Memory Cell array

Figure 1. Read operation diagram

The read operation is executed page by page. When reading from two or more consecutive pages, two methods are possible:

Read Mode (1)
The set address command is input for every page read cycle.

Set Block Page Data Number of bits
address address address Read shift out to shift out
o (eH (xxR) XXH H (B8R (XX
{ ) 98 (B8H ) (XXH)-
00 L SOIREYe)
Bit 1 Bitn
*tsapp "tr

D-11
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Read Mode (2)
The increment command is used instead of applying the set address command.

Address set to page X + 1

Set Block Page + Data Number of bits Increment

address address address Read shift out to shift out
Dt 88H { XXH) { XXH) {98H ) {B8H ) { XXH) 90H
N/ N N N A\ g
bo L L] OO
Bit 1 Bitn
*tsa00 *tr

* DO becomes low and is held at low level during the busy state.

The device state (busy or ready) can be output by executing the status read operation.

Status Read

This operation outputs the devices’s internal state by using the get status command.

Get Status Get Status Data shift out

Command Command command

h
o ED—ED—ED—D)
Read

l l I Busy
o - (ID
8 bit Status 8 bit Status
Output Output

8 clocks are necessary.

Write Operation

The write operation inputs data into the on-chip data register, and transfers the data from the register into the selected page
in the memory array. This operation is shown in figure 2.

Block Page Data *Number of bits 4 input Write Security
address  address shift in  to shift in Command code

oI - G @ Gor) @ooo

l L)
1 bit 256 bits l_
'-SAoo teroG
256 bit
Shift Register
<——-——— Serial Input
l I I /

Selected
Block E : : Memory Cell array

Write once block (Final block)

Figure 2. Write operation diagram
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* Number of bits to shift in: 256 (#FFh) should be input.
If the number of bits to shift in is less than 256 (#FFh), previous data will be written into the memory array.

Previous data New input data

previous data is written.

The write operation is executed page by page. When writing two or more consecutive pages, two methods are possible:

Write Mode (1)
The set address command is input for every page write operation.

v

Set Block Page Data Number of bits Security
address address address shift in to shift in Write code
oI 88H XYy (XA y——(BOH Y XKD - - - -+ (RoR)—(55H)-
Bit 1 Bitn
” LI LI
tsADD terROG

Write Mode (2)
The increment command is used instead of applying the set address command.

Address set to page X + 1

M

Set Block Page Data Number of bits Security Increment
address address address shift in to shift in Write code

o @ED—ED—ED—ED—ED—O
> L]

tsapD
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Partial Page Write Operation

The TC58A040 allows a master page to be divided into a maximum of 50 segments with each page segment written individ-
ually as follows:

Page1 Page2 Page3 Page4 Page5 Page6 Page7 Page8

L | I |

ni n3 n4 n5 né n7 n8

Page Register

Npp =nl1+n2+n3+nd4+n5+n6+n7+n8 =50
*ni-n8 Number of partial programs in a page
* Npp Number of partial programs in a master page

The input data for unprogrammed or previously programmed page segments must be “1”.
Example:

[ ‘v l Data Pattern I iy I(—- Page Register

k—————-—’/
256 bits

Erase Operation
The erase operation is executed block by block. The erase operation sequence is shown below.

Erase
DI A8H
Do

Block Security
address code
Ve \. f-H\
{ XXH) { 55H )

I

tgerAsE

Read and Write Operation for the Final Block (Write Once Block)

The final block (Block 127) has been set aside as a read only block. The final block needs special commands for the read and

write operations.

Read Last Block
The block address is ignored.

Set Block Page Data Number of bits
address address address Read Shift out to Shift out
o0 ) Vg ™,
[o]] H XH XXH DOH B8H
88 QX )—CxH)—0)
DO O ..... O
L '—J Bit0 Bitn

D-14
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Write Last Block
The block address is ignored.

Set Block Page Data Number of bits Security
address address address Shift in to Shift in Write code
I CxD—CxD—EHD)— D) ——O - - - O——ForD)—C5H)-
Bit 1 Bitn

[o]e]

L]

tsaDD trROG
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Timing Diagrams

Set Address

tskH =
| R
amaiiniatatatatats

tskH

] ]
1 1
1 1
- 1 ]
1 1

p? : H tsapo tor
DI tois 1 H
& : :
1 1

y tskg 00 tmmmmemm—mmeeed toH ->—'<-
DO \ BUSY ]

* Note1 : Refer to notification (7).

Note : The above 4 timing diagrams are contiguous.
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Read
_ tess
F —
. Q
tskH
1 sk X
o]}
98H
Q
o =
© tesHr
&
pe==-======-=1Note 2 t
& tskL : : 2 °
K A [ : :
2 bt~ ] ! tr toF
DI tois :' i
1 1
tskg 00 tmmmmemmmee—ed toH —>
22——-—\ 1
DO BUSY ]

* Note 2 : Refer to notification (7).

Note : The above 2 timing diagrams are contiguous.
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Data Shift Out

Q Number of bits to shift out (00H - FFH) Y
\Y N\

Note 5)

R W W W W
i
DO Zz_-‘ Dout 0 X Dout 1 X Dout 2 X Dout 3 XDoutZSZ.XDoutZS3 X Dout254X Doutzss%

Data output (Note 3)

DI

Note 3 : FFH input as the number of bits to shift out.
Note 4 : Refer to notification (6).

Note 5 : Refer to notification (9).

Note : The above 3 timing diagrams are contiguous.
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Status Read

_ tess

S —
: 2
tskH «
sk 2
< R\ N\

tois .l ton
R
B [ [~ [P [ [ [,
80H

D
A

DI

oo—%

a3
&

T
&

)]
[o]e] \1 Status Bit 0 Xsmus Bit 1 X Status Bit 2 X Status Bit 3 x Status Bit 4 x Status Bit S X Status Bit 6 x Status Bit 7%

Ready/Busy  Pass/Fail Write enable
Write disable

Note 6 : Refer to notification (9).

ote : The above 2 timing diagrams are contiguous.
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Data Shift In

22 Number of bits to shift in (00H - FFH) \)2
DO
s
“2 2 / l\
SK
o DN A =N
22 Data input (Note7) 1)‘)
DO

Note7 : FFH input as the number of bits to shift in.

Note 8 : Refer to notification (9).

Note : The above 3 timing diagrams are contiguous.
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Write
- tess
e %?___.
: Q
tskH
L tski 2
SK [
tois

DI

Do——%

AOH

— tesHa
[ 2)
\
re-----=-=---=Note 9 tcs
8 tski . .
s« [ :
]
J ! ! trrOG tor
DI tois :
2 tsks el toH —>—1<-
Do \ BUSY J

* Note 9 : Refer to notification (7).

Note : The above 3 timing diagrams are contiguous.
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Erase

2) Block address »
\Y Ay

..............

' 1 Note 10 tes
2 tski - -
s« [ :

1 1
R ! ! tgerasE tor
DI ) tois i E
1
tska e ton >—f<

DO 2 ! BUSY 7

* Note 10 : Refer to notification (7).

Note : The above 4 timing diagrams are contiguous.
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Notifications

(1)

@

Prohibition of unspecified commands

The 12 operation commands are listed in the command table. Commands other than these specified commands are
prohibited. Stored data may be corrupted if an unspecified command is entered during the command cycle.
Interruption by CS going high

During the period when the TC58A040 is reading a page from the array (tg), writing a page to the array (tprog), or eras-
ing a block (tggrase), the operation will complete regardiess of the state of CS. The CS pin may go high during these
operations. The DO pin will reflect the state of the operation by staying low while the operation is being executed. When
the operation is completed, DO will go high to reflect the ready state.

Device reset _

The TC58A040 is reset whenever CS changes from low to high. The command register will be cleared at this point. The
data register will continue to hold whatever data is in the register. To clear the data register, 32 bytes of “00H” data must
be input. CS does not affect operations as described in notification (2) above.

Write disable at power-up

On power-up, the TC58A040 is set in the write disabled mode. This prevents any spurious writes to the device. To
enable write operations, the Write Enable (EOH) command must be given.

Prohibition of extra clocks

If an unexpected clock is induced on the SK terminal by noise, the device may malfunction. Also, the device has no reset
command. Therefore, noise must be controlled.

Prohibition of data output and data input in the same cycle

Input and output operations in one cycle is prohibited. The following shows an example.

Y .
(a) (b) (<)
Data output l Data input

Data must not be input. /

Data must be input in the next cycle.

Notification during busy

When the device is in a busy state (when the TC58A040 reads a page from the array (tg), writes a page to the array
(tprog), erases a block (tgerase), OF decodes an address (tsapp). the DO pin outputs a low level (busy status). During this
period, operations, except for status read, are prohibited. If SK'is clocked during this period, except for the status read
operation, the DI pin must be kept low. If SK is held at a high or low level, the DI pin is don't care.

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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(8) Identification of Bad Blocks
The TC58A040 may contain unusable blocks. Bad blocks must be identified by user software during initial operation.
The figure below describes how to identify bad blocks.

Block No =

C : Checkerboard Pattern
‘ Pass T : Inverse Checkerboard Pattern
Blank Check Blank Check : 1 Block read (FFH)

Fail

Bad Block
BNo.=B8No. +1

B No. >126

Yes

Block No =0

Note : Block 127 is intentionally excluded from
this flow chart.

728 Page Fail
C-PattProg
‘ B No. = BNo. + ll«—-————
No
Bad
Pass Block BNo. = 126
8 Page
/C - Patt Prog Yes
Pass
B No. = 126 No
Figure 3

(9) Notification of when an operation finishes _
When the data shift out, data shift in, or status read operation finishes, the CS pin must go to a high level or SK must stay
low for at least 250ns. This must occur before inputting subsequent commands such as increment, write enable, or write
disable.

(Case 1) (Case 2) ] tes l
>

a [« [250ns min. I
SK I | 250ns min. l SK @
don't care

tesH2

20ns min.
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(10) Error in program or erase operation (Fail at status read)
The device may fail during a program or erase operation due to exceeding write/erase cycle limits, for example. The fol-
lowing system architecture will enable high system reliability if a failure occurs:

Program

Buffer fror occurs
memory grror oc U‘\
= Block A When an error happens in Block A, try to

S reprogram the data into another block (Block B) by
loading from an external buffer. Then, prevent

further system accesses to Block A ( by creating
a ‘bad block’ table or other appropriate scheme.)

n
¢
N
T«

I~ Block B

Erase

When the error occurs after an erase operation, prevent future accesses to this bad block (again by creating a table within th
system or other appropriate scheme.)
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System Concepts

The TC58A040 is a 4M bit NAND EEPROM designed to provide the most cost effective solution for digital audio recording
applications. For digital audio storage, the TC58A040 has been matched with DTAD CODEC LSI TC88411F. Applications that
can benefit from this combination include digital answering machines and personal digital recorders. Customers can quickly bring
to market systems capable of recording up to 15 minutes of audio on a single 4M bit device. Multiple TC58A040 can be used to
extend the recording time.

PAO oI
PA 1 » CS
PA2 »{ SK
PA 3 » DI
PA4 |« DO
TC88411F TCS8A040F
DTAD CODEC LS|
Data Transfer Rate
The data transfer rate of the TC58A040 is as follows.
Data Transfer Rate Total Time
Page Block Page Block
Read 0.85M bits/s | 2.60M bits/s 301us 12.6ms
Write (tprog: 400us) 377.6k bits/s | 538.3k bits/s 678us 60.9us
Erase (tgpage: 7.0ms) - - - 7.0ms

D-26 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY



NV04010196 NAND EEPROM TC58A040F

Device Physics

Program Operation

Figure 4 shows the NAND memory cell level details of the programming mechanism. The program operation is used to write
“0” data into an erased memory cell (“1” data cell) using a tunneling mechanism. An example program operation to program “0”
datain TR1 and “1” data in TR2 is as follows:

(1) A high level is applied to select line 1 and a low level is applied to select line 2 so that the device is connected to the bit
line and disconnected from the ground line.

(2)  Vpp (~20V) is applied to the selected word line and an inhibit voltage of VPI (=10V) is applied to the unselected word lines.

(8) The bit line tied to cell transistor TR1 is biased to OV and the bit line tied to TR2 is biased to the inhibit voltage of VDP1

(=10V).

(4) Vpp is applied between the control gate and the channel in TR1, as shown in Figure 4, which causes electrons to be
injected from the channel to the floating gate by tunneling.

(6) The injected electrons are captured in the floating gate (surrounded by an oxide layer) and will remain, even after power is
cut off, until they are removed by an erase operation.

(6) Although 20 volts is applied to the control gate of TR2, the voltage difference between the control gate and the channel
is only 10V because the voltage of the channel is 10V. Therefore, tunneling does not take place. (i.e. electrons are not
injected into the floating gate.)

(7) Tunneling does not take place in the unselected pages because of the 10V (VPI) being applied to the unselected word
lines which again makes the voltage difference between control gate and channel only 10 volts. Thus, the floating gate of
the “0” cell is charged to “Minus” and that of the “1” cell is charged to “Plus”.

Vep (OV) it line VDPI (= 10V) -
_ \ Vpp (= 20V)
Select linel + 4 i
(=10V) VPI Ht H (Word line1)
VPi EH E;H (Word line2) o
VPl H ,E:l\i (Word line3) ov
(=20Vv) VPP e g 5}:‘ H (Word lined) C N ¢
VPI E:;H TR2 [:H (Word line5) 77L
VPI r__l,{: [::} (Word line6)
VPI E:“ CH (Word line7) TR2 Vpp (= 20V)
Vl;l !J: !_,H (Wordé line8) .
: L L » &
VPI H H (Word line16)
Select line2 G, C, (eoce] VORI (= 10)
77;, 77;' 7/,VOPI
Select linel T 1
,__J—L_| .,_n_' N j)T \

Figure 4. TC58A040 Program Device Physics
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Erase Operation

Figure 5 shows the NAND memory cell level details of the erase mechanism. The erase operation is used to turn the “0” (pro-
grammed) cells back to “1” in a block. The captured electrons are pulled out from the floating gate to the substrate by tunneling.
Zero volts is applied to the control gate and Vpp (~20V) is applied to the substrate so that a 20 volt potential is created and the
electrons in the floating gate are pulled out through tunneling.

open open
Bit line

PN

Select line T

= d

ooV t ov

ov 4 il

ov H

ov H

16 word line ov H @‘ [—>open
(1 block) < ov . >__31 Y Yy l_4>

ov 1 L ft &
\ i Vpp (=20V)
Select line [ i q:jn
9

Vep (=20V) Vpp (=20V)

ya
~

Figure 5. TC58A040 Erase Device Physics

Read Operation

The state of the memory cell is either “0” (minus charge on the floating gate) or “1” (plus charge on the floating gate) after pro-
gramming. Each state is indicated by a “threshold voltage (Vth)” which is a characterization parameter of the MOS transistor as
shown in Figure 6. The threshold voltage of a transistor with data “0” distributes in the “plus” region while data “1” distributes in the
“minus”. The distribution band depends on transistor fluctuations.

Threshold 0’
e \;) Data cell
TH
(V) Distribution
+
0 N
_ ‘1" Data cell
Vry
Distribution

Figure 6. V1 Distribution for “0” and “1” data cell
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Figure 7 shows the memory cell level details of the read operation:

(1) Select lines 1 and 2 in the block, including the selected page, are biased at a high level so that the 16 NAND memory
cells are connected to the bit line and ground.

(2) Zero volts is applied to the control gates of the selected page and a high level voltage is applied to the control gates of
the unselected pages.

(3) InFigure 7, transistor TR2 with data “1” turns on, transistor TR1 with data “0” turns off, and all other unselected transis-
tors turn on.

(4) The precharged bit line tied to TR2 is discharged through TR2 as cell current flows to ground while the precharged bit
line tied to TR1 remains at a high level because current does not flow. The sense amplifiers tied to the bit lines thus sense
the voltage levels as “1” and “0” respectively.

Bit line

N

N

Select linel Y
ON Loy
- l—l ¢— I—I
H N R f-on
H E:n ON ﬁn ON
L) L}
H ‘::: o ‘:n N
Selected page L 'EI\I'O’ Lk
g = B
L LA
H En 2 E:: on
H Hon H-2
H 5:; on S:: =
H Ly on Lyy-on
Select line2 75: V.4 775{

o

Cell current

o
4
o
2

Figure 7. TC58A040 Read Device Physics
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Outline Drawings
Plastic SOP: SOP28-P-450 Unit: mm
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16Mbit (2M x 8 BIT) CMOS NAND EEPROM

Description

The TC5816 is a 5 volt 16M bit NAND Electrically Erasable and Programmable Read Only Memory (NAND EEPROM) with a
spare 64k x 8 bits. This device is organized as 264 bytes x 16 pages x 512 blocks. The device has a 264 byte static register
which allows program and read data to be transferred between the register and the memory cell array in 264 byte incre-
ments. The erase operation is implemented in a single block unit (4k bytes + 128 bytes: 264 bytes x 16 pages).

The TC5816 is a serial type of memory device which utilizes the /O pins for both address and data input/output as well
as command inputs. The erase and program operations are automatically executed making the device most suitable for
applications such as Solid State File Storage, Voice Recording, Image File Memory for still cameras, and other systems which
require high density, non-volatile memory data storage.

