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Ill ROHM’s actual business and position in automotive market
Ill OBC (On Board Charger) market trend

Ill Recommended components by topology solution Hybrid-IGBT

SiC Power Module
Ill SiC Power module Proposal

High performance Op amps

Ill Protection circuit Proposal New _
and Resistors

Ill Recommended surrounding components for drive circuit solution

Ill Introduction of application support tools

Ill Highlight of recommended components

If you are interested in the recommended parts, please contact with sales.
The detail presentations are prepared.
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Propose solutions based on ROHM focus product families.

Solution Proposal with 3 product families of ROHM focus.

Solution

SIC MOSFETs Isolated Gate Drivers Small Siagnal MOSFETs

SIC SBDs Power Management Digital Trgansistors

SiC Modules LED Drivers Bigolar Transistors

IGBTs . Motor / Actuator Drivers Small Signal Diodes

Super Junction MOSFETs IPD (High / Low side Switch) (Zener %vs SBD, FRD efc..)
IP_Ms Interface / Communication Resistoirs ’ | .
S! M_OSFETS TN/STN LCD Drivers LEDs

Si Diodes Supervisor (Voltage Monitor)

Shunt Resistors EEPROM

\ Amplifiers & Linear
s @ Audio Amplifiers
ﬁ Sensors $ ’
| e ~
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Automotive

Trend of Sales Composition Ratio By Market

-TV,DVD
+Mobile Phone
+Audio
-Camera

- Storage, etc.

20%

f

0% ~
'04 '05
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ROHM Discrete sales in automotive

ROHM has wide variety of product line up from standard products to Power devices in discrete
components.

ROHM discrete products are highly successful in automotive market with leading market shares.

Resistor Diode SIiC

In automotive (No.1) In automotive (No.1) W/W market

'XSOUI’CG . FUJ| Chimera (2018) XSource - Gartner (2018) xsource . Yole (2019)

© 2021 ROHM Co., Ltd.
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ROHM LSIs sales in Automotive

ROHM analog ICs are used in a lot of modules in automotive vehicles.
Because of High reliability and stable supply, high market share is achieved.

Isolated Traction inverter : 11 Customers
Gate driver OBC : 4 Customers

Cumulative Qty in automotive

-bO Over 3 Billion pcs

For MCU
and

Switching Cumulative Qty in automotive

Regulator Over 400 Million pcs
Display

LED Shipment Qty for automotive market . Fh(;irn
Driver Over 200 Million pcs/Y ghting

© 2021 ROHM Co., Ltd. P.5




Supplier Award

Received the 2019 Supplier of the year from Continental AG
(“Discrete Semiconductors” category)

-Continental AG comprehensively evaluates more than 900
strategic suppliers who meet certain standards set by the company
Supp“erf‘ in all aspects such as quality, technology, logistics, and cost, and
of the Year ) has given an excellent prize every year since 2008.

2013, -~ In fiscal 2019, 12 companies were selected as excellent suppliers.
” ROHM was awarded for the fifth time this time.

+ ROHM received the message as below.

“We are pleased to honor ROHM Semiconductor's commitment with the Supplier of the Year 2019 Award,”
says Elena Rasmussen, Vice President Purchasing Electronics Discretes at Continental Automotive Group.
"With its focus on quality and excellent logistical support, the company is a reliable supplier to meet the
challenges in a rapidly changing market. ROHM Semiconductor is both the preferred partner for SiC
technology in high voltage inverters and the company of choice in terms of power supplies. We look forward
to continuing our close and trustful cooperation with ROHM in the future,” adds Rasmussen.

© 2021 ROHM Co., Ltd. P. 6




Enhance production capacity for power solutions

New SiC FAB (Apollo)

- - "

e

w—

ec. 2020 completion

l SiC production capacity

Increased production >
capacity I’;l T
(Germany, Chikugo, Miyazaki) ore than

*SiC substrate manufacturing 5 tl mes

process
*SiC front-end process
(Epi/Fab)

1713 “18/3 “19/3 20/3 2113 2313 2513
© 2021 ROHM Co., Ltd.

l Investment plan (SiC device + Gate driver IC)

(Billion Yen)
>

60 billion

17/3 18/3 19/3 20/3 21/3 ‘23/3 ‘25/3

I Gate driver production capacity

Increased production capacity
(Hamamatsu, Thailand)

-Front-endinvestment (ROHM [ >
Hamamatsu) =
Expand 8- and 12-inch 5 tl mes

manufacturing lines

-Back-endinvestment (Thailand)
Enhance die bonding/wire

bonding/testequipment

1713 “18/3 “19/3 2013 2113 233 253

P.7




Standard Products

Continue to provide stable and long-term supply of standard products as a leading
semiconductor supplier.

WW No.1 market share Standard IC
Small signal device e OPamp

Transistor Diode LDO EEPROM

Expanding capacity with new factory
to support increasing market demand.

Wafer Fab Assembly Factory
Shiga factory RIST (Thailand) RWEMMalaysia)y | REPIPnilippines)

;Strted in 2016/Sep Started in 2016/May LiﬁStqﬁgd in 2017/April 58

© 2021 ROHM Co., Ltd. Expansion Expansion Expansion P g
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Quality Assurance in Worldwide

QA Center

QA engineers located in various
areas throughout the world are able
to quickly respond to local customer
requests and quality issues

® Germany(Dusseldorf)

Korea
Shanghaig >
Shenzhen ® ¢
| e laiwan
Thailand

e Kyoto (HQ)

US(Detroit)

Analysis Center (Kyoto HQ)

Development and evaluation are carried
out every day utilizing the latest analysis
equipment and technologies to ensure the
highest levels of quality and reliability.

© 2021 ROHM Co., Ltd.

Accredited under the international
ISO/IEC17025 standard certifying

competency for testing and calibration
& Authorized Tests >

- Inductively Coupled Plasma Atomic
Emission Spectroscopy (ICP-AES)
- X-Ray Fluorescence (XRF)

P.9




Worldwide support of stable supply and technical support by Sales and FAEs

ROHIM

SEMICONDUCTOR

© 2021 ROHM Co., Ltd.

> Germany > Hungary > Korea > Japan > The USA

Technical Center Sales Offices  Sales Offices/ Sales Offices/Technology Centers Sales Offices

- Willich - Budapest Technical Center - Kyoto - Yokohama - Detroit
- Seoul - San Diego

Sales Offices Sales Offices == - Boston
- Dusseldorf Sales Offices - Tokyo - Takasaki % - Mexico
- Stuttgart ) - Changwon - Nagoya - Sendai - )
- Nuremberg > Finland - Nishi-Tokyo - Matsumoto Sales Offices/
2— —] Sales Offices/ - Utsunomiya Technical Center
e Software Development Center - Santa Clara
> United Kingdom _ g
Sales Offices »®
- Milton Keynes

[ )
> France ®

) [ J

Sales Offices > Beijing
- Paris

> Taiwan

Sales Offices/

, Sales Offices/ Technical Center
> Spain Technical Center - Beijing
Sales Offices - Taipei
- Barcelona

Sales Offices

Sales Offices - Tianjin
> Italy - KaOhSiUng , - Quindao
Saltles Offices > Philippines - Xian
- Milan i ; ;
) >Thailand Sales Offices/ Dalian
> India Sales Offices Design Center
Sales Offices/ - Bangkok - Manila
gechnlcgl Ctenter/ > Malaysia > Singapore | > Hong Kong > Shenzhen > Shanghai
esign Center
B Banggalore Sales Offices Sales Offices Sales Offices Sales Offices/Technical Center Sales Offices/
- Kuala Lumpur - Singapore - Hong Kong - Shenzhen Technical Center
Sales Offices - Penang Sales Offices - Shanghai
- ,F\jenw Delhi - Dongguan - Zhuhai Sales Offices
- rune - Guangzhou - Chongging -Nanjing - Suzhou
- Xiamen - Fuzhou - Hangzhou - Wuhan
- Ningbo - Hefei

P. 10




Agenda

Ill OBC (On Board Charger) market trend

© 2021 ROHM Co., Ltd. P.11




OBC

Target applications in XEV

ROHM proposes Total Solution with a focus on SiC to High voltage applications.

