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Notice

<High Voltage Safety Precautions>

<> Read all safety precautions before use

Please note that this document covers only the 1.3 kW Half-Bridge LLC Evaluation
Board (HBLLC-TSB-001) and its functions. For additional information, please refer to
the datasheet.

To ensure safe operation, please carefully read all precautions before
handling the evaluation board.

Depending on the configuration of the board and voltages used,
Potentially lethal voltages may be generated.

Therefore, please make sure to read and observe all safety precautions described
in the box below.

Before Use
[1] Verify that the parts/components are not damaged or missing (e.g. due to the drops).
[2] Check that there are no conductive foreign objects on the board.
[3] Exercise caution when soldering the module and/or evaluation board to prevent solder splash.
[4] Check that there are no condensation or water droplets on the circuit board.

During Use

[5] Do not allow conductive objects to come into contact with the board.

[6] Brief accidental contact or even bringing your hand close to the board may result in
discharge and lead to severe injury or death.

Therefore, DO NOT touch the board with your bare hands or bring them too close to the board.

In addition, as mentioned above, please exercise extreme caution when using conductive tools such

as tweezers and screwdrivers.

[7] If used under conditions beyond its rated voltage, it may cause defects such as short-circuit or
depending on the circumstances, explosion or other permanent damage.

[8] During operation, proceed with work while paying attention to discoloration or fluid leakage of the
board and components due to heat, as well as condensation during low-temperature evaluations.

After Use
[9] The ROHM Evaluation Board may contain circuits that store high voltage. Because electrical
charges remain even after the power supply is disconnected, be sure to discharge the board after
use and verify the discharge before handling it.
[10] Be careful of burns caused by contact with overheated components.

This evaluation board is intended for use only in research and development facilities and
should be handled only by qualified personnel familiar with all safety and operating
procedures.

We recommend carrying out operation in a safe environment that includes the use of high
voltage signage at all entrances, safety interlocks, and protective glasses.

www.rohm.com HVAO1E
© 2026 ROHM Co., Ltd. All rights reserved.
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1.3 kW Half-Bridge LLC Evaluation Board

This document is the user's guide for the 1.3 kW Half-Bridge LLC Resonant Converter Evaluation Board "HBLLC-TSB-001". This

evaluation board provides a reference design for a high-efficiency, high-power-density isolated DC/DC converter designed for

data center server power supplies, BBUs, and industrial high-power systems. This document describes the specifications and

evaluation results of the evaluation board.

Description

The HBLLC-TSB-001 is a 1.3 kW LLC resonant converter
evaluation board featuring 4th generation SJI-MOSFETs on the
primary side and 7th generation Synchronous Rectification
(SR) MOSFETs on the secondary side. This board operates
with a 390 V DC input, assuming power supply from a
preceding PFC (Power Factor Correction) circuit, and outputs
a regulated 12 V DC. The board delivers a continuous output
current of 83 A, and up to 108 A.

By adopting an LLC resonant topology, ZVS (Zero Voltage
Switching) of the primary-side switching devices and ZCS
(Zero Current Switching) of the secondary-side rectifying
devices are achieved across the entire load range. This
significantly reduces switching losses, achieving a peak
efficiency of 97.0%.

The primary-side MOSFETs are mounted on the removable
daughter board to allow device replacement evaluation. Note
that the components generating the most heat on this
evaluation board are the LLC transformer and the secondary-
side board. If you are considering extending the power beyond
the rated specification, redesigning these components for

improved thermal performance will be necessary.

Features

Topology: Half-Bridge LLC Resonant Converter + Center-
tapped Synchronous Rectification

Input Voltage: 390 V DC (Assumed PFC output)

Output Voltage: 12V DC

Rated Output Power: 1000 W

Maximum Output Power: 1300 W

Peak Efficiency: >97.0 %

Switching Frequency: 42 kHz to 105 kHz

Primary Side MOSFET: R6050WNJ2 (600 V 50 A, TOLL,
PrestoMOS™ Super Junction MOSFET)

Secondary Side Synchronous Rectification (SR) MOSFET:
RS6G120CH (Nch 40 V 300 A, HSOP8, Power MOSFET)
Protections: Under Voltage Lock Out (UVLO), Output Over
Current Protection (OCP)

Board Size: 170 mm x 70 mm x 37 mm

Applications

Data Center / Server Power Supplies
Battery Backup Unit (BBU)
Industrial Equipment / FA

© 2026 ROHM Co..
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Figure 5. Secondary-side SR MOSFET Daughter Board (without transformer)
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1.

