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PS9332L, PS9332L2
Photocouplers Used to Drive IGBTs and Featuring Built-in Protection Functions

1. Introduction

The recent rise in awareness of environmental issues and the corresponding demand for energy savings has seen an
increase in the use of inverter technology in awide range of fields, including industrial machinery, power equipment,
and home appliances. The demand for industria inverters such as general-purpose inverters and AC servos is growing
strongly in the traditional European and North American markets and is also taking off in emerging markets. Demand
for inverter technology is also expected to grow in the expanding “clean energy” fields of solar and wind power
generation. One of the most common semiconductor devices used in theseinvertersisan IGBT (Insulated Gate Bipolar
Transistor).

The PSO332L and PS9332L 2 (heresfter referred to as PS9332) are gate-driving photocouplers with built-in IGBT
protection functions.

The PS9332 integrates an active Miller clamp that was previously attached externally to prevent the IGBT from
malfunctioning, which facilitates the design of peripheral IGBT driving circuits. The PS9332 is availablein an 8-pin
SDIP (shrink dual inline package), shown in Figure 1 below, contributing even further to system compactness.

This application note describes the features and applications of the PS9332.

Figure 1 Photograph of PS9332 (SDIP-8)

2. Product overview

The equivaent circuit of the PS9332 is shown in Figure 2.1. The PS9332 features a GaAlAs LED on the signal
receiving side, and on the signal output side, a photo detector |C that combines a photo diode (PD), signal processing
circuit, and alarge-current output circuit along with IGBT protection circuits (active Miller clamp and UVLO). The
photo detector IC is fabricated with the Bi-CMOS process proven in other Renesas Electronics IGBT-driving
photocouplers, enabling both a high output current (Io =2 A MAX.) and low circuit current (Icc = 2.5 mA MAX.),
which enables high-temperature operation (T, = 125°C MAX.).

The features of the PS9332 are described on the following pages. Table 2.1 is a truth table for the PS9332's logic
circuits. For details of the PS9332' s electrical specifications, see the data shest.
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E E 1. Anode
2. N.C.
3. Cathode
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Figure 2.1 PS9332 Equivalent Circuit

Features

e |GBT protection functions (active Miller clamp, UVLO)

e High output peak current: 2.0 A MAX.

e High-speed switching: tp 1, tpy. = 200 nSMAX.

o Propagation delay difference between two parts: PDD =90 ns MAX.

e Low power consumption: lcch, lco. = 2.5 MA MAX.

e Low driving current: Is .y =4 mA MAX.

e Low dlSSIpatlon Vou=Vec—-13V TYP.

o High temperatures supported: Up to 125°C

e 8 mm creepage: 8-pin SDIP (PS9332L2)

o Complieswith international safety standards: UL, VDE, CSA, SEMKO
e High common mode transient immunity: CMy, CM| =50 kV/us MIN.

Table 2.1 Truth Table

I UVLO (Vcez — Ver) Miller Clamp (VcLamp) Vo
OFF Not active (>VuyvLo+) Active Low
ON Not active (>Vuyvio+) Not active High
OFF Active (<Vyyioo) Not active Low
ON Active (<Vyyioo) Not active Low
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3. Description of operations and functions

3.1 Operational overview
Figure 3.1 shows an example of the IGBT driving circuit we recommend with the PS9332.

+5V
RLeo Vcc
i 8 I—“—_l_VCC =18V
IGBT E b Py Py +HV DC (P line)
Drive ﬂ’l RG
signal [2] 7 | - -
input f— L [ e
1uF ° » 3-phase
E i E ; . —> output
— : VcLavp 4 4 4
s ) -
SHIELD VéE -HV DC (N line)
PS9332

Figure 3.1 Example of Operational Circuit Recommended for PS9332

When the IGBT driving signa (I¢) isinput to the PS9332's LED (pin 1), the output voltage Vo (pin 7) goes high
(active-high operation (Figure 3.2)).

