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[Abstract] In electric vehicles (EVs), data centers, base stations, smart grids, etc., the voltage and capacity of power sources are increasing
because they can enhance the convenience of people’s lives. However, from the viewpoint of global environmental conservation efforts, it has
become more and more important not only to improve convenience but also to reduce the losses of the power converter and use it effectively.
Therefore, attention is being paid to SiC power semiconductors that can operate at high frequencies, withstand high voltages and operate at
high current densities. All this with low energy loss. ROHM has released the 4th generation of SiC MOSFETs, which has evolved from the
existing trench gate structure. It has achieved a 40% reduction in on-resistance and a 50% reduction in switching loss compared to the 3
generation. In this application note, an experimental test using a step-down DC-DC converter with 500V input voltage and 7kW power, a
simulated running test using an EV traction inverter with 800V input and 100kW, and an experimental test using a Totem-pole PFC circuit were

conducted. We confirmed its usefulness and benefit.

1. Introduction
2. 4th Generation SiC MOSFET in Step-down DC-DC Converter
2.1 Circuit Operation Principle and Theoretical Analysis of Loss
2.2 Experimental Verification of DC-DC Converter
3. EV application
3.1 Simulated Driving Test with Traction Inverter
3.2 Evaluation of Totem-pole PFC
4. Summary

1 Introduction

Today, applications such as electric vehicles (EVs), data centers, base stations, smart grids, etc. are progressing toward higher voltage and
higher power levels (Figure 1). The reason for this is that it can enhance the convenience of each application. In the case of EVs, for example,
higher voltages (400V or 800V) and higher power (up to 350kW) can extend the cruising range and shorten the charging time through quick
charging, which will greatly enhance the convenience of people's lives. However, as the world is currently strengthening its efforts to protect the
global environment, simply improving comfort will not be enough to gain acceptance in the global market. In the future, in addition to improving
convenience, it will become increasingly important to reduce energy loss and use it effectively. The key point to focus on is power conversion. In
all the aforementioned applications, power is supplied from the power grid, batteries, solar power generation systems, etc., and converted to the
optimal voltage for effective use. In order to reduce energy loss and increase power conversion efficiency, SiC power semiconductors are
currently attracting attention for their ability to operate at high frequency, high voltage and high current density with low energy loss. ROHM has

already commercialized SiC power semiconductors, which are used in a variety of applications
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Figure 1.

Application examples

ROHM has released the 4" Generation of SiC MOSFETs. By further evolving the trench gate structure established in the 3

generation SiC MOSFETs already in mass production, ROHM has reduced on-resistance by approximately 40% and switching

loss by approximately 50% due to high-speed switching characteristics compared to the 3™ generation. This evolution is shown

in the trend of normalized on-resistance (Ron-A: on-resistance per unit area) shown in Figure 2.
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In this application note, Chapter 2 describes how 4t Generation SiC MOSFETs contribute to the improvement of converter

efficiency in a basic buck DC-DC converter. The mechanisms of switching loss, conduction loss, body diode loss, recovery loss,

etc. are explained, and the effect of loss reduction when 4" Generation SiC MOSFETs, which excel in fast switching, are used in

converters is illustrated.

Chapter 3 describes a power solution for EVs as a specific application example, where the EV power conversion consists of

on-board chargers (OBCs), isolated DC-DCs for auxiliaries, boost DC-DCs, and motor traction inverters. In particular, the motor

traction inverter will be simulated using a motor test bench to explain how the characteristics of the 4 Generation SiC MOSFETs

can benefit the user. It will also be explained how the Totem-pole PFC, which is as a part of the OBC, will also benefit from the 4t

generation SiC MOSFETs.
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2. 4t Generation SiC MOSFET in Step-down DC-DC converter
2.1 Circuit Operation Principle and Theoretical Analysis of Loss

In contrast to the 3™ generation SiC MOSFETs, the 4" generation SiC MOSFETs offer improved switching speed, which

contributes significantly to lower switching losses. Figure 3(a) shows the block diagram of the buck converter and Figure 3(b)

shows the general switching waveforms of the converter.
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Figure 3. Step-down DC-DC Converter (half bridge)
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As shown in Figure 3(b), power device losses in a converter consist of switching losses, conduction losses, body diode losses,
recovery losses, and Coss losses. (Coss loss is omitted from the figure because it is small.)