Focused application in this presentation.
OBC; On Board Charger

- W
Auxiliaries ( bC/bC ( N 3
L Converter Charging
U S
- [
S P E H On Board | AC
S T HV. Battery SIE [
B PTC
Heater ( Wireless Wireless
B Charger Charger
Electric
BMS L (On board) / (Ground)

Transmission [

Compressor

[ Target Applications P.12
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OBC

OBC market trend

Battery-EV and Plug-In-HEV mounted OBC market is growing rapidly.
China sees strong production increase trend.

"""" Expected OBC production
[Munits/Y] Expected xEV trend (W/W) _ OBCs are mounted in Battery-EV and Plug-In HEV
40
OBC production gty by region .
— (M unit P Y Y o 17.5M units
XEV+3. 715 20
30 ) 18 W/W OBC : 4.7 times I
-~ Plug In HEV 16 others
l m 14
20 I KOM-
Battery-EV 12 Japan
““““ - 10
10 FUI-HEV 8 3. 7MUNits
— 6
Mild-HV
1 | l 4 =
0 - 2 =
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 B =
. 0 - : :
tHER : Strategy Analysis(19 Sep.) 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
~ 0OBCinChina : 5.2 times _
1.3Munits > 6.7Munits
© 2021 ROHM Cao., Ltd. P. 13

Source : Strategy Analysis('19 Sep.)




OBC
ROHM'’s activities for OBC

Address to various OBC requests with packaged products and modules centered on power devices.

OBC needs Requirements for

Semiconductor ROHM'’s actions Roadmap

High Voltage

. 1200V SiC mass production
i 800V battery

High Voltage Power Devices .
111200V IGBT mass production

Variations

| Output power 3.3~22kW ' 1 Wide line-up to needs that focus efficiency
Single/Three phase, Uni/Bi directions 11 and cost, etc..

_____________________________________________________________________________________________________________________________________

SiC-MOS/SBD mass production
Hybrid-IGBT under development *

IGBT mass production
TO-247: QS available

TO-263:2021 Sep. : QS

Small / light weight X ¥ |
Transformer miniaturization with high Small and Surface mounted package iPackage with driver-source terminal
frequency i 1 High heat dissipation package |1 TO247-4,T0263-7 under development
Optimization of heat dissipation structure Modularization EHSDIP module under development *

2022 Q1:DS

Miniaturization
Higher power
M

» Simplification of heat dissipation structure
ore integration

Reduction of implementation cost

© 2021 ROHM Co., Ltd * Roadmap is subject to change without notice since it is under consideration.
QS : Qualification Sample. DS : Design Sample

P. 14




Actual sales in OBC market

More than 20 companies adopt ROHM'’s SiC devices.
ROHM product portfolio could cover various needs. Not only SiC also IGBT, Hybrid-IGBT, and
Power module opportunities are drastically increasing.

Y g N

.4,
4
“u

NG
»

SIC: 500mpanies SOP
1company ready to SOP

SiC : 2companies SOP

Hybrid-IGBT: 2companies under evaluation 1]

Gate-driver: Zcompanies ready to SOP , PRI lCompany =

9 Power module: Zcompanyunderevaluation Q Power module: ZCompanyunderevaluation
¥ . ¥ l

.
e Sifh i > SiC: 4companies SOP
SiC: 3companies on] o] '~ MOr€ than _

SOP 1 1 0companies sop IGBT:  Lcompany
| 3 under evaluation
IGBT: OScompany SOP _
P Goedriver - 1 | #®  Gatediver: lcompany
o companies N sSop
ready to SOP Q
' Gate-driver: 1company SOP oI Power module: 1companies

under evaluation

© 2021 ROHM Co., Ltd. P. 15
As of Jul. 2021




OBC

Why choose ROHM'’s SiC?

Automotive records based on the fully integrated production system, total solution, and
w/w leading technology.

Experienced automotive records

m Fully integrated
production system

SiCrysta

A RCHM Grod ompany

Long-term stable supply system and
guality assurance from SiC wafers to
package assembly

W Total solution

SiC MOS, SiC SBD,
IGBT, Modules

S
Gate-driver
Regulator

Amplifier Resistor
Etc.

Competitive device combination
Solution proposal based on
understanding customer
requirements.

B Technology leader

2012 : World-first
AEC-Q101 qualified
SiC SBD released
Adopted for OBC

2017:
AEC-Q101 Qualified
Planer type SiC MOSFET
Adopted for OBC and
DCDC converter

2018: World-first
AEC-Q101 qualified
SiC Trench MOS released

World-first trench structure.
World-first automotive grade.

© 2021 ROHM Co., Ltd.
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OBC

Contribution to application

Contribute to miniaturization and high efficiency with the best Power Devices as SiC.

Reduction of power loss by SiC High SW freq. drive by SiC

IGBT
ROHM W] T oo
. g 100 H SiC
Solutions 5

o ‘ % 38uH

=S :

Q. °

10
10 100
IGBT SiC MOSFET Switching Frequency [kHz]
Boost, ViN:220Vac, PouT:4kW
Power loss
Transformer miniaturization by
Miniaturization of reducing winding wire and core
Cooling Fan sSize.
- 20,000 Coil Reduction of cail
S Volume of cooling plate
= 15000 67% smaller
Need to downsizing S % 10,000
[]
. : £
board design with low cost ; = 5000 IGBT 1 i

@
5 0
T 0 1 2 3 4 5

Heat Resistance [K/W]

Image of decreasing

© 2021 ROHM Co., Ltd. Image of cooling fan miniaturization P.17

mounting space




OBC

OBC topology by power class

Rohm offers solutions for every type of topologies including bi-directional and higher

power systems.

PFC
Uni-direction
Single Phase
Bi-direction
Uni-direction
Three Phase S
Bi-direction

© 2021 ROHM Co., Lta.

Interleaved

Bridgeless
Totem-pole

Bridgeless

Vienna
Rectifier

Bridgeless

Vienna
Rectifier

3.3-3.6kW

Vv

%
%

6.6-7.2kW

Vv

4
%

10-11kW

<SS <K<K

20-22kW

<SS <

P. 18




OBC

Interleaved PFC

SiC SBD enables efficiency improvement.

> Interleaved PFC is used in low power class mainly (Cost saving)
> SiC SBDs are widely used in PFC and secondary side (Fast recovery)
» Downsizing inductance and transformer by high SW frequency with SiC

100~240V
N = ool [ 2 [alo]]
mé”i_’ 1%
/! —T To battery
|| ®
p— I
GDJ?S GIID G”DJ G.EEDJFé
® * —~ e—e—0O
_ Downsizing of Downsizing of

Advantage of high SW inductor transformer

) . Miniaturization
Advantaqge of high Efficiency of Heat sink

© 2021 ROHM Co., Ltd.

Decreasing of
charging time

P.19




OBC

Bridge-less totem pole PFC(single direction)

Fast recovery characteristics of SIC MOSFET make it the preferred switching device.

» Bridge-less totem pole PFC is used from low to middle power class.
» High efficiency by eliminating the diode bridge
» SIC MOS body diode has fast recovery characteristic.

1 DC out
T | ToBattery
® || )| o

100~240V
AC

||
11l 11 I
G::D‘ GHD‘ c;::D‘Fé /N /N
Il 11 Il
® ® ® &—O
_ Downsizing of Downsizing of
Advantage of high SW inductor transformer
. . . Miniaturization Decreasing of
Advantage of high Efficiency of Heat sink charging time .

© 2021 ROHM Co., Ltd.