Performance Specifications

Table 1. Board Performance Specifications

Parameter Specification ‘
DC Input Voltage 390V
Efficiency 97.0% peak
Leakage Current 0.61 mA
Output Voltage 12V

Rated Output Power 1000 W

Max Output Power 1300 W
Output Current 108 A

Output Over Current Protection 150 A

Ripple Voltage 65 mV Ripple
Under Voltage Lock Out 300V

Start up Voltage 330V
Operating Temperature Range 25 °C

*1: Excluding spike noise.

2. Efficiency Evaluation Results

The efficiency measurement results under an ambient temperature (Ta) of 25 °C are shown below. This evaluation board achieved
a peak efficiency of 97.0%. Furthermore, efficiencies of 95.9% at the rated power of 1000W and 94.4% at full load (1300 W) were

obtained.
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Figure 6. Efficiency Measurement Results
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3. Operating Waveforms

Figure 7 and Figure 8 show the operating waveforms of each part at full load (1300 W). The measurement targets for each channel
in Figure 7 are as follows:

*  CH1: Primary Side Low-side MOSFET Vds

* CH2: Primary Side High-side MOSFET Vds

¢  CHS5: Primary Side Resonant Current Ir

* CH7: Secondary Side SR MOSFET1 Vds

¢ CHB8: Secondary Side SR MOSFET2 Vds

Figure 8 shows the output voltage Vout.
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Figure 7. LLC Operating Waveforms (at Full Load)

[5.000us/div]

GH5
[200.0mV/div]

Figure 8. LLC Output Voltage Waveform (at Full Load)
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4. Thermal Characteristics (Temperature Evaluation Results)

The thermal characteristic evaluation results when operated continuously for 30 minutes at the rated power (1000 W) condition
are shown (Ta=25 °C). Figure 9 shows the surface temperature distribution using a thermography camera, and Table 2 details the
temperature at each measurement point (MP). Note that this measurement was conducted under forced air cooling using an
external fan, with a heat sink attached to the secondary board. The part generating the highest temperature on this evaluation
board is the secondary winding (foil winding) of the transformer. If considering operation at higher power, it is necessary to redesign

the transformer as the thermal design margin may become insufficient.

Figure 9. Surface Temperature Distribution (at Rated Load)

Table 2. Temperature at Each Measurement Point

Point Description Temp.(°C)
MP1 Transformer 594 °C
MP2 Secondary MOSFET 58.9°C
MP3 Primary MOSFET 36.9°C
MP-MAX Transformer secondary winding 81.1°C
© 2026 ROHM Co.. 7/29 No. 69UGO003E Rev.001
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5. Transformer Specifications

This evaluation board utilizes an LLC transformer manufactured by Wirth Elektronik. Table 3 shows the main electrical

characteristics and constants of the transformer.

Primary Secondary

Figure 10. Transformer Model Diagram

Figure 11. Transformer External View

Table 3. Transformer Constants

Parameter Specification

Inductance 240 pH
Leakage Inductance 2.4 yH
D.C. Resistance Pri 45 mQ
D.C. Resistance Sec 0.33 mQ
Turn ratio 16:1
© 2026 ROHM Co.. 8/22 No. 69UGO003E Rev.001
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6. Loss Calculation Results

Figure 12 shows a comparison between the calculated and measured efficiency values of this LLC converter. A strong correlation
with an error of less than 0.5% over the entire load range has been obtained, and this calculation model can be used to estimate
loss trends at any given load point.

Additionally, Figure 13 shows the breakdown of losses by device at each load point. It can be confirmed that the main loss factors

in this evaluation are the conduction loss of the board patterns and the LLC transformer (core loss and copper loss).
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Figure 12. Measured vs. Calculated Efficiency Comparison
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7. Bill of Materials

