TOSHIBA TCOWMC1FK/FU, TCOWMC2FK/FU

TOSHIBA CMOS Digital Integrated Circuits  Silicon Monolithic

TCOWMC1FK, TCOWMC1FU,TCOWMC2FK,TCOWMC2FU

TCOWMC1FK/FU: 1024-Bit (64 x 16-Bit) 3-Wire Serial EEPROM
TCOWMC2FK/FU: 2048-Bit (128 x 16-Bit) 3-Wire Serial EEPROM

The TCOWMCI1 and TCO9WMC2 are electrically TCOWMC1FK, FCOWMGC2FK
erasable/programmable three-wire serial nonvolatile memories
(EEPROMs).

Features

e Three-wire serial interface MICROWIRE)

e Automatic address incrementing during read operation
e Hardware and software data protection Us8 SSOPS.P.0:50A
¢ READY/BUSY signal during programming

. . TCOWMC1FU, TCOWMC2EU
e Single power supply and low power consumption
Read: Vcc=1.8t03.6V
Write: Vcc=2.3t03.6 V
e Wide operating temperature range (—40 to 85°C)
SM8 SSOP8-P-0.65
Weight:

SSOP8-P-0.50A: 0.01 g (typ.)
SSOP8-P-0.65: 0.02 g (typ.)

Product Marking Pin Assignment (top view)
uss CS_SK DI DO
Part number 8 7 6 5
(]
C1ore2
9WM
xx ¥ uss
® <—1— Pin 1 index
UUUL

1 2 3 4
Vce NC TESTGND

SM8
Part-number
HH H Vcc NC TEST GND
WM)& C1orC2 8 7 6 5
3 LotNo.
® <—1— Pin 1 index
UUUL sM8

1 2 3 4
CS SK DI DO
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TOSHIBA

TCOWMC1FK/FU, TCOWMC2FK/FU

Block Diagram

Test input
TEST
)
Chip select: CS ——> o
Timing Control Power supply Ay ower supol
. generator circuit (booster.circuit) ccp PPY
Clock input: SK —— TT
Command
register
Data input: DI > {? Memory cell [« GND
Input/output N] Address | Address :>
circuit /| register | decoder
Data output: DO <t— ii
Data register
Pin Function
Pin Name Input/Output Function
Chip select input
CS Input The device receives aniinstruction set when this pin is driven High.
This pin must be driven-Low before execution of an instruction.
Serial clock input
SK Input Data is.latched an,the fising edge of SK. Data is transferred on the rising edge of SK.
This pin_iswalidwhen CS'is driven High.
DI lnput Serial data input-(start bit, op code, address and data)
DO Output Serial data output
Test mode-input (internal pull-down resistor)
TEST Input Normally kept'open. (Can be connected to GND.)
NC — No connection (not connected internally)
Vo 1:8 10.3.6 V (for reading)
C Power.supply 2:3 t073.6 V (for writing)
GND 0V (GND)
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TOSHIBA TCOWMC1FK/FU, TCOWMC2FK/FU

1. Instruction Set

Instruction Start Bit Op Code Address Data
TCOWMCA1 TCO9WMC2
READ (Read) 1 10 A5 to AO xA6 to A0 | D15 to DO outputs
WRITE (Write) 1 01 A5 to AO xA6 to A0 D15 to DO inputs
ERASE (Erase) 1 11 A5 to A0 xA6 to A0 —
WRAL (Write All) 1 00 01xxxX OFXXXXXX D15 to DO inputs
ERAL (Erase All) 1 00 10xxxX TOXXXXXX —
EWEN (Program Enable) 1 00 11xxxX 14 XXXXXX —
EWDS (Program Disable) 1 00 O0XxxX QOXXXXXX —

x: Don't care

2. Functional Description

All instructions are executed when the DI input is received on-the rising edge of SKafter the €S input is
driven High. An instruction starts with a start bit followed'by,an op-code, address and.data bits. The
instruction transfer is completed when the CS input is drived Low, The CS must be(driven Low during the
tCS cycle period between instruction transfers. When the CS‘is-Fow, the device is in-standby mode. The SK
and DI inputs are disabled and the device does not respond-to any instructions.

