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Summary

The TC78B015FTG is a 150°-trapezoid chopper typed PWM driver for three-phase brushless motors.
It controls motor rotation speed by changing the PWM duty ratio, based on the speed control input.
Hall signal i1s supported to 1 sensor for the TC78B015FTG.

Table 1 Product pattern

Product name TC78B015FTG TC78B015AFTG TC78B015BFTG TC78B015CFTG

Absolute
maximum ratings
(Power supply
voltage)

25V 36V 25V 36V

Operation range

(Power supply
voltage)

6to22V

6to30V

6to22V

6t0o30V

Hall sensor spec.

1 sensor

1 sensor

3 sensors

3 sensors

This document is a reference data for designing support.
In designing final equipment, please sufficiently consider parts variations, usage conditions, etc.

€2017 TOSHIEA Corporation
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1. Power supply voltage

The absolute maximum rating of the power supply voltage (VM) must not be exceeded even for a
moment. Do not exceed any of these ratings.

Please use the IC within the operation range of the power supply voltage at VM terminal. When the
voltage of VM 1is less than 6V, the output voltage of VREG sinks and then the IC may malfunction.
Please use the IC within the VM voltage range of 6 V to 22 V.

Table 2 Absolute maximum ratings of power supply voltage (Ta = 25°C)

Characteristic Symbol Rating Unit

Power supply voltage VM 25 \%

Table 3 Power supply voltage operation range (Ta = 25°C)

Characteristic Symbol [Operation range | Unit

Power supply voltage VMopr 6to22V \Y

2. Output current

The absolute maximum rating is 3 A that must not be exceeded, even for a moment. Design an
actual application system with the IC so as not to make the inrush current and the lockout current
exceed the absolute maximum ratings, especially when a motor starts up and gets stuck in the
lockout.

Available average output current changes depending on the usage conditions (ambient temperature,
mounting board method, and so on). Design an actual application system with a sufficient margin in
order that Tj does not exceed 150°C.

3. Maximum of rotation number

The TC78B015FTG (1-sensor spec.) recognizes its operation abnormal when the position signal
frequency increases to the electrical angle frequency (3 kHz (typ.)) or more. Please determine the
maximum rotation number by considering the allowance of the IC and that of the external parts of
the OSCCR terminal.

During high speed rotation, disturbance of motor-current waveform and voltage boosting of VM
terminal might increase. In this high-speed operation, please evaluate the operation by using an
actual motor.

Table 4 Abnormal detection frequency of position sighal and maximum of rotation number

Item TC78B0O15FTG

Abnormal detection frequency of
position signal 3 [kHZ] (typ.)

Maximum of rotation number

(In case of 4-pole motor) 90 k [rpm] (typ.)

Maximum of rotation number

(In case of 8-pole motor) 45 k [rpm] (typ.)
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4. Notes in using the motor

Please use the motor whose phase relation between a hall sensor and induction voltage corresponds
to the following timing chart.

CW/CCW=L

HUM !

U-phase
induction
voltage

V-phase
induction
voltage

W-phase
induction
voltage

CW/CCW=H

U-phase
induction
voltage

V-phase

voltage

W-phase
induction
voltage
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5.

Confirmation of start set

The TC78B015FTG is one sensor drive IC. To provide enough margins in startup, please see below

figures and confirm that following three conditions are satisfied.

(1) Logic of the hall signal does not switch during the term of ‘a’ to ‘b’ (T0/2) in the DC excitation
mode (2).
Please confirm the logic of the hall signal with FG_OUT signal by setting FG_SEL = 3.

(2) T1 and T2 < 1/(2xfst)

(3) Rotation direction configured by CW/CCW terminal corresponds to the motor rotation direction
in the following two terms; the term of moving modes (from DC excitation mode (1) to (2)), and
the term of forced commutation.