OBC

Totem pole PFC Bi-directional type (Charge-Discharge)

Fast recovery characteristics of SIC MOSFET make it the preferred switching device.

» Possible AC output by bridge circuit of MOSFETs
» Ensure AC power supply in emergency case and leisure use
» SIC MOS body diode has fast recovery characteristic.

Toll 42 [l GDJFLZS GDJéS iﬂ%zﬁ ool
T | T;?”§ I oo
J}SZI}

__U__
| I

AC infout |_l_ }_I: |
J \\GHDJ GHDJﬁZS GDJ$§ G

I ZS N !
GiD GiD i
Il Il I
® —O
_ ownsizing of Downsizing of
Advantage of high SW inductor transformer
_ o Miniaturization of Decreasing of
Advantage of high Efficiency Heat sink charging time b o1

© 2021 ROHM Co., Ltd.




OBC

Three phase PFC bi-direction (Charge-Discharge)

SiC is the best for High voltage(1200V) and low consumption requirements.

» High Power available for AC input 400V.
» Possible AC output by bridge circuit of MOSFETs
» 1200V SIiC MOS realize both high voltage and low Ron

EDJ GDJE?S G DJEES GDJ GDJEESW;;
! T I | To
i o ;\Dl@wgﬂig JRE |Gl G;;DJQ TolRE alE s

® —o ® —O
_ Downsizing of Downsizing of
Advantage of high SW inductor transformer
_ . Miniaturization of Decreasing of
Advantage of high Efficiency Heat sink charging time p. 22
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Agenda

III Recommended components by topology solution

1.Uni-directional OBC solution
-1 Interleaved PFC solution
-2 Totem pole PFC solution
-3 DCDC converter solution
2. Bi-directional OBC solution
3. 3-Phase OBC solution

© 2021 ROHM Co., Ltd. P.23




OBC

Proposal outline for Uni-directional OBC

Rohm solutions with wide selection from Power device, LSI to Discrete product lineup.

HV-DCDC g

12v © E

Fly-back J §

' L N ._%T;J ' ]@
T B |eaks s

@ —9 & p— |
LDO
= Gatedriver |— Comparstor < Current
MoU Sense
TS
CAN Dicde

High reliability High voltage &low loss Extensive lineup
© 2021 ROHM Co., Ltd. | POWer supply & driver LS| IGBT/SIC TR/DI/R Discrete P. 24




OBC

Uni-directional OBC (Interleaved PFC)

SIC-SBDs are commonly used. Rohm can propose Si FRDs and IGBTs for low cost solutions.

[Isolated DCDC] 40V max.

DCDC:BD7Fx05EFJ series(Developing) [Diode] 600V class~
Focused on efficiency / SIC SBD : SCS2xxA series

HV-DCDC [MOS] 40~100V Focused on cost/ FRD : RFUH sgnes |
12V MOSFET : AG series RFS series (Developing)
' Contribution to downsizing and improving efficiency
Fly-back J re /
Regulator
L INYY
L ™~ ‘
L1
100~240V
AC
I J Il J
Gi.D GiD
I I
4
/ [SW device] 650V class~
[Gate driver] 3,750V Focused on efficiency / SiC MOS: SCT3xxxAL series
: BMB61S/MxXRFV series Focused on cost /IGBT : RGWxxxx65DHR series (Developing)

Integrated miller clam I . . . -
© 2021 ROHM Co., Ltd. g P Contribution to downsizing and improving efficiency P.25




OBC

Simulation data (Interleaved PFC) Sivs SIiC-1

Replacing Si FRDs by SiC-SBDs improves efficiency by 0.3%.
SiC MOSFET could bring much higher efficiency.

100

99

98

97

Efficiency n (%)

96

95

94

© 2021 ROHM Co., Ltd.

SiC MOSFET
Efficiency : approx. 0.6% improvement
—>Approx. 24W loss reduction
@ 4.0kwW
SW._device / Diode Downsizing of heat sink
Ensure thermal design margin
SIC/MOSFET /SiC-SBD
SiC SBD
IGBT / SiC-SBD Efficiency : approx. 0.3% improvement
‘\ —>Approx. 12W loss reduction
\
— IGBT / FRD @ 4.0kW. : :
|| Pin=4.0kW Downsizing of heat sink
(Vin=200Vac/lin=20Aac) Ensure thermal design margin
Vout=450Vdc
Tj=100°C
' ' Diode
N Switch 120 fsw (kHz) o dilmng
witching frequency fsw (kHz
|_ﬂm Pl
Bigger Application size > Smaller T 4 ]
Low freq High freq SW device

- . =

P. 26




OBC

Simulation data (Interleaved PFC) Si vs SiC-2

SiC MOS achieves higher efficiency in all output power range.

99
o8 SiC MOSFET / SiC SBD
§ X
- \
: — N
= o7
Vout=450Vde IGBT / SiC SBD —
fsw=100kHz
Tj=100°C
96
0 1 2 3 4 5 6 7
Output power : Pout (kW) Diode
Light load < load condition > Heavy load ' A .

In case of interleaved PFC, SW loss has a big impact at light et ‘
load condition, on the other hand on-resistance affects
efficiency at heavy load condition. However SiC MOSFET has SW device
better efficiency in either situation.

© 2021 ROHM Co., Ltd. P.27




OBC

Uni-directional OBC (Totem pole PFC)

Fast Recovery characteristic of SIC MOSFET is the best choice for
Totem Pole PFC circuits. Alternatively, Hybrid IGBT can also offer better efficiency than

SJ-MOSFETSs.
[MOS] 40~100V [Diode] 600V class~
MOSFET : AG series Si FRD : RFN series
RFL series (Developing)
/

K

\ O

[Isolated DCDC] 40V max. |

) K

DCDC:BD7Fx05EFJ series G!I'D
(Developing) =

o E_ GDJ% Z[X /
it

[SW device] 650V class~
Focused on efficiency / SIC MOS: SCT30xx series
/Hybrid IGBT: RGWxxxx65C series (Developing)
* Integrated miller clamp Focused on cost /IGBT : RGWxxxx65D/E series

[Gate driver] 3,750V
: BM61S/MxxXRFEV series

© 2021 ROHM Co., Ltd. Contribution to downsizing and improving efficiency P.28




OBC

Totem pole PFC Efficiency Simulation-1 Si vs SIC

SiC MOSFET delivers highest efficiency thanks to lower recovery loss.
Hybrid IGBT also offers better efficiency than SJ MOSFET.

100

Efficiency comparison (device)

99

+ SIC MOS recovery loss is smaller than

98 e SJ-MOS one.
\ SiC MOS Efficiency: approx.1.1% improvement

- Aprrox.44Ww loss reduction

@4.0kwW
Downsizing of heat sink

Ensure thermal design margin
Pin=4.0kW Competitor SJ MOS
o5 || (Vin=200Vac / lin=20Aac)

Vout=450Vdc
Tj=100°C
Conventional IGBT
94 :
100

10

97

Efficiency [%]

96

10I00
Switching frequency [kHZz]
Lower freq. < frequency condition - Higher freq. SW device

< ] x o
@ |

O

L
ol le

L
J.

© 2021 ROHM Co., Ltd. P. 29




OBC

Totem pole PFC Efficiency Simulation-2 Sivs SiC

SiC MOSFET achieves higher efficiency in all output power range.

100

[
fsw=50kHz
Vout=450Vdc
99 : Tj=100°C a
SiC MOSFET / FRD
‘\‘\
— \
g o8 o~
3 SJ MOSFET/ FRD \
) ./'_—-_ ‘
Z ] -
E —  1GBT/FRD
96
95
0 1 2 3 4 5 6 7
Output power : Pout (kW) SW device
Light load < load condition = Heavy load ' °
—|E:}L Diode
- ) FRD
In case of totem pole PFC, SW loss has a big impact at rm (FRD)
light load condition, on the other hand on-resistance affects R
efficiency at heavy load condition. However SiC MOSFET —|'.r::_}L
© 2021 ROHM Co., Ltd. has better efficiency in either situation. . . P. 30




OBC

Simulation data (Totem pole PFC) Sivs SIC

Hybrid IGBT has higher efficiency against SJ-MOS and is ideal for totem pole PFCs!