As for switching loss, it is generally described in the datasheet as energy per Eon and Eoff pulse, which is a useful for loss
estimation in the initial design stage. In detailed design, it is necessary to strictly determine the power dissipation at high voltage
input and high frequency. The gate driving circuitry has a large impact in the device losses, so optimizing the gate drive design is
necessary to take advantage of the high-speed switching characteristics of SiC devices.

The switching loss occurs only in the high-side FET (Sn) and is expressed by equation (1).

Pow = 1/2 Vinli Trisefsw + 1/2 Vinl2Traufsw M

In State 1, the gate voltage Vas is applied to the SiC MOSFET of the high-side FET (Sh). When the gate voltage exceeds the
threshold Vastn) in State 2, the inductor current starts to flow rapidly in the channel of Sy and reaches the load current lo in only a
few ns until Ves(on) (plateau voltage). Then, during the State 3 (plateau period), the channel turns on and Vs reaches zero volts.
This period between State 2 and State 3 is the switching period Trise at turn-on shown in equation (2). In this equation, the amount
of charge in State 2 is usually not described in the data sheet, so it is estimated from Qgs and adjusted by setting the coefficient
as k (k is usually 1/3-1/4). The gate current, lg_on, is determined by the potential difference between the gate driver voltage, Vas,
and the gate on voltage, Vas(on), and the intervening resistance, and is given by equation (3). In this equation, Rsrc is the source

resistance of the gate driver, Rq_ext is the external gate resistance, and Rq_int is the internal gate resistance of the SiC MOSFET.

— %Qgs + di

g_on

(2)

B VGS _VGS(on)
g_on —
Ry +R +R

I @)

g_ext g_int

(State 4 will be explained later).
During State 5-6, the gate voltage drops and the device enters the turn-off state. This Tfall period is represented by equation (4).
It is important to note that the gate current lg_off during the Tfall period has a numerator of Vas(on) only, as shown in equation (5).
In general, the turn-off time is slightly longer. In the equation, Rsnk is the sink resistance.

_ %Qgs + di

Tfall - | (4)

g _off

| VGS (on)

= 5
T R__+R, . +R ©)

g_ext g_int

In the case of a constant current source such as an inductor load, the current waveform Ip and voltage waveform Vps do not
overlap in the timing of change, so the switching loss Psw in equation (1) has a factor of 1/2.
Also, during the Trise period, the charge stored in the drain-source capacitance CossH is short-circuited in the channel, resulting

in a charge-discharge loss PcossH (Equation (6)).

R :%CcossH Vlr? ) fsw (6)

cos Sy

In State 4, the conduction loss PcongH 0ccurs during the period when the high-side FET (Sw) is completely on (Equation (7)). The

effective current at that time is given by equation (8) using the time ratio D (=Vo/Vin).

2
PcondH = ISH_rms : RDS(on) @)
© 2022 ROHM Co., Ltd. No. 64AN115E Rev.001

4l FEB.2022



Application benefits of using 4t" Generation SiC MOSFETs Application Note

ISHjms

= |D (13 + %) (8)

These are switching loss, conduction loss, and Coss loss generated in the high side FET (Sw).

The subsequent states are the losses that occur in the low-side FET (SL).

State 7, State 11 and State 1 are dead time periods. The loss is generated by the current conducted through the body diode of
the low-side FET (SL) (Equation (9)).

Pbody =11-Vg *Taeaar " fow + 12 Vi * Taeaaz * fow 9)

In State 8-10, the conduction loss of the low-side FET (SL) occurs (Equation (10)). At that time, the effective current is given by
equation (11).

2
PC ) RDS(OH) (10)

ond, = IS,__rms

Is, 1o = J(1 ~ D) (12 +4L) (1)

12

The charge/discharge loss of Coss in the low-side FET (SL) is usually ignored because the charge of Coss is already discharged
by the inductor current IL when Si turns on (State 8), resulting in ZVS (Zero Voltage Switching).