CW/CCW-=L [ | Futon

Start command

ON duty (modulation)
[T on duty (constanty

DC excitation]DC excitation Forced commutation Forced commutation 150° PWM drive
1) (Frequency: fst) (Frequency: 1/(2xT1)) (Frequency: 1/(2xT2))
. a b
HUN (Hall signal) > 7
HEF (Ha” Siqnal) : = N S ”"“'Tl ml. = I TSIIIIIH\ : “i
V TITTITT T 1 I T T H 3
W I T B
[ et yviexts | wlextsm i T3 Jil T3 Jil T3 [ T2/3 Jil T2/ il /3 ]
HUP! (Hall signal)
HUM (Hall signal)
U IZIII:IIEEEDIEI]]]IEI]]IEI— T L1018 000000111 E—— 11101 G —
V i LERRRERRRRRARRERERNRRAN b IIIIIIIIT
W e [T = m:l:l:l:l:l:l.m__m:l:lm
Cw/CCcw=H Full ON
Start command ON duty (modulation)
ON duty (constant)
DC excitation|DC excitation| Forced commutation Forced commutation 150° PWM drive
(1) (Frequency: fst) (Frequency: 1/(2xT1)) (Frequency: 1/(2xT2))
HU (Hallr sﬁigpral) aq—bb
HEP (Hall signal) T T P T o . i ™ ] 1 A
V O OO TIITITIITIT ; :
W T H s
[ asxim viextm  Ji atexts il T3 [ 173 Jil Ta/3 [ 273 ]Il T2/ il 3 ]
HUP} (Hall signal)
HUM (Hall signaly
U [T : T A s tha e ase T
V T i T ECC T T TIIITTIT LI
mmmm‘ T I _WMJE—-:I
W i i
Note.
» In above timing chart, the lead angle is assumed zero. Commutation pattern in startup is different

depending on the logics of the hall signal and the CW/CCW signal in starting.

+ After forced commutation starts, each rising and falling edge of the hall signal is detected at every
180° electrical angle.
Forced commutation starts with the frequency configured by FST terminal. Then, when the
frequency of the hall signal is detected higher than this commutation frequency, the operation is
switched to the 150° drive (1-sensor drive).
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* During the 150° PWM drive mode, the commutation pattern of 180° electrical angle is generated
between previous edges. When the edge of the hall signal is detected while the motor operation is

accelerated, the commutation pattern is moved to the next pattern.
* During the forced commutation and 150° PWM drive, the detection of the hall signal is masked. The

masking term corresponds to the time that the electrical angle leads to 90° from the switching timing
of the hall signal.
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6. Auto lead angle

When SEL_LLA=1, lead angle is controlled automatically by LLA terminal. The value of the lead angle
changes automatically according to the frequency of the position signal as shown below. The
threshold of the frequency of the position signal has the hysteresis (+0 Hz/50 Hz).

Value of lead angle [deg]

LA Frequency of electrical angle [Hz]
Number of 0 100 200 300 400 500 600 700 800 900

steps to 100 to 200 to 300 to 400 to 500 to 600 to 700 to 800 to 900 [ to 1000
7 0 1.875 1.875 1.875 1.875 3.750 3.750 3.750 3.750 5.625
6 0 1.875 1.875 3.750 3.750 5.625 5.625 7.500 7.500 9.325
5 0 1.875 1.875 3.750 5.625 7.500 7.500 9.325 11.250 13.125
4 0 1.875 3.750 5.625 9.325 11.250 13.125 | 15.000 | 18.750 | 20.625
3 0 1.875 5.625 7.500 11.250 13.125 16.875 | 18.750 | 22.500 | 24.375
2 0 3.750 5.625 9.325 13.125 | 16.875 | 18.750 | 22.500 | 26.250 | 30.000
1 0 3.750 7.500 11.250 15.000 | 18.750 | 22.500 | 26.250 | 30.000 | 33.750
0 0 1.875 3.750 5.625 7.500 9.325 11.250 | 13.125 | 15.000 16.875

Value of lead angle [deq]

LA Frequency of electrical angle [Hz]
Number of 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 Over
steps t01100 | to 1200 | to 1300 | t01400 | t01500 | t01600 | t01700 | t01800 | t01900 | to 2000 [ 2000

7 5.625 5.625 5.625 7.500 7.500 7.500 7.500 9.375 9.375 9.375 9.375
6 9.325 11.250 | 11.250 | 13.125 | 13.125 | 15.000 | 15.000 | 16.875 | 16.875 | 18.750 | 18.750
5 13.125 | 15.000 | 16.875 | 18.750 | 18.750 | 20.625 | 22.500 | 24.375 | 24.375 | 26.250 | 28.125
4 22.500 | 24.375 | 28.125 | 30.000 | 31.875 | 33.750 | 37.500 | 39.375 | 41.250 | 43.125 | 46.875
3 28.125 | 30.000 | 33.750 | 35.625 | 39.375 | 41.250 | 45.000 | 46.875 | 50.625 | 52.500 | 56.250
2 31.875 | 35.625 | 39.375 | 43.125 | 45.000 | 48.750 | 52.500 | 56.250 | 58.125 | 58.125 | 58.125
1 37.500 | 41.250 | 45.000 | 48.750 | 52.500 | 56.250 | 56.250 | 56.250 | 56.250 | 56.250 | 56.250
0 18.750 | 20.625 | 22.500 | 24.375 | 26.250 | 28.125 | 30.000 | 31.875 | 33.750 | 35.625 | 37.500
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7. Application circuit example

