3-phase Brushless Motor Driver IC for Automotive

SPF6102

Description

The SPF6102 is 3-phase Brushless Motor Driver IC.
The IC is suitable for the applications which the
maximum applied voltage to the motor is 150 V or less.

The IC is driven by a bootstrap circuit, and the charge
to this boost power supply (boot capacitor) is supplied
from the internal auxiliary power supply. This auxiliary
power supply is boosted by the internal charge pump
circuit and supplies a stable voltage that does not depend
on the automotive inherent battery variation to the gate
drive circuit.

The IC uses the compact SMD package, HSOP48
with high thermal dissipation and provides high-density
mounting. Since the IC has the various protection
functions, it can drive 3-phase brushless motor with few
external components.

Features

AEC-Q100 Qualified
Built-in Bootstrap Diode
Built-in Auxiliary Power Supply (VREGx)
Bare Lead Frame: Pb-free (RoHS compliant)
Enable Function
(All phases shutdown with EN = logic low)
e Fault Signal Output at Protect Circuit Activated
® Protections
- Simultaneous On-state Prevention
- VBB Pin Overvoltage Protection (VBB_OVP): Auto-
restart
- Undervoltage Lockout
VBB Pin (VBB_UVLO): Auto-restart
VDD Pin (VDD_UVLO): Auto-restart
VREGx Pin (VREGx_UVLO): Auto-restart
- Thermal Shutdown (TSD)

Typical Application

Fault
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Package
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Not to scale

Specifications

e Maximum Main Supply Voltage: Vpc = 150 V
e Maximum Logic Supply Voltage: VBB =35V
e Typical On-resistance of Internal Drive Circuit
Sink: 4 Q
Source: 5 Q

Applications

For driving DC brushless motor such as:

e Inverter
e Onboard Charger (OBC)
e Battery Management System (BMS)
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. _____________________________________________________________________________________________________________________________|
1. Absolute Maximum Ratings

Current polarities are defined as follows: current going into the IC (sinking) is positive current (+); and current
coming out of the IC (sourcing) is negative current (—).
Unless specifically noted, Ta = 25 °C, and reference ground is the LGND pin.

Parameter Symbol Conditions Ratings Unit

Direct Current Input Voltage M 00103 M

Veg2 T <400 ms 40 \Y
VREGx Pin Voltage VR&EG —0.6to 18 v
VDD Pin Voltage Vb —-03t06 v
HIx, LOx and EN Pin Voltage Vin —0.3t06 \Y
LSx Pin Voltage Visx —4t04 v
GLx Pin Voltage Vix —41to0 18 v
Sx Pin Voltage Visx —4to 132 v
GHx Pin Voltage Vinx —4 to 150 A\
Cx Pin Voltage Vex —0.3to 150 A\
FLT Pin Voltage VeLT —03t06 v
CP1x Pin Voltage Vepix —0.3to 18 \Y%
CP2x Pin Voltage Vepax —0.3to 18 \Y%

Ppi Infinite Heatsink 30.4 W
Power Dissipation

Pp2 Glass-epoxy Board* 3.57 w
Junction Temperature Ty —40 to 150 °C
Operating Ambient Temperature Top —40 to 105 °C
Storage Temperature Tsta —40to 150 °C
Junction-to-Case Thermal Resistance O1c 4.1 °C/IW
i{uer:i:;itzzéteo-Ambient Thermal Orn 35 oC/W
* Board size is 50 mm x 74 mm, thickness of glass-epoxy is 1.6 mm, and thickness of copper laminate is 18 um.
2.  Recommended Operating Conditions

Parameter Symbol Conditions Min. Typ. Max. Unit

VBB Pin Input Supply Voltage Vas 7 14 18 v
VDD Pin Input Supply Voltage Vop 4.5 5.0 5.5 v
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|
3. Electrical Characteristics

Current polarities are defined as follows: current going into the IC (sinking) is positive current (+); and current
coming out of the IC (sourcing) is negative current (—).

Unless specifically noted, Ta = =30 °C to 125 °C, Vgg = 14 V, Vpp = EN =5 V, Cgegx = 10 pF, fowm = 22.5 kHz,
and Cpx = CBx =0.1 pF.