(1) Start bit
After the CS is driven High, a High on the DI'input on the rising edge of-SK indicates a start bit. A
start bit is not identified if the DI is driven-Low even after the 0S7ig driven High and the SK pulse is
applied.
Refer to (2) Dummy cycle in Section 3, Notes on Use:

(2) Read operation (READ)
The Read instruction reads data at specified addresses. After/the CS is driven High, a start bit,
READ instruction and address are transferred to the device. After the least significant bit of address
(A0) is received, the DO output changes from high impedance to logic Low on the 9th rising edge of
SK. On the 10th rising edge.of SK,/the 16 bits of data appear on the DO output.

(2.1) Sequential read
After the-16'hits of datd are driven onte-the DO dutput, the device will automatically increment
the intérnhal address counter and-clock\out/data in the next memory location as long as the CS is
held High-and’the SK pulse is applied. In thisway, data in all the memory locations can be read in
sequence. After the data in thelast memery address is read, the address counter rolls over to the
first memory address.
)

|
- AARARARALIAL S AR § AR

DI 1 1] 0 |A5]A4|A3|A2|A1(AO

Cs

DO

Hi-Z

D15[D14{D13] SS D2|D1|DO0 [D15{D14{D13] SS D2|D1|DO0 D15 SS Hiz
I-

Figure 1. Read Timing Diagram (TCOWMC1)
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TOSHIBA TCOWMC1FK/FU, TCOWMC2FK/FU

Cs

SK

DI

DO

b
AL i

12 3 456 7 8 91011121314

1 1]0 | x |A6|A5|A4]|A3|A2|A1]|A0

D15|D14{D13] SS D1|D0|D15D14 SS D2|D1|D0|D15 SS Hiz
i-

Figure 2. Read Timing Diagram(TC9WMC2)

Hi-Z

(3) Write operation (WRITE, ERASE, WRAL, ERAL)
The write operation has four modes: Write AWRITE), Erase (ERASE); Write-All (WRAL) and Erase
All (ERAL). The write operation is triggered\when the CS is driven Liow after\the SK pulse is applied.
The SK and DI inputs are disabled during the write operation, so no attempt/should be made to

transfer instructions at this time.

If 16-bit or longer data is transferred to.the device, the first 16 bits of data are valid and the
remaining bits are ignored. The DQroutput.must be held-High or in-the’high-impedance state when a
write instruction is received. A write operation is endbled in program enable mode.

(3.1) Verify operation

A write operation in all write-medes is completed within 10 ms (write cycle tPW), but the typical

write cycle is shorter (6 ms). If'‘the completion of‘the write operation is known, the internal write

cycle can be minimized:To-aeccomplish this, & verifyzoperation is performed.

(a)

b)

Operatienal description

Whén the €S is-brought High foll¢wing/the initiation of a write operation (CS = Low), the
writeloperation status can bé-seen by monitoring the DO pin. This is called a verify operation
and the period during which the €S+s held High following the initiation of a write operation is
called a verify.operationcycle.
¢ DO pin = Low: A write operation is in progress. (busy)
¢’ DO pin = High: A write operation’has been completed. (ready)

Afterthe write operation is completed, and if a start bit is not identified, the DO pin goes to
thehigh-impedance state if the CS is Low. If the CS is Low, the DO pin is driven High. When
the) write operation is-in progress (busy), the SK and DI inputs are disabled. Once the write
operation has been/completed and a start bit is received, the verify operation is stopped.

Two operation methods

There are two ways to perform a verify operation. One way is to monitor the DO output
successively with the CS driven High until the DO output status changes. The other way is to
monitor the DO output and, if no change is evident, the verify operation is stopped (CS = Low).
The verify operation is then restarted by the CS being pulled High. In this way, when the DO
output is not being monitored, the CPU is free for other operations, thus allowing more efficient
design of electronic systems.
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TOSHIBA

TCOWMC1FK/FU, TCOWMC2FK/FU

(8.2) Write (WRITE)

The Write instruction contains the 16 bits of data to be written into the specified memory
location. After the CS is driven High, a start bit is transferred followed by the WRITE instruction,
address and 16 bits of data. After the least significant bit (DO) of data is received on the rising
edge of SK, a write operation is triggered by the CS being pulled Low. It is not necessary to set

every bit in the memory array to “1” before writing data.