] w
=3 e
VREG A\ il S VM~ I 1
N N /I /I
| Reference voltage
VREG circuit (5 V)
VM
/I\FBRAKE N\ Brake L S
,,T, Y control \MVM
OVD
VREG/2 VREG S
L SEL_FG "~ FG select
,j; .
VREG 1
SEL_SP N

i TSP/VSP>I<7 ! i FE} ﬁé} S

VREG n-bit
N
MIN_SP, Startup counter Pre-driver
circuit V
i VREG 8bitADC |_
VST, converter

i TIP | DC —|E3 E}
excitation Control
; gic PGND1
VREG/2 VREG )
{ Forced C) o
FST, commutation

VREG J:F frequency TSD
% A ISD
\/

I
@0
=

AN ILIM
Leggn?rrc‘)?le N Current limit N
i circuit
0
VREG% Auto lead LvD (\HUP
SEL LA AN angle control HHUM
./ /
VREG Position Detection
SEL_LD Lock detection
N TEST2
VREG/2 VREG select
FPWM PWM control |—> FG OUT
W/ = .
VREG II:J LD _OUT
{ CW/CCW A~ [ ———— , l_”" ILJ
o | Direction of rotation control |—> . I|‘_A’
J’ Clock T Duty up
generation Re-start OFF time control
time control

HO——

TSTEP TGND T TEST

i

N
VREG /f IOSCCR \ISGNDTDGNM
27 kQ ; 360 pF

Figure 1 Application circuit example: TC78B015FTG
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(1) Capacitor for VM terminal

Take the VM wiring pattern on a print circuit board widely because large current flows from the
power supply to the motor through VM terminal.

Connect an appropriate capacitor between VM terminal and PGND to stabilize the supply voltage
and reduce the noise.

Moreover, place the capacitor as close to the IC as possible. In particular, the power supply variation
and the noise, which generate at high frequency, can be effectively reduced by connecting ceramic
capacitors (0.01 to 1 pF) in parallel near the IC.

Table 5 Capacitor of VM terminal

Item Parts Typ. Recommended range

Between VM and PGND Ceramic/electrolytic capacitor 10 pF 2.2t0 47 yF

Notes: Capacitors other than a recommendation value (excluding each part) can be used depending on the motor load
conditions and the board pattern, etc.

(2) Capacitor for VREG terminal

Please connect the capacitor of 0.1 uF between VREG and SGND as close to the IC as possible in
order to reduce the noise and the fluctuation of the voltage at VREG terminal.

Table 6 Capacitor of VREG terminal

Item Parts Typ.
Between VREG and SGND Ceramic capacitor 0.1 uF

(3) Setting OSCCR terminal

OSCCR terminal sets reference oscillating frequency.

Please connect the capacitor of 360 pF between OSCCR terminal and SGND as close to the IC as
possible not to be influenced by noise and wiring impedance. Moreover, please connect the resistor of
27 kQ between OSCCR terminal and VREG as close to the IC as possible. 27 kQ (typ.) and 360 pF
(typ.) should be adopted as an external capacitor and resistor respectively. Please select the resistor
and capacitor high-precision as much as possible. When their accuracy is low, the setting time and
the frequency might be different from the typical values greatly. Recommended accuracy of the
capacitor X resistor is £30 % or less including the temperature characteristics. (When the accuracy
of the capacitor is £20 %, please apply the resistor whose accuracy is +5 % or less.)

In addition, internal oscillating frequency can be indirectly checked by measuring the frequency of
OSCCR terminal. Internal oscillating frequency and frequency of OSCCR terminal can be gained
from the following formula. When internal oscillating frequency is 13 MHz, the frequency of OSCCR
terminal is 406.25 kHz.

Internal oscillating frequency [MHz] = Frequency of OSCCR terminal [kHz] x 32 X 1000
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(4) Setting ILIM terminal

ILIM terminal sets current limit value of output.
Please connect the resistor between ILIM terminal and SGND as close to the IC as possible.

The relation of the current limit value IOUT) and the external resistance (R) is calculated in the
following formula.

