TB67BO00AHG/AFG

TOSHIBA Application Note

TB67B000AHG/AFG
Usage considerations

Rev. 1.0

Summary

The TB67BO00AHG/AFG is a three-phase sine-wave PWM driver for brushless motors. It is a high
voltage IC of 600V. The TB67BO00AHG/AFG has a 2 in 1 (MCP) structure of controller (sine-wave PWM
/ wide-angle conduction) and a high voltage driver. Rotation speed of a DC brushless motor can be
controlled directly by a speed control signal (analog) from a microcomputer.

This is a reference.
Please do not determine the final equipment design by this material.
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1. Power supply voltage

Power supply voltages of Vgs and Vcc terminals have two standards of the absolute maximum
ratings and the usage range. The absolute maximum rating of the power supply voltage must not

be exceeded even for a moment. Please use the IC within the usage range.

Table 1 Absolute maximum ratings of power supply voltage (Ta = 25°C)

Characteristic Symbol Rating Unit
VBB 600
Power supply voltage \%
Vce 18

Table 2 Power supply voltage usage range (Ta = 25°C)

Characteristic Symbol Min Typ. Max Unit
VBB 50 280 450
Power supply voltage \%
Vce 13.5 15 16.5

Sequence of power supply
1. Sequence of power supply: Please supply the power by following procedure of (1) to (3).
(1) Apply power supply of Vcc.
In applying Vcc, connect Vsp to GND or open.
In case terminals of CW/CCW, LA, and SS are controlled by signals of external IC,
connect them to GND or open. After applying power supply of Vcc, set the terminal
of CW/CCW, LA, and SS high-level if needed.
(2) Apply power supply of Vegg.
(3) Apply voltage to Vsp.
2. Sequence of power shut down: Please shut down the power by following procedure of (1)
to (3).
(1) Set Vsp to OV.
In case terminals of CW/CCW, LA, and SS are controlled by signals of external IC
after setting Vsp 0V, connect them to GND or open.
(2) Shut down Vgg.
(3) Shut down Vcc.

2. Output current

The absolute maximum rating is 2 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.

The available output current depends on the usage conditions(ambient temperature, mounting

board method, and so on). Design an actual application system with a sufficient margin in order
that T; does not exceed 150°C.
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TOSHIBA

3. Notes in using the motor

Please use the motor whose phase relation between hall sensors and induced voltage

corresponds to the following timing chart.

CwW/CCW

=L

CW/CCW
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© 2020

Toshiba Electronic Devices & Storage Corporation



TOSHIBA

TB67BO00AHG/AFG

4. Lead angle control

The lead angle of the driver output according to the induced voltage can be adjusted by the input

voltage of LA terminal. The range of lead angle is as follows;

Sine-wave PWM drive: 0° to 58°, Wide-angle conducting drive: 0° to 28°

The efficiency of the motor operation can be improved by adjusting the lead angle. In adjusting the

motor characteristics by applying the lead angle, change the lead angle by LA terminal and compare

the motor current. Adjust the voltage of LA terminal in order to minimalize the motor current as

comparing the motor current before and after changing the lead angle under the condition that the

rotation speed is the same.
SS=L (Sine-wave PWM drive)

LA analog input (0 to 5 V in 32 separate steps)
ov=0°
5V =58° (Alead angle of 58° is assumed when the LA voltage exceeds 5 V)

(Value is design target)

Lead angle Lead angle Lead angle
Ste LA Ste LA Ste LA
p V] (deg] P vl [deg] P \Y| [deg]
0 0.000 0.000 1 1.719 20.625 22 3.438 41.250
1 0.156 1.875 12 1.875 22.500 23 3.594 43.125
2 0.313 3.750 13 2.031 24.375 24 3.750 45.000
3 0.469 5.625 14 2.188 26.250 25 3.906 46.875
4 0.625 7.500 15 2.344 28.125 26 4.063 48.750
5 0.781 9.375 16 2.500 30.000 27 4.219 50.625
6 0.938 11.250 17 2.656 31.875 28 4.375 52.500
7 1.094 13.125 18 2.813 33.750 29 4.531 54.375
8 1.250 15.000 19 2.969 35.625 30 4.688 56.250
9 1.406 16.875 20 3.125 37.500 31 4.844 58.125
10 1.563 18.750 21 3.281 39.375 32 5.000 58.125
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Figure 1 Relation of input voltage and lead angle when sine-wave PWM drive(design target)
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SS=H (Wide-angle conducting drive)

LA analog input (0 to 5 V in 16 separate steps)
ov=0°
5V =28°(Alead angle of 28° is assumed when the LA voltage exceeds 5 V.)