/L

pa— )

2 3456 7 8 910

__\
—_

Verify

SR iy

/
DI |1|0|1 A5|A4]|A3[A2]|A1 AOD15\i|DO|
7

7

00 { L () R L
Hi-Z )) 7/ A Hi-Z
tpw :
Figure 3. Write Timing Diagram (TCO9WMCH) |
(6 (f
CS SS Verify
- A 11
1234567 8.9101112,, 27 i
s JUUUUHIUHLI \
DI |1|0|1 x [AB|A5[A4lA3[A2|A1 AOms\q; i QQ
1 ; 7]
DO (( : gg Busy Tady‘__
Hi-Z J) ! | )) | Hi-Z

Figure 4. Write Timing Diagram (TCO9WMC2)
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TOSHIBA TCOWMC1FK/FU, TCOWMC2FK/FU

(3.3) Erase (ERASE)
The Erase instruction writes all bits in the specified memory location to 1. After the CS is driven
High, a start bit is transferred followed by the ERASE instruction and address. In this mode, data
does not need to be transferred. After the least significant bit (A0) of the address is received on the
falling edge of SK, an erase operation is triggered by the CS being pulled Low.

17 1
tpw !

{f
CS Verify
- A 11
1
123 4 56 7 89 :
=« JUUUUULUULE |
t 71
1
1
:
o] 1 1 1 |A5|A4|A3]A2|A1|A0 : Qg
: +1
1
1
1
06 . gg st Ready L
Hi-Z ! [ ) Hi-z
! s
1 tpw I
i Y
Figure 5. Erase Timing Diagram (TC9WMC1)
/ L
N
Cs Verify
- A I
)
1234567891011:
s« JUUUUUU UL \
t 7]
1
1
:
DI 1 1 1| x |A6|A5|A4]|A3|A2|A1]AO : QQ
: Il
1
1
1
00 . gg susy | Resdy L
Hi-Z : [ Hi-z
1
1

Figure 6. Erasé Timing Diagram (TCOWMC2)
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TOSHIBA

TCOWMC1FK/FU, TCOWMC2FK/FU

(38.4) Write All (WRAL)

The Write All instruction writes all memory locations with data patterns specified in the
instruction. The data is 16 bits long. After the CS is driven High, a start bit is transferred followed
by the WRAL instruction, any addresses and 16 bits of data. After the least significant bit (DO) of
data is received on the falling edge of SK, a write operation is triggered by the CS being pulled
Low. It is not necessary to set every bit in the memory array to “1” before writing data.

/L

pa— )

2 3456 7 8 910

/ /
N

Verify
1

)

S iy

/
0] |T|O 0 Of|1|x|x]x xo15\i|oo|
!

7

d_—
-

tpw

00 { oy [Rem L
Hi-Z )) 14 7\ Hi-2
tpw :
Figure 7. Write Timing Diagram (TCOWMC1) '
(f {f
Cs SS Verify
- 11
123456 7.8 9101112,, 27 '
s JUUUUUHUUHUUEYL \
DI |T| 00 QfY|x|x]|x]|x|x]|x|prs \\ DO : “
14 | 77
DO (( i gg Busy Tady‘_
Hi-Z ) i L)) Hi-Z

Figure 8. Write Timing Diagram (TCO9WMC2)
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TOSHIBA TCOWMC1FK/FU, TCOWMC2FK/FU

(3.5) Erase All (ERASE)
The Erase All instruction writes every bit in the memory array to 1. After the CS is driven High,
a start bit is transferred followed by the ERAL instruction and any addresses. In this mode, data
does not need to be transferred. After the least significant bit (A0) of the address is received on the
falling edge of SK, an erase operation is triggered by the CS being pulled Low.

{f
cS Verify
. /1

123 456 7 89
s« JUUUUULULY
(]| ITIO 0|T|0xxxx

—_—————

00 T -
Hi-z | tpiy )) Hi-Z
1
Figure 9. Erase Timing Diagram (TCOWMC1) '
{F
CS Verify,

12 3 456 7 8/9
=« JUUUUUUULA
DI ITIOOITIOXXXXXX

0.1

1---<4
N
J

S T .

Hi-Z

DO

Hi-Z

Figure 10, Erase Timing Diagram (TCO9WMC2)
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TOSHIBA TCOWMC1FK/FU, TCOWMC2FK/FU

(3.6) Write Enable (EWEN)/Write Disable (EWDS)

The EWEN instruction enables a write operation. In program enable mode, a writing operation
is enabled.

The EWDS instruction disables a write operation. In program disable mode, a writing operation
is disabled.