Table 4. Main board BOM

Refl::-:;trme Description Part Number Manufacture Qty.
C1 CAP Electrolytic 390pF £20% 450V ®30x30mm SMT 450MXT390MEFCSN30X30 Rubycon 1
€23 CAP Film 0.12pF £5% 630V Class - SMT B3267226124) TDK 2
Cc4 CAP CER 220pF £5% 630Vdc U2) 3216 SMD GRM31A7U21221) Murata 1
€5,6,C7,C8 CAP Electrolytic 2200pF £20% 16V ®10x20mm SMT RNL1C222MDS1 Nichicon 4
€9,€10 CAP CER 1pF £10% S0Vdc X7R 3216 SMD MSASU31LSB7105KTNAOL Taiyo Yuden 2
CN1 CONNECTOR 2pin 250V AC Inlet C14 6100-4 schurter 1
CN2,CN3 CONNECTOR 1pin -V -mm pitch SMT 7471287 Wurth 2
CN4 CONNECTOR 1pin -V -mm pitch SMD 9775046360R Wiirth 4
D1,02 DIODE SHOTTKEY BARRIER 40V 1A VF:0.52V PMDU SMD RBRIMM40A ROHM 2
L1 COIL 24pH£10% 25mQ 7A 28x20.3mm x 28.6mm SMD 750345792 Wiirth 1
LED1 LED RED 20mA VF 2.2V SMD SML-H12USTT86 ROHM 1
LED2 LED Green 20mA VF 2.2V SMD SML-H12M8T ROHM 1
PC1,PC2 RES 1MQ )(£5%) 3216 0.25W 500V SMD TCLT1008 ROHM 2
R1,R2 RES 1MQ J(£5%) 3216 0.25W 500V SMD KTR18EZP)105 ROHM 2
R3 RES 47Q J(£5%) 3216 0.25W 200V SMD MCR18EZP470 ROHM 1
R4,R6 RES 100 J(£5%) 3216 0.5W 200V SMD ESR18EZP)100 ROHM 2
RS,R7 RES 3.3Q )(£5%) 3216 0.5W 200V SMD ESR18EZPI3R3 ROHM 2
R8,RY RES 10kQ J(£5%) 1608 0.1W 50V SMD MCRO3EZPJ103 ROHM 2
R10 RES 100kQ FX(%1%) 1608 0.1W 50V SMD PMRSOHZP000 ROHM 1
R11,R12 RES 470kQ F(£1%) 3216 0.25W 500V SMD KTR18EZPF4703 ROHM 2
R13 RES 2.2kQ F(£1%) 3216 0.25W 200V SMD MCR18EZPF2201 ROHM 1
U1 Daughter Board (MOSFET for LLC) LLCMOS REV2504 ROHM/EVK 1
u2 Daughter Board (Controller Circuit for LLC 1.3kW) LLCCONT Rev2504 A ROHM/EVK 1
U3 Daughter Board (SR MOS+Trans, etc for LLC 1.3kW) SRMOS Rev2504 B ROHM/EVK 1
U4 Daughter Board (CCCV Controller Circuit for LLC 1.3kW) CCCV_Rev2504 A ROHM/EVK 1
us Daughter Board (Auxialliry Power Supply for Server PC) AUXPS Rev2510 A ROHM/EVK 1
Table 5. LLCMOS board BOM
2 Description Part Number Manufacture Qty.

Reference

1,02 CAP CER 100pF £5% 630Vdc COG 3216 SMD GRM31A5C2)101) Murata 2
Q1,Q2 TRANSISTOR MOSFET Nch 600V 1d:50A 0.099Q SMD RE0SOWNI2 ROHM 2

© 2026 ROHM Co..
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Table 6. LLCCONT board BOM