Vo

tPLH
—

Figure 3.2 Waveform of PS9332 LED (I) Forward Current vs. Output Voltage

The gate voltage of the IGBT drops when the LED is turned off. When the gate voltage at the V¢ amp pin (pin 6) drops
below approximately 3 V, the active Miller clamp in the PS9332 starts operating to allow the Miller current to flow
from the V¢ amp pin (pin 6). When the LED is turned on, clamping is stopped.

3.2 IGBT protection functions

3.21 Active Miller clamp

The active Miller clamp is used to prevent the current that occurs due to parasitic capacitance (Miller current) from
causing the IGBT to malfunction.

When the IGBT connected to the photocoupler is off, the current (Miller current (Icg)) flowing to the Miller capacitor
between the IGBT’s collector and gate (the CG Miller capacitor) may generate voltage at the gate, causing the IGBT to
malfunction.

When IGBT <2> in the half-bridge circuit in Figure 3.3 is turned on, a steep voltage (dV cg/dt) is applied between the
collector and emitter (CE) of IGBT <1>. At thistime, Miller current (Icc) briefly flowsto the gate resistor (Rg) of the
IGBT and the Q1 MOSFET in the PS9332, viathe CG Miller capacitor of IGBT <1>. This causes the gate voltage of
IGBT <1> torise, and if the gate voltage then exceeds the threshold voltage, parasitic turn-on will occur, causing
through-current to flow.
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The active Miller clamp incorporated in the PS9332 allows this Miller current to escape via adifferent route, preventing
ariseinthe IGBT's gate voltage and thereby preventing parasitic turn-on of the IGBT and any resulting unexpected
through-current.

prrsssssess e R e sesees . IGBT<2>

Miller current
(ICG)y 1™
RG

\ar

Preventing
through-current

C (collector)
IGBT<1>
E (emitter)

Ica=Ccc X dV/dt
VGE=RXICG

Figure 3.3 Active Miller Clamp

In terms of actual operation, the PS9332 monitors the gate voltage of the IGBT at the V¢ ame pin (pin 6) while the LED
is off, and once the V¢ amp — Ve VOItage reaches approximately 3 V, the clamp circuit starts operating, sending the
Miller current to Vge viathe Q3 MOSFET of the clamp circuit (clamp current (Ic.) = 1.6 A TYP. when V¢ amp = Vee +
2.5V). IGBT <1> therefore remains off.

Figure 3.4 shows an example of the waveform when the active Miller clamp is operating and not operating. If clamping
is not performed, the gate voltage of the IGBT <2> temporarily rises due to the Miller current that flows when IGBT
gate <2> isturned on, which might cause IGBT <1> to malfunction. If clamping is performed, the gate voltage of IGBT
<1>is prevented from rising and therefore IGBT <1> remains off.

Gate voltage of
IGBT <2>
on upper arm

Gate current of
IGBT <1>
on lower arm
Gate voltage of
IGBT <1>
on lower arm

ohd 1A @

Without active Miller clamp With active Miller clamp

IGBTK1>, <2>:
RJH60D7DPQ-EO (Renesas)
(600V, 50A, Cies =3000pF, Qg=130nC)

Figure 3.4 Example of Waveform When Active Miller Clamp Is Operating and Not Operating
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The active Miller clamp starts operating approximately 200 ns after the gate is turned off. For your reference, Figure 3.5
shows an exampl e of the waveforms of the PS9332 output current (1) and clamp current (Ic_avp) When the gateis
turned off.

IGBT<1>

IGBT<1D, <2>:
RJHB0D7DPQ-EQ (Renesas)
(600V, 50A, Cies =3000pF, Qg=130nC)

H 100ns 2.50G5/s
W+v145.507us 10k poin

lo waveform lcLamp waveform

@ o0V

Figure 3.5 Example of Waveform When Active Miller Clamp Starts Operating

3.2.2 UVLO (undervoltage lockout)
The UVLO circuit holds Vo at low level when the PS9332's power supply voltage V¢ isinsufficient.