Features Pin Names
e Organization 0,.g |1/OPort
- Memory cell array : 264 x 8K x 8 CE Chip Enable
- Register 1264 x8 r— -
- Page size : 264 bytes WE Write Enable
- Block size : (4k + 128) bytes E Read Enable
* Modes : Read, Reset, Auto page CLE Command Latch Enable
program, Auto block ALE Address Latch Enable
erase, Suspend/ WP Write Protect
Resume, Status read RB Ready/Busy
¢ Mode control : Serial input/output GND Ground Input
Command control
« Package 400mil TSOP Type I Vee/Vss | Power Supply/Ground (5V/GND)
- TCB5816AFT : TSOP44-P-400B Pin Connection (TOp VIeW)
e Power supply 1 Ve = 5VE10%
o Access time TCSB16AFT
- Cell array - Register  : 25us max.
- Serial access : 80ns min.

e QOperating current
- Read (80ns cycle) : 15mA typ.
- Program (ave.) : 40mA typ.
- Erase (ave.) : 20mA typ.
- Standby : 100pA
o QOperating temperature :0~70°C
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Block Diagram
Vce vss

I

Fﬁatus register j«

VO 1 Ot—f Address register | » Column buffer
: 1/0 Control
2 : circuit @ »| Column decoder
1/0 804> ———b{ Command register l ZZ /////( Data register
4 U l— »| Sense amp.  |en
| Y v
CE o—» c‘g’ v% §, B
CLE O—»f dala
ALEO—>|  Logic > Control = g g Memory
WE O——5| control circuit b g cell array
RE O—p] ¢ $
WP O—» é ‘é
A [y
R/B O U
;3 4——-—‘ l HV generator }
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vbp Power Supply Voltage -06~7.0
Vin Input Voltage -0.6~7.0 \
Viio Input/Output Voltage -0.6V ~ Vo + 0.5V (£ 7V)
Pp Power Dissipation 0.5 W
TsoLper | Soldering Temperature (10s) 260
Tste | Storage Temperature -55 ~ 150 °C
Topr | Operating Temperature 0~70
Capacitance* (Ta = 25°C, f = 1MH2)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Cin Input Capacitance Vin=0V - 5 10
Cout | Output Capacitance Vour =0V - 5 10 PF

*This parameter is periodically sampled and is not 100% tested.

D-32 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY



NV16010196 NAND EEPROM TC5816AFT

Valid Blocks (1)

TC5816FT
SYMBOL PARAMETER UNIT
MIN. TYP. MAX.
Nyg Valid block number 502 508 512 Blocks

(1) The TC5816AFT includes unusable blocks. Refer to notification (17) toward the end of this document.

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. TYP. MAX. uNIT
Vpop Power Supply 45 5.0 55
Vin Input High Voltage 22 - Vec+0.5 \
Vi Input Low Voltage -0.3* - 0.8

* -2V (pulse width < 20ns)

DC Characteristics (Ta = 0 ~ 70°C, V¢ = 5V£10%)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
I Input Leakage Current Vin=0V ~Vpp - - +10
Lo Output Leakage Current Voyrt = 0.4V ~ Vpp - - +10 hA
Ibpot1 | Operating Current (Serial Read) CE=V,_ teycle = 80Ns - 15 30
Ippoz | Operating Current (Serial Read) loyT = 0mA toycle = 118 - - 5
Ippos | Operating Current (Command Input) | teyce = 80ns - 15 30
Ipbos4 | Operating Current (Data Input) teycle = 80NS - 50 70
Ippos | Operating Current (Address Input) toycle = 80NS - 15 30 mA
Ippos | Operating Current (Register Read) | teycie = 80ns - 15 30
Ippo7 | Program Current - - 40 60
Ibpog | Erasing Current - - 20 40
Ippst | Standby Current CE=Vy - - 1
Ibps2 | Standby Current CE=Vgg-02V - - 100 HA
Von High Level Output Voltage loy = - 400pA 2.4 - - y
VoL Low Level Output Voltage loL =2.1mA - - 0.4
IoL(R/B) | Output Current of (R/B) pin VoL = 0.4V - 10 - mA
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AC Characteristics (Ta = 0 ~ 70°C, Vg¢ = 5V+10%) (1)
SYMBOL PARAMETER MIN. MAX. UNIT NOTES
toLs CLE Setup Time 20 - ns
toy | CLE Hold Time 40 - ns
tcs CE Setup Time 20 - ns
teH CE Hold Time 40 - ns
twe Write Pulse Width 40 - ns
taLs ALE Setup Time 20 - ns
taLH ALE Hold Time 40 - ns
tbs Data Setup Time 30 - ns
toH Data Hold Time 20 - ns
twe Write Cycle Time 80 - ns )]
twy | WE High Hold Time 20 - ns
tww | WP High to WE Falling Edge 100 - ns
trR Ready to RE Falling Edge 20 - ns
tre Read Cycle Time 80 - ns
trea | RE Access Time (Serial Data Access) - 45 ns
toen gsaléhgr;;:ne at the Last Address in the Serial 250 _ ns @)
treaip | RE Access Time (ID Read) - 90 ns
tRHZ RE High to Output High Impedance 5 20 ns
toyz | CE High to Output High Impedance - 30 ns
tren | RE High Hold Time 20 - ns
tR Output High Impedance to RE Rising Edge 0 - ns
trsto | RE Access Time (Status Read) - 45 ns
tcsto | CE Access Time (Status Read) - 55 ns
tgyw | RE High to WE Low 0 - ns
twhe | WE High to CE Low (Status Read) 50 - ns
twir | WE High to RE Low (Status Read) 50 - ns
" ﬁ'ISERIéc;\g/)to RE Low 200 _ ns
ton gg ;‘;‘g’;;’ RE Low 200 - ns
tr Memory Cell Array to Starting Address - 25 us
twe WE High to Busy - 200 ns
tarz | ALE Low to RE low (read cycle) 150 - ns
N BERE
teRy (c|;rl1E c|:1Isg<;1 ;? Iﬁtee?ggption by CE during Read Mode) - 100 +1r (R/B) ns @)
tRsT ?;;/;%elgfsge:a:mzrase/aﬂer suspend) - 10201150010 | ps
AC Test Conditions
Input Level 2.4V/0.6V
Input Timing Comparison Level 2.2v/0.8V
Output Data Comparison Level 2.0v/0.8V
Output Load 1TTL and C (100 pF) -
D-34 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY



T——

NV16010196 NAND EEPROM TC5816AFT

(1) Transition time (t1) = 5ns.

(2) In the case that CLE, ALE, CE are input with clock, tywe exceeds 80ns.

set - up time + hold time + twp + txx + 4t
20ns 40ns 40ns 20ns

txx
CE L8 4 /
tr tr, > T ot e
WE 75‘ ZFT | <_\’\_-/__""
setup o hold time set|up time
twe

(3) The CE high to Ready time depends on the pull up resistor tied to the R/B pin. (Refer to notification (10) toward the end of
this document.)

4) K CEreturnsto a high level after accessing the last address (263) in read mode (1) or (2), CE high time must keep equal to _
or greater than 250ns when the delay time of CE against RE is 0 to 200ns as shown below. In the second case, the device
will not turn to a “Busy” state when the CE delay time is less than 30ns.

tcen 2 250ns
* * : VIH or VIL

. Non-Volatile

262 263 @ @ : 0~ 200ns - tcgy 2 250ns

_ @ : 0~ 30ns — Busy signal is not
R/B \Busy / output.

Programming and Erasing Characteristics (Ta = 0 ~ 70°C, V¢ = 5V+10%)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
tprog | Average Programming Time 300 ~ 1000 5000 us
N Divided Number on Same Page 10 (1)
tgerase | Block Erasing Time 6 6 100 ms
tsr Suspend Input to Ready 1.5 ms
Nw/e Number of Write/Erase Cycles 25x10° cycles

(1) Refer to notification (15) toward the end of this document.
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Timing Charts

Latch Timing Chart for Command/Address/Data

RE setup time hold time

we ' z

/O 1~8

Command Input Cycle

CLE
] teus tcLH \

'd

Vi or Vi
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Address Input Cycle

e \ N /

Data Input Cycle

CLE
1
tcH
CE
|
tais t
e ——— WC
twH
twp twe twe
Sg l L [
tos tos || tou
>

1/101~g -\-

H VIH or VIL
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Serial Read Cycle
tre
ﬁ ]
tREH
RE ' 1 | F_H_;S 1
N\ / L )
t
trea :_r«_:z treA tauz trea RHZ
1/04~g E E 1
trRR
RB 2
Status Read Cycle
] L teus
CLE ’
tes {
' teLH
tcs
w Dz
]
tcH
. twe
WE twHc testo tenz
twHR
|
RE 1
R trHz
t k¢ \
os {1 Etksm
1 Status
1/O1~g A 70H 1 output B

% Vg or Vi
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Read Cycle (1)
CLE tes ton -\
tcen
tcs teH tes
¥ HaE A A
! ! twe
¥ L
WE \_} 4 NS O\ =
tacs AL t
t
tan | e P CRY
ALE
tws
|3y
RE
tos|| ton tos || tow
<> T
tReA
. N out Dout Dour
101-8 00H %AO A7 o Pour M N2
Column address
N
REB \ 7
i
— LR
Read Cycle (1): Interception by CE 2
e
=z
CLE tas tcLH R |
tcs ten tes
—_— = >
N M pop
! T twe
¥ L i
WE \_1! \_1! \_j_—\_—nt___t“___q
ItALS talH taRr2
talH tcHz
ALE "
1 T
tws tRe RC
RE
tos|| ton tos||ton  tos|{ton  tos||to
- S ad ,4-, > 4% te=trea trRHZ
~ - ~ - out Dout Dout Dourt},
1/01~8 00H %AO A]%& A1s§@§ss A2 N N+1 N+2> '<N+ —
| 1

Column address
N

VA : Vin or i

PRELIMINARY
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Read Cycle (2)
CLE tes teLH
tcs <
g '/ N\ .
7 by L +
« FaAvAW =
tacs tws ) < tAR2
ta
ALE
22
tALH—> tre )
RE
tos|| ton j? t
-~ |<Es> ::* ‘t; Le—tREA
vo1-8 S0H WAOWWXAI%M %A‘IFWAZ() —{o0) { Dour——{Dour
column address 255+M 255+4M+1 263
M 2
R/B ¥

Sequential Read Timing

\___2 BB

Column
address
N

Pagel R
address
M

D-40

% : Vg or Vi,

A

Page M
access

Page M+ 1
access
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Auto Program Operation Timing Chart

tes

Vi

CLE
t
S
& \

re-tcs

tesl e

e
wE \_:E tais \_'7_\_/_\_/ t \__1
. ALH
t
ALH I o
ALE / \

RE
tos || ton tos || ton
> L]

1101-8 %" 80H A0~AT7 A8~A15X/A16~:2'>-——i
AY g p

V] : Vi or Vi,

* : Do not collide data input with data output

e
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Auto Block Erase Timing

%

e . b

N e\

tBERASE

% Y /N

77

10 | ~—1
101-8 &3 2\ \ [Status\
60H A8-A-15XA16-A20 DOH X 2K 70H ) { output/
RE 5 g i”
/ N /
Auto Block Erase Erase Execution Status Read
Setup Command Command

Command

: VlH or V"_

* : Do not collide data input with data output
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Suspend/Resume on Block Erase Operation

t tas > > tan<
s CLH !
« Ty @ [,
0
"‘C: twp*' Itcs P tcH
We y y twe |7 !
s T\ D N\ :
tats t
tan ] tatH ALS tawn .
RE
tos || ton tos |{ton
|~<—> o
/Oy~g X 60H E@As-ms %lé-mo)@(omq
RB
(a i
138 s
«« 700 ) w N/ O\
n
taus

0 taLs

ALE n B
tRHW
Y /4 \ i
rtrRsTO

tos | | ton tos | | ton

l ba X
Status
110y zm——& DOH 5———————@ 70H .,H._Output)“‘

03
%
R zzW\___/ 7 : Vi or v

(a) : Continued

* . Do not collide data input with data output

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-43



TC5816AFT NAND EEPROM NV16010196

ID Read Operation

CLE \
tos

WE ‘ ’ tcr
1 taLs

tan tcs tar 1

ALE Z

" . /0y ]
tos >t e tou
34
1/01-8 L oon ) { ) 1 oen ) 1 ean )
Py A L TRy
: s ]
tReaD tReaiD
Adciress Maker Device Code
Input Code

% : Viy or A\
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Pin Function
The TC5816AFT is a serial access memory in which address and data information is multiplexed. The device pinout is shown
in Figure 1.

Command Latch Enable: CLE

The CLE input signal is used to control the acquisition of the operation mode
command into the internal command register. The command is latched into the

command register from the I/O port at the rising edge of the WE signal while CLE RE-
is high. R/B
GND
Address Latch Enable: ALE
The ALE signal is used to control the acquisition of either address information
or input data into the internal address/data register. Address information is latched 1708
at the rising edge of WE if ALE is high. Input data is latched if ALE is low. 1707
— 1106
Chip Enable: CE 1105
The device goes into a low power standby mode during a read operation Vee

when CE goes high. The CE signal is ignored when the device is in the busy state
(R/B = L) such as during a program or erase operation and will not go into
standby mode if a CE high signal is input. The CE signal must stay low during

the read mode busy state.

Figure 1. TC5816 Pinout

Write Enable: WE
The WE signal is used to control the acquisition of data from the I/O port.

Read Enable: RE

The RE signal controls the serial data output. Data is available trea after the falling edge of RE. The internal column address
counter is also incremented (Address + 1) with this falling edge.

1/0 Port: 1/01 ~ 8

The I/O 1 ~ 8 pins are used as the port for transferring address, command and input/output data information to or from the
device.

Write Protect: WP

T@ signal is used to protect the device from inadvertent programming or erasing. The internal voltage regulator is reset
when WP is low. This signal is usually used for protecting the data during the power on/off sequence when the input signals are
invalid.

Ready/Busy: R/B

The R/B output signal is used to indicate the state of the device. The R/B signal indicates a busy state (R/B = L) during pro-
gram, erase, or read operations and will return to a ready state (R/B = H) after completion. The output buffer of this signal is an
open drain.

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Schematic Cell Layout and Address Assignment

The program operation is implemented in a page unit while the erase operation is carried out in block units.

A page consists of 264 bytes in which 256 bytes are for main

memory and 8 bytes are for redundancy or other uses.

1 Page = 264 bytes;
1 Block = 264 bytes x 16 pages = (4K + 128) bytes
= 264 bytes x 16 pages x 512 blocks

=16.5M bits (2.0625M bytes)

(

AO ~ A7

The address is acquired through the 1/O port using three con-

: column address

A8 ~ A20 : page address
A12 ~ A20: block address

A8 ~ Al1

B e
< i 7 t6page = tblock 1y ice density
8192 H i
page 1 '
512 biock i ; secutive clock cycles as shown in Figure 3.
U S
t, H
-~ '
! 81/0
264
Figure 2. TC5816 Schematic Cell Layout
1/01 1102 1/03 1/04 1/05 1/06 1/07 1/08
First cycle A0 Al A2 A3 A4 A5 A6 A7
Second cycle A8 A9 A10 Al A12 A13 A4 A15
Third cycle A16 A17 A18 A19 A20 L L L

*1/0 6 ~ 8 during the third cycle must be set to low level

Figure 3. Addressing

Operation Mode: Logic and Command Tables

The operation modes such as program, erase, read, erase suspend, and reset are controlled by the ten different command

: NAND address
in block

)

operations shown in Table 2. The address, command input, and data input /output are controlled by the CLE, ALE, CE, WE, RE,

and WP signals as shown in Table 1.

D-46
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Table 1. Logic Table

CLE ALE CE WE RE Wp
Command input H L L T4 H *
Data input L L L g H *
Address input L H L Ry H *
Serial data output L L L H < I x
During programming (Busy) . . . . . H
During erasing (Busy) . . . . . H
Program, Erase inhibit . . . * * L

H=Vip, L=V, "=Vigor Vi,

Table 2. Command Table (HEX data)

ACCEPTABLE
FIRST CYCLE SECOND CYCLE COMMAND

DURING BUSY Bit assignment of HEX data
Serial data input 80 Z (Example)
Read mode (1) 00 - Serial data input : 80H
Read mode (2) 50 - )

—

peee " - ! [TeloleloToloT0]
Auto program 10 - W08 ; & s 4 3 2 VO
Auto block erase 60 DO
Suspend in erasing BO - d
Resume DO -
Status read 70 - wl
ID read 90 -

Once the device is set into the read mode by the “00H” or “50H” command, additional read commands are not needed for
sequential page read operations. Table 3 shows the operation mode for reads.

Table 3. Operation mode for reads

CLE ALE CE WE RE 1/01 ~ 1/08 POWER
Read mode L L L H L Data output Active
Output deselect L L L H H High impedance Active
Standby L L H H * High impedance Standby
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Device Operation

Read Mode (1)

Read mode (1) is set by issuing a “O0H” command to the command register. Refer to Figure 4 below for timing details and
block diagram.

Start address input A data transfer operation from the cell array to
M 263 the register starts at the rising edge of WE in the third
= 3 > cycle (after latching the address information). The

device will be in a busy state during this transfer
period. The CE signal must stay low after the third
address input and during the busy state.

After the transfer period the device returns to a
ready state. Serial data can be output synchronously
with the RE clock from the designated starting
pointer indicated during the address input cycle.