After power on, the device is in EWDS mode. The EWEN instruction must be executed before
any write instructions can be carried out.

After the CS is driven High, a start bit is transferred followed by the EWEN/EWDS instruction
and any addresses. The mode is enabled on the rising edge of SK afterthe least significant bit (A0)
of the address is received.

CSs CSs

SO 11117 s 1

Write enabled Write disabled

Figure 11. Write Enable/Disable Timing Diagram(TC9WMC1)

CS CS

« QAL = MMM

DI |T|0011xxxxxx DI ITIOOOOXXXXXX

Write.enabled Write disabled

Figure 12. Write Enable/Disable Timing Diagram (TCO9WMC2)
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TOSHIBA TCOWMC1FK/FU, TCOWMC2FK/FU

3.

Notes on Use

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

(a) Pull CS Low.

(b) The power rising time (tR) must be 10 ms or less.

(c) After turning off the power, wait at least 100 ms (tOFF) before attempting t6 power up the
device again.

(d) The supply voltage must rise from a voltage lower than.0.1 V|

(e) After turning on the power, wait at least 20 ms before attémpting to’send an instruction to the

device.

. Vce

Vce E

Ve ) =3
T | : : oV

' toFF R

PR
. 20 ms
Figure 13

(2)  Dummy cycle
When the DI input is driven Low, the SK clack cycles preceding & stdrt bit are called “dummy
cycles”. The device executes dummy cycles'when an instruction from-the’ CPU is longer than that for
the device. For example, if the CPU’s.instruction is 16 bits long, the TCOWMC1 executes seven
dummy cycles and the TCOWMC2 executes five dummy-eycles. Thus, the two instructions take the
same number of clock cycles.

(3)  Erroneous detection of a startbit

(a) If the DO output is High during the verify pperation, a High on the DI input on the rising edge
of SK causes the-device-to detect erroneously the start of serial reception. To prevent this, the
DI input must be driven Low during théverify: operation.

(b) When the DI and DOpins are configured as a 3-Wwire interface, data transfer from the CPU and
that/from the/device can collide with each other during a certain period of time and the device
cannot detect the-start of serialreeeptioncorrectly. To prevent this, a 10- to 100-KQ resistor
must beinserted between-the DI and DO pins, so that the DI input from the CPU takes priority.
(See Figure 147

CPU TCOWMC1
0 TCOWMC2
] 1 O |
] | .
O sto— E DI %— Flgure 14
I:LILILILIEI H DO '

(4)—Verify,operation
(a) The DI inpup must be driven Low during the verify operation.
(b) When the DO output,is driven High, a High on the DI input on the rising edge of SK causes the
device to detect erroneously the start of serial reception and accepts an instruction. In this case,
the DO pin immediately goes to the high-impedance state.

(5) Instruction cancellation
During an instruction execution, the instruction can be cancelled by pulling the CS pin Low.
However, care must be taken for the timing of canceling a write operation as described below.

(a) The write operation can be cancelled when the CS is pulled Low on the rising edge of SK when
the 15th bit of data is received.

(b) The write operation cannot be cancelled when the CS is pulled Low on the rising edge of SK
after the 17th bit of data is received. In this case, the write instruction writes the 16 bits of data
into the specified memory location.

10 2007-10-19



TOSHIBA TCOWMC1FK/FU, TCOWMC2FK/FU

Absolute Maximum Ratings (Note) (GND =0 V)

Characteristic Symbol Rating Unit
Power supply voltage Vce -0.3t07.0 \%
Input voltage VIN -0.3to Vg +0.3 \%
Output voltage VouT -0.3to Vg +0.3 \%
Power dissipation Pb 300 (25°C,SM8) mw

200 (25°C,US8)

Storage temperature Tstg -55to 125 °C
Operating temperature Topr —-40 to 85 °C

Note: Exceeding any of the absolute maximum ratings, even briefly, lead to_deterioration in IC performance or even
destruction.
Using continuously under heavy loads (e.g. the application of high temperature/current/voltage and the
significant change in temperature, etc.) may cause this product to decrease inthe reliability significantly even
if the operating conditions (i.e. operating temperature/current/voltage, ete.) are within the absolute maximum
ratings and the operating ranges.
Please design the appropriate reliability upon reviewing the Toshiba Semiconductor Reliability Harndbook
(“Handling Precautions”/“Derating Concept and Methods”)and individual reliability data-(i.e. reliability test
report and estimated failure rate, etc).