(Value is design target)

Lead angle Lead angle Lead angle
Ste LA Ste LA Ste LA
P vl [deg] P V] [deg] p V] [deg]
0 0.000 0.000 6 1.875 11.250 12 3.750 22.500
1 0.313 1.875 7 2.188 13.125 13 4.063 24.375
2 0.625 3.750 8 2.500 15.000 14 4.375 26.250
3 0.938 5.625 9 2.813 16.875 15 4.688 28.125
4 1.250 7.500 10 3.125 18.750 16 5.000 28.125
5 1.563 9.375 1 3.438 20.625 - - -
30
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Figure 2 Relation of input voltage and lead angle when wide-angle commutation drive(design target)
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5. Application circuit example of TB67B000AHG
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Utmost care is necessary in the design of board layout since the IC may be destroyed and cause smoke or ignition by short-circuiting between outputs, air
contamination faults, or faults due to improper grounding, or by short-circuiting between contiguous pins. Specially, in the design of the output, Vs, U, V, W, I1S1, I1S2,
IS3 and GND lines which have high voltage and high current, utmost care is necessary. Add overcurrent protection such as a fuse not to allow large current continuing
to flow in case of over current generation or IC breakdown.

Figure 3-1 Application circuit example
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5.Application circuit example of TB67B000AFG
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Utmost care is necessary in the design of board layout since the IC may be destroyed and cause smoke or ignition by short-circuiting between outputs, air contamination

faults, or faults due to improper grounding, or by short-circuiting between contiguous pins. Specially, in the design of the output, Ves, U, V, W, IS1, IS2, IS3 and GND lines
which have high voltage and high current, utmost care is necessary. Add overcurrent protection such as a fuse not to allow large current continuing to flow in case of over
current generation or IC breakdown.

Figure 3-2 Application circuit example
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Table 3 Example of parts value in application circuit example

Symbol Purpose Recommended value Note
R1 Internal clock generation 68 kQ 1)
C1 Motor lock detection 10Vv/0.01 uF 2)
C2 Vrefout Oscillation protection 10V /0.1 pFto 1.0 uF 3)
C3 25V /1pF

VREG power supply stability (4)
Ca 25V /1000 pF
Cs 10V /1000 pF
Noise absorber (5)
R2 5.1 kQ
R3 Overcurrent detection 0.62Q+1% (1 W) (6)
Cs 25V /10 pF
Vcc power supply stability ©)
C7 25V /0.1 pF
Cs, Cg, C10 Bootstrap capacitor 25V /2.2 puF (8)

(1) OSCR terminal

OSCR terminal sets reference oscillating frequency.
Connect the external resistor (R1) between OSCR terminal and SGND as close to the IC as possible
not to be influenced by noise and wiring impedance. When the tolerance of the resistor is low, the setting
time and the frequency would be different from the typical values greatly. So, please select a resistor
which has as high a tolerance as possible.
Oscillation frequency (Fosc) range should be 3.5MHz to 6.4MHz. The relation of the oscillation
frequency (Fosc) and the PWM frequency (Fc) is as follows; Fc=Fosc/252. When Ri= 68kQ, FC=20 kHz
(typ.), and when R1= 75kQ, Fc=18 kHz (typ.).