Select page,

FIIIIIIIIIIIIIIIIIIIIRIIIIIIIIIIIIIIIFITIIIIIIIIIIIIS

ell, array

Figure 4. Read mode (1) operation

Read Mode (2)

Read mode (2) has the same timing as read mode (1) but it is used to access information in the extra 8 byte redundancy area
of the page. The starting pointer is therefore assigned between byte 256 and 263.

ae [\

Address AO - A2 are used to set the starting pointer for
the redundant memory cell while A3 - A7 are ignored. Once
the “50H” command is set, the pointer moves to the redun-
dant cell locations and only those 8 cells can be addressed
regardless of the A3 - A7 address (The “O0H" command is
necessary to move the pointer back to the 0 - 255, main
memory cell locations.)

Figure 5. Read mode (2) operation
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Sequential Read (1)(2)
This mode allows sequential reads without additional address input.

@D~

/ S~ Data output Data output
= Address input e P — e P E—
R/B
\ Busy ’ \ Busy / ~ Busy ’
[— > ——————34—»
0 T L. sy
— :
— :
Sequential read (1) Sequential read (2)

Figure 6. Sequential read

Sequential read mode (1) outputs data from addresses O to 263 while sequential read mode (2) outputs data from the 8-byte
redundant area only. When the pointer reaches the last address, the device continues to output data from the last address with
each RE clock signal.

Status Read

The TC5816 automatically implements the execution and verification of the program and erase operations. The status read
function is used to monitor the ready/busy status of the device, determines the pass /fail result of a program or erase operation,
and determines if the device is in a suspend or protect mode. The device status is output through the /O port using the RE olock z
after a “70H” command input. The resulting information is outlined in Table 4. i

Table 4. Status output table

STATUS OUTPUT
/O 1 Pass/Fail Pass: “0” Fail: “1”
/0 2 Not used “0”
/03 Not used “0”
/0 4 Not used “0”
/105 Not used “0”
110 6 Suspend Suspended: “1” Not Suspended: “0”
1107 Ready/Busy Ready: “1” Busy: “0”
/108 Write protect Protect: “0” Not Protect: “1”

The Pass/Fail status on I/O 1 is only valid when the device is in the ready state. The device will always indicate a pass status
while in the busy state.

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-49



TC5816AFT NAND EEPROM NV16010196

An application example with multiple devices is shown in Figure 7.

CE Tz C—is CiN CEI 1
CLE ——
ALE Device Device Device Device Device
WE 9 4, M , 9 5 9 N 9 N+t
RE o ——0 o q O

(7o) (2
Status on Status on
Device 1 Device 1

v/ v/
1o} < 70H ,‘ { A ‘( 70H

Figure 7. Status read timing application example
SYSTEM DESIGN NOTE: If the R/B pin signals of multiple devices are common-wired as shown in the diagram, the status
read function can be used to determine the status of each individually selected device.
Auto Page Program

The TC5816 implements the automatic page program operation after receiving a “10H” program command after the address
and data have been input. The sequence of command, address, and data input is shown below. (Refer to the detail timing chart.)

@ DO

Fail

Data Input Address Data Input Program Status read
Command input 0~263 command command
RB \ l R/B turns to Ready after completion

automatically.

The data is transferred (programmed) from the register to

the selected page at the rising edge of WE following the “10H”

\ command input. The programmed data is transferred back to
/ the register after programming to be automatically verified by
the device. If the program does not succeed, the above pro-

‘ﬁ:‘;‘:" W gram/verify operation is repeated by the device until success

or the maximum loop number set in the device.

Data input

Read & Verification

Program /

Figure 8. Auto Page Program
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Auto Block Erase

The block erase operation starts with the rising edge of WE after the erase execution command “DOH” (which follows the
erase setup command “60H"). This two cycle process for erase operations acts as an extra layer of protection from accidental
erasure of data due to possible external noise. The device automatically executes the erase and verify operations.

Auto Block Erase

O TN @ Pass

60 DO 70

W_/\ Y
Block address

Fail
input : 2 cycle
B : X
e Erase execution \ Busy , Status read

command command

1

Select —»@

block

1)

9
N~

)
T«

Block erase

Figure 9. Auto Block Erase Operation
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Suspend/Resume

Because a block erase operation can keep the device in a busy state for an extended period of time, the TC5816 has the abil-
ity to suspend the erase operation to allow program or read operations to be performed on the device. The block diagram and
command sequence for this operation are shown below. (Refer to the detail timing chart)

Select Input erase operation
block Suspend command input resume
—> —>

~
./
P~ A

n ~
I~ A ~

W

lsuspend the erase operation

SN

Block adress C Suspend operation

input

Figure 10. Suspend /Resume Operation

The suspend/resume cycle can be repeated up to 20 times during a block erase operation. After the
resume command input, the erase operation continues from the point at which it left off and does not have to restart.

Reset
The reset mode compulsorily stops all operations. For example, in the case of a program or erase operation, the regulated
voltage is discharged to OV and the device will go into a wait state. The address and data register are set after a reset as follows:
® Address Register : All “0”
* Data Register CAl”
e Operation Mode ~ : Wait State

The response after a “FFH” reset command input is as follows:
o |f the reset (FFH) command is input during programming: Figure 11
o) T\
(80 ) (10 ) { F'F )

Internal Vpp \
RE \ I

Register set

®

trst( = 10us)
¢ If the reset (FFH) command is input during erasing: Figure 12
| I G G~
Internal erase B
voltage _____/_\
RE __\ Register set I_

>
>

trsT (= 1ms)
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o [f the reset (FFH) command is input during the read operation: Figure 13

w ) ]

trsT( = 5us)

o |f the reset (FFH) command is input after suspend: Figure 14
o) )
DO { 80 ) FF
_O %s reset cancels suspend status.
Internal erase :
voltage ﬂ
R/B \ ' \ ’

trsT( = 548)

e |f the status read command (70H) is input after reset: Figure 15

{ FF )
v' — 1/ Ostatus : Pass/Fail = Pass

\ l \ Ready /Busy — Ready

However, the following operation is prohibited. If the following operation is executed, set up for the address and data register

cannot be guaranteed.
OO

- Ready/Busy —> Busy

R/B

o |f the reset command is input in succession: Figure 16

0 @
Co— G FF
R

REB \ I The second @ command is invalid if the other

command than ‘FFH’ is input
during this period.

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-53



D-54

TC5816AFT NAND EEPROM NV16010196

ID Read

The TC5816 contains an ID code to identify the device type and the manufacturer. The ID codes are read out using the follow-
ing timing conditions:

CLE ’ \
=) 17—
o _/
f—— tag] —P
ALE I B
RE ' \ ’
treaip —¥

D read command Address Maker code Device code
00"

Figure 17. ID read timing

Table 5. Code table
1/08 1107 1/06 1/05 1/04 1/03 1/02 1/01 HEX data
Maker code 1 0 0 1 1 0 0 0 98H
Device code 0 1 1 0 0 1 0 0 64H

Refer to AC characteristics for treap, tor: tar1 (Refer to the specification).
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Device Physics

Program Operation

Figure 18 shows the NAND memory cell and details of the programming mechanism. The program operation is used to write
“0” data into an erased memory cell (*1” data cell) using a tunneling mechanism. An example showing the operations necessary to
program ‘0’ data in TR1 and “1” data in TR2 follows:

(1) The select lines are activated so that the transistor array is connected to the bit line and disconnected from the ground line.

(2) Vpp (~20V) is applied to the selected word line and an inhibit voltage of VP! (=10V) is applied to the unselected word lines.

(3) The bit line tied to cell transistor TR1 is biased to OV and the bit line tied to TR2 is biased to the inhibit voltage of VDPI
(=10V).

(4) Vpp is applied between the control gate and the channel in TR1, as shown in Figure 18, which causes electrons to be
injected from the channel to the floating gate by a tunneling mechanism.

(6) The injected electrons are captured in the floating gate (which is surrounded by an oxide layer) and will remain, even after
power is cut off, until they are removed by an erase operation.

(6) Although 20 volts is applied to the control gate of TR2, the voltage difference between the control gate and the channel is
only 10V because the voltage of the channel is 10V. Therefore, tunneling does not take place. (i.e. electrons are not
injected into the floating gate.)

(7) Tunneling does not take place in the unselected pages because of the 10V (VPI) being applied to the unselected word lines
which again makes the voltage difference between control gate and channel only 10 volts. Thus, the floating gate of the “0”
cell is charged to “minus” and that of the “1” cell is charged to “plus”.

Vpﬂ Bit line \VfP|(= 10V) - S
pPL=
Select linet + 1
J.-J"—I 4
(=10V) VPI H H— (Word line1) E,_?_—?f?j .
VPI E:.L EH— (Word line2) l | I I [ ov
VPI /E{ H (Word line3) >—' ov
(=20v) VPP TRI‘Eﬁ T 2‘\E/EH‘ (Word lined) - m L
VPl = R SiH— (Word line5) 7J-r
VPl ::: :,uﬁ (Word line6)
VPl oH CH— (Word line? TR2 Vpp (=20V)
VPl l__;i.L [4” (Worc‘! line8)
s L L . rﬁ
VPI H H— (Word line16)
select line2 75: _,E= EEEEN VDPI (=1
ZJNDPI
Select line1 ¥ Ag
1 1 N ,,T, \

Figure 18. TC5816 Program Device Physics
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Erase Operation

Figure 19 shows the NAND memory cell and details of the erase mechanism. The erase operation is used to turn the “0” (pro-
grammed) cells back to “1” in a block. Zero volts is applied to the control gate and Vpp (~20V) is applied to the substrate so that a
20 volt potential is created and the electrons in the floating gate are pulled out through tunneling.

open open

Select line 4+ +

ooV H ov

ov [ 1l [
ov tt

oV t
16 word line % ov H lml —>open

(1 block) ov ” >____| YYvy
C \
ov T J)
K ov tt Vpp (=20V)
Select line [ [ T
. L
Vpp (=20V) Vpp (= 20V)

Figure 19. TC5816 Erase Device Physics

Read Operation

The state of the memory cell is either “0” (minus charge on the floating gate) or “1” (plus charge on the floating gate) after pro-
gramming. Each state is indicated as the “threshold voltage (Vth)” which is a characterization parameter of the MOS transistor as
shown in Figure 20. The threshold voltage of a transistor with “0” data falls within the “plus” distribution while the threshold voltage
of a transistor with “1” data falls within the “minus” distribution. The distribution band depends on transistor fluctuations.

Threshold .
value \5) Data cell
V TH
Vma) Distribution
+
0 N
- ‘1’ Data cell
V1H
Distribution

Figure 20. Vyy Distribution for “0” and “1” data cell
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Figure 21 shows the memory cell and details of the read operation:

(1) Select lines 1 and 2 in the block including the selected page are biased at a high level so that the 16 NAND memory cell
array is connected to the bit line and ground.

(2) Zero volts is applied to the control gates of the selected page and a high level voltage is applied to the control gates of the
unselected pages.

(3) In Figure 21, transistor TR2 with data “1” turns on, transistor TR1 with data “0” turns off, and all other unselected transis-
tors turn on.

(4) The precharged bit line tied to TR2 is discharged through TR2 as cell current flows to ground while the precharged bit line
tied to TR1 remains at a high level because current does not flow. The sense amplifiers tied to the bit lines thus sense the
voltage levels as “1” and “0” respectively.

Bit line

™~

N

Select line1
ON L on
—] \—l — |—|
11 ON ) L ON
LA '
:hl ON : 3 ON
G, g

5 |0
s |12
(o]
N

)L

Selected page

bols
=Ry
=
X
~N
Eo =
4

I I I ICIIXI
-
2

ON d ON
T, on T, on
C, on T, on
r r
H EHW iE:‘HON
lect Ii - A :
Select line2 -”;. o /..../ w';. -

Cell current

Figure 21. TC5816 Read Device Physics
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Application Notes and Comments

(1) Prohibition of unspecified commands

The operation commands are listed in Table 1. Data input as a command other than the specified commands in Table 1 is
prohibited. Stored data may be corrupted if an unspecified command is entered during the command cycle.

(2) Pointer control for “00H”, “50H”

The TC5816AFT has two read modes which set the destination of the pointer to either the main memory area of a page or the

redundancy area. The pointer can point to any location from O to 255 in read mode (1) and from 256 to 263 in read mode (2). Fig-
ure 22 shows the block diagram of their operations.

Q 255 256 263
A .

$41d b &4 s

OOH]? l SOH

4

1
00H -
S0H Pointer control I

Figure 22. Pointer control

The pointer is set to region “A” by the “00H" command and to region “B” by the “50H” command.

(Example)
The “00H” command needs to be input to set the pointer back to region “A” when the pointer control points to region “B”.

SOH (80H)
Q/_/ H_____/ \ A o ——— — _/\ / ——
Start point Start point Add DIN
A area B area
Start point
Son SOH OOH B area
&—/ AN — N A — W\,_J —
il Add | Add | Add DIN
Start point Start point Start point Start point
A area B area A area A area

Figure 23. Example for Pointer Set

For programming into region B only, first reset the contents of the data register to “1”s by inputting the FFH (reset) command.

{ ) { 80H )
Add DIN
Start point
B area

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY



NV16010196 NAND EEPROM TC5816AFT

(3) Acceptable commands after the serial input command “80H”

Once the serial input command (“80H") is input, do not input any command other than the program execution command
(“10H") or the reset command (“FFH") during programming.

@D, ( FF )~
L™ g T g Y !
Address :
Internal Vpp input  / \
R/B \ /
Figure 24

If a command other than “10H” or “FFH” is input, the program operation is not performed.

.—.——( 10 )
@ @ In this case, the reset command (FFH) command is

Other command
Programming can not be executed. needed.

(4) Status read during read operation

0

>
N\ 1 [A] |
Command @ \79/ H H
< \_/A i N
T [ '
] 1 e
LW A W A VY B W L/ i :
A : 1 ]
R/B \ ' [ ;
1 1
1 1 1

" ' ST

N address Status \_'v[\
read command Status Status output
input read
Figure 25

The device status can be read out by inputting the status read command “70H” during the read mode. Once the device is set
to the status read mode after a “70H” command input, the device does not return to the read mode.

Therefore, status read during the read operation is prohibited.

However, when the read command “00H” is input during [Al, the status mode is reset, and the device returns to the read
mode. In this case, the data output starts from N address without address input.
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(5) Suspend command “BOH”

The following issues need to be observed when the device is interrupted by a “BOH” command during block erasing.

{ 60 ) { DO )~ { B0 )- \70—<A
®
RIB \ \\6\9
e
" Recovery
time

Figure 26

Although the device status changes from busy to ready after “BOH” is input, the following two cases cannot be distinguished.
-After a “BOH” command input, Busy—Ready

-After an erase operation is finished with “DOH”, Busy—Ready

Therefore, the device status needs to be checked to see whether or not the “BOH” command has been accepted by issuing
a “70H” command after the device goes to ready.

The device responds as follows when a “DOH” command (Resume) is input instead of “70H”.
-“BOH” has been accepted: Erase operation is executed. (The device is busy.)
-“BOH" has not been accepted. (Erase operation has been completed): “DOH” command cannot be accepted.
_ (The device is ready.)
Each case above is confirmed by monitoring the R/B signal.

(6) Program fail

7N\ Fail rave SN
80 10 7 10 1
Ov v\_/ 0 \89/\,./ vd/
Address Data

Address Data
N input

When the programming result for the page address M is “Fail”, do not try
to program the page to address N in another block. Because the previ-

ous input data is lost, the same sequence of “80H” command, address
and data input is necessary.

M input

VL7 77207

Figure 27
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(7) Data transfer

The data in page address M cannot be automatically transferred to page address N. If the following sequence is executed,
the data will be inverted (i.e. “1” data will become “0” and “0” will become “1”).

00 (s0) —(C10) (70)
C >v So———Uv o
Address Address

Program

yzzzzyzzzzzzy Data

Inverted data will be tranferred.
7 77777 Data

Figure 28

(8) Block erase after suspend command “BOH”

—@ (00 ) (50 ) Ce0 )
Block ¥ v
address Erase execution Suspend ;

A block erase command is prohibited when the device has been suspended by inputting “BOH" during a block erase opera- |
tion. Only a program or read operation is allowed during this erase suspend interruption. .

D. Non-Volatile.

(9) Interruption of an erasing block

After a “BOH” command input, neither a program nor a read operation is allowed for the accessed block which is currently in
an erase operation.

o) o)

(60 ) Dy ‘Bo,\v__/hao)
Block . . £ bl . hibited
address The interruption of block A is prohibited.

A
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(10) R/B: Termination for the Ready/Busy pin (R/B)
A pull-up resistor needs to be used for termination because the R/B buffer consists of an open drain circuit.

Vee
Vee
R
Device o R/B . Busy co—
4 T “ e S
i
Vee=5.0V
Vss 1.5us (— Ta=25°C — 15ns

=+ Cy = 100pF

10ns tf
This data may vary by device. We

recommend that you use this data as a

X . Sns
reference when selecting a resistor value.

0 1KQ  2KQ  3KQ 4K

Figure 29

(11) Status After Power On

Although the device is set to read mode after power-up, the following sequence is needed because each input signal may not
be stable at power on.