These are the losses that occur in the low-side FET (SL).

Here is the explanation of the recovery loss Par. The timing of the loss is State 3, and it is caused by the recovery of the body
diode of the low-side S. (Equation (12)). This loss is shared by the high-side FET (Sn) and the low-side FET (SL), but for simplicity,

we will integrate it into the high-side.

P

Qr 05V|n 'er - f (12)

sw

From the above, the total loss of the high-side FET (Sn) and low-side FET (SL) is given by equations (13) and (14), respectively.
PSH = By +PcondH +PcossH +Per (13)

PSL = PcondL + Pbody (14)

In particular, regarding switching loss, equations (2) and (4) show that the smaller the Qgd (the charge of the gate-to-drain
capacitance Crss), the shorter Trise and Tfall times will be, which leads to the lower switching loss Psw in equation (1). The 4"
generation SiC MOSFET has reduced this Qgd by about half compared to the 3™ generation MOSFET, which significantly cuts
down the switching losses. This is effective in reducing losses where the switching frequency of the converter is high, and in the
EV application which is often operated with a light load on average. This results in longer cruising range and lower running costs.

This is a major advantage of using 4" generation SiC MOSFETs.

2.2 Experimental Verification of DC-DC Converter
In order to confirm previous analysis, we incorporated the 4" Gen SiC MOSFETs into a step-down DC-DC converter with the

following specifications and verified it experimentally with an evaluation board.
Figure 4 shows (a) the DC-DC converter circuit and (b) the evaluation board for the 4™ generation SiC MOSFETs used in the

half-bridge section with built-in decoupling capacitor. The inductor L, output capacitor Co, and input bulk capacitor are external.
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Table 1 Specifications of DC-DC Converters and SiC Device

Vin 500V
Vo 250V
Po 7KW
fsw 50kHz
L 500uH
Rg_ext 3.3o0hm
4t Generation SiC SCT4036KR
MOSFETs 1200V/36mQ
34 Generation SiC SCT3040KR
MOSFETs 1200V/40 mQ

(as a reference)
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(b) 4™ generation SiC MOSFET EVK (Half-bridge)

Figure 4. DC-DC Converter Block Diagram for Test and 4™ Generation SiC MOSFET EVK

Figure 5 shows the Vs, Vbs, and Ipo waveforms at 50 kHz during turn-on and turn-off. The turn-on waveform is enlarged on the

left. From the waveform observation, we can see that the turn-on rise time Trise is about 20ns, which is very fast. Figure 6 shows

the measurement results of efficiency and power dissipation of this DC-DC converter. Figure 6 shows the efficiency and loss of

the DC-DC converter. At light loads (around 1kW), the low switching loss, which is a characteristic of the 4" generation SiC

MOSFET, is presented. Figure 7 shows the results of the theoretical analysis of the loss breakdown as a converter. Figure 7 shows

the theoretical analysis of the loss breakdown as a converter. Figure 7 shows the theoretical analysis of the loss breakdown as a

converter. It shows that the loss is improved by about 15W, and especially the switching loss of the high-side FET (SH) and the

recovery loss Par are greatly reduced, which contributes to the improvement of the overall loss.
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Figure 7. Calculated Loss Analaysis (Left : 2kW, Right : 5kW)

3 EV Application

There are various types of EVs, such as BEVs, HEVs, PHEVs, and series HEVs, with different power architectures for different
applications, as shown in Figure 8. Among them, the power architecture of BEVs with 400V or 800V battery voltage supporting
bi-directional and fast charging has been attracting attention recently.
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Figure 8. Various Types of EVs

Figure 9 shows a block diagram of the BEV power architecture as an example: the OBC (On-Board Charger) is a hot topic
topology with bi-directional Totem-pole PFC and bi-directional CLLC (Symmetric LLC), assuming V2G (Vehicle To Grid). From
the output of this OBC, power is supplied to the auxiliary DC-DC converter, the battery, the boost converter to the inverter and
the motor traction inverter.