IOUT = 39000/ R [A]

When the external resistance is 39 kQ, the current limit value of output is 1 A (typ.).

10 4

Current limit value [A]

0.1

10 100
External resistance of ILIM terminal [kQ]

Figure 2 Relation of external resistance and current limit value
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(5) Setting TIP terminal

TIP terminal sets the term of DC excitation. There are two modes in the DC excitation; DC
excitation (1) and DC excitation (2). The operation moves from DC excitation (1) to DC excitation (2).
Please connect the capacitor between TIP terminal and SGND and set the term of DC excitation.
The range of recommended capacitance is 1 nF to 1 pF. Each term of DC excitation (1) and (2) is
gained from below formula.

Term of DC excitation (1) or (2) =32 X 0.313 x C x 106 [s]

When the capacitance of the external capacitor is 0.01 uF, each term of DC excitation (1) and (2) is
about 0.100 s.

10

0.1

0.01

0.001

Term of DC excitation (1) and (2) [s]

0.0001 S 8
0.00001 0.0001 0.001 0.01 01 1

Capacitance of external capacitor [uF]

Figure 3 Relation of external capacitor and DC excitation term

(6) Setting TSTEP terminal

The duty of the input control signal of TSP/VSP terminal is reflected on the output duty. TSTEP
terminal sets this reflecting time by connecting the capacitor while the duty increases and decreases.
It controls rapid change of the motor rotation speed.

Please connect the capacitor between TSTEP terminal and SGND to configure the reflecting time.
It is recommended to adopt the capacitor of 1 pF or less. In case of shorting the reflecting time,
please set TSTEP terminal open state.

When the duty-command value configured by TSP/VSP input changes by 2.5%, the reflecting time is
calculated from following formula.

Reflecting time = 32 X 0.313 x C x 10° [s]

When the external capacitor is 0.01 pF, the reflecting time 1s about 0.100 s.
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0.1

0.01

Reflecting time of output Duty [s]

0.0001
0.00001 0.0001 0.001 0.01 01 1

External capacitor [uF]

Figure 4 Relation of external capacitor and reflecting time of output duty

(7) Setting FG_OUT and LD_OUT terminals

It is an open-drain output. So, the voltage should be pulled-up by a resistor to either the external
power supply or VREG terminal to output high level.

When pulling up to the VREG terminal, it is recommended to connect the resistor of 1 kQ to 100 k2.
When pulling up to the external power supply, do not exceed absolute maximum rating.

(8) Setting TSP/VSP terminal

Please input signal of output PWM duty command. In controlling the analog voltage by setting
SEL_SP terminal ”2”, connect the pull-down resistor between TSP/VSP terminal and SGND
externally. It is recommended to connect the pull-down resistor of 10 kQ to 100 kQ.

(9) Setting TEST terminal

It is a terminal for shipping test of the IC. Be sure to set to a low level. It is recommended to connect
TEST terminal to SGND. It incorporates the pull-down resistor of 100 kQ. However, in setting it
open, it is concerned that the terminal voltage rises rapidly influenced by board wirings. In setting
1t open unavoidably, please confirm that IC terminal voltage is 0.8 V or less.

(10) Setting TEST2 terminal

It is a terminal for shipping test of the IC. Be sure to set to a low level. It is recommended to connect
TEST2 terminal to SGND. The state of TEST2 terminal is high impedance by inputting voltage to
the comparator. The circuit operation is not influenced by the input voltage. In setting it open, it is
concerned that the terminal voltage rises rapidly influenced by board wirings. In setting it open
unavoidably, please confirm that IC terminal voltage is VREG+0.3 V or less.

(11) Setting CW/CCW terminal

Please connect this terminal to VREG terminal and SGND, or input the external control signal. In
connecting to VREG terminal, the voltage becomes H level. In connecting to SGND, the voltage
becomes L level. Please confirm the voltage of the IC terminal is 0.8 V or less in setting it open
state unavoidably, though pull-down resistor of 50 kQ is incorporated.

12 /19 2017-02-01



TC78B0O15FTG
TOSHIBA Application Note

(12) Setting BRAKE terminal

Please connect this terminal to SGND, or input the external control signal. In connecting to SGND,
the voltage becomes L level. Please confirm the voltage of the IC terminal is 0.8 V or less in setting
it open state unavoidably, though pull-down resistor of 50 kQ is incorporated.