10
3 SEEEEESSEEESEERSEEE:
9
\ When R,=68kQ,
8 Fosc=5.04MHz, Fc=20kHz

/

/ _' | |
// / When R;=75kQ,

V Fosc=4.54MHz, Fc=18kHz

—

Fosc [MHz]
u

e

4 1+ Fosc=3.5MHz
------------------------- P M~
3 !
5 1/
Ny
1 :
1RoscE52kQ Rosc=100kQ
0 I
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

R, [kO]

Figure 4 Relation of external resistor and oscillation frequency (for reference only)
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(2) TR terminal

When the motor is locked, the motor lock detection operates and the drive output is turned on and off
(intermittent operation). Driving OFF period (Toff) and driving ON period (Ton) can be configured by the
external capacitor (C1) of TR terminal. When this function is not used, please connect this terminal to SGND.
The relation of external capacitor (C1) and driving ON/OFF period is roughly calculated as follows.

» Setting time
Driving ON period Ton[s]=C1x (VH—VL) x2/Ix500 counters
Driving OFF period Toff[s]=C1x (VH—VL) x2/1x3000 counters
Ex.: When C1 = 0.01pF, | = 3pA (typ.), VH= 2V (typ.) and VL= 0.5V (typ.), and so
Ton[s]=5s (typ.) and Toff[s]=30s (typ.)

10000 10000
— ) |
[
2. 1000 = - 1000 =
g 100 |E 100
l_
o " @ O
e 10 = 10
zZ 1 LL 1
o | o |
o o
ey 0.1 c 0.1
S u >
A 0.01 a o.01

0.00001 0.001 0.1 10 0.00001 0.001 0.1 10
C1 [uF] C1 [uF]

Figure 5 Relation of external capacitor and motor lock detecting time (for reference only)

(3) Vrefout terminal

It is applied to supply power to the hall elements and the hall IC, and configure terminals. In that case,
usage range of the output current is up to 30mA.

Please connect the capacitor whose range is 0.1yF to 1 yF between Vrefout and SGND as close to the IC
as possible in order to reduce the noise and the fluctuation of the voltage at Vrefout terminal.

Table 4 Capacitor of Vrefout terminal
Iltem Parts Typ.
Between Vrefout and SGND Ceramic capacitor 0.1yF to 1uF

(4) VREG terminal

Please connect the ceramic capacitor or the electrolytic capacitor between VREG and PGND as close
to the IC as possible in order to reduce the noise and the fluctuation of the voltage at VREG terminal.
The recommended value of usage external capacitor is approximately from 0.1uF to 1uF.

Table 5 Capacitor of VREG terminal
Iltem Parts Typ.

Electrolytic capacitor 1uF
Between VREG and PGND Ceramic capacitor 1000pF

(5) Filter for Idc terminal

Internal IC of Idc terminal incorporates the digital filter of 0.6us (typ.) and the analog filter of 1.0 ps
(typ.). When malfunction, that driving output turns off, occurs because of the noise, please connect the
low-pass filter (CR) externally. Select the appropriate constant number of the CR filter to gain the
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relation that the cut off frequency (fcut) is 10 times or more of the carrier frequency (Fc).
Cut off frequency (fcut) = 1/ (2mCR) [HZz]
When Carrier frequency (Fc) =20 kHz and fcut >10xFc, CR<7.96x107
For example, configure R=5.1kQ and C=100pF, and confirm the operation.

(6) Resistor for connecting I1S1, 1S2, and 1S3 terminals

Please short-circuit each terminal of 1IS1, 1S2, and 1S3. Configure the limit current of the motor output by
connecting the detecting resistor between IS1, IS2, and 1S3 terminals and PGND. And connect IS1, IS2,
and IS3 terminals and Idc terminal. Insert the filter for Idc terminal (described in (5)) between IS1, I1S2, and
IS3 terminals and Idc terminal if needed.

The relation between the output current (lout) and the detecting resistor (R3) is provided roughly in the
following formula.
lout = Va/ Rs
Voltage of current detection Vgc: 0.475V (min.), 0.5V (typ.), and 0.525V (max.)
Example) When the resistor (R3) is configured 0.51 Q, lour (typ.) = 0.5 V (typ.)/0.51 Q ~0.98 A

Please determine the rating of the external parts with sufficient margins because large current flows in
the detecting resistor (R3). In operating the motor, the power on the detecting resistor (P) is calculated as
follows; P=0.525Vx0.525V/ Rs (max.). For example, when R1=0.51Q, P=0.540W. So, please apply the
resistor of 1 W or more as a rated power.

