TOSHIBA TCOWMB1,B2FK

TCOWMB1FK, TCOWMB2FK

TCOWMB1FK: 1024-Bit (128 x 8 Bit) 2-Wire Serial EEPROM
TCOWMB2FK: 2048-Bit (256 x 8 Bit) 2-Wire Serial EEPROM

The TCOWMBI1FK and TCOWMB2FK are electrically
erasable/programmable nonvolatile memory (EEPROM).

Features

e 2-wire serial interface (I12C BUS™) (Note 1)
e Single power supply
Read: Vcc=1.8t055V

SSOP8-P-0.50A

Write: VeC = 2.3 to 5.5V Weight: 0.01 g (typ.)
e Low power consumption: 5 pA (in standby state)
: 0.5 mA (in read state) Q

e Operating frequency: 400 kHz (Vcc=2.3 to 5.5 V)
¢ Byte write and page (8-byte) write
o Write protection
e Sequential read
e Write time: 10 ms (VcCc=3.0t0 5.5V)
12 ms (Vcc=2.3t02.7V)
e  Write endurance: 105 times
e Data retention: 10 years
e Wide operating temperature range: —40 to 85°C
o Package: US8

Note 1. [°C BUS is a trademark of Royal Phili lectrgnics N.V.

Product Marking Pin Assignment (top view)

Vce WP SCL SDA

uss 8 7 6 5

[

9WM

o

Uit

1 2 3 4
NC NC NC GND

use these components in an I2C system, provided that the system conforms to the I2C Standard

‘I Purchase of TOSHIBA I2C components conveys a license under the Philips I2C Patent Rights to
Specification as defined by Philips.
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TOSHIBA TCOWMB1,B2FK
Block Diagram
Serial clock input 1
SCL Timing j‘> Control <,\: Power supply v P |
Serial input/output‘L generator circuit (booster circuit) cc Fowersupply
SDA A Write g iQn input
Command

register

]/\[ Memory cell - GND.Ground
Input/Output Address | Address
circuit —— | register | decoder :>
Data register
Pin Function
Pin Name Input/Output K\) }zscription
Serial clock input
SCL Input . - . .
Data is fetched ongtising edge of SCL. Data is output on a falling edge of SCL.
Serial input/outzé}n/
SDA Input/output This pin e pulled up with a resistor because it is configured as an N-ch
open-drainpi for/eytput.
Write protection inpu
WP Input ) ) ) - . -
Ayng\h oR.thi ut/disables writing. A low on this input enables writing.
NC — No\cg}»qection (not connected internally)
v TSQ V (for reading)
cc -
Power supply m for writing)
GND ov (GNDy |

&
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TOSHIBA TCOWMB1,B2FK

Functional Description

1. Start and Stop Conditions

When SCL is high, pulling SDA low produces a start condition and pulling SDA high produces a stop
condition. Every instruction is started when a start condition occurs and terminated when a stop condition
occurs.

During a read, a stop condition causes the read to terminate and the chip to enter the standb
During a write, a stop condition causes the fetching of write data to terminate, after which wri
automatically. Upon the completion of writing, the chip enters the standby state.

Two or more start conditions cannot be entered consecutively.

tsu.sTA tHD.STA tsu.sTo
> <>

))
—\ €
SDA X /

Start condition Stop condition

&

Figure 1

2. Modifying Data
Data on the SDA input can be modified while SCL is 10 SCL is high, modifying the SDA input

means a start or stop condition.

tsu.DAT

ﬁ
X_o /X

Modify dat Modify data

R
&

Figure

&
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TOSHIBA TCOWMB1,B2FK

3.

Acknowledge

Data is transmitted and received in 8-bit units. The receiver sends an acknowledge signal by outputting a
low on SDA in the 9th clock cycle, indicating that it has received data normally. The transmitter releases
the bus in the 9th clock cycle to receive an acknowledge signal.

During a write, the chip is always the receiver so that it outputs an acknowledge signal each time it has
received eight bits of data.

During a read, the chip outputs an acknowledge signal after it receives an address following
condition. Then, it outputs read data and releases the bus to wait for an acknowledge signal fr

N/ XX

)
¢

)
(

SDA i
(output) |

A tpH

Start condition
Ackriowledge output

Figure

Device Addressing

After a start condition occurs, a 7-bit device address and a 1-bit read/write instruction code are input to
the chip.
The upper four bits are called device code, whi

ust always be “1010”. The next three bits are used to
specified for this IC and can be set to any value.

The least significant bit (R/W :
instruction when set to 0.