Chapter 3.1 describes the basic operation of the traction inverter and the evaluation system (motor test bench test environment)
in an EV. Chapter 3.2 describes the experimental results of using 4" Generation SiC MOSFETs in an OBC bi-directional totem-
pole PFC. In chapter 3.2, the experimental results of using 4" Generation SiC MOSFETs in an OBC bi-directional totem-pole PFC
are presented.
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Figure 9. An example of BEV Power Architecture

3.1 Simulated Driving Test with Traction Inverter
[1] Inverter Circuit Operation

As the integration of mechanical and electrical components (motors, reduction gears, and inverters) continues to progress, the
importance of reducing losses in order to achieve high voltage, high output, compact, and lightweight inverters is increasing. This
is because it directly affects the cost performance of EVs.

As shown in Figure 10, the traction inverter converts the DC power provided by the battery into 3-phase AC power to drive the
motor in the powertrain. The three-phase AC waveform is set by a signal wave (reference sine wave) with a frequency
synchronized with the motor speed, and a triangular wave (modulation wave) with a carrier frequency that determines the switching
frequency. The voltage supplied to the motor is determined by changing the levels of the 3-phase AC and triangular waves when

generating the PWM signal.

N T TR

UIBZ TR \ é @% é@ Motor
s O
Vv O @ @

w TN T e fIrer

Figure 10. Inverter Circuit Configuration and Drive Signal

[2] Motor Test Bench Environment
Table 2 shows the main specifications of the SiC devices installed in the motor test bench and the DUT inverter. The DUT
inverter consists of a 2-in-1 power module with a 4" generation SiC MOSFET bare chip.

Figure 11 shows the test environment of the motor test bench, Figure 12 shows the DUT inverter, and Figure 13 shows the

© 2022 ROHM Co., Ltd. 9/17 No. 64AN115E Rev.001
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control system block diagram. The test motor is driven from the DUT inverter through a 3-phase uvw power line. The test motor

is connected to the load motor, and the load motor is controlled by the load torque according to the running resistance calculated

from the vehicle parameters, which enables the simulated running experiment with the desired vehicle parameters. Here, as

shown in Figure 14 and equations (15)-(18), the running resistance takes into account the air resistance FAD, rolling resistance

Frr, gradient resistance Frg, and acceleration resistance Facc.

Table 2. Main specifications of motor test bench and test inverter

capacity 100kW
DC power supply Output voltage range 0 to 850V
Output current range +500A
Type PMSM
Test motor Rated output 100kW
Maximum torque (1 minute) 350Nm

Cooling method

Water cooling

Test inverter

Power module

4t generation SiC MOSFET
1200V/400A

Switching frequency

10kHz

Cooling method

Water cooling

Cooling water circulation
device

Cooling temperature range

20 to 90 deg.C

Refrigerant

Ethylene glycol agueous solution

Load Motor

Back view

Figure 11.

Test Motor

Inverter BOX

Motor Test Bench Environment

SiC module

Figure 12. Test Inverter (DUT Inverter)

© 2022 ROHM Co., Ltd.

10/17

No. 64AN115E Rev.001

FEB.2022



Application benefits of using 4t" Generation SiC MOSFETs Application Note

Test Motor Equipment Load Motor Equipment
i w E ‘

bl o el e -

I
}
I
[}
[}
|
[}

1 Torque

: Meter

DC Power > DUT 5 Test \ (| Load Inverter Regenerative
Supply Inverter i Motor : Motor Converter 30200V
1
e 1
i ! Torque T I
MR T — ! ) Controller |
Power - | : | Controller Seeed : !
Meter I _rl e 1 \
[ I e [}
Communication Network
LAN
Speed Reference (WLTC) Load Reference

Vehicle Parameters Running Resistance

Su

I

L bl Y |
m TML L{u ASmRN

Measurement PC + Vehicle mass m
P IE radlvus r s except FACC
- Gear ratio G 0
00 00 600 800 1000 1200 600 o 20 40 60 80 100
Time efc. W v (k)
Lo o oo e oo mmooo_-o 1 b o o o o o e mmmmoo- - 1

Figure 13. Motor Test Bench / Control System Block Diagram

Acceleration resistance(FACC)