RefZ?':nce Descriptio! Part Number Manufacture Qty.
C1 CAP CER 10pF £10% S0Vdc X7R 3225 SMD MSASU32MAB7106KPNAQ1L Taiyo Yuden 1
€212 CAP CER 0.1pF £20% 100Vdc X7R 1608 SMD MSASH168587104MTNAOL Taiyo Yuden 2
C3,07,69 CAP CER 0.22pF £10% 50Vdc X7R 1608 SMD MSASU1685B7224K TNB2S Taiyo Yuden 3
c4 CAP CER 4700pF £20% 100vdc X7R 1608 SMD MSASH168587472MTNAOL Taiyo Yuden 1
cs CAP CER 47nF £20% 100vdc X7R 1608 SMD MSASH168587473MTNAOL Taiyo Yuden 1
C6,C8 CAP CER 1000pF £20% 100vdc X7R 1608 SMD MSASH168587102MTNAOL Taiyo Yuden 2
C10 CAP CER 330pF £10% 100Vdc undefined 1608 SMD MSASH1685SSD331KTNAOL Taiyo Yuden 1
c11 CAP CER 10nF £10% 100Vdc X7R 1608 SMD MSASH168587103K TNAOL Taiyo Yuden 1
D1 DIODE SWITCHING 80V 0.1A VF:1.2V UMD2 SMD 185355VM ROHM 1
IC1 IC Resonat controller SMD L6699D ST 1
R1 RES 100kQ FX(£1%) 1608 0.1W 50V SMD MCRO3EZPFX 1003 ROHM 1
R2 RES 00 )(£5%) 1608 0.1W 50V SMD MCRO3EZPI000 ROHM 1
R3 RES 8.2kQ FX(£1%) 1608 0.1W 50V SMD MCRO3EZPFX8201 ROHM 1
R4 RES 100 )(£5%) 1608 0.1W 50V SMD MCRO3EZPI100 ROHM 1
RS RES 27kQ FX(£1%) 1608 0.1W 50V SMD MCRO3EZPFX2702 ROHM 1
R6 RES 5.6kQ FX(£1%) 1608 0.1W 50V SMD MCRO3EZPFX5601 ROHM 1
R7 RES 569 FX(£1%) 1608 0.1W 50V SMD MCRO3EZPFXS6R0 ROHM 1
RS RES 270kQ FX(£1%) 1608 0.1W 50V SMD MCRO3EZPFX2703 ROHM 1
R9 RES 15kQ FX(£1%) 1608 0.1W 50V SMD MCRO3EZPFX 1502 ROHM 1
R10 RES 390 FX(£1%) 1608 0.1W 50V SMD MCRO3EZPFX39R0 ROHM 1
R11 - N.C. - 0
R12 RES 1500 )(£5%) 1608 0.1W 50V SMD MCRO3EZPI151 ROHM 1
R13 RES 470k J(£5%) 1608 0.1W 50V SMD MCRO3EZPJ474 ROHM 1
R14 RES 1000 )(£5%) 1608 0.1W 50V SMD MCRO3EZPI101 ROHM 1
Table 7. SRMOS board BOM

Sl Description Part Number Manufacture Qty.
Reference
C1 - N.C. - 0
C2 - N.C. - 0
C3~C50 CAP CER 10pF £10% 35Vdc X7R 3216 SMD C3216X7R1V106 TOK 48
CN17,CN18, CONNECTOR 1pin -V -mm pitch SMT 7474966 Wirth 4
CN19,CN20
D1,02 TVS 40V PMDE SMD VS40VUAIVWM ROHM 2
L1,L2 COIL 0.1pH£15% 0.125mQ 125A @-mm X 12mm SMD 74431012010 wurth 2
g;:gi’l TRANSISTOR MOSFET Nch 40V 1d:300A 0.001250Q SMD RS6G120CH ROHM 10
R7,R8 RES 100k J(£5%) 1608 0.1W 50V SMD MCRO3EZP)104 ROHM 2
R9,R10 RES T.8.D 3216 SMD NON-MCR18 ROHM 2
TR1 TRANSFORMER 16:1 Lm:240pF Lr:2.4pF SMT 750372247 Wirth

© 2026 ROHM Co..
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Table 8. CCCV board BOM