D/WR indicates a read instruction when set to 1 and a write

An instruction is not execute ice address does not match the specified value.

Read/write instruction

Device address code
<>
Q Devz’c%code
< >
\]\ 0 1 0 x X x [RIW
%@ LSB
x: Don’t care

§§ Figure 4
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TOSHIBA TCOWMB1,B2FK

5. Write Operation

0

2

S W
T R S
A | T
R DEVICE T WORD WRITE WRITE WRITE (o)
T ADDRESS % + ADDRESS (n) DATA (n) DATA (n + 1) DATA(n+m) P
;S I IVVIVVIWIVVIVVI DIDIDIDIDIDIDID DIDIDIDIDIDIDID DIDIDIDIDID
SDA LINE 1{0]2[0x x X9 %543210 76543210] 176543210 543210
N L1 1111 L1111 11 L1 11111 L 11111

Byte write

A byte write writes data to a specified address. After a start condition, input a device address,
R/W (=0), a word address, and write data.

When a stop condition is entered subsequently, write operation starts automatically, rewriting the
data at the specified address with the input data. A next instruction cannot be accepted while write
operation is in progress. Therefore, no acknowledge signal is returned. After writing the datay.the chip
automatically enters the standby state.

S w
T R
A |
R DEVICE T WORD WRITE
T ADDRESS E =« ADDRESS DATA
T
SDA LINE 1{0]1f0]x x x|O
11

] vO-w

. o Y RURURURUSURURY
WWWWWWwWW [DDDDDDDD| {7
76543210| (76543210
T e

omwn<Z

LRAM LA

S/CS SC

BwKB B K K
Address
increment

*.  Don't care for the TCOWMB1FK

&

Figure 5

Page write

A page write writes up to eight bytes of data co o0 a specified page. After a start condition,

When a stop condition is entered subsequently, write operation starts automatically, rewriting the
data at the specified add with\the input data.

~Q>
0>

M \L\R\? A A A
S S/ C C C
B w TK TK TK
Address Address Address
increment increment increment
. Don't e for the TCOWMBI1FK

Figure 6

5 2005-01-25



TOSHIBA TCOWMB1,B2FK

(3)  Acknowledge polling
Acknowledge polling is a feature for determining whether rewrite operation is in progress. During
rewrite operation, input a start condition, a device address, and R/W (=0or 1). The acknowledge
feature does not output an acknowledge signal while rewrite operation is in progress. It outputs a low
acknowledge signal if rewriting has already completed.
If the next instruction is a write, input a word address and write data subsequently. If the next
instruction is a read, supply a stop condition and then start read operation.

(4) Write protection
Driving the write protection (WR) pin high causes the TCOWMBI1FK to protect the & merory
area from being written and the TCOWMB2FK to protect the bottom half (80h 6 EF
area from being written. Rewriting is allowed when the write protection pin is(1d

emory
write is in
progress, driving the WP pin high does not stop write operation.

Reading is always enabled regardless of whether the WP pin is high or

6. Read Operation

Read operation is performed in one of three modes: current address read, random read, and sequential
read.

For reading, enter a device address and R/W (= 1) after a start condition. After read data is output,
terminate read operation by inputting a high acknowledge signal (or releasihg’the bus without supplying an
acknowledge signal) and then supplying a stop condition.

(1) Current address read
The internal address counter maintains the add
written) word address (n). In current address re

by the address counter.
In current address read mode, entering a defjce address’and R/W (= 1) after a start condition

ext to the last accessed (read or
is read from address n + 1, as indicated

ITTTTTTT

~ 0O
o O
01O
»~ O
w O
N O
~ O
=R
TvO—HW!W

Address
increment

Figure 7
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TOSHIBA TCOWMB1,B2FK

2

SDA LINE

s
&

Random read
A random read reads data at a specified address. A dummy write is necessary to specify an address.
In random read mode, enter a device address, R/'W (= 0), and a word address after a start condition.
Unlike a byte or page write, where write data is entered immediately, a dummy write only specifies a
word address. Then, supply a start condition and enter a device address and R/W (= 1) in the same
way as for a current address read, to read data from the specified address.

n

WORD DEVICE
« ADDRESS (n) ADDRESS

ITTTTTTI 1 TTTTTT
WWWWwWwWwW| DDDDDD
71615141312111O T xlxlx ' 7161514131215{8(

DEVICE
ADDRESS

[
SDALINE | |1]0]1{0|x x x|O

ma4—30s

—“T>-0

o>»mo
)

-

0>
mn<g
ownr
0>
mn<Z

DUMMY WRITE
Address

increment

*: Don't care for the TCOWMBI1FK

Figure 8

Sequential read
A sequential read reads data sequentially from
For either current address read or random r,

and R/W (= 1), an acknowledge (low) is place

n the SDA line, followed by the data at the address
pointed to by the internal address counter, en an acknowledge (low) is then received, the word
address is automatically incremented so ¢lvat the next data is driven out.