® Operation mode : Read mode (1)
* Address register D All“0”
e Data register : Indeterminate

¢ High voltage generation circuit ~ : Off state

Power on sequence

/-\ /—\
lPower onlL { FF ) { 00 )
Reset Read mode (1)

(12) Power On/Off Sequence:
The WP signal is useful for protecting against data corruption at power on/off. The following timing is recommended:

475V _:

¢
4.5V

).
«

P Vi .
- ViL l Vie

Operation

Figure 30. TC5816 Power On/Off Sequence
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(13) Setup for WP Signal
The erase and program operations are compulsively reset when WP goes low. The WP signal must be kept at a high level

before the 80H/60H command input for the program and erase operations.
If WP goes high after the 80H/60H command input for a program/erase operation, the program and erase operations cannot

be guaranteed.

.......

1!
tww (Min. 100ns)

Figure 31. WP Setup before Programming

tww (Min. 100ns)

Figure 32. WP Setup before Erasing
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(14) In the case that 4 address cycles are input
Although the device may acquire the fourth address, it is ignored inside the chip.

Read operation:

=\

VR VAVAVRY,
/ \
o (@~ O H K ),

Address input ignored
R/B \

Internal read operation start when WE
of the third cycle goes high.

Figure 33
Program operation:

CLE_-[—\
—/\

ALE / \

S|

Al

Address input Data input
ignored
Figure 34
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(15) Divided program in the same page (Partial page program)
The device allows a page to be divided into 10 segments (typically) with each page segment programmed individually as follows:

The first programming
Data e
. XX :
The second programmmgl l pattern2 |

Data |

........................................................ [ove s 0 |
pattern 2

Result Data pattern 1 [

Figure 35

Note: The input data for unprogrammed or previously programmed page segments must be “1” (i.e. Mask all page bytes out-
side the segment to be programmed with “1” data.).

(16) RE Signal During Read
The internal column address counter is incremented synchronously with the RE clock in the read mode. Therefore, once the &
device is set into the read mode by the “00H” or “560H" command, the internal column address counter can be incremented by
the RE clock before or after the address inpu. Assuming that RE clocks before the address input and the pointer reaches the last
column address, an internal read operation (array—register) will occur and the device will be in a busy state. (See Figure 36)

Address input

— —~
170 — 00H/50H ) < >_< >_< >___

D. NonVolatle

Figure 36

Therefore, RE clocking must occur after the address input.
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(17) Invalid block (bad block)
The TC5816 device contains unusable blocks. Therefore, the following issues must be recognized:

Check if the device has any bad blocks after device installation into the
system. Do not try to access bad blocks. A bad block does not affect the
W - Bad Block performance of good blocks because it is isolated from the bit line by the
select gate. The number of valid blocks is as follows:

MIN. TYP. MAX. UNIT

727> Bad Block Valid (Good) Block Number 502 | 508 | 512 | Blocks

Figure 37 shows the bad block test flow.

(18) Error in program or erase operation (Fail at status read)

The device may fail during a program or erase operation due to exceeding write/erase cycle limits, for example. The following
system architecture will enable high system reliability if a failure occurs.

Program

Buffer

memory 3
Block A
When an error happens in Block A, try to reprogram the data

into another (Block B) by loading from an external buffer. Then,
A prevent further system accesses to Block A (by creating a “bad
blocks” table or another appropriate scheme.)

)]
TC
)

S

S Block B

Erase

When an error occurs for an erase operation, prevent future accesses to this bad block (again by creating a table within the
system or other appropriate scheme.)
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Bad Block Test Flow

Block No = 1

C: Checker board pattern

C: Checker board pattern

Blank check: 1 Block read (FFH)

The blank check operation detects

“0"s resulting from factory block testing.

Any new devices having “0”s in a block indicates
that the block is bad.

B No. = BNo. + 1!4——

No
Bad
Block B No. = 512
Yes

Figure 37. Bad Block Test Flow
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Outline Drawings

Plastic TSOP TSOP44-P-400B Unit: mm
44 35 32 23 i
HHHHEHAAAEA EEHHHRRHREﬁﬁr ] fiu
- N
g g
-~
2l =
O u
_T;BHHHT-‘THHH HEEH H—BHBH:—JL Hg\'
10 13 22
0.8057YP| | | | 0 310.05@
0.8
18.81MAX
18.4140.1 3z %]
- - \0
o~ ; £§<
© =
2]0.1] ; l )
S 0.5£0.1

Weight: 0.48g (typ.)
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16Mbit (2M x 8 BIT) CMOS NAND EEPROM

Description

The TC5816 is a 5 volt 16M bit NAND Electrically Erasable and Programma-
ble Read Only Memory (NAND EEPROM) with a spare 64k x 8 bits. This
device is organized as 264 bytes x 16 pages x 512 blocks. The device has a
264 byte static register which allows program and read data to be trans-
ferred between the register and the memory cell array in 264 byte incre-
ments. The erase operation is implemented in a single block unit (4k bytes +
128 bytes: 264 bytes x 16 pages).

The TC5816 is a serial type of memory device which utilizes the 1/O pins
for both address and data input/output as well as command inputs. The
erase and program operations are automatically executed making the
device most suitable for applications such as Solid State File Storage, Voice
Recording, Image File Memory for still cameras, and other systems which
require high density, non-volatile memory data storage.

TC5816ADC

PRELIMINARY

Actual Size

Features Pin Assignment
o Organization 1,10, 11 Vss Ground
- Memory cell array : 264 x 8K x 8 2 CLE Command Latch Enable
- Register 1264 x8
- Page size : 264 bytes 3 ,E Adt':iress Latch Enable
- Block size : (4k + 128) bytes 4 WE Write Enable
° Modes : Read, Reset, Auto page 5 WP Write Protect
program, Auto block 6-~9 104 _4 /O Port
erase, Suspend/
Resume, Status read 13-16 VOs5.5 |VOPort i
o Mode control : Serial input/output 17 NC No Connection
Command control 18 GND Ground Input
° Package 19 R/B Ready/Busy
- TC5816ADC : FDC-22 (Weight: 1.8g typ.) 20 RE Read Enable
e Power suppl! 1 Ve = 5V+109 —
PPl ce & 21 CE Chip Enable
e Access time 55 v Sumol BV
- Cell array - Register : 25us max. 12 cc Power Supply (V)
- Serial access : 80ns min.

o Operating current
- Read (80ns cycle) : 15mA typ.

Pin Connection (Top View)

TC5816ADC

- Program (ave.) 1 40mA typ. e
- Erase (ave.) : 20mA typ.
- Standby 1 100pA

e Operating temperature :0~55°C

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Block Diagram
Vce Vss
E:L Status register |4 I I
VO 1 04— Address register 7, » Column buffer
: I/0O Control
: circui p Column decoder
: uit 77
1/0 80— —PL Command registerJ LA V| Data register
A ll ; Sense amp. aa
I | Yy Vv
d R
CE o—> e8l ol
w :
CLE O—> g al a |:
ALE O—>{  Logic Control ¢ g g Memory
WE o | control circuit b g cell array
— u :
RE O— ; 6 |
WP O—p e dli
¢ L
A A
R/B O
! __RE _|Je——— [ HV generator |
Maximum Ratings
SYMBOL PARAMETER RATING UNIT
Vee Power Supply Voltage -0.6 ~7.0
Vin Input Voltage -0.6 ~7.0 \
Vio Input/Output Voltage -0.6V ~ Vg + 0.5V (£7V)
Pp Power Dissipation 0.5 w
Tstg | Storage Temperature -20 ~ 65 oc
Topr | Operating Temperature 0~ 55
Capacitance* (Ta = 25°C, f = 1MHz)
SYMBOL PARAMETER TEST CONDITION MIN. MAX. UNIT
Cin Input Capacitance ViN=0V - 10 F
Cout | Output Capacitance Vout =0V - 10 P
*This parameter is periodically sampled and is not 100% tested.
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Valid Blocks (1)

TC5816
SYMBOL PARAMETER UNIT
MIN. TYP. MAX.
Nyg Valid block number 502 508 512 Blocks

(1) The TC5816 includes unusable blocks. Refer to notification (17) toward the end of this document.

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vee Power Supply 45 5.0 55
Viy Input High Voltage 24 - Vee+ 0.5 \
ViL Input Low Voltage -0.3* - 0.6

* -2V (pulse width < 20ns)

DC Characteristics (Ta = 0 ~ 55°C, Vg¢ = 5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
I Input Leakage Current ViN=0V ~ Ve - - +10
Lo Output Leakage Current Vout =04V ~ Ve - - +10 nA
lcco1 | Operating Current (Serial Read) CE=V, teycle = 80ns - 15 30
lccoz | Operating Current (Serial Read) lout = 0mA toycle = 11S - - 5
lccos | Operating Current (Command Input) | toyele = 80ns - 15 30
lccoa | Operating Current (Data Input) teycle = 80NS - 50 70
lccos | Operating Current (Address Input) teycle = 80Ns - 15 30 mA
lccos | Operating Current (Register Read) teycle = 80Ns - 15 30
lcco7 | Program Current - - 40 60
lccos | Erasing Current - - 20 40
Iccs1 | Standby Current CE=VjH - - 1
lccs2 | Standby Current CE=Vgg-02V - - 100 pA
Voy | High Level Output Voltage loy = - 400pA 24 - - v
VoL Low Level Output Voltage loL =2.1mA - - 0.4
loL(R/B) | Output Current of (R/B) pin VoL = 0.4V - 10 - mA
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AC Characteristics (Ta = 0 ~ 55°C, Vg = 5V+10%) (1)
SYMBOL PARAMETER MIN. MAX. UNIT NOTES
toLs CLE Setup Time 20 - ns
toLH CLE Hold Time 40 - ns
tcs CE Setup Time 20 - ns
ten CE Hold Time 40 - ns
twp Write Pulse Width 40 - ns
taLs ALE Setup Time 20 - ns
taLH ALE Hold Time 40 - ns
tps Data Setup Time 30 - ns
toH Data Hold Time 20 - ns
twe Write Cycle Time 80 ~ ns (2)
twy | WE High Hold Time 20 - ns
tww | WP High to WE Falling Edge 100 - ns
trR Ready to RE Falling Edge 20 - ns
tre Read Cycle Time 80 - ns
trRea | RE Access Time (Serial Data Access) - 45 ns
toen gsag%l;’ ;I‘;;'ne at the Last Address in the Serial 250 _ ns @)
treap | RE Access Time (ID Read) - 90 ns
tRHZ RE High to Output High Impedance 5 20 ns
tcuz | CE High to Output High Impedance - 30 ns
tren | RE High Hold Time 20 - ns
tR Output High Impedance to RE Rising Edge 0 - ns
trsto | RE Access Time (Status Read) - 45 ns
tcsto | CE Access Time (Status Read) - 55 ns
truw | RE High to WE Low 0 - ns
twuc | WE High to CE Low (Status Read) 50 - ns
twyr | WE High to RE Low (Status Read) 50 - ns
tams GBER:Z‘g/)tO RE Low 200 _ ns
tcr gg ;‘;‘;’J)" RE Low 200 - ns
R Memory Cell Array to Starting Address - 25 us
twg | WE High to Busy - 200 ns
taRe ALE Low to RE low (read cycle) 150 - ns
N BERE
fomy E.l“rlnE cigl ct?llr?t?:g:ption by CE during Read Mode) B 100 +1r (R/B) ns ®)
tRsT I(:)Re;/:zi%?sgrt;::;zrase/aﬂer suspend) - 10/20/1500/10 us
AC Test Conditions
Input Level 2.4V/0.6V
Input Timing Comparison Level 2.2V/0.8V
Output Data Comparison Level 2.0v/0.8V
Output Load 1TTL and C_ (100 pF)
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(1) Transition time (t1) = 5ns.

(2) In the case that CLE, ALE, CE are input with clock, twe exceeds 80ns.

set - up time + hold time + twp + txx + 4t
20ns 40ns 40ns 20ns

txx
CE St 4 /
tr tr,~>] T e
we R A N2
> hold time 1
setup T setiup time

twc
(3) The CE high to Ready time depends on the pull up resistor tied to the R/B pin. (Refer to notification (10) toward the end of
this document.)
@) If CEreturnsto a high level after accessing the last address (263) in read mode (1) or (2), CE high time must keep equal to
or greater than 250ns when the delay time of CE against RE is 0 to 200ns as shown below. In the second case, the device |

will not turn to a “Busy” state when the CE delay time is less than 30ns.

tcen = 250ns

* * ¢ VIH or VIL

e TN/ T\

262 263 @ @ : 0~200ns — tcgy 2 250ns

- @ : 0~ 30ns — Busy signal is not
R/8 \Busy / output.

Programming and Erasing Characteristics (Ta = 0 ~ 55°C, Vg = 5V£10%)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
tprOG Average Programming Time 300 ~ 1000 5000 us
N Divided Number on Same Page 10 1)
tserase | Block Erasing Time 6 6 100 ms
tsp Suspend Input to Ready 1.5 ms
Nw/e Number of Write/Erase Cycles 2.5x10° cycles

(1) Refer to notification (15) toward the end of this document.
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Timing Charts
Latch Timing Chart for Comman d/Address/Data
CLE
RE setup time hold time
we z
/O 1~8 i )
Command Input Cycle
CLE } tas tan \
o _\ tes tew N
- ‘ twe :W'

: Vg or Vi
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Serial Read Cycle

tre
i ]
tReH
B ¥ ’__ﬁ_“g s
RE S& / X / tcHz
] ‘ >
trea tanz tRea tRe tRHZ
Ly tRHZ REA
1/01~g i 1 E E
trr
R/B 2
Status Read Cycle
J teus
CLE /
teus )
-> LH
tcs
= V i
|
tcH
twe
WE twHC tcsto tenz
twHR
|
RE {
tr
t t
5 K htnsro
Status
V018 70H \ output
R/B
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Read Cycle (1) .

ce. - ftas tcm'\

tcen
tcs teH tcs
% %

! ' twe

WE \_J [ \_12 \_J \_~A?<______>‘“ I
tacs
o BOTE tary tery
taLH
ALE 1
tws 1

tos|| tow tos||toH  tos||{ton tos|| ton

| -] B
R ~ ~A13 - out Dour Dour
1

&l

Column address
N

Read Cycle (1): Interception by CE

CLE teus taH _\
tcs tem tes
— e >
& i/ N\
! i twg
S T \ L 7 by
taLs t
ALH tar2
tALH | tenz
ALE ]
1 T
w8 tan leRC ]
RE
tos|| ton tos{| toH  tos!|ton tos|| to
<—>1 r-» - [0 fe=trea tRHZ
D, D, Y
1o1~8 00H %AO~A7%8~AIE%W—-AZ %UTHR?,U: o H ] e
1

Column address
N

% : Vi or Vy
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Read Cycle (2)

CLE teus tom

AL

tcs i<
— le—>]
Al W . 2

%
we  A\_f [\
taLs tw < tAR2
tALH ;
ALE
%
tALH—> tre
RE
tos|| ton tos || tou
B (>
| == Pt e—tREA
vo1-8 SOH WAO~A7 A8~A15XP: 6~A;(> @—j Dout
column address 255+M 255+ M+ 1 263
M %
R/B \ v

Sequential Read Timing

CLE
—/ \ 3 ® 2 e

33

G\ % M " " " n
1

A\ -t

12 33 Il 2.
AN A3 Al

22 2 22
w - 3

t
Column Page‘ R R
address address / ‘
N M N N
RB | ] \_
V7] : Vim or Vi Page M Page M+1
access access
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Auto Program Operation Timing Chart

tas

¥
CLE
el @z \__
teus
t-tcs
) A D D
-
el
4 L —
m A AT\ i
tas taLn
N = tPROG
ALH
e H t
ALE A ! ALS
RE
tos {{ton  tos||tom
| >
-

/01-8 80H A0~A7 X AB~A1 5XA15~A2<>——Z

Status
output

% Vg or Vi,

* : Do not collide data input with data output

onVolatlle “f

5
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Auto Block Erase Timing

tetH

tes

e . W
=N\ e\

taH tBERASE

e \ [ V.

tos ||t

<y

DH
1
o T o NN =

REB _/ \ Busy /+

Auto Block Erase Erase Execution Status Read
Setup Comman d Command

% : Viy or ViL

* : Do not collide data input with data output
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Suspend/Resume on Block Erase Operation

S Nz,

=y @ [ J,

~ LA\ N\ e U e
tas < tan tas

w1 Y e

tos
H
*
04— X 60H E@IA&-MS %IG-AN)% DOH
RB \

?
0 I

tas tALH

ALE n l
tRHw
Y/ Vi
" Et_/
r<trsTo

tos tDH, tos | | ton

[ | | |~

t T X Status
. )

RE
RB RW \___/ : Vg or V.

(a) : Continued * . Do not collide data input with data output

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-81



D-82

TC5816ADC

NAND EEPROM

NV16030496

ID Read Operation

CLE \
tus
¢ I tey teus
CS | >} - tcs
CE
' talH
. |t
WE tcr
] taLs \JL
tawH tcs tar1
ALE | \
RE \ /[ /
tos He ton
>
vo1 -8 90H { o ) L os ) { san )
- \ / X + x +
: . -l
tReAID tReaID
Address Maker Device Code
Input Code
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Pin Function
The TC5816 is a serial access memory in which address and data information is multiplexed. The device pinout is shown in
Figure 1.