Reff;?':nce Descript Part Number Manufacture Qty.
E;,cz,cs, CAP CER 1pF £10% 25Vdc X7R 1608 SMD MSAST1685B8710SKTNAOL Taiyo Yuden 4
€3,8C11 CAP CER 0.1pF £20% 100Vdc X7R 1608 SMD MSASH1685B87104MTNAOL Taiyo Yuden 3
C4,c6 CAP CER 1000pF £20% 100Vdc X7R 1608 SMD MSASH1685B87102MTNAOL Taiyo Yuden 2
c7 - N.C. - 0
C10 CAP CER 10pF £20% 25Vdc X7R 3216 SMD MSAST31LAB7106MTNAOL Taiyo Yuden 1
IC1 IC CCCV Controller - - SO-8 SMD TSM1014A ST 1
1C2 IC Current Sense AMP SMD BD14210G-C ROHM 1
IC3 IC Synchronous rectification controller for LLC SMD SRK2001 ST 1
R1 RES 10k FX(£19%) 1608 0.1W 50V SMD MCRO3EZPFX1002 ROHM 1
R2 RES 100kQ FX(£1%) 1608 0.1W 50V SMD MCRO3EZPFX1003 ROHM 1
R3 RES 15k FX(£19%) 1608 0.1W 50V SMD MCRO3EZPFX1502 ROHM 1
R4,RS RES 3.3kQ FX(£1%) 1608 0.1W 50V SMD MCRO3EZPFX3301 ROHM 2
R6 RES 82kQ FX(£19%) 1608 0.1W 50V SMD MCRO3EZPFX8202 ROHM 1
R7 RES 4.3kQ FX(£1%) 1608 0.1W 50V SMD MCRO3EZPFX4301 ROHM 1
R8 RES 10kQ FX(£1%) 1608 0.1W 50V SMD MCRO3EZPFX 1002 ROHM 1
R9,R21 RESQ 1608 W V SMD NON-MCRO3 ROHM 2
R10 RES 47k FX(£19%) 1608 0.1W 50V SMD MCRO3EZPFX4702 ROHM 1
R11 RES 560 FX(£1%) 1608 0.1W 50V SMD MCRO3EZPFXS6R0 ROHM 1
R12 RES 3.9kQ FX(£1%) 1608 0.1W 50V SMD MCRO3EZPFX3901 ROHM 1
R13 RES 6.8kQ FX(£1%) 1608 0.1W 50V SMD MCRO3EZPFX6801 ROHM 1
R14 RES 090 )(£5%) 1608 0.1W 50V SMD MCRO3EZPI000 ROHM 1
R15 RES 15kQ FX(£19%) 1608 0.1W 50V SMD MCRO3EZPFX 1502 ROHM 1
R16 RES 820kQ FX(£1%) 1608 0.1W 50V SMD MCRO3EZPFX8203 ROHM 1
R17,R18 RES 10 )(£5%) 3216 0.5W 200V SMD ESR18EZPIIRO ROHM 2
R19,R20 RES 2200 )(£5%) 1608 0.1W 50V SMD MCRO3EZPI221 ROHM 2

© 2026 ROHM Co..
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Figure 14. Main board schematic
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Figure 15. LLCMOS board schematic
14/22

ROHM

14
o
=
]
2
[=]
2
o
v
=
v
n

© 2026 ROHM Co..




April 2026

- —
u T 307 "mmxm_ <9[edS> :3Ws [<3)eq Sea[ey>| <Ag pasesjey>
G :q3Lva EEESELEY
. - <918 >| <A >
V |V #0S¢A9Y INOJDT1| €V | <3p0D> I I EI AN
s ) . 31eQ PaYIBYD>| <Ag paxpayd>
- A :ON ONIMVA 371 3000 .qalva A
| . d66991 1S 40 69’520  epemesy
e 13]0.AU0) DT ‘aaLva NMVIA
s UL
A
- PY7'00"WHOY
MaZU/
(904n0S AT) NS [>—K0)
[43s)
d N O——K) —
anos
o
OAH O——0)
oo
SAH O——O) nos | oo 2u0t | o1 ddoge Juozz [H0Lavoze | susw | |3dooor | - 1d0001 | sozz
oo m;—owuuu_ T Q66997 :uH E DT 0T F oT wT o o T 843
dOL1S Od4d O——0) dO1S™24d > 4015 ™4d SIa o
ano ann M
oT 3 o ost
ONT [ oM ISl [42]
DA rameal ABLS =
OAH o NIWY Juzy
SAH oze i Pre RE T
OAH AVI3Q
) © ST T
rloﬂkoo? SO
ano — =] ﬁwmwmm.wmn
wt L 1a
%SH 6
. o0 P H %001
TN M W
[ ™ .
el WE NS
N>
N3SI &>
INIT >
d
:3lva “03A0YddY ‘0N 003 U
QYOO NOISIATY

No. 69UGO003E Rev.001

Figure 16. LLCCONT board schematic
15/22

ROHM

14
o
=
]
2
[=]
2
o
v
=
v
n

© 2026 ROHM Co..