After the last address is reached, ord address is rolled over to address 0.

(eb
(eb

DEVICE
ADDRESS

o0

vO—HW®!

7 7 4321 7 4321 7 4321
16151 111 16151 131 | 10 16151 131 | 10 16151 131 | 10

DATA (n) " DATA (n+1) DATA (n + 2) DATA (n + m)

READ READ READ READ
DATA (n) DATA (n + 1) DATA (n + 2) DATA (n + m)

R
E
A
D

““““ T T TN [T T T T T T [T T T T T 17 [JJ 1777
1 DD DDDDDDDD| IDDDDDDDD| IDDDDDDDD
J
R N
I o
W

A

K

Address Address Address Address
increment increment increment increment
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TOSHIBA TCOWMB1,B2FK

7. Notes on Use

(1) Powering up the chip
This IC contains a power-on clear circuit, which initializes the internal circuit of the IC when the
power is turned on. If initialization fails, the chip may malfunction. When powering up the chip,
observe the following precautions to assure that the clear circuit will operate normally:

(a) Pull SCL and SDA high.
(b) The power rising time (tR) must be 10 ms or less.

(¢) After turning off the power, wait at least 100 ms t¢OFF) before attempting to ru chip
again.

(d) The supply voltage must rise from a voltage lower than 0.1 V.
(e) After turning on the power, wait at least 10 ms before attempting to send ruction to the

chip.
(3.

oV

Vce

0.1V max

torFrF

A
Y
A
B
Y

(2) Pulling up the SDA and SCL pins
This IC requires the SDA and SCL pins to be pulled up with an external resistor. The recommended
pull-up resistance range is 1 kQ to

A a pins
Uter for eliminating noise on the SDA and SCL pins. Its guaranteed
ssion time Ti, given in the AC characteristics table.

(3) Noise elimination time for th
This IC contains a low-pass
value corresponds to the yiot
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TOSHIBA

TCOWMB1,B2FK

Maximum Ratings (GND =0 V)

Characteristics Symbol Rating Units
Supply voltage Vce -0.3~7.0
Input voltage VIN -0.3~Vcc + 0.3
Output voltage VouT -0.3~Vcc + 0.3
Power dissipation Pp 200 (25°C) mw
Storage temperature Tstg -55~125 °C
Operating temperature Topr —40~85 °C

Recommended Operating Conditions (GND =0V, Topr =—40 to 85°C

Characteristics Symbol Test Condition Min ( G/Iax N}nit
Supply voltage (for reading) Vee — 1.8 @// Y,
Supply voltage (for writing) Vce — 2.3 5.5 \%
23V<Vec <55V C\J/ZCX Vee
High-level input voltage ViH \%
1.8V<Vec <23V ;’/'gcx Vee
0.3 x
2.3V < Ve 25, 0
Low-level input voltage ViL \%
0.2 x
1.8V<V 3V 0
cozev o |0 |8
23V<\Ve &s\ o | 400
Operating frequency fscL /C> kHz
1.8V S/?é <23V 0 100
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TOSHIBA TCOWMB1,B2FK

Electrical Characteristics

DC Characteristics (GND =0V, Topr = —40 to 85°C)

L Test 1.8<Vcc<23V [23<Vcc<36V|45<Vcc<55V .
Characteristics Symbol o Unit
Condition Min Max Min Max Min Max
Input current I — — +1 — +1 — /fl\ uA
Output leakage current ILo — — +1 — +1 — /Aigsl\ \Hﬁ
loL=32mA | — — — 0.4 — &0\4\
Low-level output voltage VoL \%
loL=1.5mA — 0.5 — — —
Quiescent supply current lcc1 — — 5 — 5 / ((\ ¥ pA
Supply current during read Icc2 f =400 kHz — 0.2* — 0.3 \ 9).5 mA
Supply current during write lcca f =400 kHz — — — 2.0 mA

*: =100 kHz U

AC Characteristics (GND =0V, Topr = —40 to 85°C)

Test Conditions v

O c
Input pulse voltage 0.1 xVcc~0.9x Ve R =1kQ
Input rise/fall time 20 ns SDA
Input/output testing voltage 0.5x Vce