Operating Ranges (Note) (GND =0 V, Topr = —40 to-85°C)

Characteristic Symbol Test Condition Min Max Unit
Supply voltage (for reading) Vce — 1.8 3.6 \Y
Supply voltage (for writing) Vee — 23 3.6 Vv

0.7

2.7V <Vcck3.6V Vce

. ) Vce
High-level input voltage VIH 08 V
18V<V, 2.7V Oy
cc< Vee CC
2.7V <Vge <3.6V 0 (\’/'3 x
. CcC
Low-level input voltage ViL 02 V
1.8V&Veex2.7V 0 X
cc Vee
. 2.V pe<36V 0 2
Operating frequency fsk MHz
18\V<Vcc<27V 0 0.5

Note: The operating’ranges/must-be maintainéd-to ensufg the hormal operation of the device.
Unused inputs must be tied to either VCC or. GND:

Electrical Characteristics

DC Characteristics (Vcc=1.8103.6 V, GND =0V, Topr = -40 to 85°C)

1.8<Vcc<23V | 23<Vgc<27V | 27<Vcc<3.6V
Characteristic Symbol Test Condition Unit
Min Max Min Max Min Max

Input current i — +1 — +1 — +1 pA
Output leakage
current Lo o 1 o 1 o 1 HA
High-level output Von IOH/= —400 pA — — — — — — v
voltage lon =-100 pA Vcc-0.2 — Vcc-0.2 Vcc-0.2
Low-level output VoL loL=2.1mA — — — — — — Vv
voltage loL = 100 pA — 0.2 — 0.2 — 0.2
Quiescent supply
current lcet — 2 — 2 — 2 pA
Supply current during fsk =2 MHz
read lcc2 (Note) — 0.5 — 1.0 — 1.5 mA
Supply current during _ o o o o
program lcca fsk =2 MHz 1.0 1.5 mA

Note: Vcc=1.8102.3V @fsk =0.5 MHz

11 2007-10-19



TOSHIBA TCOWMC1FK/FU, TCOWMC2FK/FU

AC Characteristics (Vcc =1.8t0 3.6 V, GND =0 V, Topr = —40 to 85°C)

1.8<Vcc<23V 23<Vgc<27V 2.7<Vgc<36V
Characteristic Symbol Unit
Min Max Min Max Min Max
SK clock frequency fsk 0 0.5 0 1.5 0 2 MHz
tSKH 2.0 — 0.5 — 0.25 —
SK clock pulse width us
tskL 2.0 — 0.5 — 0.25 —
CS Low period tcs 0.5 — 0.3 — 0:2 — us
CS setup time tcss 1 — 0.4 — 02 — us
CS hold time tcsH 0 — 0 +— 0 — us
DI setup time tps 0.4 — 0.2 — 0.1 — us
DI hold time tpH 0.4 — 0.2 — 0.1 — us
Propagation delay time
(Note) tPD — 2.0 —F 1.0 — 0.4 us
Output disable time tHz 0 1.0 0 0.5 0 05 us
Output enable time tsv 0 1.0 0 0.5 0 0.5 us

Note: CL =100 pF, R =1kQ

E2PR0M Characteristics (GND=0V, 2.3V <V¢c <3.6 V, Topr =-40t0'85°C)

Characteristic Symbol Test Condition Min Max Unit
3.0V<NVge < 3.6V — 10
Program time tpw ms
2.3V<Vege<3.0V — 12
Reuwrite cycle NEw 1 x 105 — Times
Data retention time tRET 10 — Year

Capacitance Characteristics (Ta = 25°C)

Characteristic Symbol Test Condition Typ. Unit
Vce (V)
Input capacitance CIN 3.3 4 pF
Output capacitance Co 3.3 4 pF
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TOSHIBA
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AC Characteristics Timing Chart

SK

.

tcss . .
: : =
cs / \\_/7
: : tskH tskL tcsH
: ; 7 =
tos | toH tbs | t :

DO
(Read)

DO
(Verify)

t %/

— X e )
—

Input/Output Circuits of Pins

Pin Type Input/Output-Circuit Remarks
CS
DI Input Hysteresis input
SK

/%/ /I: Initial
DO Output D i \I High Vd

13
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TOSHIBA TCOWMC1FK/FU, TCOWMC2FK/FU