(7) Vcc terminal

Connect the ceramic capacitor and the electrolytic capacitor between Vcc and SGND/PGND as close to
the IC as possible if needed in order to reduce the noise and the fluctuation of the voltage at Vcc terminal.
In particular, the power supply fluctuations and the noise, which generate at high frequency, can be
effectively reduced by connecting ceramic capacitors near the IC.

Table 6 Capacitor of Vcc terminal
Item Parts Typ.

Between Vcc and SGND/PGND Electrolytic capacitor 10uF
Ceramic capacitor 0.1uF

(8) BSU, BSV, and BSW terminals

Connect the bootstrap capacitor (C8, C9, and C10) between BSU and U terminals, BSV and V terminals,
and BSW and W terminals. The required bootstrap capacitance value varies depending on the motor drive
conditions. The voltage stress for the capacitor is the value of Vcc (15V (typ.)). The recommended value of
usage external capacitor is 25V/2.2uF.

(9) Vsp terminal

Operation and stop of the motor and rotating speed can be controlled by inputting command signal of
the output ON duty to Vsp terminal. Please input analog voltage as a command signal. Moreover,
when rotation speed needs to be controlled, connect it to MCU with Vsp signal and FG signal and
feedback the speed to control the motor rotation number.

(10) FG terminal

Push-pull circuit of 5V output is constructed. When rotation speed needs to be controlled, input FG
signal to MCU to use this signal as the information of the motor rotating number.

(11) CW/CCW terminals

In using this terminal by fixing the voltage of the terminal, connect it t0 Viefout 0r SGND. In connecting to
Vrefout, it becomes high level. In connecting to SGND, it becomes low level.
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In using this terminal by inputting the external control signal, input this signal after applying the power
supply of Vcc. In shut down, turn off Vcc after the control signal is turned off. In switching the logic of
CWI/CCW terminal, change the input signal after setting the Vsp terminal 0.7V or less and turning off the
operation output. After switching the input signal, start the motor operation by Vsp terminal.

(12) FGC terminal

In using this terminal by fixing the voltage of the terminal, connect it t0 Vietout, SGND 0Or Viefou/2. In
connecting to Viefou, it becomes high level. In connecting to Viefout /2, it becomes M level. And in
connecting to SGND, it becomes low level.

In using this terminal by inputting the external control signal, input this signal after applying the power
supply of Vcc. In shut down, turn off Vcc after the control signal is turned off.

(13) SS terminal

In using this terminal by fixing the voltage of the terminal, connect it to Vrefourt O SGND. In connecting to
Vrefout, it becomes high level. In connecting to SGND, it becomes low level.

In using this terminal by inputting the external control signal, input this signal after applying the power
supply of Vcc. In shut down, turn off Vcc after the control signal is turned off.

(14) HUP, HUM, HVP, HVM, HWP, HWM terminals
Input hall signals to HUP, HUM, HVP, HVM, HWP, and HWM 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, HUM, HVP, HVM, HWP, and HWM, to the motor to have the relation shown in the timing chart of
“3. Notes in using the motor”.

<Notes in using the hall elements>
-If 5V is supplied from the Vrefout power supply to the hall elements, add the limiting resistor to the
power supply terminal of the hall element in order to be within the maximum input current of the hall
element.
= To recognize switching of the hall signal correctly, the amplitude of the hall elements should be 40
mV or more and the input voltage range should be 0.5 V to 4.0 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, HVP and HVM terminals, and HWP and HWM terminals. The
recommended capacitor is 0.001 pF to 0.1 pF.