Air resistance (FAD)

=

Grade resistance (FRG)

Rolling resistance (FRR)

Figure 14. Running Resistance

Fap =5 Ca-A-p-v” (15)
Frr=pu-m-g-cosf (16)
Fre =m~-g-sinf (17)
FACC = (m+Am)'0( (18)
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Where Cd: coefficient of drag, A: frontal projected area, p: dry air density, v: vehicle speed, u: rolling resistance coefficient, m:

vehicle weight, Am: equivalent inertial mass of rotating body, a: acceleration, g: gravitational acceleration, 8: angle between vehicle

and road surface.

[3] International Standard WLTC Mode Fuel Efficiency Test for Simulated Driving

The Worldwide Harmonized Light Duty Driving Test Cycle (WLTC) shown in Figure 15 is a driving cycle specified in the
Worldwide Harmonized Light Vehicles Test Procedure (WLTP), which was adopted as the Global Technical Regulation (GTR) at
the 162nd World Forum on Harmonization of Vehicle Standards (WP29) held at the United Nations Economic Commission for
Europe in 2014. This cycle consists of Low, Middle, High, and Extra-High speed phases. In Japan, test vehicles are driven in the

driving cycle except for the Extra-High phase to measure exhaust emissions and fuel consumption.

WLTC * (itFR—mBRY 1))

X Worldwide harmonized Light duty driving Test Cycle
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Figure 15. Overview of WLTC (Worldwide harmonized Light duty driving Test Cycle)

Using the aforementioned motor test bench, ROHM conducted a driving cost test using 4" generation SiC MOSFETs and
IGBTs in the inverter by inputting the conditions of a simulated WLTC driving cycle.

Figure 16 shows the results of the cost test assuming a C-segment class EV, demonstrating that replacing the conventional
IGBTs with 4" generation SiC-MOSFETs can improve the cost in all speed phases of the WLTC driving cycle. The total power
cost was improved by about 6% compared to the IGBTs, and by about 10% in the urban mode.

For reference, Figure 17 shows a graph of the inverter efficiency map (based on the NT curve, with information on efficiency

added). From this result, we can see that the efficiency in the high torque and low RPM range, which is frequently seen in urban

driving, has been greatly improved.
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(Driving pattern: WLTC Class 3b, assumed vehicle: C segment, motor: permanent magnet synchronous motor 100kW / 800V)
Figure 17. Inverter Efficiency Map in WLTC Electric Cost Test
This section shows how a 6%-10% improvement in performance in the electric cost test can lead to user benefits.
It will be easier to understand if we think in terms of running cost (electricity bill) per mile traveled and reduction of onboard

battery capacity. As shown in Table 3, a 5.5% improvement in electricity costs compared to IGBTSs results in a reduction of 2,000
yen for a distance of 10,000 km, or 55,000 yen for a car equipped with a 100 kWh battery (Figure 18).
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Table 3 Improved Electricity Costs and User Benefits

Device used Electricity costs Electricity bill per At 10,000 km With a 100kWh battery
1km

ROHM SiC 7.11km/kWh 3.52 yen/km 35,200 yen 945,000 yen

(4 Gen) (3.20 cent US) (320.00US$) (8590.91US$)

IGBT 6.72km/kWh 3.72 yen/km 37,200 yen 1 million yen
(3.38 cent US) (338.18US$) (9090.91US$)

(Calculated assuming that the electricity bill is 25 yen / kWh. and the battery is 1 million yen / 100kWh, applied currency

conversion rate of 110 yen/US$)

3.2 Evaluation of Totem-pole PFC

Totem-pole PFC is a topology that has attracted a great of attention in recent years as a PFC converter that can target high

IGBT 4G SiC MOSFET By using SiC,
6% to 10% improvement in
electricity costs
- . While maintaining the
mileage,
100kWh 95kWh Reduce battery capacity
Figure 18.  Battery Reduction Effect

efficiency. In addition, V2G is being considered worldwide to stabilize the microgrid system and contribute to balancing supply and

demand, and bidirectional operation has become important.