Package Dimensions

SSOP8-P-0.50A Unit : mm
3.110.1

A <
N Q9
1229 ¢
- (o]
o L N
gl S Sy
N I.D-] r'y
O
p
b
<
R
-~
st [ ) S
H o
o’y l A, A
[ 3

0~0.1

Weight: 0.01 g (typ.)
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TOSHIBA TCOWMC1FK/FU, TCOWMC2FK/FU

Package Dimensions

SSOP8-P-0.65 Unit : mm
3 4.0+0.1
. 2.8%0.1
fo 1 8 .5
Co-']L ‘o
| 8] %9
ol vl !
+H ©w O\y
o O 7y
N w0
(QJ
) © 4 5
Ty}
2
b}
% f \ o
o
:!L__EM ! M——AML

0~0.1

Weight: 0.02 g (typ.)
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TOSHIBA TCOWMC1FK/FU, TCOWMC2FK/FU

RESTRICTIONS ON PRODUCT USE

e Toshiba Corporation, and its subsidiaries and affiliates (collectively “TOSHIBA”), reserve the right to make changes to the information
in this document, and related hardware, software and systems (collectively “Product”) without notice.

e This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

e Though TOSHIBA works continually to improve Product’s quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software and
systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily
injury or damage to property, including data loss or corruption. Before creating and producing designs and.using, customers must
also refer to and comply with (a) the latest versions of all relevant TOSHIBA information, including without limitation, this document,
the specifications, the data sheets and application notes for Product and the precautions and conditions setforth in the “TOSHIBA
Semiconductor Reliability Handbook” and (b) the instructions for the application that Product/will be’used with or for. Customers are
solely responsible for all aspects of their own product design or applications, includingbut not limited to (a) determining the
appropriateness of the use of this Product in such design or applications; (b) evaluating-and determinhing the applicability of any
information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other
referenced documents; and (c) validating all operating parameters for such designs and ‘applications. TOSHIBA ASSUMES NO
LIABILITY FOR CUSTOMERS’ PRODUCT DESIGN OR APPLICATIONS.

e Product is intended for use in general electronics applications (e.g., computers, personal equipment, office equipment, measuring
equipment, industrial robots and home electronics appliances) or for specific applications as expressly statedhin this decument.
Product is neither intended nor warranted for use in equipment or systems that-require-extraordinarily high levels-of quality and/or
reliability and/or a malfunction or failure of which may cause loss of humary life,;/bodily injury, serious property.damage or serious
public impact (“Unintended Use”). Unintended Use includes, without limitation, €quipment used’in nuclear facilities;-equipment used
in the aerospace industry, medical equipment, equipment used for automobiles;-trains, ships and other transportation, traffic signaling
equipment, equipment used to control combustions or explosions, safety-devices, elevators and escalators, devices related to electric
power, and equipment used in finance-related fields. Do not use Product for Unintended Use untess specifically permitted in this
document.

o Do not disassemble, analyze, reverse-engineer, alter, modify, translate.or copy Product, whether in whole or in part.

e Product shall not be used for or incorporated into any products orsystems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

* The information contained herein is presented only as guidance for Productuse. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property-rights-of third parties that may result from the use of Product. No license to
any intellectual property right is granted by this document, whether express orimplied, by estoppel or otherwise.

e ABSENT AWRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR
LOSS, INCLUDING WITHOUT LIMITATION, LOSS/OF PROFITS, LOSS-OF OPPORTUNITIES, BUSINESS INTERRUPTION AND
LOSS OF DATA, AND (2) DISCLAIMS-ANY. AND-ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO
SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION;- OR'NONINFRINGEMENT.

« Do not use or otherwise make available Product or related software/or technology for any military purposes, including without
limitation, for the design;-development;-use; stockpiling er manufacturing of nuclear, chemical, or biological weapons or missile
technology products (mass destruction weapons). Product and-related software and technology may be controlled under the
Japanese Foreign Exchange and.Foreign Trade Law.and the-U:S. Export Administration Regulations. Export and re-export of Product
or related software or technology are/strictly prohibited except in compliance with all applicable export laws and regulations.

e Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product.
Please use Productin-compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances,
including without limitation;.the’EU RoHS Directive. TOSHIBA assumes no liability for damages or losses occurring as a result of
noncompliance with applicable laws and regulations.
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