CL =100 pF

Output load 100 pF + 1 kQ pull-up resistq(@

Characteristios Symbol //8@ Ve <23V |23<Vec<36V|45<Vec<55V Unit

Min Max Min Max Min Max

SCL clock frequency fsel 0 100 0 400 0 400 kHz
SCL clock “low” time AQ{W \4.7 — 12 — 12 — us
SCL clock “high” time t}\_&@\H\/ /4.0 — 0.6 — 0.6 — us
Noise suppression time f — 100 — 50 — 50 ns
SDA output delay b\e 01 45 0.1 0.9 0.1 0.9 us
Bus free time \WF 47 — 1.2 — 1.2 — us
Start condition hold time tHD< A/ 4.0 — 0.6 — 0.6 — us
Start condition setup time tsu.sTA 4.7 — 0.6 — 0.6 — us
Data input hold time tHD DAT 0 — 0 — 0 — ns
Data input setup time tSU.DAT 250 — 200 — 200 — ns
SCL, SDA input rise tim& tr — 1.0 — 0.3 — 0.3 s
SCL, SDA input fall m%e\ te — 0.3 — 0.3 — 0.3 us
Stop condition setfu{t’@e\ tsu.sTO 4.7 — 0.6 — 0.6 — us
SDA output hoft-time\ toH 100 _ 50 _ 50 _ ns
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TOSHIBA

TCOWMB1,B2FK

EEPROM Characteristics (GND=0V, 2.3V <Vcc<2.7V, Topr =—40 to 85°C)

Characteristics Symbol Test Condition Min Typ. Max Unit
Write time twr — — — 12 ms
Rewrite endurance New — 1x 105 — — Times
Data retention time tRET — 10 — /—\ Years
EEPROM Characteristics (GND=0V, 2.7V <Vcc £5.5V, Topr = —40 to 85°C) C@\

Characteristics Symbol Test Condition Min ﬁm Unit
Write time twr — — K K_ > 0 ms
Rewrite endurance New — 1 x/las\ — Times
Data retention time tRET — / %0/\/ — Years
Capacitance Characteristics (Ta = 25°C) U

Characteristics Symbol Test Condition Typ. Unit

Vee (V)

Input capacitance CIN — 5 4 pF
Output capacitance Co 5 3 pF

O

11
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TOSHIBA

TCOWMB1,B2FK

AC Characteristics Timing Charts

tF tHIGH tLow
R —

tHD.DAT

\____

tsu.sTO

SCL
tsu.sTA «—>tHD.STA
SDA
(Input)
tAA

<—;K tsu.DAT

SDA
(Output)

Figure 11 Bus Timing

Lk

[

—

SDA ~ T T 77T
(Input) _ __ Po K

ﬁ)@/—\
;Nfu L

i
<

Write data  Acknowledge
input output
Figure 12

Stop

Start

cond condition
V\%:ycle Timing

%@

12
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TOSHIBA

TCOWMB1,B2FK

Input/Output Circuits of Pins

Pin Type Input/Output Circuit Remarks
WP Input % E —
SCL Input —
O >0
SDA Input/output r Open-drain output

L
4
@
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TOSHIBA TCOWMB1,B2FK

Package Dimensions

SSOP8-P-0.50A Unit : mm
3.10.1 .
2.3%0.1
7
f I8 83
o = g
- (]
sl o] ] A
+H S o \ 4
Q b 1] [
qf @ f
O (11
] 5

Weight: 0.01 g (typ.)
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TOSHIBA TCOWMB1,B2FK

RESTRICTIONS ON PRODUCT USE
e The information contained herein is subject to chan%%out notice.

030619EBA

e The information contained herein is presented y as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA for an
may result from its use. No license is granted/ by i
TOSHIBA or others.

ngements of patents or other rights of the third parties which
flication or otherwise under any patent or patent rights of

e TOSHIBA is continually working to improve\the qua
devices in general can malfunction or fail
stress. It is the responsibility of the_b

y and reliability of its products. Nevertheless, semiconductor
to their inherent electrical sensitivity and vulnerability to physical
n utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the enti stem, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the ndIing@uide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc..

e The TOSHIBA prod
(computer, persona

o this document are intended for usage in general electronics applications
office equipment, measuring equipment, industrial robotics, domestic appliances,

extraordinarily_highlgu and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury i Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship nts,/ transportation instruments, traffic signal instruments, combustion control instruments,

e TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced
and sold, under any law and regulations.
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