User’s Guide

14
o
=
]
2
[=]
2
o
v
=
v
n

QY0234 NOISIAZY

T ¥ .mmrm_ <9|eIS> :3TW1S |<IJeQ ISeI[AY>| <Ag paseajRy> 996VLyL  996VLVL
“03Lva RECEEY 1n0 _Hv|~m_u
- K <31 D> <Ag 20> +1N0I >——¢
m m .TOMN>QK mozmm m< AO_UOUV ? ﬂnwwu 8 umoEzou ALITND SN -SI 2o
996vLpL +SI > P
e o s 300 [ P e <0 R ZNIVYa >——F]
10 675207 epemes'y INIVYA D>——F] o =
9104053 §3 + SON PUZ cawo—f MO o
! T3V 3 +dN D>—22) Emo
L
AN
PI1"00" IWHOY oo
ano H
WAATYNAOS] mATvnorSA
0r S, Ot SA.
0OTS 2 A Yo 00T
= vooe w00 voos voos vooe 3 - ~ = voos V00E V00E v00E 3 243
xuaﬁoomx A0y AOY AOY AOF o uh u_u L HO0Z1995Y A0 Aoy AOY P
- : -
M_Q Gy G G G G G G (D
7 o 80 60 ord o o w%m " 10 g €0 [ 50
<] C31VO < 131vD
b——<_] CNIVYA <1 INIVYd
s2dgy ASE / 4n0T a
Ase [ACE P AGE T ASE FAGE TAGE TAGE TAGE FACE TASE TASE FAGE
anot | anot | anot gnot Lanot Lunot Lynot Lumot Lumor Lamot lamor fumor |
5 mmu‘_‘ Ru.ﬁ 963 Hmmu ‘18 .\_‘RuHRuH_‘_muﬂﬁu‘_‘ﬁu‘_‘ﬁul_‘kul_‘ 5 -dN
g S TR . ,
= + +dN
<mm::2 0 snor [ anax | ot Lunot Linor Lot u»wm m_»wm ..m»mw ..m»w.m L_»wm ..u»mﬂ =
vid €12 [4=} 1o 013 6 8 oD 29 s ¥ ©0 4 Tl U lm—
I 0 0 G 0 5 6 0 80
1N0 = +SI
T “Q3N0%dY 0N 003 i

Figure 17. SRMOS board schematic
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Figure 18. CCCV board schematic
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9. Layout Diagrams

[Bottom layer]

Figure 19. Main board layout
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[Bottom layer]

Figure 20. LLCMOS board layout
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[2nd layer]
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[Bottom layer]

Figure 21. LLCCONT board layout
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Figure 22. SRMOS board layout
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Figure 23. CCCV board layout
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Notice

Important Notes on the Use of Reference Designs

1) The contents of this document are subject to change without notice for the purpose of improvement.

2) ROHM provides reference designs (including, but not limited to, circuit diagrams, layout data, parts lists,
reference boards and their evaluation results, etc.) and all materials related to evaluation boards (hereinafter
collectively referred to as "Reference Designs, etc.") to customers for the purpose of referencing them in the
development of devices, equipment, software, etc. incorporating ROHM products (hereinafter collectively referred
to as "Customer Products"). The design, verification, etc. required for the development of the Customer's Product
shall be done at the customer's responsibility and expense. In no event shall the customer use the Reference
Designs, etc. for any purpose other than the purpose mentioned above.

3) Reference Designs, etc. are provided on an "as is" basis. ROHM disclaims all warranties, express or implied,
including, but not limited to, warranties of usefulness, functionality, accuracy, merchantability, and fitness for a
particular purpose. In no event shall ROHM be liable for any damages (including, but not limited to, lost profits or
other incidental, consequential, or punitive damages) arising out of, related to or in connection with the use of or
application of the Reference Designs, etc. whether in contract or tort. For the avoidance of doubt, ROHM does
not warrant that the Reference Designs, etc. will work with the Customer’s Product.

4) When using Reference Designs, etc. be sure to request and verify the latest specifications (including the
specifications of the products that compose the Reference Design, etc.) separately.

5) The customer shall be responsible for implementing safety measures such as derating, redundant design, fire
prevention, backup, and fail-safe measures, etc., to prevent personal injury, fire damage, etc., caused by the
Customer's Product developed with Reference Designs, etc. ROHM assumes no liability whatsoever for any use
in excess of the ratings or in case of failure to observe the instructions for use.

6) The application circuit examples, constants, and other information provided in Reference Designs, etc. are
intended to illustrate standard operation and usage. Therefore, when designing for mass production, please take
into account various external conditions.