Parameter Symbol Conditions Min. Typ. Max. Unit
VDD=EN=0V
VBB Input Current 1 IgB1 HIx=LOx =5V — 5 — mA
VBB Input Current 2 Igg2 HIx=LOx=5V — 15 — mA
VDD Input Current Ipp HIx=LOx=5V — 1.0 5.0 mA
Cx Pin, GHx Pin, Sx Pin Current Texe Cx=GHx=Sx=90V — — 100 HA
VREGx Output Voltage 1 VREGxI 7V<VBB<8V 10 12 15 v
VREGx Output Voltage 2 VR&EGx2 8 V< VBB 12 15 18 v
Enable Voltage VENH 2.0 — — v
HIx=5V,
Enable Release Voltage VENL LSx = Sx = LGND — — 0.8 \"
Enable Voltage Hysteresis AVEen — 0.15 — \"
HIx Pin Logic Low Input Voltage VHixH — — 0.8 v
. - 11 HIx=5V,
HIx Pin Logic High Input Voltage Vi LSx = Sx = LGND 2.0 — — v
HIx Pin Input Voltage Hysteresis AV — 0.15 — v
LOx Pin Logic Low Input Voltage Vioxu — — 0.8 A%
. - LOx=5V,
LOx Pin Logic High Input Voltage VioxL LSx = Sx = LGND 2.0 — — v
LOx Pin Input Voltage Hysteresis AViox — 0.15 — v
EN Pin Input Current (H) Tenm EN=5V — 100 500 HA
EN Pin Input Current (L) Iene EN=0V —100 — — HA
HIx Pin Input Current (H) Tan HIx=0V =500 | —-100 — HA
HIx Pin Input Current (L) Taixe HIx=5V — — 100 HA
LOx Pin Input Current (H) Troxu LOx=0V =500 | —100 — HA
LOx Pin Input Current (L) Trox LOx=5V — — 100 HA
FLT Pin Output Saturation Voltage VELT IrLr) = 1 mA — — 0.4 v
Bootstrap Diode Forward Voltage VTHED) Ir=1mA 0.4 1.2 1.7 v
GHx Pin Source On-resistance Rpsisc_cry | HIX=0V, 3 5.0 10 Q
LOx=5V,
- . LSx = Sx =LGND,
GHx Pin Sink On-resistance Rpsesienn | cx> 10V 2 4.0 8 Q
VREGx > 10V
GLx Pin Source On-resistance Rpssc oy | HIX=35V, 3 5.0 10 Q
LOx=0V,
s . LSx =Sx =LGND,
GLx Pin Sink On-resistance Rossioo | cx> 10V 2 4.0 8 Q
VREGx > 10V
Lon(H)x iss = — 250 — ns
High-side Output Delay Time @ Ciss . 3300 pF,
toffEx see Figure 3-1 — 200 — ns
ton(L)x iss = — 250 — ns
Low-side Output Delay Time = Ciss . 3300 pF,
toffLyx see Figure 3-1 _ 200 _ ns
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Parameter Symbol Conditions Min. Typ. Max. Unit
GHx Pin Output Rise Time" tr(GHY) 20%V cux to 80%Vghx, 10 — 100 ns
j j Ciss = 3300 pF,
GHx Pin Output Fall Time" trGHx) see Figure 3-1 10 — 100 ns
GLx Pin Output Rise Time" tGLx) 20%VgLx to 80%V 6L, 10 — 100 ns
i ] Ciss = 3300 pF,
GLx Pin Output Fall Tlme(l) tf(GLx) see Figure 3-1 10 — 100 ns
VDD Pin Undervoltage Lockout Rel
in Undervoltage Lockout Release Vivboan o 40 o v
Voltage
VDD Pin Undervoltage Lockout v o 33 o v
Operating Voltage UVDD(L) )
VDD qu Undervoltage Lockout AVuovon o 0.2 L v
Hysteresis
VBB Pin Overvoltage Protection
Operating Voltage Vovesa - 28 - v
VBB Pin Overvoltage Protection
Release Voltage Vovesw) - » - v
VBB Pm. Overvoltage Protection AVovss o 3 L v
Hysteresis
VBB Pin Undervoltage Lockout Release Vv 6.0 65 70 v
Voltage
VBB R1n Undervoltage Lockout Vivesi) 55 6.1 6.6 v
Operating Voltage
VBB Plr{ Undervoltage Lockout AVuoves . 04 o v
Hysteresis
VREGx Pin Undervoltage Lockout VUvREGH ) 65 75 ]5 v
Release Voltage
VREG?( Pin Undervoltage Lockout VUvREGL) 6.0 71 82 v
Operating Voltage
VREGx Pln Undervoltage Lockout AVuvreos o 0.4 L v
Hysteresis
Thermal Shu(tzc)lown Starting Trsp 151 o o oC
Temperature
VHIX A
(Viow
0 >
| toncryx | Coffcnx
| (tnwyx) | (tuﬂ'(lL)x)
| tiGrx | trGryx
VGHx :&;IM_) __ I(tf(_GLi) %09
(VoL [ | 7
P a— e = 10%,,
(LSx) t