Figure 19 shows the circuit block diagram. The left leg (S1, S2) is for high frequency switching, and the right leg (S3, S4) is for

commercial frequency (low frequency) rectification.

Figure 20 shows the operation diagram by state. During the positive half cycle of the commercial AC, the totem pole low side

FET (S2) performs high frequency switching as a boost converter (Figure (a): period D). SiC MOSFETs have a very fast recovery

time, and the effect of this power loss is small, so they are a good match for Totem-pole PFC power devices. Next, during the

negative half cycle of the commercial AC, the totem-pole high-side FET (S1) acts as a boost converter, switching at high frequency

(Figure (c): period D), while S2 acts as a rectifier (Figure (d): periods 1-D). S3 and S4 switch every half cycle of the commercial

AC.

Vac

lo__HS
T
St
Vs HS @B Vp_HS
—
lac

S3

AY|
I+

N S2
Vs LS ‘@P

S4

Figure 19. Totem-pole PFC Block diagram
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Figure 20.

Operation Diagram by State

In order to verify the contribution of the 4" Generation SiC MOSFETs to the loss reduction of the Totem-pole PFC, an experiment
was conducted using the actual board. Table 4 shows the evaluation conditions of the PFC and the specifications of the SiC
devices used. When the output voltage is 400V, a SiC MOSFET with 750V breakdown voltage is matched. In this case,

SCT4045DR is used.

Figure 21 shows the switching waveforms on the board, showing very short turn-on and turn-off times of 20ns-30ns. Figure 22

shows the measured efficiency, which is over 98% at 1.5kW half load and 97.6% at 3kW full load.

Table 4. PFC Evaluation Condition
Input Voltage 230VAC
Output Voltage 400VDC
Output Power 3kW
Inductance L 500H
Switching Frequency 65kHz
4% Gen SiC MOSFET SCT4045DR
750V/45 mQ
3 Gen SiC MOSFET SCT3060AR
(as reference) 650V/60 mQ

o

lac (10A/div)

(a) Vac, lac waveform (1 cycle)
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Figure 21. Switching Waveforms
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Figure 22. Measured Efficiency

4 Summary

SiC power semiconductors are key power devices for increasing the convenience and power conversion efficiency in
applications where high voltage and high current density are progressing, such as EVs, data centers, base stations and smart
grids. In the 4" Generation SiC MOSFET, the trade-off of the trench structure has been greatly improved, and the normalized
on-resistance has been further reduced. The high-speed switching performance and low on-resistance of the 4th Generation
SiC MOSFETs will greatly contribute to the improvement of power conversion efficiency.

In this application note, a 1200V/36mQ SiC discrete is used for step-down DC-DC converter with 500V input and 7kW output,
a 1200V/400A SiC power module is used for EV motor traction inverter with 800V input and 100kW, and a 750V/45mQ SiC
discrete is used for Totem-pole PFC are presented. The usefulness of this technology was demonstrated by evaluating the actual
boards. It is expected to contribute to the improvement of power conversion efficiency in many applications in the world.

Finally, the 750 V and 1200 V 4" Generation SiC MOSFET lineups to be released this time are introduced below.
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Table 5. 4t Generation SiC MOSFET Product Lineup Table

Product name Vpss (V) On-Resistance Typ.(mQ) Package
SCT4045DE 45
SCT4026DE 750 26
SCT4013DE 13
SCT4062KE 62
SCT4036KE 1200 36 TO-247N
SCT4018KE 18
SCT4045DR 45
SCT4026DR 750 26
SCT4013DR 13
SCT4062KR 62 1
SCT4036KR 1200 36 | |
SCT4018KR 18 TO-247-41L
SCT4045DW7 45
SCT4026DW7 750 26
SCT4013DW7 13
SCT4062KW7 62
SCT4036KW7 1200 36
TO=263-TL
SCT4018KW7 18

Product page for 41" Generation SiC MOSFETs: https://www.rohm.com/products/sic-power-devices/sic-mosfet

Application information for xEV : https://www.rohm.com/solution/automotive/xev
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Notice

10)

11)

12)

13)

Notes

The information contained herein is subject to change without notice.

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.

Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.
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