If the IGBT' s gate voltage (Vo in the PS9332) drops during on state, the V ce (s Of the IGBT becomes larger and it
might cause alarge amount of power to dissipate, leading to overheating and failure of the IGBT. To prevent this, if the
PS9332 detects that its power supply voltage (Vcc — Vee) isinsufficient, it holds Vo a low level to protect the IGBT.

As shown in Figure 3.6, when the PS9332' s power supply voltage (Vcc — Vee) islow (when the power supply voltageis
rising from 0 V), the PS9332 holds the V output at low level until the voltage risesto Vyy, o+, evenif the LED ison.
Conversely, when the PS9332' s power supply voltage (Vcc — Vee) isfaling (changing to a negative voltage) the Vo
output is high level until the voltage reaches Vv, o, but if the voltage falls below Vo, the PS9332 pullsthe Vo
output down to low level even if the LED ison.

Therefore, if the PS9332’ s power supply voltage (Ve — Vee) fallsbelow Vv o- (9.5 to 12.5 V) due to some error, the
Vo output of the PS9332 will go low even if the LED is on. When the power supply voltage (Vcc — Vee) subsequently
rises to above Vyy o+ (10.8 t0 13.4 V), the V, output goes high again (with the LED on).
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14 Output voltage vs. output power supply voltage
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Output power supply wltage Vce — Vee (V)

Figure 3.6 UVLO

4. Sample design

4.1 Design of active Miller clamp

The active Miller clamp must be connected to the PS9332's active Miller clamp pin (V gjamp: Pin 6) as close as possible

tothe IGBT'sgatein order to prevent parasitic turn-on of the IGBT dueto arise in the gate voltage caused by Miller
current flowing through the gate resistor.

Figure 4.1 shows an example of how the active Miller clamp is connected when using a single power supply (negative
power supply not used).

a +HV DC (P line)

+5V
Rieo
E : _: 3-phase
IGBT > output
sl B ¥
input i -HV DC (N line)
[3

[

PS9332

Figure 4.1 Example of Connecting Active Miller Clamp
When Using Single Power Supply (Negative Power Supply Not Used)

Figure 4.2 shows an example of how the active Miller clamp is connected when using a negative power supply.
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a +HV DC (P line)

By S & HEG % AI:T}
Riep ] Vee =18V ¢ ( L

[
IGBT :
Drive :
signal E }

input
3

-HV DC (N line)

N

SHIELD

PS9332
Figure 4.2 Example of Connecting Active Miller Clamp When Using Negative Power Supply

Note, however, that the PS9332 clamp current is about 1.6 A, making it difficult to connect V¢ awp directly to the gate
of ahigh-power IGBT. Check the estimated Miller current capacity and if the clamp current at V¢ avp iSinsufficient,
externally connect a PNP transistor as shown in Figure 4.3. Connecting an external buffer is effective because the
Miller current from the IGBT does not flow through the gate resistor.

- +HV DC (P line)

g
[ [
Es-phase

> output

<

Q

3]
<
o
I3)
1
=
©
<

1)
|,

=

NS

[~]

-HV DC (N line)

=]

AMP

TVee=5v

T 5=

=

<
m
m

PS9332

Figure 4.3 Example of Connecting Active Miller Clamp to V¢ awp Pin
When Buffer Is Connected Externally

If the active Miller clamp is not used, such as when using a negative power supply, connect the Ve avp pin to Vgg, as
shown in Figure 4.4.

- +HV DC (P line)

=y Sk Gk - r:}
Riep . Vcce Vcc =18V ¢ !