7) Reference Designs, etc. are intended to show typical operations and examples of application circuits, etc., and
do not constitute a license, express or implied, to implement or use any intellectual property rights or any other
rights of ROHM or any other company. ROHM shall not be liable for any disputes arising from, related to or in
connection with the use of the Reference Designs, etc.

8) Please make sure to contact ROHM and obtain ROHM'’s consent before using the Reference Designs, etc. for
the following Customer's Product that requires particularly high reliability. Transportation equipment (in-vehicle,
ship, railroad, etc.), trunk line communication equipment, traffic signal equipment, disaster and security equipment,
safety equipment, medical equipment, servers, solar cells, power transmission systems, etc.

9) Do not use Reference Designs, etc. for the following Customer’s Product that requires extremely high reliability.
Aerospace equipment, nuclear power control equipment, submarine relay equipment, etc.

10) Do not use Reference Designs, etc. for military use, such as development of weapons of mass destruction, or
for any other military purpose.

11) ROHM does not assume any liability for any accidents or damages caused by non- compliance with the
descriptions in this document.

12) The information contained in this document has been carefully prepared to ensure accuracy. However, ROHM
shall not be liable for any loss or damage incurred by customers due to errors or misprints in this document.

13) Do not reproduce or duplicate any part of this document in any form or by any means without ROHM'’s
permission.

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

SEMICONDUCTOR ROHM Customer Support System

http://www.rohm.com/contact/

www.rohm.com R2109A
©2021 ROHM Co., Ltd. All rights reserved.
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Notice

Notice

1) The information contained in this document is intended to introduce ROHM Group (hereafter
referred to asROHM) products. When using ROHM products, please verify the latest specifications
or datasheets before use.

2) ROHM products are designed and manufactured for use in general electronic equipment and
applications (such as Audio Visual equipment, Office Automation equipment, telecommunication
equipment, home appliances, amusement devices, etc.) or specified in the datasheets. Therefore,
please contact the ROHM sales representative before using ROHM products in equipment or
devices requiring extremely high reliability and whose failure or malfunction may cause danger or
injury to human life or body or other serious damage (such as medical equipment, transportation,
traffic, aircraft, spacecraft, nuclear power controllers, fuel control, automotive equipment including
car accessories, etc. hereafter referred to as Specific Applications). Unless otherwise agreed in
writing by ROHM in advance, ROHM shall not be in any way responsible or liable for any damages,
expenses, or losses incurred by you or third parties arising from the use of ROHM Products for
Specific Applications.

3) Electronic components, including semiconductors, can fail or malfunction at a certain rate. Please
be sure to implement, at your own responsibilities, adequate safety measures including but not
limited to fail-safe design against physical injury, and damage to any property, which a failure or
malfunction of products may cause.

4) The information contained in this document, including application circuit examples and their
constants, is intended to explain the standard operation and usage of ROHM products, and is not
intended to guarantee, either explicitly or implicitly, the operation of the product in the actual
equipment it will be used. As a result, you are solely responsible for it, and you must exercise your
own independent verification and judgment in the use of such information contained in this
document. ROHM shall not be in any way responsible or liable for any damages, expenses, or
losses incurred by you or third parties arising from the use of such information.

5) When exporting ROHM products or technologies described in this document to other countries, you
must abide by the procedures and provisions stipulated in all applicable export laws and regulations,
such as the Foreign Exchange and Foreign Trade Act and the US Export Administration
Regulations, and follow the necessary procedures in accordance with these provisions.

6) The technical information and data described in this document, including typical application circuits,
are examples only and are not intended to guarantee to be free from infringement of third parties
intellectual property or other rights. ROHM does not grant any license, express or implied, to
implement, use, or exploit any intellectual property or other rights owned or controlled by ROHM or
any third parties with respect to the information contained herein.

7) No part of this document may be reprinted or reproduced in any form by any means without the
prior written consent of ROHM.

8) All information contained in this document is current as of the date of publication and subject to
change without notice. Before purchasing or using ROHM products, please confirm the latest
information with the ROHM sales representative.

9) ROHM does not warrant that the information contained herein is error-free. ROHM shall not be in
any way responsible or liable for any damages, expenses, or losses incurred by you or third parties
resulting from errors contained in this document.

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

ROHM ROHM Customer Support System

SEMICONDUCTOR

https://www.rohm.com/contactus

www.rohm.com
© 2023 ROHM Co., Ltd. All rights reserved. R2043A