TC5816ADC

Command Latch Enable: CLE (Fig. 1, Pin 2) e N

The CLE input signal is used to control the acquisition of the operation mode
command into the internal command register. The command is latched into the

command register from the I/O port at the rising edge of the WE signal while CLE

is high. O
The ALE signal is used to control the acquisition of either address information

or input data into the internal address/data register. Address information is latched

at the rising edge of WE if ALE is high. Input data is latched if ALE is low. 7
Chip Enable: CE (Fig. 1, Pin 21) —

Address Latch Enable: ALE (Fig. 1, Pin 3)

1

The device goes into a low power standby mode during a read operation ) .
when CE goes high. The CE signal is ignored when the device is in the busy state Figure 1. TC5816 Pinout
(R/B =L) such as during a program or erase operation and will not go into
standby mode if a CE high signal is input. The CE signal must stay low during
the read mode busy state.

Write Enable: WE (Fig. 1, Pin 4)
The WE signal is used to control the acquisition of data from the 1/O port.

Read Enable: RE (Fig. 1, Pin 20)

The RE signal controls the serial data output. Data is available trea after the falling edge of RE. The internal column address
counter is also incremented (Address + 1) with this falling edge.

1/0 Port: 1/01 ~ 8 (Fig. 1, Pin 6 ~ 9, 13 ~ 16)
The I/O 1 ~ 8 pins are used as the port for transferring address, command and input/output data information to or from the
device.

Write Protect: WP (Fig. 1, Pin 5)

T@ signal is used to protect the device from inadvertent programming or erasing. The internal voltage regulator is reset
when WP is low. This signal is usually used for protecting the data during the power on/off sequence when the input signals are
invalid.

Ready/Busy: R/B (Fig. 1, Pin 19)

The R/B output signal is used to indicate the state of the device. The R/B signal indicates a busy state (R/B = L) during pro-
gram, erase, or read operations and will return to a ready state (R/B = H) after completion. The output buffer of this signal is an
open drain.
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Schematic Cell Layout and Address Assignment
The program operation is implemented in a page unit while the erase operation is carried out in block units.

S A 1701
[//,’ 256 H 8 1/08
T A page consists of 264 bytes in which 256 bytes are for main
/g ’/ memory and 8 bytes are for redundancy or other uses.
! 1 Page = 264 bytes;
A T pmm-s 1 Block = 264 bytes x 16 pages = (4K + 128) bytes
e i E } 16page — Tblock Total device density = 264 bytes x 16 pages x 512 blocks
8192 - . L = 16.5M bits (2.0625M bytes)
page ; i The address is acquired through the 1/O port using three con-
512 block é E secutive clock cycles as shown in Figure 3.
B B Rt i
o ]
o i 81/0

Figure 2. TC5816 Schematic Cell Layout

AO ~ A7 :column address
1/01 1/02 1/03 1/04 1/05 1/06 1/07 1/08 A8 ~ A20 : page address
First cycle A0 Al A2 A3 A4 A5 A6 A7 ( A12 ~ A20: block address )
Second cycle A8 A9 A0 | A1 | A2 | A13 | Al4 | A15 |\AB~A1T '\‘,ﬁ'\é‘% gfdfess
|
Third cycle A16 A17 A18 A19 A20 L L *L

*1/0 6 ~ 8 during the third cycle must be set to low level
Figure 3. Addressing

Operation Mode: Logic and Command Tables

The operation modes such as program, erase, read, erase suspend, and reset are controlled by the ten different command
operations shown in Table 2. The address, command input, and data input /output are controlled by the CLE, ALE, CE, WE, RE,
and WP signals as shown in Table 1.
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Table 1. Logic Table
CLE ALE CE WE RE WP
Command input H L L 1K H *
Data input L L L 1T_f H *
Address input L H L 1_f H *
Serial data output L L L H < *
During programming (Busy) . N N . * H
During erasing (Busy) . N N « % H
Program, Erase inhibit * N N . *b L

H=Vp, L=V, "=VyorVy

Table 2. Command Table (HEX data)

ACCEPTABLE
FIRST CYCLE SECOND CYCLE COMMAND

DURING BUSY Bit assignment of HEX data
Serial data input 80 - (Example)
Read mode (1) 00 - Serial data input : 80H
Read mode (2) 50 - .
Reset FF - N em—

1yojojojojojojo

Auto program 10 - ULOJ ; ‘ . LSLA I 5 l 2170\‘
Auto block erase 60 DO
Suspend in erasing BO - R
Resume Do -
Status read 70 - R
ID read 90 -

Once the device is set into the read mode by the “00H" or “50H” command, additional read commands are not needed for
sequential page read operations. Table 3 shows the operation mode for reads.

Table 3. Operation mode for reads

CLE ALE CE WE RE 1/01 ~ 1/08 POWER
Read mode L H L Data output Active
Output deselect L L L H H High impedance Active
Standby H H * High impedance Standby
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Device Operation

Read Mode (1)

Read mode (1) is set by issuing a “00H” command to the command register. Refer to Figure 4 below for timing details and
block diagram.

A data transfer operation from the cell array to
the register starts at the rising edge of WE in the third
> cycle (after latching the address information). The
device will be in a busy state during this transfer
ell, array period. The CE signal must stay low after the third
! address input and during the busy state.

After the transfer period the device returns to a
ready state. Serial data can be output synchronously
with the RE clock from the designated starting
pointer indicated during the address input cycle.

Select page

Figure 4. Read mode (1) operation

Read Mode (2)

Read mode (2) has the same timing as read mode (1) but it is used to access information in the extra 8 byte redundancy area
of the page. The starting pointer is therefore assigned between byte 256 and 263.

ae [\

Address AO - A2 are used to set the starting pointer for
255 263 the redundant memory cell while A3 - A7 are ignored. Once
L + the “50H” command is set, the pointer moves to the redun-
dant cell locations and only those 8 cells can be addressed
regardless of the A3 - A7 address (The “00H” command is
necessary to move the pointer back to the 0 - 255, main
memory cell locations.)

Figure 5. Read mode (2) operation
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Sequential Read (1)(2)
This mode allows sequential reads without additional address input.

@D~

/ S~—— Data output Data output
= Address input —T —_—
R/B
\ Busy , 7 \ Busy ’ 7 \ Busy ’
I > ———————»
0 T a8y
— i
— :
Sequential read (1) Sequential read (2)

Figure 6. Sequential read

Sequential read mode (1) outputs data from addresses 0 to 263 while sequential read mode (2) outputs data from the 8-byte
redundant area only. When the pointer reaches the last address, the device continues to output data from the last address with
each RE clock signal.

Status Read

The TC5816 automatically implements the execution and verification of the program and erase operations. The status read
function is used to monitor the ready/busy status of the device, determines the pass /fail result of a program or erase operation, |
and determines if the device is in a suspend or protect mode. The device status is output through the I/O port using the RE clock : =
after a “70H” command input. The resulting information is outlined in Table 4. a

Table 4. Status output table

STATUS OUTPUT
/O 1 Pass/Fail Pass: “0” Fail: “1”
/02 Not used “0”
/0 3 Not used “0”
I/O 4 Not used “Q”
1105 Not used “0”
/06 Suspend Suspended: “1” Not Suspended: “0”
1107 Ready/Busy Ready: “1” Busy: “0”
/108 Write protect Protect: “0” Not Protect: “1”

The Pass/Fail status on I/O 1 is only valid when the device is in the ready state. The device will always indicate a pass status
while in the busy state.
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An application example with multiple devices is shown in Figure 7.

CEy .ﬂiz jiz CZN Cﬁl +1
CLE ————
ALE Device Device Device Device Device
WE Of 1 o 2 O 3 0} N I N+t

__J
@ T\
_/
Status on @ QStatus on

Device 1 Device 1
Figure 7. Status read timing application example

SYSTEM DESIGN NOTE: If the R/B pin signals of multiple devices are common-wired as shown in the diagram, the status
read function can be used to determine the status of each individually selected device.

Auto Page Program

/
110 —{70R)- { ; \[

The TC5816 implements the automatic page program operation after receiving a “10H" program command after the address
and data have been input. The sequence of command, address, and data input is shown below. (Refer to the detail timing chart.)

% \/_/\12/ 70 @ -

Data Input Address Data Input Program Status read Fail
Command input 0~-263 command command
R/B \ / R/B turns to Ready after completion

automatically.

Data input

1 The data is transferred (programmed) from the register to

the selected page at the rising edge of WE following the “10H”

v\ command input. The programmed data is transferred back to
/ the register after programming to be automatically verified by
the device. If the program does not succeed, the above pro-

Selected gram/verify operation is repeated by the device until success
page or the maximum loop number set in the device.

Figure 8. Auto Page Program
D-88 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY
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Auto Block Erase

The block erase operation starts with the rising edge of WE after the erase execution command “DOH” (which follows the
erase setup command “60H"). This two cycle process for erase operations acts as an extra layer of protection from accidental -
erasure of data due to possible external noise. The device automatically executes the erase and verify operations.

Auto Block Erase

Pass
O—C E
.
Block address : Fail
Input : 2 cycle :
_ : -
RiB Erase execution ~ Busy ' Status read
command command
Select
block
£ 3
Block erase

Figure 9. Auto Block Erase Operation
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Suspend/Resume

Because a block erase operation can keep the device in a busy state for an extended period of time, the TC5816 has the abil-
ity to suspend the erase operation to allow program or read operations to be performed on the device. The block diagram and
command sequence for this operation are shown below. (Refer to the detail timing chart)

—— = Y —

Select Input erase operati L |

block Suspend command input resume
— —
:J {, ~ ~

pn
=~ =

W
)
1)

C

lsuspend the erase operation

6~

>

Block adress ( Suspend operation

input

Figure 10. Suspend /Resume Operation

The suspend/resume cycle can be repeated up to 20 times during a block erase operation. After the
resume command input, the erase operation continues from the point at which it left off and does not have to restart.

Reset

The reset mode compulsorily stops all operations. For example, in the case of a program or erase operation, the regulated
voltage is discharged to OV and the device will go into a wait state. The address and data register are set after a reset as follows:

e Address Register  : All “0”

¢ Data Register DAl

e Operation Mode  : Wait State

The response after a “FFH” reset command input is as follows:
e [f the reset (FFH) command is input during programming: Figure 11
o) D
(80 ) {10 ) { Ff ),
Internal Vpp \
RE \ 1

Register set

®

trsT( = 1045)
o [f the reset (FFH) command is input during erasing: Figure 12
GO GO (-
Internal erase -
voltage ________/_—_\
S | |

>

trst (= 1ms)
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o If the reset (FFH) command is input during the read operation: Figure 13

w ]

trsT ( = 5us)

o [f the reset (FFH) command is input after suspend: Figure 14
— & G
Do BO FF
This reset cancels suspend status.
Internal erase
voltage _/_-_\ :
R/B \ , \ ’

trsT( = 545)

o |f the status read command (70H) is input after reset: Figure 15

‘FF‘

{ 70 )=
v‘ — I/ Ostatus : Pass/Fail — Pass

\ ' \ Ready / Busy — Ready

However, the following operation is prohibited. If the following operation is executed, set up for the address and data register
cannot be guaranteed.

70

t———— .
1/0 status : Pass/ Fail — Pass

RE - Ready/Busy — Busy

o |f the reset command is input in succession: Figure 16

(1) (2)
C10) (Fr ) 2 FF

RB \ / The second @ command is invalid if the other

command than ‘FFH’ is input
during this period.
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ID Read

The TC5816 contains an ID code to identify the device type and the manufacturer. The ID codes are read out using the follow-
ing timing conditions:

CLE ’ \
@ [
wo /
/—-——-—14— tagy — P
ALE

R W A S

treaiD '—H

ID read command Address Maker code Device code
00"

Figure 17. ID read timing

Table 5. Code table

1/08 1/07 1/06 1/05 1/04 1/03 1/02 /01 HEX data

Maker code 1 0 0 1 1 0 0 0 98H

Device code 0 1 1 0 0 1 0 0 64H

Refer to AC characteristics for tgeap, tor: tart (Refer to the specification).
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Device Physics

Program Operation

Figure 18 shows the NAND memory cell and details of the programming mechanism. The program operation is used to write

“0” data into an erased memory cell (“1” data cell) using a tunneling mechanism. An example showing the operations necessary to
program ‘0’ data in TR1 and “1” data in TR2 follows:

(1) The select lines are activated so that the transistor array is connected to the bit line and disconnected from the ground line.

(2) Vpp (~20V) is applied to the selected word line and an inhibit voltage of VPI (=10V) is applied to the unselected word lines.

(8) The bit line tied to cell transistor TR1 is biased to OV and the bit line tied to TR2 is biased to the inhibit voltage of VDPI
(=10V).

(4) Vpp is applied between the control gate and the channel in TR1, as shown in Figure 18, which causes electrons to be
injected from the channel to the floating gate by a tunneling mechanism.

(6) The injected electrons are captured in the floating gate (which is surrounded by an oxide layer) and will remain, even after
power is cut off, until they are removed by an erase operation.

(6) Although 20 volts is applied to the control gate of TR2, the voltage difference between the control gate and the channel is
only 10V because the voltage of the channel is 10V. Therefore, tunneling does not take place. (i.e. electrons are not
injected into the floating gate.)

(7) Tunneling does not take place in the unselected pages because of the 10V (VPI) being applied to the unselected word lines
which again makes the voltage difference between control gate and channel only 10 volts. Thus, the floating gate of the “0”
cell is charged to “minus” and that of the “1” cell is charged to “plus”.

Vep (V) it line \VfPl (=10V) —
/ Vpp ( = ZOV)
Select linet + +
(=10V) VPI H H (Word line1)
VPI EH EH (Word line2) o
VPI ,E% ’é',;i (Word line3) ov
(=20Vv) VPP H H (Word lined)
VPI TR‘E:/: TR2§-}{r (Word line5) \ JT A
VPI C:H I:H (Word line6)
vl :..L-r DH— Word line?) TR2 Vep (=20V)
Vl;’l !_.H !__,','ﬁ (Word§ line8) i
Vl;l ‘EIH lEH (Word: Iine‘lﬁ).
Select line2 L ; i VDPI (= 10V)
77';' 7); Z/NDPI
Select linet ¥ <
O N \
..__I'Ij .,_J_l_‘ 77L

Figure 18. TC5816 Program Device Physics
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Erase Operation

Figure 19 shows the NAND memory cell and details of the erase mechanism. The erase operation is used to turn the “0” (pro-
grammed) cells back to “1” in a block. Zero volts is applied to the control gate and Vpp (~20V) is applied to the substrate so that a
20 volt potential is created and the electrons in the floating gate are pulled out through tunneling.

open open

Select line +

te

ooV 1 ov
ov [ t [
ov H
ov iﬁ
16 word line < ov H m —>open
(1 block) ov " >_l Yvvy Iﬁ
C {
o0 . I
\ ov # Vpp (=20V)

Select line t qj‘l
[ [

Vep (= 20V) Vpe (=20V)

Figure 19. TC5816 Erase Device Physics

Read Operation

The state of the memory cell is either “0” (minus charge on the floating gate) or “1” (plus charge on the floating gate) after pro-
gramming. Each state is indicated as the “threshold voltage (Vth)” which is a characterization parameter of the MOS transistor as
shown in Figure 20. The threshold voltage of a transistor with “0” data falls within the “plus” distribution while the threshold voltage
of a transistor with “1” data falls within the “minus” distribution. The distribution band depends on transistor fluctuations.

Threshold
value ‘0’ Data cell
\%
V TH
(Vrn) Distribution
+
0 N
- ‘1" Data cell
Vi
Distribution

Figure 20. V1 Distribution for “0” and “1” data cell
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Figure 21 shows the memory cell and details of the read operation:

(1) Select lines 1 and 2 in the block including the selected page are biased at a high level so that the 16 NAND memory cell
array is connected to the bit line and ground.

(2) Zero volts is applied to the control gates of the selected page and a high level voltage is applied to the control gates of the
unselected pages.

(3) In Figure 21, transistor TR2 with data “1” turns on, transistor TR1 with data “0” turns off, and all other unselected transis-
tors turn on.

(4) The precharged bit line tied to TR2 is discharged through TR2 as cell current flows to ground while the precharged bit line
tied to TR1 remains at a high level because current does not flow. The sense amplifiers tied to the bit lines thus sense the
voltage levels as “1” and “0” respectively.

/ Bit line \
Select linet
L ON L ON
0—-—] L—‘ [
H H ON . L"Hﬂ
H ‘::: o :;.L"“
H :J;E' o ::: N
1! '0' '1'
Selected page ; TR OFF TR2 =7 ON
L 2]
H ::: N '::s on
H :H on ::: on
H S:: o SH N
H L\u ON LHLON
:II / cll
Select line2 O +—
T}: ON /‘J 77‘7—-l ON

Cell current

Figure 21. TC5816 Read Device Physics
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Application Notes and Comments

(1) Prohibition of unspecified commands
The operation commands are listed in Table 1. Data input as a command other than the specified commands in Table 1 is
prohibited. Stored data may be corrupted if an unspecified command is entered during the command cycle.

(2) Pointer control for “00H”, “50H”

The TC5816AFT has two read modes which set the destination of the pointer to either the main memory area of a page or the
redundancy area. The pointer can point to any location from 0 to 255 in read mode (1) and from 256 to 263 in read mode (2). Fig-
ure 22 shows the block diagram of their operations.