(13) Setting FST, SEL_SP, and SEL_LA terminals

Please configure the voltage by resistive dividing voltage between VREG terminal and SGND, or
connect these terminals to VREG terminal or GND terminal. In setting them open state, the
function becomes middle level. So, please evaluate the IC on the actual board enough before setting
them open state. It is recommended to connect the resistor of 10 kQ to 100 kQ between VREG
terminal and SGND.

(14) Setting SEL_FG, MIN_SP, LA, FPWM, and SEL_LD terminals

Please configure the voltage by resistive dividing voltage between VREG terminal and SGND, or
connect it to VREG terminal or GND terminal. It is recommended to connect the resistor of 10 kQ to
100 kQ between VREG terminal and SGND.

(15) Setting VST terminal

Please configure the voltage by resistive dividing voltage between VREG terminal and SGND. It is
recommended to connect the resistor of 10 kQ to 100 kQ between VREG terminal and SGND.

(16) Setting MVM terminal

Please configure the voltage by resistive dividing voltage between VM terminal and SGND. It is
recommended to connect the resistor of 10 kQ to 100 kQ between VREG terminal and SGND. When
this function is not used, please connect it SGND terminal.

(17) HUP and HUM terminals

Please input hall signals to HUP and HUM terminals. Select hall elements or hall ICs to provide
hall signals. Connect output terminals of U, V, and W, and the hall signal terminals of HUP and
HUM, to the motor to have the relation shown in the timing chart of “4. Notes in using the motor”.

<Notes in using the hall device>

*When 5 V of VREG supplies power to the hall element, add the limiting resistor to the power
supply terminal of the hall element. This resistor avoids exceeding the maximum input
current of the hall element.

*To recognize switching of the hall signal correctly, the amplitude of the hall device should be 40

mV or more and the input voltage range should be 0.5 V to 3.5 V.

-Hall amplifier has a hysteresis. When the amplitude of it is small, the phase gap of the
switching timing becomes large. So, please make the amplitude of it as large as possible.

*When the capacitor for reducing the noise of the hall signal is attached, please arrange it close
to HUP and HUM terminals. The recommended capacitor is 0.001 puF to 0.1 pF.

HUM

Vs 2 40 mV
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< Notes in using the hall IC>
Please configure HUP and HUM terminals as follows;
(1) HUP: Input voltage: H level = VREG, L level = SGND
HUM: Input voltage: VREG/2  * Configure it with resistive dividing voltage between

VREG terminal and SGND.
(2) HUP: Input voltage: VREG/2 * Configure it with resistive dividing voltage between
VREG terminal and SGND.
HUM: Input voltage: H level = VREG, L level = SGND
VREG
Input hall IC El
_|_5V & HUP
— ov 1 "™ o 'p
; ; —O————
L gl HUM

*: In case of V phase and W phase are also the same.

When the operation malfunctions because of the noise of the hall signal, please add the low-pass
filter (LPF) for CR. Please add it between the hall IC and the input terminal externally. The
standard of the constant number of this CR filter is described as follows. Its cut-off frequency
(fcut) should be 100 times or more of the maximum frequency of the hall signal (Fhall).
Cut-off frequency: fcut = 1/ (2nCR) [Hz]

When maximum frequency of the hall signal (Fhall) = 1 kHz, fcut >100 x Fhall, and CR < 1.59 x
106,

Please confirm the operation by setting R to 1 kQ and setting C to 1000 pF for example. Finally,

determine the constant number of CR by considering the impedance of the output circuit of the
hall IC.

(18) Connecting U, V, and W terminals

Connect output terminals of U, V, and W, and the hall signal terminals of HUP and HUM, to the
motor to have the relation shown in the timing chart of “4. Notes in using the motor”.
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8. Notes in designing circuit board

In designing board patterns of VM, SGND, PGND1, PGND2, and PGND3, please pay attention to
following notes.

(1) Place the capacitor between VM and PGND3 close to the IC as possible.
Shorten the wiring length between this capacitor and the IC terminal as much as possible to
make wiring impedance low.

(2) Place the capacitor between VREG and SGND close to the IC as possible.
In order to stabilize the VREG voltage, shorten the wiring length between this capacitor and
the IC terminal as much as possible to make wiring impedance low. Especially, shorten the
wiring length between the capacitor and SGND terminal to reduce the path for flowing the
switching current.

(3) Short-circuit each terminal of PGND1, PGND2, PGND3, and SGND near the IC.
Please refer to the connection example shown below. Each terminal is connected to the back
side of the IC (E-PAD).