100

Efficiency comparison simulation by devices

99

\\

Hybrid IGBT
RGW(C) series
(IGBT built in SiC-SBD)

%
Pin=4.0kW \ \mmpetitor SJ MOS

o5 L (Vin=200Vac / lin=20Aac)

Vout=450Vdc
Tj=100"C |
Conventional IGBT

10 100 1000
Frequency : fsw (kHz)

Efficiency [%]

Hybrid IGBT includes an IGBT chip

and SiC-SBD chip in one package. Hybrid IGBT/RGW(C) series comparison with SJ MOS.

Efficiency: approx.0.5% improvement @70kHz
IGBT . - Approx.20W loss reduction@4.0kW

Y - |
SiC Downsizing of heat sink

© 2021 ROHM Co., Ltd. SBD | ‘

Ensure thermal design margin b a1




OBC

Totem pole PFC: Hybrid IGBT vs SJ-MOS

Hybrid IGBT has better switching loss thanks to no recovery loss.

90

80

© 2021 ROHM Co., Ltd.

Totem-pole PFC Loss break down by device

Switchingloss [lConduction loss

24%
improvement
: I
IGBT Hybrid SJ- SiC-
IGBT MOS MOS
Ron: Ron:
43mQ 60mQ

Switching loss is more dominant than conduction loss
in the efficiency of totem pole PFC

—>Hybrid-IGBT : 24% loss improvement

Current [A]

100

920

80

70

60

50

40

30

20

10

Switching wave form

Recovery

Hybrid-IGBT

50 100

150
Time [ns]

200 250 300

Hybrid-IGBT achieves high efficiency
because there is almost no recovery current

and switching loss can be reduced! P 32




OBC

Totem pole PFC : Hybrid IGBT vs SJ-MOS

Hybrid IGBT has higher efficiency than SJ MOSFET and are ideal for totem pole PFC.

. .. . . . . . Voutr=\400V
Actual Evaluation efficiency comparison by device > Evaluation circuit | oo ~
c(riiae,
- - . - R H
Switching Frequency vs Efficiency GD x
— Q2(HiSide)
(Vsurge<40V, Pout=3200W ) Vee(HiSide)
99.5 A _Lct | LOAD
990 Hybrid-IGBT 500u | oosice) 20u
(650V/50A) -
98.5 ‘_\:\' V|n—220V__ RglL K}’Vceﬂo&b’e}
_ GD

\?98.0 . ‘p Q1(LoSide)
Qg 975 2 .20/0 Vee(l oSide) R
e 3.5% it
5 97.0 * Totem pole PFC works same as Boost circuit
S 965 _ with Hi side Vg=0V
= 0.0 » Evaluation Board

95'5 Competitor SJ-MOS )

’ High speed recovery type
95.0 (650V/80mQ)
945
10 30 50 70 90

Switching Frequency [kHZz]

Efficiency 3.5% improvement @70kHz
: 112W loss reduction @3.2kW output

© 2021 ROHM Co., Ltd. P.33




OBC

Totem pole PFC : Hybrid IGBT vs Competitors efficiency

ROHM Hybrid-IGBT achieves higher efficiency than other company’s products.

(surge voltage <40V)

» Comparison with competitors(real measurement)

Switching Frequency vs Efficiency
(Vsurge<40V, Pout=3200W )
99.5
89.0
. RGWOOTS65C
= Rg=4.7Q,Vsurge=37V
=
E 98.5
= Aft Rg=470Q
= Vsurge=35V
98.0
B#t Rg=560Q
Vsurge=38V
97.5
10 30 50 70
Switching Frequency [kHz]

90

> Evaluation condition

Vin=220Vdc, Vout=400Vdc
lout=8Amax (Pout=3.2kWmax)
fsw=30k, 50k, 70kHz

Rg : Controlled at Vsurge<40V (countermeasure EMC)

© 2021 ROHM Co., Ltd.

RGWOO0TS65C which has a small Vcesat,
offers better efficiency than that of other
companies' Hybrid-IGBTs when operated at a
surge voltage of 40V or less in consideration
of the EMC measures of the set.

company | company

Efficiency 98.7% 98.6% 98.5%
(SW=50KHz)
efficiency 98.3% 98.2% 98.0%
(SW=70KHz)

Vcesat 1.9V 2.1V 2.1V

Why ROHM has best efficiency?

Conduction loss is lower than others,
because Vcesat is lowest.

SW loss is not so different since recovery
current of SIC SBD is almost zero.

P.34




Totem pole PFC: Hybrid IGBT vs Competitors surge

Minimized surge voltage of IGBT makes easy EMC design.

B Switching wave form comparison

» ROHM : RGWO0O0TS65C
SmaII surge voltage(small EMC rrsk)

Rg 10

= Surge voltage= 49V

Vout 400V

Vce(Low-side)

v" Small surge voltage makes easy EMC
design.

= When EMC noise becomes large,

the number of external components
for countermeasures are increased.

© 2021 ROHM Co., Ltd.

» Competitor product(A company)
Large surge voltage (Hrgh EMS rrsk)

Rg=1Q

-——

':L. N Surge voltage 94V

Vout 4OEOV

Vce(Low srde) ?OOVT_;
e b4 P 50ns
How to decrease the surge
voltage below 4OV?
'Rg=47Q ' L

Vce(Low-side)

| Vout:%roov_ _

- 100v ]
: . 50ns

As a result, it is necessary to increase the gate resistance value,

then efficiency becomes worse.
(Refer to previous page: efficiency graph)
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OBC

Uni-directional OBC (DCDC circuit)

SiC enables higher frequency operation and component size reduction.
Adopting SIC-SBD on secondary side leads to efficiency improvement.

[MOS] 40~100Vv (Shunt resistor] [Diode] 600V~1200V class
: AG series : PSR/IGMR/PMR series Focused on efficiency / SiC SBD : SCS2xx series
[Isolated DCDC] 40V max. Focused on cost/ FRD : RFN series
DCDC:BD7Fx05EFJ series(Developing) _‘ RIAL S=Es (Rt 1),
\ FRD->SIC : Higher efficiency
[Power supply] 40V class~
Fly-back Jﬁ LDO : BD4xX series [High Voltage resistor]
Regulator : KTR series
LDO

/ 2& .
iD_I fg f]
[CAN/CAN-FD] m';;’ ‘é
: MCU =
transceiver
I ¢

BD4104xFJ series
\ 11 Il

=] can Giip alolJi< VINIVAN

o —e \ o ®

[TVS diode] [Gate driver] 3,750V [SW device] 650V class~
: RESD1CANY : BM61S/MxxRFV series Ensure design margin / SiC MOS : SCT3xxxXAL series
* Integrated miller clamp * Enable to endure for load fluctuation

© 2021 ROHM Co., Ltd. P. 36




OBC

Bi-directional OBC solution (Totem pole PFC)

SiC high speed recovery characteristics is optimized for all the PFC and LLC circuit.