Figure 3-1. Definition of Switching Time

('When the outputs of the GHx and GLx pins are turned on/ off, the typical design values of output pulse current of the
GHx and GLx pins are as follows (conditions: VREGx = 15 V, t < 100 ns, and Ta =25 °C):
* Turning on: Isource = 2.0 A
* Turning off: Isnk =2.3 A
@Tt is guaranteed by design. The typical design value of thermal shutdown starting temperature is 165 °C.

]
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4. Block Diagram
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5. Pin Configuration Definitions

48

25

1
Pin Pin Function Pin Pin Function
Number Name unett Number Name unett
1 LGND | Control ground 25 LGND | Control ground
2 (NC) (No connection) 26 (NC) (No connection)
3 VDD Logic supply input for input signal 27 (NO) (No connection)
4 LOA Low-side logic input for A-phase 28 FLT Fault signal output (Open drain)
5 HIA High-side logic input for A-phase 29 PGND Power ground
6 CP1A Capacitor conqect pmn I for A-phase 30 LSC C-phase low-side source connection
charge pump circuit
7 CP2A Capacitor connpct pin 2 for A-phase 31 GLC C-phase low-side gate drive signal
charge pump circuit output
8 VREGA CapaCItor.conneCt pmn for A-phase high- 32 SC C-phase high-side source connection
and low-side gate drive
9 VREGB Capacnor.connect pin for B-phase high- 33 GHC C-phase high-side gate drive signal
and low-side gate drive output
10 CP2B Capacitor connect pin 2 for B-phase 34 CC C-phase boot capacitor connection
charge pump circuit
11 CP1B Capacitor conqect pmn I for B-phase 35 LSB B-phase low-side source connection
charge pump circuit
12 HIB | High-side logic input for B-phase 36 GLB f&fﬁfe low-side gate drive signal
13 LOB Low side logic input for B-phase 37 SB B-phase high-side source connection
14 LGND | Control ground 38 GHB fl;f;f‘tse high-side gate drive signal
15 VREGC Capacnorvconnect pin for C-phase high- 39 CB B-phase boot capacitor connection
and low-side gate drive
16 CP2C Capacitor conqect pin 2 for C-phase 40 (NC) (No connection)
charge pump circuit
17 CP1C Capacitor connect pin I for C-phase 41 CA A-phase boot capacitor connection
charge pump circuit
13 VBB Main supply input 4 GHA A-phase high-side gate drive signal
output
19 HIC High side logic input for C-phase 43 SA A-phase high-side source connection
20 LOC Low side Logic input for C-phase 44 GLA ?l;t[;l:latse low-side gate drive signal
21 EN Enable signal input 45 LSA A-phase low-side source connection
22 (NC) (No connection) 46 (NO) (No connection)
23 (NC) (No connection) 47 (NOC) (No connection)
24 (NC) (No connection) 48 LGND Control ground
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6. Typical Application

In the case of the application so that the LSx pin voltage exceeds the absolute maximum rating of 4 V, a diode, Ds,

must be added between the LSx pin and the LGND pin.
If the GLx pin voltage becomes lower by about 0.6 V to 1.8 V than the LSx pin voltage, the IC may be damaged. To

avoid the situation, a diode, Dgx, must be added between the GLx pin and the LSx pin.
Ds and Dgx must be placed near the IC, and connected with a minimal length of traces.
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Figure 6-1. Typical Application
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7. Truth Table

Table 7-1. Truth Table for Operation Modes

Input Pin Output Pin
LOx GHx GLx FLT*

Mode Remarks

=
bl

Normal Operation

Simultaneous
On-state Prevention

VBB Pin
Undervoltage Lockout
(VBB_UVLO)

VDD Pin
Undervoltage Lockout
(VDD_UVLO)

Enable Signal Input
(EN pin is low level)

VREGx Pin
Undervoltage Lockout
(VREGx_UVLO)

Simultaneous
On-state Prevention

=l ol Hu ol I onll ol Nl Rl N ol H= ol N el Be ol Henl Heo B ol == ol He ol N ol =o 1 S ouli N s qull !