<Board layout example: TC78B015FTG>

Layout examples of VM, PGND1, PGND2, PGND3, SGND, VREG, OSCCR, HUP, HUM, VST, FST,
TIP, TEST, and TEST2 terminals are shown to simplify the description.

- Wiring pattern

LD_OUT [2g]
TEST [20) NN
SEL_LA [30] _
i <Top view>
MIN_SP [31] 5
SEL_SP [32] E-PAD
FPWM [33]
SEL_LD [34] [12] LA
BRAKE [35] A [11| TSPivsP
CW/CCW |3g] Q [10| SEL_FG
[1] [2] [3] [a] [s] el [7] [s] [9]
a > 8 = = 5
o] o} % > > OI
g & Q
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<How to improve IC heat dissipation and reduce heat generation>

* Increase the number of thermal Via.
Especially, the heat dissipation improves by arranging the thermal Via on the back side of the IC
(E-PAD) and by increasing the number of thermal via.

+ Enlarge the ratio of wiring cover of the board.
When the ratio of wiring cover of the board is enlarged, the temperature gradient of the board
surface is equalized and the heat dissipation improves.

» Decrease the output current of VREG terminal
When the resistor configured by resistive dividing voltage between VREG and SGND is enlarged
and the hall bias power supply is changed from VREG terminal to another power supply, the output
current of VREG is decreased and the consumption current of the IC is suppressed. So, heat
generation is reduced.
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9. Land pattern dimensions (for reference only)

Unit: mm

P-WQFN36-0505-050-001

~ et -—

o

{ | dooooooop
= I = TS

N
.

Figure 5 Land pattern dimensions: P-WQFN36-0505-050-001 (for reference only)

On the actual designing of the PCB, please consider below conditions enough and decide the
optimum pattern.

- Solder bridge

- Solder joint strength

- Pattern accuracy when board is produced

- Heat radiation from lead consideration

- Installing accuracy of the machine equipped with IC
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IC Usage Considerations

Notes on handling of ICs

(1)

()

The absolute maximum ratings of a semiconductor device are a set of ratings that must not be
exceeded, even for a moment. Do not exceed any of these ratings. Exceeding the rating(s) may
cause the device breakdown, damage or deterioration, and may result injury by explosion or
combustion.

Use an appropriate power supply fuse to ensure that a large current does not continuously flow in
case of over current and/or IC failure. The IC will fully break down when used under conditions that
exceed its absolute maximum ratings, when the wiring is routed improperly or when an abnormal
pulse noise occurs from the wiring or load, causing a large current to continuously flow and the
breakdown can lead smoke or ignition. To minimize the effects of the flow of a large current in case
of breakdown, appropriate settings, such as fuse capacity, fusing time and insertion circuit location,
are required.

Points to remember on handling of ICs

(1)

)

Over current Protection Circuit

Over current protection circuits (referred to as current limiter circuits) do not necessarily protect
ICs under all circumstances. If the over current protection circuits operate against the over current,
clear the over current status immediately.

Depending on the method of use and usage conditions, such as exceeding absolute maximum
ratings can cause the over current protection circuit to not operate properly or IC breakdown
before operation. In addition, depending on the method of use and usage conditions, if over
current continues to flow for a long time after operation, the IC may generate heat resulting in
breakdown.

Thermal Shutdown Circuit

Thermal shutdown circuits do not necessarily protect ICs under all circumstances. If the thermal
shutdown circuits operate against the over temperature, clear the heat generation status
immediately.

Depending on the method of use and usage conditions, such as exceeding absolute maximum
ratings can cause the thermal shutdown circuit to not operate properly or IC breakdown before
operation.
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TOSHIBA Application Note

RESTRICTIONS ON PRODUCT USE

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.

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.

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 customers use the Product, create designs including the Product, or incorporate the Product into their
own applications, 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 set forth in
the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product will be used with or for.
Customers are solely responsible for all aspects of their own product design or applications, including but not limited to (a) determining the
appropriateness of the use of this Product in such design or applications; (b) evaluating and determining 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.

PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE EXTRAORDINARILY
HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY CAUSE LOSS OF
HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT ("UNINTENDED USE"). Except for
specific applications as expressly stated in this document, Unintended Use includes, without limitation, equipment 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. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO
LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative.

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

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

The information contained herein is presented only as guidance for Product use. 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 or implied, by estoppel or otherwise.

ABSENT A WRITTEN 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 or 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 applicable export laws and regulations
including, without limitation, 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.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please
use Product in 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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