0 255 256 263
LA | s
I & &4 !
00H ‘¥ l SOH
00H -
S0H Pointer control |

Figure 22. Pointer control
The pointer is set to region “A” by the “O0H” command and to region “B” by the “50H” command.

(Example)
The “00H" command needs to be input to set the pointer back to region “A” when the pointer control points to region “B”.

00H 80H

W ~——————\ \\,_/
Add Start point Add Start point DIN
A area B area
Start point
O B area
00H
O\._V_/ W —— —— S _)\ /\_ o~
Add | Add | Add DIN
Start pomt Start point Start point Start point
A area B area A area A area

Figure 23. Example for Pointer Set

For programming into region B only, first reset the contents of the data register to “1”s by inputting the FFH (reset) command.

G- (5oR )~ (3o < )
{ 50H ) { 80H ) 10H
Add DIN
Start point
B area
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(3) Acceptable commands after the serial input command “80H”

Once the serial input command (“80H") is input, do not input any command other than the program execution command
(*10H") or the reset command (“FFH") during programming.

we LI LIrLrr
[ —
Address

Internal Vpp input / \
R/B \ /

Figure 24

If a command other than “10H" or “FFH” is input, the program operation is not performed.

<« XX Uy

Other command

In this case, the reset command (FFH) command is
Programming can not be executed. needed.

(4) Status read during read operation

(Al

(o]
o
3
3
o
2
o
(o)
1)
(\')
=}

S

A

'
] 1
] ]
1 1
I ]
1 i
1 1
: i
1 i
5 i
I 1
1 [l
1 1
1 1
1 1
] ]
] 1
[} |
i '

RE \ /
e ' WaWa
N address Status \—!\7
read command Status Status output
input read

Figure 25

The device status can be read out by inputting the status read command “70H” during the read mode. Once the device is set
to the status read mode after a “70H” command input, the device does not return to the read mode.

Therefore, status read during the read operation is prohibited.

However, when the read command “00H” is input during [A], the status mode is reset, and the device returns to the read
mode. In this case, the data output starts from N address without address input.
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(5) Suspend command “BOH”
The following issues need to be observed when the device is interrupted by a “BOH” command during block erasing.

60 DO { BO ) 70
—
" Recovery
time

Figure 26

Although the device status changes from busy to ready after “BOH” is input, the following two cases cannot be distinguished.
-After a “BOH” command input, Busy—Ready
-After an erase operation is finished with “DOH”, Busy—Ready
Therefore, the device status needs to be checked to see whether or not the “BOH” command has been accepted by issuing
a “70H” command after the device goes to ready.
The device responds as follows when a “DOH” command (Resume) is input instead of “70H”.
-“BOH" has been accepted: Erase operation is executed. (The device is busy.)
-“BOH" has not been accepted. (Erase operation has been completed): “DOH” command cannot be accepted.

_ (The device is ready.)
Each case above is confirmed by monitoring the R/B signal.

(6) Program fail

80 10 7 /10 1
O——C> 0 G or——Co>
Address Data Address Data
M input N input

When the programming result for the page address M is “Fail”, do not try
to program the page to address N in another block. Because the previ-
ous input data is lost, the same sequence of “80H” command, address
and data input is necessary.

M YZZzzzzzzzzz2

Figure 27
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(7) Data transfer
The data in page address M cannot be automatically transferred to page address N. If the following sequence is executed,
the data will be inverted (i.e. “1” data will become “0” and “0” will become “1”).

(a0 )— C10 ) (70 )
N —— NS N/
Address
Program

Data

Inverted data will be tranferred.
Data

Figure 28

(8) Block erase after suspend command “BOH”

N TR N
——@ (00 (80 ) (60 )

Block * ‘
address Erase execution Suspend I

A block erase command is prohibited when the device has been suspended by inputting “BOH” during a block erase opera-
tion. Only a program or read operation is allowed during this erase suspend interruption.

(9) Interruption of an erasing block

After a “BOH" command input, neither a program nor a read operation is allowed for the accessed block which is currently in
an erase operation.

— GO -

CO—=C SRS ———
Block I
adc:-cess The interruption of block A is prohibited.

A
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(10) R/B: Termination for the Ready/Busy pin (R/B)
A pull-up resistor needs to be used for termination because the R/B buffer consists of an open drain circuit.

Vee
= R N i
Device —— R/B . Busy ‘5 i
C : : >
_l I ‘ tr

Vee=5.0V

Vss 1.5u5 |- Ta=25°C — 15ns
e . C_ = 100pF

. ) t, 10ns 1
This data may vary by device. We
recommend that you use this data as a 5ns

reference when selecting a resistor value.

0 1KQ  2KQ  3KQ  4KQ
R

Figure 29

(11) Status After Power On
Although the device is set to read mode after power-up, the following sequence is needed because each input signal may not

be stable at power on.
e Operation mode : Read mode (1)
* Address register Al “0”
* Data register . Indeterminate

® High voltage generation circuit ~ : Off state

Power on sequence

oo —GO—

Reset Read mode (1)

(12) Power On/Off Sequence:
The WP signal is useful for protecting against data corruption at power on/off. The following timing is recommended:

)
«

475V _:
45V L

).
«

ViH

Vi ' I Vi

Operation

Figure 30. TC5816 Power On/Off Sequence
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(13) Setup for WP Signal

The erase and program operations are compulsively reset when WP goes low. The WP signal must be kept at a high level
before the 80H/60H command input for the program and erase operations.

If WP goes high after the 80H/60H command input for a program/erase operation, the program and erase operations cannot

be guaranteed.

WE W ........ —
(_’E ceeeeenns __\-_

tww (Min. 100ns)

Figure 31. WP Setup before Programming

tww (Min. 100ns)

Figure 32. WP Setup before Erasing
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(14) In the case that 4 address cycles are input
Although the device may acquire the fourth address, it is ignored inside the chip.

Read operation:

Address input ignored

REB \
Internal read operation start when WE
of the third cycle goes high.

Figure 33
Program operation:

CLE—/____\
a1\

ALE / \

o

Address input

Data input

ignored

Figure 34
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(15) Divided program in the same page (Partial page program)
The device allows a page to be divided into 10 segments (typically) with each page segment programmed individually as follows:

The first programming Z

Data
pattern 2

The tenth programming [ .

The second programming :

Data
Result e [ 5% | [ova a0 |
pattern 2

Figure 35

Note: The input data for unprogrammed or previously programmed page segments must be “1” (i.e. Mask all page bytes out-
side the segment to be programmed with “1” data.).

(16) RE Signal During Read

The internal column address counter is incremented synchronously with the RE clock in the read mode. Therefore, once the &
device is set into the read mode by the “00H” or “60H" command, the internal column address counter can be incremented by
the RE clock before or after the address input. Assuming that RE clocks before the address input and the pointer reaches the last :
column address, an internal read operation (array—register) will occur and the device will be in a busy state. (See Figure 36) i

Address input
A

o

D. Nonolatile

/\\
X
X
T

1/0 —= 00H/50H )

Figure 36

Therefore, RE clocking must occur after the address input.
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(17) Invalid block (bad block)
The TC5816 device contains unusable blocks. Therefore, the following issues must be recognized:

Check if the device has any bad blocks after device installation into the
system. Do not try to access bad blocks. A bad block does not affect the

W-» Bad Block performance of good blocks because it is isolated from the bit line by the
select gate. The number of valid blocks is as follows:

MIN. TYP. MAX. UNIT

2%~ Bad Block Valid (Good) Block Number 502 508 512 | Blocks

Figure 37 shows the bad block test flow.

(18) Error in program or erase operation (Fail at status read)

The device may fail during a program or erase operation due to exceeding write/erase cycle limits, for example. The following
system architecture will enable high system reliability if a failure occurs.

Program

Buffer
memory Y

error occurs

Block A

When an error happens in Block A, try to reprogram the data
into another (Block B) by loading from an external buffer. Then,
L prevent further system accesses to Block A (by creating a “bad
blocks” table or another appropriate scheme.)

) I

(¢

7

S Block B

Erase

When an error occurs for an erase operation, prevent future accesses to this bad block (again by creating a table within the
system or other appropriate scheme.)
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Bad Block Test Flow

Block No = 1

C: Checker board pattern

C: Checker board pattern

Blank check: 1 Block read (FFH)

The blank check operation detects

“0"s resulting from factory block testing.

Any new devices having “0”s in a block indicates
that the block is bad.

Block No = 1

Pass

y Pass

B No. = B No. + 1}<e——

No

Bad

Pass Block B No. = 512

b Pageé
/C-PattProg

Pass

Pass

Yes

B No. =512 No

Figure 37. Bad Block Test Flow
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Outline Drawings

FDC-22 Unit: mm
37,0291
)

S
3

gl ¢

’
o> /
a
2.4 2MIN H 0.78:+ 0.08

1 7

-

B8 B
E: Write protect area 2
F: The distance between the sur- o d
face of D and all contact area is
less than 0.1mm. . ll’l-
G: Index area z
= s
“\_ | 3
i 20] 2 ||

Contact area(2: 1)
Weight: 0.48g (typ.)

Attention

(1) Avoid bending or subjecting the card to sudden impact.
(2) Avoid touching the connectors to protect against damage from static electricity.
This card should be kept in the antistatic film case when not in use.
(8) Toshiba cannot accept and hereby disclaims liability for any damage to the card including data corruption that may occur because of mishandling.
1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Department of Commerce prior to export. Any export or re-export, directly or indi-
rectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.
2. LIFE SUPPORT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Toshiba America, Inc. Life support sys-
tems are either systems intended for surgical implant in the body or systems which sustain life.

A critical component in any component of a life support system whose failure to perform may cause a malfunction of the life support system, or may affect its safety or effectiveness.

@

The information in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. Al information in this data book
is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties.
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TC5832FT |

PRELIMINARY
32Mbit (4M x 8 BIT) CMOS NAND EEPROM (5V)

Description

The TC5832FT is a 5 volt 34M (34,603,008) bit NAND Electrically Erasable and Programmable Read Only Memory (NAND
EEPROM) organized as 528 bytes x 16 pages x 512 blocks. The device has a 528 byte static register which allows program
and read data to be transferred between the register and the memory cell array in 528 byte increments. The erase operation
is implemented in a single block unit (8k bytes + 256 bytes: 528 bytes x 16 pages).

The TC5832FT is a serial type of memory device which utilizes the I/O pins for both address and data input/output as well
as command inputs. The erase and program operations are automatically executed making the device most suitable for
applications such as Solid State File Storage, Voice Recording, Image File Memory for still cameras, and other systems which
require high density, non-volatile memory data storage.

Features Pin Names
¢ Organization I/04_.g |VO Port
- Memory cell array : 528 x 8K x 8 CE Chip Enable
- Register 1528 x 8 —— -
- Page size : 528 bytes W_E Write Enable
- Block size : (8K + 256) bytes E Read Enable
° Mode : Read, Reset, Auto page CLE Command Latch Enable
program, Auto block ALE Address Latch Enable
erase, Suspend/ WP Write Protect
Resume, Status read R/B Ready/Busy
e Mode control : gerial inp;;t/outpult oP Option Pin
ommand control
« Package :400mil TSOP Type Il Voo | Power Supply
- TC5832FT : TSOP44-P-4008 Vss | Ground
(0.48g typ.) OP: GND Input: 528 Byte/Page Operation
« Power supply ; VCO = 5.0V+0.5V Vee Input: 512 Byte/Page Operation
o Access time Pin Connection (Top View)
- Cell array - Register : 10us max. TC5832FT
- Seria| Read Cyole : 50ns max. ez T j ......... :
e Operating current : 2‘3‘ :I%%C
- Read (50ns cycle) : 15mA typ. 2 OFrE
- Program (ave.) : 40mA typ. 41 '_'le/E
) . S 40.0Qp..;
Erase (ave.) : 20mA typ. nedle 39N
- Standby : 100uA N 07 38 OIN.C.
® Operating temperature :0~70°C Nnc. Os 37 ONC
Nc. Og 36 IN.C.
Nc.O10 35 AN.C
1 34
12 33
Nc O3 32 dNC
N.C O 14 31 N.C
N.c. O 1s 30 I N.C
N.C. O 16 29 ONC
SNCE 728 NG
1701018 27d1o8
1702019 26 d1/07
1703020 25 Ji/06
1704021 24 [J1/05
ivs22 o 2PV !
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Block Diagram
Vce GND

H

Fl Status register }4—
VO 1 04— /6 Control Address register |L* » Column buffer
: r
8 Cirg:it ° KL 22270, 97 p| Column decoder
/0 80€¢—> —>| Command registeﬂ ZI7% //74? Data register
4 | o] Sense amp. |
| A A 4
CE o—> g R \%
w
CLE O— gala
ALE O——— Logic > C?ntrgl ? g g Memory
WE o——»{ control crcuit b| d cell array
J— u e
RE O—»] fl 6
WP O0—» é d
r
A A
R/B O
R/B ‘ | HV generator |
Maximum Ratings
SYMBOL ITEM RATING UNIT
Vbp Power Supply -0.6 ~7.0
Vin Input Voltage -0.6~7.0 Vv
Vio Input/Output Voltage -0.6V ~ Vg + 0.5V (£7.0V)
Pp Power Dissipation 0.5 W
TsoLper | Soldering Temperature (10s) 260
Tsta Storage Temperature -55 ~ 150 °C
Topr | Operating Temperature 0~70
Capacitance* (Ta = 25°C, f = 1MHz)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Cin Input Capacitance Vin=0V - 5 10 F
Cout | Output Capacitance Voyt =0V - 5 10 P
*This parameter is periodically sampled and is not 100% tested.
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Valid Blocks (1)

TC5832FT
SYMBOL PARAMETER UNIT
MIN. TYP. MAX.
Nyg Valid block number 502 508 512 Blocks

(1) The TC5832FT includes unusable blocks. Refer to notification (17) toward the end of this document.

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vee Power Supply 4.5 5.0 5.5
ViH Input High Voltage 22 - Vee + 0.5 \
ViL Input Low Voltage -0.3* - 0.8

* -2V (pulse width < 20ns)

DC Characteristics (Ta = 0 ~ 70°C, V¢ = 5.0V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Iy Input Leakage Current Vin=0V ~ Ve - - +10
Lo Output Leakage Current Vout =0.4V ~ Ve - - +10 HA
lcco1 | Operating Current (Serial Read) %ﬁ:!'(')-m A teycle = 50ns - 15 30
lccos | Operating Current (Command Input) | tycle = 50ns - 15 30
lccoa | Operating Current (Data Input) teycle = 50ns - 40 60
lccos | Operating Current (Address Input) toycle = 50ns - 15 30 mA
lcco7 | Program Current - - 40 60
lccos | Erasing Current - - 20 40
lccst | Standby Current CE =V - - 1
lccsz | Standby Current CE=Vgg-0.2V - - 100 nA
Vou High Level Output Voltage lon = - 400pA 24 - - v
VoL Low Level Output Voltage loL=2.1mA - - 0.4
IoL(R/B) | Output Current of (R/B) pin VoL = 0.4V - 8 - mA
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AC Characteristics (Ta = 0 ~ 70°C, Vg¢ = 5.0V+0.5V) (1)
SYMBOL PARAMETER MIN. MAX. UNIT NOTES
toLs CLE Setup Time 0 - ns
toLH CLE Hold Time 10 - ns
tcs CE Setup Time 0 - ns
tcy | CE Hold Time 10 - ns
twe Write Pulse Width 25 - ns
taLs ALE Setup Time 0 - ns
taLH ALE Hold Time 10 - ns
tps Data Setup Time 20 - ns
toH Data Hold Time 10 - ns
twe Write Cycle Time 50 - ns (2
twq | WE High Hold Time 15 - ns
tww | WP High to WE Low 100 - ns
taR Ready to RE Falling Edge 20 - ns
trp Read Pulse Width 25 - ns
tre Read Cycle Time 50 - ns
tReA RE Access Time (Serial Data Access) - 35 ns
tcen CE High Time at the Last Address in the Serial Read Cycle 100 - ns (4)
treap | RE Access Time (ID Read) - 35 ns
toH Data Output Hold Time 10 - ns
tryz | RE High to Output High Impedance - 30 ns
tohz CE High to Output High Impedance - 20 ns
trey | RE High Hold Time 15 - ns
R Output High Impedance to RE Rising Edge 0 - ns
trsto | RE Access Time (Status Read) - 35 ns
tcsto | CE Access Time (Status Read) - 45 ns
tryw | RE High to WE Low 0 - ns
twnc | WE High to CE Low 30 - ns
twir | WE High to RE Low 30 - ns
taAR1 ALE Low to RE Low (ID Read) 100 - ns
tcr | CE Low to RE Low (ID Read) 100 - ns
tr Memory Cell Array to Starting Address - 10 us
twg | WE High to Busy - 200 ns
tage ALE Low to RE low (read cycle) 50 - ns
tre RE Last Clock Rising Edge to Busy (Sequential Read) - 200 ns
tcry CE High to Ready (in case of Interception by CE in Read Mode) - 600 ns 3
trsT Device Resetting Time (Read/Program/Erase/after Suspend Command) - 56(/)10% us
AC Test Conditions
Input Level 2.4V/0.6V
Input Comparison Level 2.2v/0.8V
Output Data Comparison Level 2.0v/0.8V
Output Load 1TTL and C (100 pF)
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(1) Transition time (t) = 5ns.