Thermal Shutdown (TSD)

ol ol Hu =l Rl B ol Honll =i Huoll Henll H el Ruoll Ha =l ol R onll H= = Reol N oul H enii f=c i Ru =l I oali  quil Jun(} fau
ol l el el Fel B ol f el §o>H i ol lel N el ol Rl ol Nenll H el Henll N enll H ol N ol ol B el Runll He =l N
ol Nl ol Nenll BN el R0 Henll Nl Henll N el f ol Henil H ol Henll H ol Henll N el H wnll N ol H ol B enli Heoll H il N
ol ol Henll H onll B ol Henll el ol Hu =l Raoil Ranll Ha ol ol B onll H onll  oull N onll N onll I oull H ol i« sy fu

L
*The FLT pin is pulled up to the VDD pin.
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8. Physical Dimensions
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NOTES:

- Dimensions in millimeters
- Bare lead frame: Pb-free (RoHS compliant)
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e HSOP48 Land Pattern Example

ST

9. Marking Diagram

Part Number

— Lot Number
Y is the last digit of the year of manufacture (0 to 9)
M is the month of the year (1 to 9, O, N, or D)
DD is the day of the month (01 to 31)
X is the control number

SPF6102-DSE Rev.1.3 SANKEN ELECTRIC CO., LTD. 11
Aug. 02, 2022 https://www.sanken-ele.co.jp/en
© SANKEN ELECTRIC CO., LTD. 2017



https://www.sanken-ele.co.jp/en

SPF6102

10. Operational Descriptions

All the characteristic values given in this section are
typical values, unless they are specified as minimum or
maximum. Current polarities are defined as follows:
current going into the IC (sinking) is positive current
(+); and current coming out of the IC (sourcing) is
negative current (—).

For pin descriptions, this section employs a notation
system that denotes a pin name or an electronic symbol
name with the arbitrary letter “x”, depending on context.
The A, B, and C phases of 3-phase motor are
represented as the alphabets A, B, and C, respectively.
Thus, “(the) HIx pin” is used when referring to either or
all of the HIA, HIB, or HIC pin.

10.1. Pin Descriptions

10.1.1. VBB

This is the main supply input pin of the IC.
Recommended applied voltage to the VBB pinis 7 V to
18 V.

When the same power supply is connected to the
VBB pin and the external output transistors, power
supply loop trace should be designed as wide and short
as possible. A Bypass capacitor for noise reduction
should be connected to the VBB pin as needed. The
bypass capacitor should be placed near the VBB pin, and
connected to the VBB pin with a minimal length of
traces.

10.1.2. VDD

This is the supply input for input logic circuit.
Recommended applied voltage to the VDD pin is 4.5 V
to5.5V.

10.1.3. VREGx

The power supply of high- and low-side gate drive
circuit is generated by the internal charge pump circuit.
Thus, the gate can be driven stably even if the VBB pin
voltage is low (7 V or more).

Capacitor (10 pF or more is recommended) for
holding supply voltage of gate drive circuit should be
connected to the VREGx pin. External power supply
connection is unnecessary.

10.1.4. CP1x and CP2x

Connect a capacitor for internal charge pump circuit
between the CPlx pin and the CP2x pin. The
recommended capacitance is 0.1 pF.
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10.1.5. Cx

Connect a high-side boot capacitor, Cgy, between the
Cx pin and the Sx pin. The recommended capacitance of
Cgx is 0.1 pF or more. Since the capacitance depends on
the drive frequency and control duty, the setting is
required according to the application. For proper startup,
turn on the low-side output transistors first, and then
charge Cgx up to its maximum capacity.