E a_' _:3-phase
IGBT i ] t——>output
Drive H Vo RG
signal E § il —\W——
input H j— -HV DC (N line)
- 1uF L
[3- : 6]
—L i \VCLAMP -
- VEE= -5V
SHIELD VEE
PS9332
Figure 4.4 Connection When Active Miller Clamp Is Not Used
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4.2 Design of IGBT gate driver

a +HV DC (P line)

By I & 4R %: AI:T}
RLeo ] Vce Vcc =18V b ) —
P 1 >

E E—q » 3-phase
IGBT i o “ > output
Drive : G
signal E .} £
input H j— -HV DC (N line)

— 1uF
[ ; 6]
— \VcLamp
E SHIELD %E

PS9332

Figure 4.5 Example Application Circuit Using PS9332

Figure 4.5 shows an example IGBT gate driver that uses the PS9332. The gate resistor settings are described in 4.2.1
and 4.2.2 below.

4.2.1 Calculating the minimum resistance of the IGBT's external gate resistor (Rg)

(1) Calculation from the photocoupler side

The external gate resistor (Rg) must be selected so that the pesk output current of the PS9332 (1o, peak)) does not
exceed its maximum rating. The minimum value of the gate resistor (Rg) can be approximated by using the following
expression:

Re 2 {(Vcc — Vee) — Vo loLeeaky =+ [4.2.1]
Ve — Vee: PS9332 power supply difference (Vee = 0 when not using a negative power supply)
Vou: PS9332's low-level output voltage

Calculate the minimum value of the external gate resistor (Rg) under the following conditions:

IOL(PEAK) =20A

VCC — VEE =18V

Voltage dropsto VoL = 2.5V whilelg. =2.0A.
Characteristics curves showing the relationship between the low-level output voltage (Vo) and low-level
output current (Io.) are provided in Figure 4.6 for reference. These settings make allowances for operation
under low temperatures (—40°C). Note that because the low-side MOSFET voltage drops | ess than the high-
side MOSFET voltage in the PS9332, the minimum value of the external gate resistor (Rg) is calculated
based on the low-side MOSFET.

From equation [4.2.1]:
Re 2 {(Vec — Vee) — Vol loweeak)
= (18 - 2.5)/2.0
=780Q
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8

—_40°C

=
= 4 25°C
O _12;0c
>
2 - /
0 |
0.0 0.5 1.0 1.5 2.0

IOL[ A ]

Figure 4.6 Vo vs. lo. Characteristics

(2 Calculation from the IGBT side

The charge characteristics of the IGBT' s gate are described in the IGBT' s data sheet, but in general, the characteristics
curveisasshownin Figure 4.7.

Gate-emitter voltage
VGE (V)

+VGE

Gate driving voltage
V(DR)
Gate charge Qg (nC)

A
A\ 4

Qg

Y -VGE

Figure 4.7 VGE vs. Q4 Characteristics

The gate charge is expressed as follows:

Qg = C X Vo),
with Qq indicating the total charge, and V pgy indicating the gate driving voltage (V pr) = +Vee — (—Vag))-

The relationship between the gate capacitance, the switching time, and the gate driving current is as follows:

ng/dt =Cx dV(DR)/dt = IG
Inthis case, if tsw represents the switching time required by the system, the current that must be supplied to the gate
(Ig) isindicated by:

g = QG/tSW
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Because a constant driving voltage V pg) iS used, the relationship between the gate peak current and the total gate
resistance (Rg') isasfollows:

Re’' = Vr/ls,
with Rg’ indicating the sum of the external gate resistance Rg and the IGBT gate’ s own series resistance (internal
resistance).

Therefore, in order to satisfy the switching time required by the system, the external gate resistance calculated from the
photocoupler side (Rg) must be smaller than the total gate resistance calculated from the IGBT side (Rg'). If tsw is
unable to be satisfied, you will have to consider selecting a photocoupler that can drive alarger current, or attaching an
external current amplifier (buffer).