[Gate driver] 3,750V [Shunt resistor])
: BM61S/MxxRFV series : PSR/IGMR/PMR series
* Extensive lineup

[High Voltage resistor]
: KTR series

[Isolated DCDC] 40V max.
DCDC:BD7Fx05EFJ series(Developing) [Power supply] 40V class~

C LDO : BD4xx series
Fly-back M g

Regulator

| e
J
|

Pl
[MOS] 40~100V 7‘
: AG series —_! | ;”

LDO
1 I i T 1
CAN 1% 'IDJ 'lEJ GHEJ (3H|:JI-é
TVS Il 0l ~ i
/ML M ,\”
[CAN/CAN-FD]
(TVS diode] transceiver
- RESDICANY BD4104xFJ series
[SW device] 650V class~ [SW device] 650V class~
Focused on efficiency / SIC MOS : SCT3xxxAL series Lower cost / IGBT: RGWxxxx65E series
/Hybrid IGBT : RGWxxxx65C series (Developing)
Focused on cost /IGBT : RGWxxxx65D/E series * Enable to endure for load fluctuation

© 2021 ROHM Co., Ltd. * Enable to endure for load fluctuation P 37




Bi-directional OBC solution
(2phase interleave Totem pole PFC)

SiC high speed recovery characteristics is optimized for all the PFC and LLC circulit.

(MOS] 40~100V [Gate driver] 3,750V [Shunt resistor]
. AG series : BM61S/MxxRFV series : PSR/IGMR/PMR series [High Voltage resistor]
* Extensive lineup : KTR series

[Isolated DCDC] 40V max.
DCDC:BD7Fx05EFJ series(Developing) [Power supply] 40V class~

/ % LDO : BD4xx series
Fly-back J g_

Regulator

JH Ji‘
[SW device] 650V class~ [SW device] 650V class~

Focused on efficiency / SiC MOS : SCT3xxXAL series Lower cost / IGBT: RGWxxxX65E series
/Hybrid IGBT : RGWxxxx65C series (Developing)
Focused on cost /IGBT : RGWxxxx65D/E series * Enable to endure for load fluctuation

e ElRE e:so@?i 4

U
VS \MK 'I‘
Diod

[TVS diode]) [CAN/CAN-FD)
RESD1CANY transceiverBD4104xFJ series

© 2021 ROHM Co., Ltd. * Enable to endure for load fluctuation P 38




OBC

Bi-directional OBC solution (3phase PFC)

SiC is the best for High voltage(1200V) and low

consumption requirements.

[Shunt resistor]

[Isolated DCDC] 40V max.
DCDC:BD7Fx05EFJ series
(Developing)

(MOS] 40~100V
: AG series

[Power supply] 40V class~
o LDO : BD4xx series

Fly-back

: PSR/IGMR/PMR series

* Extensive lineup

[Gate driver] 3,750V
: BM61S/MxxRFV series

[High Voltage resistor]
: KTR series

* Integrated miller clamp

Regulator

3phase

ool

AC 400V

CAN

TVS
Diode

i

T

[TVS diode]
: RESD1CANY

[CAN/CAN-FD]
transceiver
BD4104xFJ series

[SW device]

© 2021 ROHM Co., Ltd.

1200V class~

Ensure design margin / SiC MOS : SCT3xxxKL series
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OBC

Uni-directional OBC solution (3phase Vienna PFC)

SiC SBD with minimal recovery loss is suitable for the input circuit.
Higher switching operation by SIC MOSFET helps to reduce components and volume.

- [Shunt resistor])
[Isolated DCDC] 40V max. [MOS] 40~100V . | (High Voltage resistor]
DCDC:BD7FX05EFJ series : AG series : PSR/IGMR/PMR series _ _
— . :KTR series
(Developing) e * Extensive lineup
O

- " [Gate driver] 3,750V
y-bac | - BM61S/MXXRFV series . e .o
Regulator :
* Integrated miller clamp lﬂg ’—‘Jiji + £
G!!D
. N NN - q
[Diode] 1200V class (Z ﬁ% @ L ?Hé_‘ L x
SiC SBD : SCS2xxK series L t—
[ Il Z
5 s
3phase [ -
AC 400v @ H 1 . ..
[CAN/CAN-FD]) i) HJ* lﬂi E‘Jlﬂi A K
transceiver L Hl_ 1 §||§_' L
7

BD4104xF\§|es — N N N 3 Z'S H J ? —1
al P
TVS MCU ? /L
/ s [SW device] 650V class [Diode] 600V class
[TVS diode) SIC-MOS : SCT3xxxAL series Focused on efficiency / SiC SBD : SCS2xxA series
RESD1CANY Focused on cost / FRD : RFN series

[Power supply] 40V class~
LDO : BD4xx series

© 2021 ROHM Co., Ltd. RFL series (Developing) P. 40




Agenda

Ill SiC Power module Proposal
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OBC

SiC Power Module

SiC power module corresponds to OBC trends for miniaturization and high frequency.

OBC market trend I Advantages

Miniaturization High frequency >

Easy isolation design
Unnecessary isolation sheet
Miniaturization and Integration
High frequency operation by
driver source terminals

Integration + Driver source

YV V VY

SiC Power Module

Developing

SMD / Topside cooling Driver source

I Space saving

Discrete * @ H * TO-247:14pcs > HSDIP:3pcs
Developing Planr'1ing Developing
e.g. Bi-directional OBC >
e ~_. _ Volume
JElzi x| WI_J JElZS ARE | 34%
] ] 4 reduction
ST — et
r 3 JEP& 1Rx R Y
\ I ,/), ! ), \ |/
© 2021 ROHM Co., Ltd. 6pCS 4pCS 4pCS P. 42

* Schedule and target specification are subject to change without notice.




OBC

SiIC Power Module outline

I Developing

750V and 1200V lineup covers entire OBC demand. (400V / 800V battery)

lDimensions I Product outline
35,56

» Gen4 SiC MOS integration
750V/45mQ(4inl. 6inl)
750V/26mQ(4inl, 6inl)
1200V/62mQ (4inl. 6inl)
1200V/36mQ (4inl, 6inl)

7,06

=1
=
[ —m
[ —m
[ —m

Rl
=
= | &
YV V V V VYV V

il i i 2,500V isolation (terminal to Heat sink)
U [ U U U . .
|  _ . Creepage distance between terminal
1 1 on PCB board (6.1mm)
N | A
i = | OR Type name  § "L-
| | code Lot No. |
Y J
‘ [ — — Ll — L | l
e %L | I | mp L Target schedule
— = ‘ — \ ) _
5 @ﬁ 57 5% 3= » 2022 Q1: Design Sample
6,54 | > 2023 Q1: Mass Production
2
A
© 2021 ROHM Co., Ltd. P. 43
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OBC

SiC Power Module Target topologies

1) H bridge 2) boost 3) 3phase B6 4)Diode bridge
. 750V _ 750V/1200V
g ] I
— =
— 4 _T 1200V
= 750V/1200V —
T —|E"7 —f - i —ﬁ —|El
)| & - . - = E
*MOS: SJ or SIC *Without external SBD
Circuit block
Phase Shift, LLC Boost PFC(interleave) 3 phase inverter Secondary side
DAB 3 phase rectifier rectification

Single phase inverter
Bi-directional chopper

Target applications

Data center Data center Motor drive OBC
OBC, 12V DCDC OBC (elevator, servo, HVAC) Wireless charger
PV, Energy storage PV inverter PV inverter, UPS SMPS
Wireless charger SMPS SMPS
© 2021 ROHM Co., Ltd. SMPS P. 44

* Schedule and target specification are subject to change without notice.




Package comparison

I Developing

24% mounting area reduction against general modules.

ROHM HSDIP General power modules

e.g. Bi-directional OBC

f"r"’i"f W5558888E53888865 1 Mounting area: 24% space reduction
£C50008 Volume: 75% reduction
il WL Low height: 12mm->5.5mm

i

Width (pin)

AAleliald=10]0

Width (Body) Width(terminal)

w Width (body)

_ ROHM HSDIP Module A Module B

Length (terminal) 38.0mm 48.0 (7.4)mm 48.0 (7.4)mm
Width(pin/body) 38.2/24mm 33.8mm 56.7mm
Height 5.5mm 12.0mm 12.0mm
Mounting area 1,451.6mn 1,909.5m 3,008.7mni
Volume 5,016mm 19,468.8mm 32,659.2mn
Rth(max.) (1.12 K/W)

(Junction to case) tentative

© 2021 ROHM Co., Ltd. P. 45
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OBC

SiC Power Module Target Spec

Automotive grade (AQG-324 gualified)

Vbss @Vejg\r}(typ.) torpiel oy Salrjnsr')le Sa(r:nsple MP
. 4in1 102022 | 10/2023 | 20/2023
6inl 1Q/2022 1Q/2023 | 2Q/2023
o 4in1 102022 | 102023 | 20/2023
o 6in1 102022 | 10/2023 | 20/2023
o 4in1 10/2022 | 10/2023 | 20/2023
6inl 1Q/2022 1Q/2023 | 20Q/2023
o 4in1 1Q/2022 1Q/2023 | 2Q/2023
o 6in1 102022 | 102023 | 20/2023

© 2021 ROHM Co., Ltd.