10.1.6. HIx and LOx

These are the signal input pins. The HIx pin acts as
high-side controller whereas the LOx pin acts as low-
side controller. Since the HIx and LOx pins incorporate
a pull-up resistor, the initial state is high (see the block
diagram in Section 4).

The width of the input signals to the HIx and LOx
pins is required 500 ns or more.

Note that dead time setting for the input signals of the
HIx and LOx pins must be done because the IC does not
have a dead time generator. Dead time must be set so
that the simultaneous on-state does not occur according
to the output transistors to be used.

10.1.7. EN

When the high signal is input to the EN pin, all output
signals of the GHx and GLx pins become logic low.
Since the EN pin incorporates a pull-down resistor, the
initial state is low (see the block diagram in Section 4).

10.1.8. FLT

This is the output pin of fault signal. Pull up the FLT
pin because the FLT pin is open drain. When the FLT
pin is pulled up to the power supply of 5 V, the
recommended pull-up resistor is about 20 kQ. The FLT
pin logic level is high in normal operation, and becomes
low when one or more the following protections are
activated.

VBB pin Overvoltage Protection (VBB_OVP)

VBB pin Undervoltage Lockout (VBB_UVLO)
VDD pin Undervoltage Lockout (VDD_UVLO)
VREGx pin Undervoltage Lockout (VREGx_UVLO)
Thermal Shutdown (TSD)

10.1.9. GHx and GLx

These are the gate drive outputs, and are connected to
the gate of external output transistors. The GHx pin acts
as high-side controller whereas the GLx pin acts as low-
side controller. A pull-down resistor of 100 kQ (typ.)
and protection Zener diodes (the Zener diode) of 18 V
(typ.) are internally connected between the GHx pin and
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the Sx pin, and between the GLx pin and the LSx pin
respectively (see Figure 10-1 and Figure 10-2).

When the current from motor flows to the forward
direction of this Zener diode, this may be damaged. In
the application that the current flows to the forward
direction of the Zener diode, an external diode, Dgx,
must be added between the GHx pin and the Sx pin, and
between the GLx pin and the LSx pin respectively (see

Figure 6-1).
a) Cx

{

A V=18V

x

O ahx
Vz=18 V

L4

v
100kQ

® QSX

{ S ) EDYVEPVYY 2 P
p

Figure 10-1. Internal Circuit of High-side Output
J <J> VREGx
A V,=18V
% x
() GLx
L Ay
é 2100kQ & Vz=18V
ﬁ () LSx
v
V=4V g
LGND
v v
PGND

Figure 10-2. Internal Circuit of Low-side Output

10.1.10. Sx and SLx

Connect the Sx pin to the source pin of high-side
output transistors and the drain pin of low-side output
transistors, and the LSx pin to the source pin of low-side
output transistors.

An ESD protection bidirectional Zener diode of +4 V
is internally connected between the LSx pin and the
LGND pin (see Figure 10-2). In the application that the
voltage of +4 V or more is applied between the Sx pin
and the LGND pin, the external diode, Ds, must be
connected between the LSx pin and the LGND pin (see
Figure 6-1).
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10.1.11. LGND and PGND

The LGND pin is control ground of the IC. The
PGND pin is power ground. A Zener diode is internally
connected bidirectionally between the LGND pin and
the PGND pin in parallel (see Figure 10-2).

10.2. Basic Operation

At startup, the voltage is applied to the VBB and
VDD pins which are the power supply of the IC. Then,
the high signal is input to the EN pin. After that, input
the signal to the HIx and LOx pins; and on/off controls
of the output transistors start.

When the low signal is input to the HIx pin, high-side
gate output (the GHx pin) becomes logic high. When the
low signal is input to the LO pin, low-side gate output
(the GLx pin) becomes logic high (see Table 7-1).

The EN pin has an internally low-pass filter of 2.5 us
for the noise malfunction prevention. The HIx and LOx
pins do not have internal low-pass filter.

10.3. Simultaneous On-state Prevention

When the low signal is input to the HIx and LOx pins
at once, the Simultaneous On-state Prevention is
activated, and the outputs of the GHx and GLx pins
become logic low. This prevents the breakdown of the
output transistors.

10.4. Protections

The IC has the following protection functions.

When the following protections are activated, the
outputs of the GHx and GLx pins become logic low, and
stop the output transistors. In addition, the fault signal is
output (the FLT pin logic level becomes low).