4.2.2 Checking the allowable dissipation of the PS9332 and adjusting Rg

The power consumption of the PS9332 (Py) isatotal of the power consumption of the LED on the input side (primary
side) (Pp) and the power consumption of the photo detector 1C on the output side (secondary side) connected to the
IGBT (Po).

PT = PD + PO ........ [4'2'2]

(1) LED power consumption
The power consumption of the LED on the input side (primary side) (Pp) is calculated as follows:
Pp = I X Ve x Duty ratio -+ [4.2.3]

(2 Photo detector IC power consumption
The power consumption of the photo detector |C on the output side (secondary side) (Po) is calculated as follows:

Po = Pocircuity * Po(suitching) ****** [4.2.4]

Pocirity 1S the circuit power consumption of the photo detector |C (the power consumed by |cc).

Poswitching) 1S the power consumption of the photo detector | C required to charge and discharge the gate capacitor (the
power consumed by |o).

1. Circuit power consumption of photo detector |C: Pyirait)
Pocircuity = lec X (Ve — Veg) e [4.2.9]

Icc isthe circuit current supplied to the photo detector IC.

Vcc — Vee isthe power supply difference of the photo detector IC.

2. Power consumption of photo detector |C required to charge and discharge the IGBT gate capacitor
Po(suitching) = ESW(Ra, Qg) X fsyy =+ [4.2.6]

Esw(Rg, Qg) isthe per-cycle power consumed when charging the IGBT gate capacitor (see Figure 4.8 and
Figure 4.9).

fsw isthe switching frequency.
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Figure 4.8 PS9332 Power Consumption Waveform During Switching

Esw[uJ]

VO_/—\
N————

Po @\é&

Esw(on)
(=lo x (Vcc-Vo))

Esw(Qg,Rg) = Esw(on)+Esw(off)

Esw(off)
(=lo x Vo)

0 10 20 30
Re[Q]

40 50

Figure 4.9 PS9332 Switching Dissipation per Cycle

3. Power consumption of photo detector IC
From the calculationsin [4.2.4], [4.2.5], and [4.2.6], the power consumption of the photo detector IC is as follows:

Po = Pocircuity + Po(switching)
= lee X (VCC - VEE) + ESW(RG, Qg) X fSW """" [427]

(3) Checking the allowable dissipation of the PS9332 and adjusting R¢

When used in the circuit shown in Figure 4.5, the power consumption of the PS9332 is as follows, calculated under the

conditions of Rg = 7.8 Q, Duty (MAX.) = 80%, Qs =300 nC, f = 20 kHz, I =12 mA, and T, = 100°C:
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1. Power consumption of input side (primary side, LED) (Pp)
From the calculationin [4.2.3]:

Pp = Ie X Vg x Duty ratio
=12mAx1.75V x 0.8 =16.8 mW

2. Power consumption of output side (secondary side, photo detector 1C) (Po)
From the calculation in [4.2.7]:

Po = lce X (Vee — Vee) + EswW(Re, Qa) X fsw
=25 mAXx 18V + 2.7 uJ x 20 kHz
=45 mW + 54 mW
=99 mW < 250 mW
(absolute maximum allowable dissipation for photo detector 1C when T, = 100°C)

The gate resistance Rg has a significant effect on the performance of the IGBT, so be sure to select the right gate
resistor for your gate driver design. A smaller gate resistance means faster switching to charge and discharge the
IGBT’sinput capacitor, which leads to lower switching dissipation. However, a smaller gate resistance also leads to a
larger voltage variation (dV/dt) and current variation (di/dt) during switching. It is therefore important to evaluate the
actual operation of the IGBT by referring to the relevant technical documents before selecting the gate resistor.

5. PS9332 peripheral circuits

51 Layout

1. To minimize floating capacitance between the primary side and the secondary side (the input and the output), be
sure to place the circuits so that they are not too close to the primary-side and secondary-side wiring patterns on the
board, and that there is no cross-wiring if multi-layer wiring is being used.