* as of Jun. 2021

* Schedule and target specification are subject to change without notice.
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OBC

SiIC Power Module evaluation board

Please utilize the evaluation boards.
l Evaluation board outline

User’s Guide

i i ‘ @ User’s Guide
i —I Gate-driver H Gate resistor |+ Output i R

: Drive circuit snubber : HSDIP20-EVK Evaluation Board

I, X6or4input -* HSDIP . i

i : X 3 or 2 output |

| _| Gate-driver H Gate resistor || Output i

i Drive circuit snubber i

s

© 2021 ROHM Co., Ltd. Back Side P.47

* Schedule and target specification are subject to change without notice.




OBC

SiC Power Module implementation procedurel

Screw hole

Screw tightening

Soldering

~

" AN AWY AW AW AW A
=T
— —

~ >

Heat sink

Grease

~ >

Heat sink

© 2021 ROHM Co., Ltd. P. 48
* Schedule and target specification are subject to change without notice.




OBC

SiC Power Module implementation procedure2

Soldering

~

Heat sink

Heat sink

Screw tightening :

s

Heat sink

Grease

© 2021 ROHM Co., Ltd. P. 49
* Schedule and target specification are subject to change without notice.
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Ill Protection circuit Proposal
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OBC
Current monitoring circuit

Propose a solution that can detect current with high accuracy and respond at high speed.

OBCGHDJ GDJEFS FIE [FRISE [ P ] m
-\ ] 71
i

15 pRE e |l i FREE

:__U_:
—
®
— ]

LDO

Op amps
MU Comparator *
Op amps
> High speed > Space saving > Application note
-High speed Op amps -Ultra low ohmic resistors -Low side current sensing circuit design
In the event of a large current PSR /PMR/GMR/LTR series Explains the guideline for component
abnormality such as a ground short, it  Contributes to space saving with a selection and circuit constant
is necessary to instantly transmititto ~ small and abundant lineup of determination in the low-side current
the CPU and design it safely so that resistance value, power, size, shape, sensing circuit realized by shunt resistors, —- -
the protection sequence works. etc.. Op amps, and external components. =

© 2021 ROHM Co., Ltd. P. 51



https://fscdn.rohm.com/en/products/databook/applinote/common/low_side_current_sense_circuit_design_an-e.pdf

OBC

Proposal for Current monitoring circuit (High speed)

Propose an Op amps that realizes space saving with a compact and ultra-low resistance shunt resistor
and can respond at high speed for overcurrent detection.

Set Requirement

Request to detection resistors

Request to detection op amps

They detect the circuit current
or power devices current for
safety protection and control
(stop) the system

-Ultra low ohmic, high power, sma
detection current:30~50A(typ.)

voltage : about 0.05~0.1V

Low ohmic: about 1~3mQ
High power:1.5~5W

Il size

-High speed
(To stop the system in emergency
detection)

High speed about 1pus transition from
input change

» Ultra low ohmic resistors
Feature

v For over 50A high current
detection
= PSR series
v" For high accuracy current
detection
= GMR series

v For any various uses
= PMR series
LTR series

© 2021 ROHM Co., Ltd.

F 3~15W
12 0.1mQ~3mQ |:| : InMass Production [
PSR500 ==
111 swotsw —— i i : Under Development -
PSR400
ol | aw=12w
PSR100 m
Sw=8w GMR series
g 5 [ PSR — GMR32010W (5mQto 100mQ) —
g GMR1007W (5mQto 220mQ)
€ 4| series Eulmlehl Al -
S | 0s~aw i
| 10mQ~91mQ i
< " TF PMR100 2VW=>3W |
© L PMR50 1 W—2W P23 !
) s *PMR10 0.5W=1W ’ Liie=linie)
"= 4
=
1 i o= series Wide Terminal Type series
0.5 +000
‘ > UCR serles <&

0.5 1 10
Resistance(mQ)

100

220

»High Speed Op amps feature

+High Slew Rate : 80V/us
-Gain Bandwidth Product : 150MHz

1.5

[
o
-~
~
Tl
- -

S o0s ! High Speed OPAMP .~
>0 I ' e
v | I | 80V/us -
2 0.0 1
g I | // General OPAMP
S 05 | ! 0.8Vips

1.0 V2

-1.5

00 02 04 06 08 1.0

Time [us]

1.2 14 16 1.8 2.0
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OBC

Current monitoring circuit : Proposal products

ROHIM

SEMICONDUCTOR

-Ultra low ohmic Metal plate/General PMR series

H4Z P IKyviE IRFTIEEEHE IRFUREFREL el
g{j mm(InCh) }E*gEE,jj Eq:g?é (mQ) (ppm/oc) @ﬁﬁ/ﬂﬂrﬂ_ E
1005 ) N
PMROL | 20> | 0.2W | 3(25%) 10 0~200 .l
1608
PMRO3 | 0% | 0.25W 10 0~150
2012 2,3,4,5,6,
PMR10 | 2002 | 0.5W S +150
1,2,3.4,5
PMR18 (fgég) *ivgw 6,7.8,9,10 +100
' *1.5W:1,2 -55~+155C
3225 W | 3a5%) | 1,2,3,4,5
PMR25 | (1210) |*1.75W| F(a10) | *1.75W:1 +100
1,2,3,4,5,
PMR50 (ggfg) *év‘éw 6,7.8,9,10 +100
: *2.0W:1,2
12 +150
6432 2W 3,4,5,6
PMR100 | 5575 7,8,9,10 £100
*3W 1,2 +150 | -55~+170C

- . - “‘" " \\\\‘
-Ultra low ohmic Metal plate/High power PSR series “i\?\\\‘“‘\“‘“‘““““i\“
A\
Rated * Rated Power (Terminal \\0 =
. Temperature)
. Resistance | Power TCR :
I e B T B I T B
(G2 Temperature | Temperature 1 Tempezrature A e G
)
0.3 8W(75°C) 4W(140°C) +150
0.5 8W(75°C) 4W(140°C) +115
';gg (g’g‘;’g) (ifo/) 1.0 3W 8W(75°C) 4W(140°C) +100
? 2.0 6W(75%C) 4W(140C) +50
3.0 *4W(75°C) | %*3W(140°C) +50
0.2 12W(75%C) 5W(130°C) 125+50
0.3 *10W(75°C) | *5W(130°C) +175
PSR | 10x5.2 F 0.5 AW 10W(75°C) 5W(130°C) +175
400 | (3921) | (£1%) 1.0 8W(75C) 5W(130C) +75 65 ~ 175
2.0 *6W(75°C) | *4W(115%C) +75
3.0 5W(70°C) 3W(115%C) +75
0.1 15W(75°C) | 10W(120%C) 200+50
0.2 *15W(75°C) | *#10W(120°C) +225
0.3 *10W(75°C) | *7W(120%C) +150
Egg 1(5522'17)5 (:I:j'[:O/) 0.4 5W *10W(75°C) | *7W(120%C) +150
’ 0.5 10W(75C) | 7W(120%C) +150
1.0 10W(75%C) 6W(120°C) +75
2.0 7W(70°C) 4W(115%C) +75
-Low ohmic Metal plate/ High power GMR series
Size Rated Power R.V range| TCR* Operating
Type mm(inch) | (Terminal Temp.) TelsrEhes (mQ) | (ppm/C) Temp.
5025 3W(110%C) > 0to +25
GMRS0 | (2010) | aw(907) 10 ~ 220 25
3W(110%C) 5 0~ +25 .
GMR100 (g;‘i’ﬁ) *sw(iioc) | P oo o Q/
*7W(70%C) (£1%) |10 ~220| =+20 - +
7142 7W(110%C) > 0~+25
GMR320 | (2817) | 10w(70%) 10~ 100 225