.......... VH=7.5mV (typ.)
VH

HUM
(HVM,HWM)

Vs =40 mV ormore ... lVH

HUP
(HVP,HWP)
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< Notes in using the hall IC>
Please configure HUP, HVP, HWP, HUM, HVM, and HWM as follows. It is recommended to adopt
low-pass filter between the input terminal and SGND to reduce the noise. However, in this case, delay
time of the input signal should be considered.
(1) HUP, HVP, and HWP: Input voltage: H level = Vrefout, L level = SGND
HUM, HVM, and HWM: Input voltage: Vrefout/2  * Configure it with resistive dividing voltage
between Vrefout terminal and SGND.
(2) HUP, HVP, and HWP: Input voltage: Vrefout/2 * Configure it with resistive dividing voltage
between Vrefout terminal and SGND.
HUM, HVM, and HWM: Input voltage: H level = Vrefout, L level = SGND

Vrefout

e}
=
o
Input Hall IC “
15 \Y E- -------------- E HUP
Yy E O~
ov N | P

| WG U—

 LPF j

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

e
20 kQ

HUM

(15) U, V, and W terminals

Connect output terminals of U, V, and W, and the hall signal terminals of HUP, HUM, HVP, HVM,
HWP, and HWM, to the motor to have the relation shown in the timing chart of “3. Notes in using the
motor”.

(16) VBB terminal

VBB terminal is a power supply terminal for motor operation. In both states of stopping and operating
the motor, pay attention not to exceed the rated value of the power supply by adopting the capacitor
between VBB and PGND etc. When surge voltage is generated, it is recommended to adopt zener diode
whose specification is absolute maximum rating (600V) or less.

(17) SGND and PGND terminals

Please short-circuit SGND and PGND. Especially, please design the circuit not to generate any paths
which flows switching current between SGND terminal and PGND terminal.
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6. Notes in designing circuit boards

In designing board patterns of VBB, SGND, PGND, I1S1, 1S2, 1S3, Vrefout, and Vreg, please pay attention
to following notes.

(1) Widen the circuit wiring pattern because large switching current of VBB, IS1, 1S2, IS3, and
PGND flows. Short-circuit each terminal of IS1, IS2, and 1S3.

(2) Short-circuit SGND and PGND as close to the IC as possible. Moreover, design the circuit to
reduce the path for flowing the switching current between SGND and PGND.

(3) Place the capacitor between VREG and PGND, and Vrefout and SGND close to the IC as
possible.

(4) Place the capacitor between VBB and PGND close to the IC as possible.

<Board layout examples>
Example of board layout is simplified for explanatory purpose.
Do not short the wiring pattern 1 and the wiring pattern 2 in below figure.

- Wiring patterni
- Wiring pattern2

=P Switching
current path

Connect to the each phase of motor

Figure 6-1 Example of TB67B0O00AHG board layout
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- Wiring pattern1
- Wiring pattern2

Switching
current path

Connect to the each phase of motor

1S3 - "
| Ll

G« R 11+ + ¢ 12« 13+ ] ¢ 14+« 15+

&R+
i

Die Pad

Y
Connect to hall element

To LA

Figure 6-2 Example of TB67BO00AFG board layout
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<How to improve IC heat radiation>

(1) Use heat sink
IC heat radiation is improved by attaching radiating sheet or heat sink on the side of metal
heat radiation. The heat radiation effect becomes high when their thermal conductivity is
large.
Metal side and GND terminal have the same voltage when insulated measurement by using
the heat sink is necessary, please insert insulating sheet between the metal side and the
heat sink.

[ Metal radiating side ]

TB67B0O00AFG TB67BO00AHG

(2) 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 radiation improves.

© 2020 17 2020-10-09

Toshiba Electronic Devices & Storage Corporation



TOSHIBA TB67BO00AHG/AFG

7. Power consumption

Power of the IC is consumed mainly by the output stages (Piger), the control circuit (Ppow), and the
internal regulator (Prec). Formula of the power consumption in sine-wave drive is as follows;
(The formula is simplified.)

Ptotal = PiceT + PPow + PreG

(1) Power consumption of output stages: Pigst
PigeT = Pon + Psw [W]

Pon= 3 X (VCEsati+ VCEsau) X Ip /71

Psw = (Wton + Wtoff) xfc /1T x 6
lo: Wiring current of the motor (peak) [A]
VCEsa, VCEsa: Voltage fall of output IGBT [V]
Wton: Turn-on loss [uJ]
Whtoff: Turn-off loss [uJ]
fc: PWM switching frequency [Hz]