When the protection is released after the fault
conditions are removed, the FLT output becomes logic
high. Then, the GHx and GLx pins restart output the
signals according to the input commands on the HIx and
LOx pins from the next falling edge.

However, during VREGx_UVLO is activated, the IC
outputs the fault signal with maintaining the outputs of
the GHx and GLx pins according to input signal.

VBB Pin Overvoltage Protection (VBB_OVP)

VBB Pin Undervoltage Lockout (VBB_UVLO)
VDD Pin Undervoltage Lockout (VDD_UVLO)
VREGx Pin Undervoltage Lockout (VREGx_UVLO)
Thermal Shutdown (TSD)
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10.4.1. VBB Pin Overvoltage Protection
(VBB_OVP)

When the VBB pin voltage increases to the VBB pin
overvoltage protection operating voltage Vovesm) = 28
V or more, VBB_OVP is activated. When the VBB pin
voltage decreases to the release voltage Voveer) = 25 V
or less, the IC returns to the normal operation.
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Figure 10-3. Operational Waveform of VBB_OVP

10.4.2. VBB Pin Undervoltage Lockout
(VBB_UVLO)

The VBB pin voltage decrease to the VBB pin
undervoltage lockout operating voltage Vyvepr)= 6.1 V
or less, VBB_UVLO is activated. When the VBB pin
voltage increases to the release voltage Vuvesan= 6.5 V
or more, the IC returns to the normal operation. During
the VBB_UVLO activation, the internal charge pump
circuit (OSC circuit operation is maintained) and the
VREG pin boost operation are stopped.
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Figure 10-4. Operational Waveform of VBB_UVLO
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10.4.3. VDD Pin Undervoltage Lockout
(VDD_UVLO)

When the VDD pin voltage decreases to the VDD pin
undervoltage lockout operating voltage Vuvppr)= 3.8 V
or less, the VDD_UVLO is activated.

When the VDD pin voltage increases to the release
voltage Vuvppm = 4.0 V or more, the IC returns to the
normal operation.
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Figure 10-5. Operational Waveform of VDD_UVLO

10.4.4. VREGx Pin Undervoltage Lockout
(VREGx_UVLO)

When the VREGx pin voltage decreases to VREGx
pin  undervoltage  lockout  operating  voltage
Vuvrecxw)= 7.1 V or less due to the leak current of the
capacitor connecting to the VREG pin, the
VREGx_UVLO is activated.

When the VREG pin voltage increases to the release
voltage Vuvrecxm = 7.5 V or more, the IC returns to the
normal operation.
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Figure 10-6. Operational Waveform of
VREGx_UVLO
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_____________________________________________________________________________________________________________________________________________________|
10.4.5. Thermal Shutdown (TSD)

When the junction temperature of the IC increases to
Trsp= 151 °C (min.) or more, the TSD is activated. The
design value of TSD operating temperature is 165 °C
(typ.). TSD has the temperature hysteresis. When the
temperature decreases by about 10 °C from the junction
temperature of TSD operation, TSD is released, and the
IC returns to the normal operation.

TSD protects the IC against instantaneous heat
generation, and does not guarantee the operation
including reliability for a state that the heat generation
continues for a long time.

10.5. Enable Function

The IC has an enable function.

When the low signal (0.8 V or less) is input to the EN
pin, the input signals of the GHx and GLx pins become
logic low. When the high signal (2.0 V or more) is input
to the EN pin, the GHx and GLx pins restart output the
signals according to the input commands on the HIx and
LOx pins from the next falling edge. During the EN pin
logic is low, the FLT pin logic level is maintained high.
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Figure 10-7 Operational Waveform of Enable
Function
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Important Notes

e All data, illustrations, graphs, tables and any other information included in this document (the “Information”) as to Sanken’s
products listed herein (the “Sanken Products™) are current as of the date this document is issued. The Information is subject to any
change without notice due to improvement of the Sanken Products, etc. Please make sure to confirm with a Sanken sales
representative that the contents set forth in this document reflect the latest revisions before use.