© 2021 ROHM Co., Ltd.
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OBC

ROHIM

SEMICONDUCTOR

Current monitoring circuit : proposal products

*High speed Op amps

Input Offset Supply
Part No. ch Voltage[Max ] Slew Rate[Typ.]| GBW][Typ.] Current{Max.] DS CS EMARMOUR Package
BA3472YF/FVIFVM-C 2 v v SOP8/SSOP-B8/MSOPS8
BA3474YEV-C 4 10mVv 10V/us 4MHz 4.00mA/ch v v - SSOP-B14
BA83472YF/FVM-C 2 v v SOP8/MSOP8
BAS3474YEV-C 4 10mV 8.5V/us 3MHz 4.30mA/ch v v v SSOP-B14
LMR1701YG-C 1 v v SSOP5
LMR2701YFVM-C 2 gmv 80V/us 150MHz 9.60mA/ch Underplan | Under plan - MSOP8
-Low noise low offset Op amps
Input Offset Temp Coefficient Noise Voltage Supply
Part No. S Voltage[Max.] [Typ.] Density[Typ.] Current[Max.] DS €S FEEENS
LMR1801YG-C 1 950uV - 5.0nV/ANHz@1KHz 0.95mA/ch v v SSOP5
LMR1802YG-C 1 450pV - 2.9nVANHz@1KHz 1.10mA/ch v v SSOP5
TLR377YG-C 1 v v SSOP5
TLR2377YFVM-C 2 1,300V 4uv/°c 8.0nVANHz@1KHz 1.00mA/ch v v MSOPS8
TLR4377YFV-C 4 v 21/4Q SSOP-B14
TLR376YG-C 1 v v SSOP5
TLR2376YFVM-C 2 550uV 4uv/°c 8.0nVAHz@1KHz 1.00mA/ch v v MSOPS8
TLR4377YFV-C 4 v 21 4Q SSOP-B14
LMR1001YF-C 1 12uVv 0.05pv/°C 70nV/Hz@1KHz 2.5mA/ch v Under Way SOP8

© 2021 ROHM Co., Ltd.
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OBC

Current monitoring circuit : Case study

We have Adoption example. Please try our products!

»Ultra low ohmic resistors: shunt resistors §>High Speed / Low offset Op amps

Adoption records { Adoption records

»E compressor . >E compressor

Company C (PSR500), Company D (PSR100). other . Company P (BA3474YFV-C), Company F (TLR4376YFV-C)

Advantage for customer i Advantage for customer

-To reduce the power consumption when detecting a large VA (low price) without the hassle of changing the
current . circuit

(example) When 30A is detected with 10mohm and 1mohm, the We have a large lineup of equivalent products from

power consumption is 9W and 0.9W, and there is a big difference in

power consumption. . ; competitors.

If you tell us the product you are using and your

- Differentiate with technical support such as simulation Since | requirements, we will propose an equivalent product.

the characteristics are determined by the physical characteristics of the : . Request example
material, it is difficult to give an advantage in the product specifications.

SIM comparison of potential distribution when the land pattern and
voltage measurement point are changed

We can also propose the optimum pattern board design. ‘
© 2021 ROHM Co,, Ltd. P. 55
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OBC

Proposal for HV battery voltage monitoring circuit : KTR Series

By using a high withstand voltage resistor at the dividing high voltage battery, it is possible to

reduce the number of resistors and save the space.

Set Requirement Request to detection resistors

-High accuracy(+£1%) F class
For the safety / protection of drive  |. High Voltage

control, it is necessary to detect _
the overvoltage / under voltage of | 400V battery vehicle :

the battery voltage and control 2~3 series (over 350V)

(stop) the control. 800V battery vehicle :
2~3 series (3ver 500V)

» High voltage resistor: KTR series feature
350V. 400V, 500V. 600V withstand line up

W Rated voltage comparison (KTR series vs MCR series)
< 1608 size> <2012 size > < 3216 size >

)
N
a
o

Rated voltage (V|

550 550 550
500 500 500
<450 S 450 j
‘5400 400 o 400
350 mr
S 300
'; 250 ‘Ir}l
® 150 / 150 I & 150
100 100 _W 100
50 50 50
0 0 —"'""..’ I 0 _d-=£_|_
10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M
ROHM'’s unique resistance pattern and trimming design prevent
concentration of the voltage burden, resulting in more than twice
voltage resistance of our own standard conventional parts(MCR series).

>
350 & 350 /
300 I 'S 300 f
250 © 250

i [ g |

T 200 200 © 200

Resistance (Q) Resistance (Q) Resistance (Q)
© 2021 ROHM Co., Ltd.

> Place in use
Battery voltage(400V~900V)

J

HV Battery

(secondar
: { y battery)

» Space saving

-High voltage resistor : KTR series(350~600V)
To divide the battery voltage such as 400V or 800V by
resistance

With the high withstand voltage KTR series, the number of
resistors can be reduced and space can be saved. !

» Case study (Company A : KTR18)
MCR18 200V guarantee x 5pcs

L -Mounting cost
KTR18 500V guarantee x 2pcs can be saved

o [ P 56




Agenda

Ill Recommended surrounding components for drive circuit solution
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OBC

Surrounding parts for drive circuit

Customized drive circuit solutions with diverse Discrete(TR/DI/R) lineup.

HV-DCDC
12V o

Power supply

Fly-Back regulator
BD7Fx05EFJ Series

~—

MOS for Fly-Back /

MOSFET (AG Series)

Fly-back

Gate resistor
Anti-surge(ESR Series)

HE T J Current detection

Operational Amplifier
(BA290x Series)

/

Surrounding

© 2021 ROHM Co., Ltd.

|Regulator Gate diode =
Coupler Schottky Di(RBR Series)
/ *—
f Gate driver ﬁV"\ | /NT
[
INA ouT \l\l) 8
INB MC VAIRN SZ
—— GND1 GND2 ] Power
. . device
Drive circuit T _|_
Gate driver | - N
INA ouT ~ N
INB MC VANS miim <
GND1 GND2 l & \

Active Miller Clamp
Bipolar-TR (2SAR Series)

Clamp diode

Schottky Di (RBR Series)

C

Amplifier

OoCP

O
Detection

/

RCD Snubber
Power R(LTR Series)

Schottky Di(RBR series)

P. 58
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Ill Introduction of application support tools
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Evaluation board for half bridge configuration

Solution support from power devices to LSIs and discretes.

ol

<Evaluation board overview>

Power Device : SIC MOS: SCT3xxx series

Gate Driver . Isolated Gate Driver: BM6101FV

Power supply : LDO for MCU, Fly-back

Drive circuit : Gate resistor, Protection diode, Miller clamp MOS, etc..

Evaluation board

P02SCT3040KR-EVK-001

Total solution (P19)

O 1o |
ROHM @
o i

Power device — * Double pulse test at max 150A
+ Max 500kHz switching operation is available.
& v
N Dgete « Possible to evaluate several topologies

, (Buck, Boost, Half-Bridge)
9 G » Protection from simultaneous turn-on of high and low side devices.
» Integrated over current protection function (DESAT, OCP)

© 2021 ROHM Co., Ltd. — P. 60




ROHM’s application support

Provides full coverage application support in your development flow

Technical Seminar (On sight, Webinar)
Specification System solution such as PD + GDIC, Power tree etc..
Technical Proposal including external components

Evaluation Board (EVK) / User’s guide
Proto-typing System reference design
EVK with customized parameter, provided with measurement results

Calculation tool for external component parameter

Schematic Application notes
Design SPICE model /PLECS model / Thermal model

ROHM Solution Simulator (Web based simulation)

PCB design libraries (Footprint, 3D data etc..)