2. To prevent transient noise from the IGBT from affecting the PS9332, keep the IGBT collector/emitter circuit pattern
and DC lines (P and N lines) of the inverter circuit through which alarge current flows as far away as possible from
the PS9332's LED driver and V¢ and Vg lines.

3. Place the bypass capacitors (with a capacitance of 1 pF or higher) between V¢ and Vge on the secondary side
(output side) of the PS9332 as close to the PS9332's V¢ (pin 8) and Ve (pin 5) pins as possible (in other words,
keep the distance between the PS9332’ s pins and the capacitor pins as short as possible).

5.2 LED driver

Design the LED driver so that the recommended current (1) and voltage (V) are applied to the LED. Table 5.1 shows
the recommended operating conditions for the LED.

Table 5.1 Recommended Operating Conditions for PS9332 LED

Parameter Symbol MIN. TYP. MAX. Unit
Input voltage VE (oFF) -2 - 0.8 \Y
(OFF)

Input current I on 7 - 16 mA
(ON)

To ensure that the LED isturned off properly, even if common mode noise (CM ) occurs, we recommend applying a
reverse bias to the LED within the range indicated by the recommended operating conditionsin Table 5.1. Similarly, to
ensure that the LED is turned on properly, even if common mode noise (CMy) occurs, we recommend specifying as
large aLED current (I¢) as possible, within the range indicated by the recommended operating conditionsin Table 5.1.

If it isnot possible to apply areverse biasto the LED while the LED is off, we recommend configuring the circuit so
that the collector and emitter of the LED driver's output transistor are connected respectively to the anode and cathode

ROSANOOO2EJ0100 Rev.1.00 Page 13 of 16
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of the PS9332's LED, as shown in Figure 5.1 (a) below. Thisisto prevent a malfunction caused by the LED turning on
briefly because a potential difference between the GND pins on the primary and secondary sides of the PS9332 has
caused a displacement current to flow to the LED from the photo detector, which might occur if the conventional LED
driver configuration shown in Figure 5.1 (b) is used. The configuration in Figure 5.1 (a) protects against this
malfunction because the output transistor of the LED driver remains on when the LED is off, even if a displacement
current flows to the LED from the photo detector, making it difficult for current to flow through the LED. If the
conventional LED driver circuit shown in Figure 5.1 (b) must be used due to the specifications of the driver I1C,
connecting a capacitor of 100 pF and aresistance of several kQ at the ends of the LED as shown in Figure 5.2 isalso
effective.

PS9332 (partial diagram) PS9332 (partial diagram)
+5V +5V
1 1
“— % -«
ih Eh
.% .%
1 1
] L,— h
v ﬂ-: 1
1 1
1 |
(a) LED drive with high CMR (b) Conventional LED driver
(recommended) (not recommended)

Figure 5.1 LED Driver

PS9332 (partial diagram)

1
100pF | <

E%S

Figure 5.2 Countermeasure for CMR Noise in Conventional LED Driver Circuit

6. Specifying dead time

Asshownin Figure 6.1, in the inverter circuit, IGBT 1 and IGBT 2 on the upper and lower arms aternately switch on
and off, outputting asignal to the motor or other load. If there isinsufficient dead time, IGBT 1 and IGBT 2 on the
upper and lower arms switch on at the same time, causing a short-circuit current to flow, damaging the IGBTs (see
Figure 6.2).