e The Sanken Products are intended for use as components of electronic equipment or apparatus (transportation equipment and its
control systems, home appliances, office equipment, telecommunication equipment, measuring equipment, etc.). Prior to use of the
Sanken Products, please put your signature, or affix your name and seal, on the specification documents of the Sanken Products
and return them to Sanken. If considering use of the Sanken Products for any applications that require higher reliability (traffic
signal control systems or equipment, disaster/crime alarm systems, etc.), you must contact a Sanken sales representative to discuss
the suitability of such use and put your signature, or affix your name and seal, on the specification documents of the Sanken
Products and return them to Sanken, prior to the use of the Sanken Products. The Sanken Products are not intended for use in any
applications that require extremely high reliability such as: aerospace equipment; nuclear power control systems; and medical
equipment or systems, whose failure or malfunction may result in death or serious injury to people, i.e., medical devices in Class
IIT or a higher class as defined by relevant laws of Japan (collectively, the “Specific Applications”). Sanken assumes no liability or
responsibility whatsoever for any and all damages and losses that may be suffered by you, users or any third party, resulting from
the use of the Sanken Products in the Specific Applications or in manner not in compliance with the instructions set forth herein.

o In the event of using the Sanken Products by either (i) combining other products or materials or both therewith or (ii) physically,
chemically or otherwise processing or treating or both the same, you must duly consider all possible risks that may result from all
such uses in advance and proceed therewith at your own responsibility.

e Although Sanken is making efforts to enhance the quality and reliability of its products, it is impossible to completely avoid the
occurrence of any failure or defect or both in semiconductor products at a certain rate. You must take, at your own responsibility,
preventative measures including using a sufficient safety design and confirming safety of any equipment or systems in/for which
the Sanken Products are used, upon due consideration of a failure occurrence rate and derating, etc., in order not to cause any
human injury or death, fire accident or social harm which may result from any failure or malfunction of the Sanken Products.
Please refer to the relevant specification documents and Sanken’s official website in relation to derating.

e No anti-radioactive ray design has been adopted for the Sanken Products.

e The circuit constant, operation examples, circuit examples, pattern layout examples, design examples, recommended examples, all
information and evaluation results based thereon, etc., described in this document are presented for the sole purpose of reference of
use of the Sanken Products.

e Sanken assumes no responsibility whatsoever for any and all damages and losses that may be suffered by you, users or any third
party, or any possible infringement of any and all property rights including intellectual property rights and any other rights of you,
users or any third party, resulting from the Information.

e No information in this document can be transcribed or copied or both without Sanken’s prior written consent.

® Regarding the Information, no license, express, implied or otherwise, is granted hereby under any intellectual property rights and
any other rights of Sanken.

e Unless otherwise agreed in writing between Sanken and you, Sanken makes no warranty of any kind, whether express or implied,
including, without limitation, any warranty (i) as to the quality or performance of the Sanken Products (such as implied warranty
of merchantability, and implied warranty of fitness for a particular purpose or special environment), (ii) that any Sanken Product is
delivered free of claims of third parties by way of infringement or the like, (iii) that may arise from course of performance, course
of dealing or usage of trade, and (iv) as to the Information (including its accuracy, usefulness, and reliability).

o In the event of using the Sanken Products, you must use the same after carefully examining all applicable environmental laws and
regulations that regulate the inclusion or use or both of any particular controlled substances, including, but not limited to, the EU
RoHS Directive, so as to be in strict compliance with such applicable laws and regulations.

® You must not use the Sanken Products or the Information for the purpose of any military applications or use, including but not
limited to the development of weapons of mass destruction. In the event of exporting the Sanken Products or the Information, or
providing them for non-residents, you must comply with all applicable export control laws and regulations in each country
including the U.S. Export Administration Regulations (EAR) and the Foreign Exchange and Foreign Trade Act of Japan, and
follow the procedures required by such applicable laws and regulations.

e Sanken assumes no responsibility for any troubles, which may occur during the transportation of the Sanken Products including
the falling thereof, out of Sanken’s distribution network.

e Although Sanken has prepared this document with its due care to pursue the accuracy thereof, Sanken does not warrant that it is
error free and Sanken assumes no liability whatsoever for any and all damages and losses which may be suffered by you resulting
from any possible errors or omissions in connection with the Information.

o Please refer to our official website in relation to general instructions and directions for using the Sanken Products, and refer to the
relevant specification documents in relation to particular precautions when using the Sanken Products.

o All rights and title in and to any specific trademark or tradename belong to Sanken and such original right holder(s).
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