(2) Power consumption of control circuit; Ppow [W]
Ppow = Pgg + Pcc [W]
Pgs = Vis X Igs [W]
Pcc =Vee X lec [W]
Igs: Power current of Veg [A] *When motor: OFF
Icc: Power current of Vec [A]  *When Vrefout=0mA, VREG=0mA

(3) Power consumption of internal regulator: Prec [W]
Prec = Pvrefout + Pvreg [W]

Pvrefout = (Ve - Vvrefout) X Ivrefout [W]

Pvrec = (Vce - VReg) X Irec [W]
Vcc: Power supply voltage of Vec [V]
VVrefout: Output V0|tage Of Vrefout [V]
Ivrefout: Output current of Viefout [A]
Vreg: Output voltage of VREG [V]
Irec: Output current of VREG [A]

V\L
Motor wiring current (Single phase)

/Y
RN N

Figure 7 Waveform of motor current (Sine-wave drive) (Image)
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TB67BO00AHG/AFG
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Figure 8 Calculation data of power consumption

(Ex.) Calculation example under the condition that Veg =310V, fc=20kHz, lretoir=10mA, and Irec=0mA is as

follows;

When I =0.4A, Vsati=1.55V, Vsan =1.5V, Wien=25ud, and Wi=13uJ (gained from above figures)
Moreover, Vcc=15V (typ.), Vrietour=5V (typ.), Vrec=7V (typ.), Ise=0.5mA (max), and lcc=10mA (max)

PiceT = Pon + Psw

=3x (1.55V+ 1.5V) x0.4A/MT+ (25ud + 13pJ) x20 KHz /17 x 6 = 2.62 W

Prow = Pee + Pcc

= 310Vx0.5mA +15Vx10mA = 0.31W

Prec = (15V — 5V) x 10mA + (15V - 7V) x OmA = 0.10W

Prota = PigaT + Ppow + Prec = 2.62 W + 0.31W + 0.10W = 3.03W

© 2020
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TOSHIBA TB67BO00AHG/AFG

8. Power dissipation

The relation of the ambient temperature (Ta), the junction temperature (Tj), and the heat resistance
(Ring-2)) between the ambient temperature and the junction temperature is as follows.
Tj=Ta + PTotal X Rth (-a)
For example, when Ta=40[°C], Ptotal =3.03[W], and R ¢-a) = 17 [°C/W],
(Board conditions: (74.2 x 114.3 x 1.6 mm, Cu 20%), in using heat sink (10 x 10 x 1 mm, Cu)),
Tj = 40[°C] +3.03W x 17°C/W = 91.51[°C]

The absolute maximum rating of the junction temperature (Tj) is 150°C. Permissible power consumption (P
(total)) depends on Ta and Rwn (o When ambient temperature is high, permissible power consumption

becomes small accordingly. When heat resistance is high, permissible power consumption becomes small
accordingly.

(Reference) In case of TB67BO00AHG,
Relation of power dissipation and ambient temperature

Pp MAX —Ta

40
= 1)
=

\
x y
z 30!
s \
) \
o \
\

s @ ;
‘g \
= \
3 \
h]

10
5 @ \
g @ — \
a —(3) ———

(4 N e \
o —<lo\
0 25 50 75 100 125 150

Ambient temperature Ta (°C)

(1) With infinite heat sink.
. Rej-c = 1°C/\N
(2) In mounting on board (74.2 x 114.3 x 1.6 mm, Cu20%), Heat sink (10 x 10 x 1 mm, Cu)
:Roj.a = 17°C/W
(3) In mounting on board (74.2 x 114.3 x 1.6 mm, Cu20%)
:Rej.a= 35°C/W
(4) IC only
:Rej-a=53°C/W

Figure 9 Relation of power dissipation and ambient temperature
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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.

* (2) 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.

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.
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

o TOSHIBA reserves the right to make changes to the information in this document and related 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 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.

e 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, lifesaving and/or life supporting 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, and devices related to power plant. IF YOU USE
PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your
TOSHIBA sales representative or contact us via our website.

« 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 or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

e 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.

e 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.

o 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.

TOSHIBA ELECTRONIC DEVIGES & STORAGE CORPORATION

https://toshiba.semicon-storage.com/
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