(2) In the case that CLE, ALE, CE are input with clock, tyg exceeds 50ns.

set - up time + hold time + twp + txx + 4t1
Ons 10ns 25ns 20ns

e X

(ex.)

txx
CE SL 4 /
tr tr=> T T e
WE 7)\ ZFT | __\,\__/_—
setup o= hold time set |up time
twe

(3) CE high to Ready time depends on the pullup resistor tied to the R/B pin. (Refer to notification (10) toward the end of this
document.).

(4) If CEreturns to a high level after accessing the last address (527) in read modes (1), (2) or (3), the CE high time must keep
equal to or greater than 100ns when the delay time of CE against RE is 0 to 200ns as shown below. In the second case,
the device will not turn to a “Busy” state when the CE delay time is less than 30ns.

tcen = 100ns N
—C-E *Viy or Vi,
.
e m®
525 526 527
509 510 511
R/B ® :0~200ns - tcey = 100ns
Busy ® :0~30ns - Busy signal is not output.
Programming and Erasing Characteristics (Ta = 0 ~ 70°C, V¢ = 5.0V+0.5V)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
tprog | Average Programming Time 300 1500 us
N Divided Number on Same Page 3 (1)
tgerase | Block Erasing Time 6 50 ms
tsr Suspend Input to Ready 0.5 ms
tev Erase verify time 6 us
Npe Number of Program/Erase Cycles 250K 1x 108

(1) Refer to notification (15) toward the end of this document.
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Timing Charts
( %EE) Wemp time hold time W/////////
WE \ f
Vi or Vi
CLE tews te \

twp

it

Vi or Vi
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Address Input Cycle

teus
R EE——
. tcs

twe twe twp

05 || tow 05 || tow

Data Input Cycle

D. Non-Volatle

CLE

~
[a)
o
x

[a)
mj
x

ALS 4
———> WC
ALE
1

twp twn twp twp

™ A W e W

tos || ton tos

vior v OB T e N
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Serial Read Cycle

tre

CE
3
tReH
DL IR tre
‘ f - a———— B
R i;—‘h X . S'C 3 tenz
‘ toH o
trea trea toH trea
<> tRPLZ
TRHZ > tRHZ
1/O1~8 L " i .
tRR ‘
33
AL}
R/B z
Status Read Cycle
E L, teus
CLE /
tas !
"‘LH
tes
= 7 V2000000
1
tcnl testo
w= twe |
v f twhe tcHz
tWHR
h-’ toH
) c ' i l It—— trRHZ
tos H
bl L—ﬂ trsTO
Status
Yore 70H" 1 output
RB /
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Read Cycle (1)

CLE tas

ten
e
tcs ten
A A
twg
— Y\ 7 N R i \ by
" tats ! { ! h
|~ B 1 tar2 tery
ALE
tws 1 TRC
ALH | RR S S
RE
25 ton tos|ltoy 105||tow _tos|] ton
1 = T [<trea

~ 4 Pout 0 Dour

/01 3% 00H A0~A7 AI~A16 a17~a2{} N N‘i”; N+2
Column address
N

¥

v \ * O.P. =GND input : DIN 527
L——_—/ Vi or Vi, =Vce 1;23: : DINS11

Read Cycle (1): Interception by CE

CLE tous
teH

T A A i

e £ U A O
WE ‘ A \ Z \ f f R
taLs tcHz
[~ & [ tar2
ALE
tws 1 trC
ALH AR
% t
tDS ¢ 1 RHZ
DS DS ||+, tos|| t,
r—» ton lexd | 1DH el | 'OH & letrea ton
‘ i
|/O1~8%I 00H A0~A7 A9~A16%17~A2 ; 5%ur> < gclur >_< Dour
i

Column Address
N

* Read Operation by 00H Command N:0~255 \.: /

Read Operation by 01H Command N:256~511

R/B

Vg or Vi
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Sequential Read Timing

CLE \

/01-8 a17~A29)
T

aurvavaVa

column page W
address address
N M

g

D et e O a € €2t

% Vi or Vi,

-

!

page M+1
access

* O.P. =GND input : Doyr 527

=Vcc input  : Doyt 511
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Read Cycle (2)

CLE _/Es__tcTR
P A A

— Y N { y y t
LW \/ \ "
taLs twe 1 taR2
tawH
ALE ‘_—“’_]f
' taLH > | tre
tos|| ¢, tos ||t
DH DH tRR fe>] thea .
column address 256 +M 256+M+1
M
I

RB \ / ** 0.p. =GND input : Doyt 527
=Vcc input @ Doyr511
% Vig or Vy

Read Cycle (3)

CLE tas  taw )\

N A A A
we N\ J L\ N\

taLs twe < tAR2

ALE o J

! tatk tre

tos ton tos N : kﬂ/_
> l OH tRR trea P
01-8 50H m AO~A7 §A9~A16XA17~A2 ) @-—l
512+M+1

column address 512+M
M

RiB \ / ** 0.P. =GND input : Doyt 527
P Do not input V¢c

Viy or Vi

A
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Auto Program Operation Timing Chart

“« N e\

tews = tas
T

=\ A — b D D

s |<-> ten

LIRS R VAVAY s ¥ A

taLH tALH teroG

taLs ‘
v I | 2,

RE % ./
tos tos tps tos
1~ [tpH +—HetoR <> ton (<> | toH
re=| ] *
. _ N _ Din 4 Status
/01-8 80H A0~A7 XA9 AIGXAU AZHL 0 ’ K 70H output

] vis or v * OP. =GND input : DIN527

=Vcc input @ DINS11

** Do not collide data input
with data output.
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Auto Block Erase Timing

CLe J% : %////////////////4 %//
[ V)i @ %

ssssss

N

i
** Do not collide data input s
with data output.

Vig or Vi
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« L . —zZ"
[ —\L ‘w:cu 5 W tes %;
nlnSaWallVea ;s |
= !
UO1—g X 60H %WMLAN%DOH é ﬂj—%z
" \ e,

taw

(a) : Continued
** Do not collide data input with data

Status
output

4 v or W
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ID Read Operation

CLE \
tous
ten tas

fos e tcs
CE 5
TaLH
WE \ \ ] ‘e
tats

A tcs tar1
ALE ] i

=T w L S\
toH
1o1-8 X [\ F—\ —\
4 90H s { 0'0 4 4 9§H y { GB.H )
tREAID4e—>]  : tREAID je—>} :
: : : Viy or V
Address Input Maker Code Device Code ///% H L

B Neeiatie
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Pin Function
The TC5832FT is a serial access memory in which address and data information is multiplexed. The device pinout is shown in
Figure 1.

Command Latch Enable: CLE

The CLE input signal is used to control the acquisition of the operation mode CLE
command into the internal command register. The command is latched into the

. ) ALE
command register from the I/O port at the rising edge of the WE signal while CLE WE
is high. R

P

Address Latch Enable: ALE

The ALE signal is used to control the acquisition of either address information

or input data into the internal address/data register. Address information is latched 1701
at the rising edge of WE if ALE is high. Input data is latched if ALE is low. 1702
1103
Chip Enable: CE 1104
___ The device goes into a low power standby mode during a read operation when Vss

CE goes high. The CE signal is ignored when the device is in the busy state

(R/B = L) during a program or erase operation and will not go into standby mode if

a CE high signal is input. The CE signal must stay low during the read mode busy
state to ensure that the memory array data is correctly transferred to the data register.

Figure 1. TC5832FT Pinout

Write Enable: WE
The WE signal is used to control the acquisition of data from the I/O port.

Read Enable: RE

The RE signal controls the serial data output. Data is available trea after the falling edge of RE. The internal column address
counter is also incremented (Address + 1) with this falling edge.

1/0 Port: 1/01 ~ 8

The I/O 1 ~ 8 pins are used as the port for transferring address, command and input/output data information to or from the
device.

Write Protect: WP

The_w signal is used to protect the device from inadvertent programming or erasing. The internal voltage regulator is reset
when WP is low. This signal is usually used for protecting the data during the power on/off sequence when the input signals are
invalid.

Ready/Busy: R/B

The R/B output signal is used to indicate the state of the device. The R/B signal indicates a busy state (R/B = L) during pro-
gram, erase, or read operations and will return to a ready state (R/B = H) after completion. The output buffer of this signal is an
open drain.

Option Pin: OP

The OP signal is used to change the page size. The device is in the 528 byte/page mode when OP = GND, and 512 byte/
page mode when OP = Ve,
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Schematic Cell Layout and Address Assignment
The program operation is implemented in a page unit while the erase operation is carried out in block units.

1 .
P S IR o /01
[~ ’512 ) ’15 1/08 A page consists of 528 bytes in which 512 bytes are
= aen: for main memory and 16 bytes are for redundancy or other
Lt uses.
il /E 4 1 Page = 528 bytes;
[P R— LSS S 1 Block = 528 bytes x 16 pages = (8K + 256) bytes
el ; ) 16page — 1block Total device density = 528 bytes x 16 pages
8192 s : : x 512 blocks
page ! ! = 34M bits (4.325M bytes)
512 block ! E The address is acquired through the I/O port using
¢ j_ ! three consecutive clock cycles as shown in Figure 3.
J S— L S
et i
4 1
s ! 81/0
528
Figure 2. TC5832 Schematic Cell Layout

vor [ voz | wos [ wos [ wos | wos [ wor | wos | 0Tl Songedess
First cycle A0 Al A2 A3 A4 A5 A6 A7 ( A13 ~ A21: block address
Second cycle A9 | A0 | AI1 | A12 | A13 | A14 | A15 | Ate |VA9~AT1Z: Nﬁ'\é‘% ?Sdf ess

i

Third cycle A17 A18 A19 A20 A21 L L *L

* A8 is initially set to “Low” or “High” by “00H” Command or “01H" Command.
*1/0 6 ~ 8 during the third cycle must be set to low level

Figure 3. Addressing

Operation Mode: Logic and Command Tables

The operation modes such as program, erase, read, erase suspend, and reset are controlied by the eleven different com-
mand operations shown in Table 2. The address, command input, and data input /output are controlled by the CLE, ALE, CE,
WE, RE, and WP signals as shown in Table 1.
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Table 1. Logic Table

CLE ALE CE WE RE wP

Command input H L L N H *
Data input L L L niy H *
Address input L H L |fx H

Serial data output L L L H < r .
During programming (Busy) * * * * " H
During erasing (Busy) * * * * " H
Program, Erase inhibit * N . . . L

H=Vi, L=V, "= Vg or Vi,

Table 2. Command Table (HEX data)

ACCEPTABLE
FIRST CYCLE SECOND CYCLE COMMAND

DURING BUSY
Serial data input 80 -
Read mode (1) 00 -
Read mode (2) 01 -
Read mode (3) 50 — Bit assignment of HEX data

{Example)
Reset FF - J
Auto program 10 - Serial data input : 80H
Auto block erase 60 DO
/_'—M

Suspend in erasing BO - \f l1l°L°l°|°|°l°l°l
Resume Do - W08 ; ¢ 5 4 3 2 VOI
Status read 70 - J
ID read 90 -

Once the device is set into the read mode by the “00H”, “01H” or “50H” command, additional read commands are not
needed for sequential page read operations. Table 3 shows the operation mode for reads.

Table 3. Operation mode for reads

CLE ALE CE WE RE 1/01 ~1/08 POWER
Read mode L L L H L Data output Active
Output deselect L L L H H High impedance Active
Standby L L H H * High impedance | Standby
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Device Operation

Read Mode (1)

Read mode (1) is set by issuing a “O0H” command to the command register. Refer to Figure 4 below for timing details and
block diagram.

ae _ [\

«\_7A 7 P

Ve Ve Vet
-

ALE / \

A data transfer operation from the cell array to
the register starts at the rising edge of WE in the third
cycle (after latching the address information). The
device will be in a busy state during this transfer
period. The CE signal must stay low after the third
ell array address input and during the busy state.

After the transfer period the device returns to a
ready state. Serial data can be output synchronously
with the RE clock from the designated starting
pointer indicated during the address input cycle.

M) 511 or 527
1

v

Select page —
N

~
~

Figure 4. Read mode (1) operation

Read Mode (2)

ALE [ \

W —\_/___\J—_\_/_m\f\r
/

R/B N \x Busy /
M =

Start address input

256 "I" S11 or 527 The operation of the device after inputting 01H is the
1 same as Read Mode (1). In case of setting the starting
pointer after column address 256 use Read Mode (2).
However in case of sequential read, the output of
the next page starts from column address O.

Select page

N Cell array

Figure 5. Read mode (2) operation
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Read Mode (3)

Read mode (3) has the same timing as read mode (1) and (2) but it is used to access information in the extra 16 byte redun-
dancy area of the page. The starting pointer is therefore assigned between byte 512 and 527.

ae [

Address AO - A3 are used to set the starting pointer for the
= I 1 redundant memory cell while A4 - A7 are ignored. Once the
e “50H" command is set, the pointer moves to the redundant cell
locations and only those 16 cells can be addressed regardless of
the A4 - A7 address (The “00H” command is necessary to move
the pointer back to the 0 - 511, main memory cell locations.)
Read mode (3) cannot be guaranteed when OP is V.

»
«
b))
2

Figure 6. Read mode (3) operation

Sequential Read (1)(2)(3)
This mode allows sequential reads without additional address input.

~— ta S~—— tn ~— ta
Address input —ouun 3 Data output —> Data output >
R/B
Busy Busy . Busy
0 527 (01H) (SOH') 512 527
NN —
B : B— @
Sequential read (1) Sequential read (2) Sequential read (3)

Sequential read mode (1) and (2) outputs addresses 0 to 527 as shown above while sequential read mode (3) outputs the

redundant address locations only. When the pointer reaches the last address, the device continues to output the last data ** with
each RE clock signal.

**OP = GND input: column address 527.
Ve input: column address 511.
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Status Read

The TC5832FT automatically implements the execution and verification of the program and erase operations. The status read
function is used to monitor the ready/busy status of the device, determines the pass /fail result of a program or erase operation,
and determines if the device is in a suspend or protect mode. The device status is output through the I/O port using the RE clock
after a “70H” command input. The resulting information is outlined in Table 4.

Table 4. Status output table

STATUS OUTPUT
/01 Pass/Fail Pass: “0” Fail: “1”
/0 2 Not used “0”
/03 Not used “0”
I/O 4 Not used “0”
1105 Not used “0”
1106 Suspend Suspended: “1” Not Suspended: “0”
/o7 Ready/Busy Ready: “1” Busy: “0”
1/0 8 Write protect Protect: “0” Not Protect: “1”

The Pass/Fail status on I/O 1 is only valid when the device is in the ready state. The device will always indicate a pass status
while in the busy state.

An application example with multiple devices is shown in Figure 7.

C_j\ CE; CE; CEn CEn 4t
CLE ——
ALE Device Device Device Device Device
WE O 1 o 2 q 3 I N — 9 N+t
RE o o o e —

2727777277277 7727272227222

_/
I\
Status on D \A{Status on

Device 1 Device 1

\J
o] (7or) )
\4(

Figure 7. Status read timing application example

SYSTEM DESIGN NOTE: If the R/B pin signals of multiple devices are common-wired as shown in the diagram, the status
read function can be used to determine the status of each individually selected device.
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Auto Page Program

The TC5832FT implements the automatic page program operation after receiving a “10H” program command after the
address and data have been input. The sequence of commmand, address, and data input is shown below. (Refer to the detail tim-

ing chart.)
N\ P
@\/ \/_/\10/ 70 @ =
Program .
Data Input Address Data Input  command Status read Fail
Command Input 0~527 When O.P.=GND command
0~511  When O.P.=Vcc
RB \ |/ - .
R/B turns to Ready after completion
Data input . automatically.

Program / \ Read & Verification

The data is transferred (programmed) from the register to the
& selected page at the rising edge of WE following the “10H” com-
selected b mand input. The programmed data is transferred back to the regis-
page ter after programming to be automatically verified by the device. If

the program does not succeed, the above program/verify operation
is repeated by the device until success or the maximum loop num-
ber set in the device.

Figure 8. Auto page program

Auto Block Erase

The block erase operation starts with the rising edge of WE after the erase execution command “DOH” (which follows the
erase setup command “60H”"). This two cycle process for erase operations acts as an extra layer of protection from accidental
erasure of data due to possible external noise. The device automatically executes the erase and verify operations.

Auto Block Erase

G (o)
60 DO 70
— .
Block address T \ Fail

Input : 2 cycle

_ . .
R/B Erase execution \ Busy ’ Status read

command command

Suspend/Resume

The TC5832FT has the ability to suspend the erase operation to allow program or read operations to be performed on the
device. The block diagram and command sequence for this operation are shown below. (Refer to the detail timing chart)

I —%ﬁﬁ" 3
command
Select | % Input erase operation
block Suspend command input
- —

resume

)
))

23 ~_ ~
»./ =

)
T«
)
149
1)
C

suspend the erase operation

Block adress input <‘ Suspend operation

220

Figure 9. Suspend /Resume Operation
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The suspend/resume cycle can be repeated up to 20 times during a block erase operation. After the
resume command input, the erase operation continues from the point at which it left off and does not have to restart.