+HV DC (P line) +HV DC (P line)

IGBT1
ON

IGBT1
ON

PS9332 Nol W= Upper arm PS9332 Nol Upper arm

Output Output

IGBT2

IGBT2
OfF Lowerarm | PS9332 No2

PS9332 No2 +—wH on Lowerarm

-HV DC (N line) -HV DC (N line)

Figure 6.1 Inverter Circuit Operating Normally Figure 6.2 Inverter Circuit When Short-Circuit Occurs
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Dead time (tgeq) (See Figure 6.3) is specified in order to prevent IGBT1 (upper arm) and IGBT2 (lower arm) turning on
at the same time, and is usually the difference between the maximum value of the total turn-off time of the PS9332 and
the IGBT (t.; total MAX.) and the minimum value of the total turn-on time of the PS9332 and the IGBT (t,, total MIN.),
or higher.

tdead 2 toff total MAX: — ton total MIN.
= (tprL max.(pc) + Lorf max.aeBT) — (trLH Min.(PC) + Ton MiN.(GBT))
= (tprL max.(pc) — ten min.pe)) + (toft max.aeaT) — ton Min.(GBT))
= PDD p¢) + (toff Max. — ton M) (1GBT)

In the above equation, (PC) is the response time of the PS9332 photocoupler and (IGBT) is the response time of the
IGBT.

IF
PS9332No 1 4 /tdead\
(upper arm) 4 N a— L t Photocoupler input signal
A > N LED input signal
PS9332No2 4 ! ' ( put signal)
(lower arm) T >t

IGBT 1
(upper arm)

IGBT output current
IGBT 2

(lower arm)

Figure 6.3 Dead Time (tgead)

In the PS9332, the propagation delay time difference between any two parts has been prescribed to make specifying
dead time easy (thistime is PDD = tpy —tp y = £90 ns). See the PS9332’ s data sheet for details. Note that PDD in the
PS9332 must be measured under the same temperature and measurement conditions as tpy. and tp . The board must
therefore be laid out so that the ambient conditions of the upper and lower arms of the photocoupler are the same. Also
be sure to thoroughly evaluate the dead time using the actual device, and allow a sufficient margin in your design.

7. Summary

This application note describes the the features and applications of the PS9332 photocoupler, which isan IGBT-driving
photocoupler with built-in IGBT protection circuits. Please use this document when designing your system. The PS9332
aimsto facilitate the design of inverter equipment—a market that is expected to grow significantly in the future—and
contribute to reducing system scale. In addition to aggressively marketing the PS9332, Renesas Electronics also plansto
continue devel oping photocouplers that support high-end devices.

ROSANOOO2EJ0100 Rev.1.00 Page 15 of 16
Jul 12, 2013 RENESAS



PS9332L, PS9332L2

Photocouplers Used to Drive IGBTs and Featuring Built-in Protection Functions

GaAs Products

This product uses gallium arsenide (GaAs).
GaAs vapor and powder are hazardous to human health if inhaled or ingested, so please observe
the following points.

* Follow related laws and ordinances when disposing of the product. If there are no applicable laws
and/or ordinances, dispose of the product as recommended below.

1. Commission a disposal company able to (with a license to) collect, transport and dispose of
materials that contain arsenic and other such industrial waste materials.

2. Exclude the product from general industrial waste and household garbage, and ensure that the
product is controlled (as industrial waste subject to special control) up until final disposal.

« Do not burn, destroy, cut, crush, or chemically dissolve the product.

* Do not lick the product or in any way allow it to enter the mouth.
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1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the
use of these circuits, software, or information.

2. Renesas Electronics has used reasonable care in preparing the ir ion included in this . but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

3. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third parties by or arising from the use of Renesas Electronics products or
technical information described in this document. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or
third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The recommended applications for each Renesas Electronics product depends on

the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications test and i ; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; and industrial robots etc.

"High Quality": Trar equipment , trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical
implantations etc.), or may cause serious property damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it
in a particular application. You may not use any Renesas Electronics product for any application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses
incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas Electronics.

6. You should use the Renesas El products i in this within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage

range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the

use of Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific ct such as the of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult,
please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics

products in with all i laws and ions that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes

no liability for damages or losses occurring as a result of your r iance with i laws and regulation:

9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or
regulations. You should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the
development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

10.

o

Itis the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the
contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics
products.

11. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.
(Note 1) "Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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