Reset
The reset mode compulsorily stops all operations. For example, in the case of a program or erase operation, the regulated

voltage is discharged to OV and the device will go into a wait state. The address and data register are set after a reset as follows:
e Address Register  : All “0”

e Data Register DAl
o Operation Mode  : Wait State

The response after a “FFH” reset command input is as follows:
e |f the reset (FFH) command is input during programming: Figure 10

Ce0 ) (o) Crr))
Internal Vpp \
w ,

Register set :

©

tRsT
(max 10us)
e |f the reset (FFH) command is input during erasing: Figure 11
Coo) G- Coo—
Internal eras :

€ :
voltage :
iRegis(er set
B \ i f<———>5/
R/B H H

+

_NonVolatile

k"

tRsT
(max 500us)

off the reset (FFH) command is input during the read operation: Figure 12

w1\ ]

T
(max 6us)

o |f the reset (FFH) command is input after suspend: Figure 13

—o— &
DO BO FF
T T
Internal erase :
voltage —_/__-—\ ;
R/B \ / \ '

P tRsT :
(max 5us)

his reset cancels suspend status.
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o|f the status read command (70H) is input after reset: Figure 14

{ FF ) { 70 )
\:/*\ 1/Ostatus : Pass/Fail = Pass

_ T = Ready/Busy — Ready
R/B \ ’

However, the following operation is prohibited. If the following operation is executed, set up for the address and data register

cannot be guaranteed.
_—®_@ .
— 1/0 status : Pass/ Fail — Pass
RE —_\——4—‘:!—/ : Ready/Busy — Busy

If the reset command is input in succession: Figure 15

(1) (2) (3)
) p ) TF

R/B \ l The second @command is invalid, but the

third@ command is valid.
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ID Read

The TC5832FT contains an ID code to identify the device type and the manufacturer. The ID codes are read out using the fol-
lowing timing conditions:

CLE ’ \
«\__ [\
T e W

ALE /_—__]‘_ far >

* S B W |

treaip —>| |4

1D read command Address Maker code Device code
“00°

Figure 16. ID read timing

Table 5. Code table
1/08 1107 1/06 1/05 1/04 1/03 1/02 1/01 HEX data
Maker code 1 0 0 1 1 0 0 0 98H
Device code 0 1 1 0 1 0 1 1 6BH

Refer to AC characteristics for treap, tcrs tar1-
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Device Physics

Program Operation

Figure 17 shows the NAND memory cell and details of the programming mechanism. The program operation is used to write

“0” data into an erased memory cell (“1” data cell) using a tunneling mechanism. An example showing the operations necessary to
program ‘0’ data in TR1 and “1” data in TR2 follows:

D-132

(1) The select lines are activated so that the transistor array is connected to the bit line and disconnected from the ground line.

(2) Vpp (~20V) is applied to the selected word line and an inhibit voltage of VPI (=10V) is applied to the unselected word lines.

(3) The bit line tied to cell transistor TR1 is biased to OV and the bit line tied to TR2 is biased to the inhibit voltage of VDPI
(=10V).

(4) Vpp is applied between the control gate and the channel in TR1, as shown in Figure 17, which causes electrons to be
injected from the channel to the floating gate by a tunneling mechanism.

(5) The injected electrons are captured in the floating gate (which is surrounded by an oxide layer) and will remain, even after
power is cut off, until they are removed by an erase operation.

(6) Although 20 volts is applied to the control gate of TR2, the voltage difference between the control gate and the channel is
only 10V because the voltage of the channel is 10V. Therefore, tunneling does not take place. (i.e. electrons are not
injected into the floating gate.)

(7) Tunneling does not take place in the unselected pages because of the 10V (VPI) being applied to the unselected word lines
which again makes the voltage difference between control gate and channel only 10 volts. Thus, the floating gate of the “0”
cell is charged to “minus” and that of the “1” cell is charged to “plus”.

ov Bit line VDPI(=10V) TRT
e \ Vep (= 20V)
Select linet T e I
‘
(=10v) VPl L‘H H— (Word line1) [(eeoe]
ov
VPl t” EH (Word line2) I | l |
Pl E’%& E:'\ (Word line3) >_" ov
(=20v) VPP H ™ H (Word lined) C N \
el TR E’;-r :E:: (Word lines) 7lr
VPI é”, :H (Word line6)
. I:” :;; (Word line7) TR2 Vpp (= 20V)
H H (Word line8)
¢ et i
: i—Ln L!II i
VPl cH et (Word line16) N VDPI (= 10V)
Select line2 } }
77‘: 7; j IS ;
Select linet *- T
- Hh — AL

Figure 17. TC5832FT Program Device Physics
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Erase Operation

Figure 18 shows the NAND memory cell and details of the erase mechanism. The erase operation is used to turn the “0” (pro-
grammed) cells back to “1” in a block. Zero volts is applied to the control gate and Vpp (~20V) is applied to the substrate so that a
20 volt potential is created and the electrons in the floating gate are pulled out through tunneling.

open open
Bit line

Select line “/ \‘

L L

[ oV H ov
ov [ f [
ov tt
ov t
16 t\)/;/ord line < ov :: [m [—>oPen
(1 block) ov " )._,++*+ L——>
C I \
oV t1
K ov 1t Vpp (=20V)

Select line T ¢ T
[ [

Vpp (= 20V) Vpp (=20V)

Figure 18. TC5832 Erase Device Physics

Read Operation

The state of the memory cell is either “0” (minus charge on the floating gate) or “1” (plus charge on the floating gate) after pro
gramming. Each state is indicated as the “threshold voltage (Vth)” which is a characterization parameter of the MOS transistor as “++
shown in Figure 19. The threshold voltage of a transistor with “0” data falls within the “plus” distribution while the threshold voltage
of a transistor with “1” data falls within the “minus”. The distribution band depends on the fluctuation of the transistor.

Threshold e
value \9 Data cell
V TH
O Distribution
+
0 N
- ‘1’ Data cell
Vi
Distribution

Figure 19. Vy Distribution for “0” and “1” data cell
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Figure 20 shows the memory cell and details of the read operation:

(1) Select lines 1 and 2 in the block including the selected page are biased at a high level so that the 16 NAND memory cell
array is connected to the bit line and ground.

(2) Zero volts is applied to the control gates of the selected page and a high level voltage is applied to the control gates of the
unselected pages.

(3) In Figure 20, transistor TR2 with data “1” turns on, transistor TR1 with data “0” turns off, and all other unselected transis-
tors turn on.

(4) The precharged bit line tied to TR2 is discharged through TR2 as cell current flows to ground while the precharged bit line
tied to TR1 remains at a high level because current does not flow. The sense ampilifiers tied to the bit lines thus sense the
voltage levels as “1” and “0” respectively.

/ Bit line \
Select line1 ¢
L oy L on
.,__J—l_.L' .,_I—\_L|
H 11 ON T H ON
LR
H C:H on E“%#’"
H :3H oN E":} —
Selected page L H 2 'E::l
y TR1 1 OFF TRz‘Eﬂgg
H ‘::'r°” d:: N
H ﬁ%: oN C:n on
; o o
Lu_l ON l_llLON
H cll :1[
Select line2 } v +—
7; ON /J -p;‘ ON

Cell current

Figure 20. TC5832FT Read Device Physics
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Application Notes and Comments

(1) Prohibition of unspecified commands
The operation commands are listed in Table 2. Data input as a command other than the specified commands in Table 2 is
prohibited. Stored data may be corrupted if an unspecified command is entered during the command cycle.

(2) Pointer control for “00H”, “01H”, “50H”
The TC5832FT has three read modes which set the destination of the pointer. Table 6 shows the destination of the pointer,

and Figure 21 shows the block diagram of their operations.

Table 6. Pointer Destination 0 255 256 511 512 527
Read mode Command Pointer L A I B I C l

(1) 00H 0-~255 9 Y S PY Y S ISP
@ 01H 256 ~ 511 I
@) 50H 512 ~ 527 }\:

00H —» l

01H — Pointer control

50H —

Figure 21. Pointer control

:

The pointer is set to region “A” by the “00H” command, to region “B” by the “01” command, and to region “C” by the “50H"

command. e
(Example) =
The “00H" command needs to be input to set the pointer back to region “A” when the pointer control points to region “C”. 'g

HE
f-\ O
(o) 80H Z
Start point Start point Add DIN
[«
A area area Start point
C area
/-\
(501 )- 00H
Add ¢ Add ¢ Add DIN
Start pomt Start point Start point Start point
A area C area A area A area
00H (01H ) {80H )
—_— A N\ I
Add Start point Add Start point Add DIN
8
A area area Start point
A area

For programming into region “C” only, set the start point to region “C” with the “50H” command. (To program into region C or
if OP = Vg, it is necessary to reset the contents of the data register to “1” by issuing the “FFH” command in advance.

FFH GG y———50R ) - —(1oH
80H
Add DIN
Start point
C area
FFH (80H ) {_10H )
Add DIN 0~511
0.P.=Vce Start point
A area

Figure 22. Example for Pointer Set
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(3) Acceptable commands after the serial input command “80H”

Once the serial input command (“80H”) is input, do not input any command other than the program execution command
(“10H") or the reset command (“FFH”) during programming.

- g B g g :

Address

internal Vpp input / \
R/B \ /

Figure 23

If a command other than “10H” or “FFH” is input, the program operation is not performed.

Other command . In this case, the reset command (FFH) command is
Programming can not be executed.

needed.
(4) Status read during read operation
/-\ ‘ [A] '.
Command <°°> \,./70

&\ |
w T\ =

e

A [
I
R/B \ i /
1
- ' T \—/_.\—/__ ......
N address Status \——!\ L ]
read command Status Status output
input read
Figure 24

The device status can be read out by inputting the status read command “70H” during the read mode. Once the device is set
to the status read mode after a “70H” command input, the device does not return to the read mode.

Therefore, status read during the read operation is prohibited.

However, when the read command “00H” is input during [A], the status mode is reset, and the device returns to the read
mode. In this case, the data output starts from N address without address input.
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(5) Suspend command “BOH”
The following issues need to be observed when the device is interrupted by a “BOH” command during block erasing.

0

A T
{ DO ) \BE’/ 70
Yo
\

D)

" Recovery
time(500.s)

Figure 25

Although the device status changes from busy to ready after “BOH” is input, the following two cases cannot be distinguished.
-After a “BOH” command input, Busy—Ready
-After an erase operation is finished with “DOH”, Busy—Ready
Therefore, the device status needs to be checked to see whether or not the “BOH” command has been accepted by issuing
a “70H” command after the device goes to readly.
The device responds as follows when a “DOH” command (Resume) is input instead of “70H”.
-“BOH” has been accepted: Erase operation is executed. (The device is busy.)
-“BOH” has not been accepted. (Erase operation has been completed): “DOH” command cannot be accepted.
(The device is ready.)

Each case above is confirmed by monitoring the R/B signal.

(6) Program fail

@v —\v) 0 O ——/—Y ;‘%’ :
Address Data Address  Data ‘; -

M input N input =

2

a

When the programming result for the page address M is “Fail”, do not try
to program the page to address N in another block. Because the previ-

ous input data is lost, the same sequence of “80H” command, address

and data input is necessary.

M 77z 7z

Figure 26
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(7) Data transfer

The data in page address M cannot be automatically transferred to page address N. If the following sequence is executed,
the data will be inverted (i.e. “1” data will become “0” and “0” will be “17).

(oo ) { 80 ) { 10 ) (70 )
~—— Nt —— N—r N’
Address Address ‘

Vzzzzzzzzzzzyzzzzzl Data

Inverted data will be tranferred.
777777777, Data

Figure 27
(8) Block erase after suspend command “BOH”
o o) e
—CO— & B C,
Block
address Erase execution Suspend I

A block erase command is prohibited when the device has been suspended by inputting “BOH” during a block erase opera-
tion. Only a program or read operation is allowed during this erase suspend interruption.

(9) Interruption of an erasing block

After a “BOH” command input, neither a program nor a read operation is allowed for the accessed block which is currently in
an erase operation.

60 \/KD_O/ { B0 ) —~_ DO
33?(?55 The interruption of block A is prohibited.

A
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(10) R/B: Termination for the Ready/Busy pin (R/B)
A pull-up resistor needs to be used for termination because the R/B buffer consists of an open drain circuit.

Vee
Vee R
Device = : Busy ‘e :
—— R/B : : 5 T
_{ 1 C : d . ‘“:c‘
r
Vee=5.0V
Vss 1.5u5 |— Ta=25°C —15ns
C_= 100PF

7JT i
----- — 10ns

. X t, 1.0ps
This data may vary by device. We i “ t¢
recommend that you use this data as a 05 s
reference when selecting a resistor value. e o
| | | |
0 1KQ  2KQ  3KQ  4KQ
R
Figure 28

(11) Status After Power On ;
Although the device is set to read mode after power-up, the following sequence is needed because each input signal may not
be stable at power on. o
| = ) o) -
Power on { FF ) { 00 ) é
Reset Read mode (1) a
Figure 29
(12) Power On/Off Sequence:
The WP signal is useful for protecting against data corruption at power on/off. The following timing is necessary:
. )
45V _:
4.2V <t «
ov 2
CE, WE, RE :
CLE, ALE Vi
_ ViL H : Vi
WP : :
<— —_—D
: Operation :
Figure 30. TC5832FT Power On/Off Sequence
D-139
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(13) Setup of WP Signal
The erase and program operations are compulsively reset when WP goes low. The following conditions must be met:
Program
we 11 |
DIN — QD;
WP i
s B
R/B Ll |
tww
100ns min
Erase

e N
DIN Iw {00
WP :
1
R/B s : |
tww
100ns min
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(14) In the case that 4 address cycles are input
Although the device may acquire the fourth address, it is ignored inside the chip.

Read operation:

CLE ’ \
CE \
=/ \J\/\A\/
ALE / \ \
o O M W )
> L/ \
00H, 01H, or 50H Address input 1\’& ignored
RB \

Internal read operation start when WE
of the third cycle goes high.

Figure 31
Program operation:

CLE / \

Al

Data input

Address input l

ignored

Figure 32
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(15) Divided program in the same page (Partial page program)

The device allows a page to be divided into 3 segments (typically) with each page segment programmed individually as fol-
lows:

The first programming

Column A Column B
n Page Data Pattern 1 |Gl

The second programming

Column C Column D

n Page : n !

The third programming

Column E Column F
n Page
Result
Column A Column B Column C ColumnD ColumnE Column F
n Page Data Pattern 1’ n Data Pattern2 [ n‘f i Data Pattern3 8 n »

Figure 33

Note: The input data for unprogrammed or previously programmed page segments must be “1”. (i.e. Mask all page bytes
outside the segment to be programmed with “1” data.)

(16) RE Signal During Read

The internal column address counter is incremented synchronously with the RE clock in the read mode. Therefore, once the
device is set into the read mode by the “00H”, 01H” or “50H” command, the internal column address counter can be incremented
by the RE clock before or after the address input. Assume that RE clocks before the address input and the pointer reaches the
last column address, an internal read operation (array—register) will occur and the device will be in a busy state. (See Figure 34)

Address input
A

110 = 00H/01H/50H ) i >..< >_< \>.__—.

Therefore, RE clocking must occur after the address input.
Figure 34
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(17) Invalid block (bad block)
The TC5832FT device contains unusable blocks. Therefore, the following issues must be recognized:

Check if the device has any bad blocks after device installation into the
system. Do not try to access bad blocks. A bad block does not affect the
8ad Block performance of good blocks because it is isolated from the bit line by the
- BadBloc select gate. The number of valid blocks is as follows:

E MIN. TYP. MAX. UNIT

// > BadBlock Valid (Good) Block Number 502 508 512 Blocks

Figure 37 shows the bad block test flow.

Figure 35

(18) Error in program or erase operation (Fail at status read)
The device may fail during a program or erase operation due to exceeding write/erase cycle limits, for example. The following
system architecture will enable high system reliability if a failure occurs.

Program I
Buffer ‘ ‘1
memory Y P
error occurs ]
s
> L‘A 5 é 3
Block A When an error happens in Block A, try to reprogram the 4‘2:‘ .
I data into another (Block B) by loading from an external buffer. @
Then, prevent further system accesses to Block A (by creating
A A a “bad blocks” table or another appropriate scheme.)
S Block B
Figure 36
Erase

When an error occurs for an erase operation, prevent future accesses to this bad block (again by creating a table within the
system or other appropriate scheme.)
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Bad Block Test Flow

Block No = 1

G: Checker board pattern

C: Checker board pattern

Blank check: 1 Block read (FFH)

The blank check operation detects

“0"s resulting from factory block testing.

Any new devices having “0”s in a block indicates
that the block is bad.

Yes
Block No = 1

16 Page Fail

C-Patt Prog

Pass

Read(00H)
l BNo. = BNo.+ 1[4———————

Pass

No
Bad
' Block B No. = 512
6 Page Fail
/C - Patt Prog Yes

Pass

Pass

No

B No. =512

Test End

Figure 37. Bad Block Test Flow
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Outline Drawings

Plastic TSOP TSOP44-P-400B Unit: mm
44 35 32 23 )
BARARAARAN  AAARAARAAE — rg
:
- N
3 3
sl =
O | \
“T;HBHHTTHHH FERIEREIIE. — o S
10 13 22
0.805TYP 0.3+0.05
} b 0.13
18.81MAX
18.410.1 g = o]
- - \f’_
— o
) =
EK g
S 0.510.1

Weight: 0.48g (typ.)
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Notes
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