PCB PCB design guidelines
Design EMC design guidelines / EMC simulation e & : e
Thermal design guidelines / Thermal simulation .
<

Measurement by EVK with customized parameter or by user’s devices
Evaluation EMC measurement and improvement proposals

Thermal measurement and improvement proposals

Mass
Production

© 2021 ROHM Co., Ltd.

PD: Power Device, GDIC: Gate Driver IC P. 61
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Focused application and technologies

Support and resolve customer’s troubled cases by system solution

Cluster, Infotainment

Traction inverter
OBC, DC/DC converter

Data center,
base station

LED lamp Energy system Motors

Automotive application Industry application
System complexity Small form factor High power High efficiency Regulations
EMC (Noise) Simulation
Importance of thermal management is increasing. Customer need to qualify EMC regulation, we We support model-based design (MBD) by providing
Transient thermal analysis, thermal sim model and support circuit and PCB design by accumulated simulation models and verification environments for
thermal resistance measurement are available. know-how. devices tailored to customer's verification
o applications and objectives.
i h e -h— E—
Sl N ROVM Solution Simuator| | NN,
i mI‘L 1 ) VAV, ‘: !
g — J \_ : J
© 2021 ROHM Co., Ltd. P. 62
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-
Thermal design support

Thermal simulation including PCB patterns allows you to verify thermal design before
prototyping. Measurements and simulations will help to resolve issue.

. Provide Thermal model . Thermal Simulation with customers PCB and Module

Provide thermal model for each devices. Use PCB design data Heat sink information included
A ) Temp. estimate Complex heat
Detail before prototyping o, _Tadiation
> Top InnE)rE - PT‘: ! Outer IESTTI_::“G"&?SE ?gjﬁgg%ﬁsnr;m
& ) @4W/mK
5 | Two- Re5|stor side e ah .
Q ase 50mm
< c Junction - / Rth(j-c) \, / L}
Junction Bottom Inner Bottom Outer _ o S0mm
Board N MOdel meets % Not mounted on PCB. g
Analysis time giiﬁ:reme”t Importing CAD data into sim Sim with Heatsink attached
l Thermal measurement with Customers PCB l Improvement proposal by thermal simulation
Measure thermal resistances with customer’s device Detailed report
Customer’s Reasonable
bevice ] improvement proposal
3.0 =
2. LR " ; =
—_—— Qvinin
$L5 i o i i
1.0 £ — o 07T
0.5 # i = . ' ‘
0.0 — e Add more thermal via
0 25 50 75100125150 =« o w0 w00 wom o
: Ta (C)
Environment Measurement result Layout improvement proposal Simulation and report
© 2021 ROHM Co., Ltd. (Note) The above service is subject to charge. For more details, please contact our sales representative. P. 63
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Application Support

EMC design support

From the conception to the prototype stage, our engineers, who have accumulated know-
how through numerous support projects, help customers resolve their EMC issues.

. EMC measurement support . EMC design support
- Radio anechoic chamber in Shin-Yokohama office

- Reproduce customer EMC issues and validate and evaluate
improvement proposals

- Engineers check the EMC perspective based on layout data
- Application notes to guide you in creating a layout

N . Jr—
: 5!:"'«- " 52;'#‘*:":

= Ei—.

i
L™ gm{': =y n’ﬁ:

=" =3

wa il o f

Anechoic chamber (YTC) for EMC measurements

Check PCB layout Application note for PCB layout quideline

Limit . .
L Ca_ss\ l EMC simulation support

~——

- Quantify the performance of the board based on the layout data

Suppress :W - Visualization of EMC characteristics
noise J e =

aps “W00

-2+

06—

208 50N 1000 1 20 5OM 1008 1 Efw
Before After e

T
00 41 02 03 04 05 06 07 03 09 10
freq, GHz

Note) Some of the above support is subject to charge. Please contact a sales representative for details. P. 64
2021.06.01
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Contributing to the reduction of customer development

man-hours by providing Solution

S

Proposal as a solution

We can support our

customers in all their Propose the best topology and parameter settings for
develooment power management ICs and power devices for various
P applications as a reference design.
processes.
H SIC-MOSFET = S )
' SCT3040KR EF; J} ‘L_}L EMC Support
; E3 h 4 )
Gate Driver IC - -
@ BM6101FV-C _ _ M)
FleyEy
DCDC IC .

Thermal design

Thermal measurement

o [ ﬂ R

EMC measurements

Simulation (Models & Web Sim)

Reference Des

ign / EVK

- Simulation model equivalent to real devices

- Solution boards and reference circuit library for
various power supply topologies J 4
-Web based simulator

* Thermal Simulation
EMC Simulation

-Reference design with Thermal and EMC tested
Device evaluation is possible under conditions close

to real use cases.

*Provide various design files

3rdGen-SiC Power Solution
reference for On board charger,
Inverter, PV

power tree reference design for
automotive app.
ADAS Cluster, Infotainment

© 2021 ROHM Co., Ltd.

P. 65
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With the free web simulation tool (ROHM Solution Simulator), you
can easily design and verify a circuit

Reduce system design man-hours because the solution circuit can be simulated.

. Free web simulation tool

el NN\

. /
NT=FRAREEHICE—BERETESWeb Y IaL—2ary—i

ROHM Solution Simulator
= VAV,

https://www.rohm.com/solution-simulator
*User registration is required.

. Easy from simulation to sample ordering

- Simulate, check results, order samples in 4 Steps
- Can also be deployed to your own circuits

STEP1

Execute simulation & monitor sim
results.

Freely plot simulation results at the
ion level.

Select Selution Circuit

Select the Solution Circuit
created by ROHM
5
\ ey
\
\

Device Selection &
Parameter tuning

On the Selution Circuit,
change the devices and
values (i.e. resistances)

£ The simulated circuitcan be
) \ copied to the SVC tool
BE. provided by Menter, enabling

PSS
Sample Ordering r <1 - simulation on the user’s own

- zze2ast g ‘= |application cireuit
The circuit s also linked to e i

the sample order page, { o< ) AR = P i i

making it easy to purchase =% 1 L4 !

samples

© 2021 ROHM Co., Ltd.

Choose from a wide variety of solution circuits
with a focus on power devices + gate drivers
- Power Device Solution Circuit

- Automotive Power Tree Solution
- ICs Solution Circuit

128 solution circuits lineup at Mar/’21 More to be posted soon

Example

:
H
B

—

SiC Module
BSM600D12P3G001

SiC Module EVK %2
BSMGD3G12D24-EVK001

P. 66
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https://www.rohm.com/solution-simulator

ROHIM

Application notes

Introducing circuit design know-how for driving high voltage and current power devices!

Behavior of gate source voltage Surge suppression method for gate source voltage

SiC Power device, module Basics of the gate drive circuit in a bridge Sultenea (o feeauss cap et ssihe velizae B =

_ o = configuration. surges, negative voltage surges, etc.. that occur
This application note covers How to think about the behavior of current and in the gate-source voltage.
everything from the basic e voltage during turn-on and turn-off. )

physical properties of SiC devices to

application examples in each circuit. How to design a snubber circuit Improved SWitChing loss by driver source pln

From the theory of surge between drain and
source to the selection and design method of
-SiC device various snubber circuits.

-Features SiC - SBD/MOSFET

-Evaluation board for discrete device

Effects and precautions for use of packages
with Kelvin source terminals, etc.. (TO-247-
4L, TO-263-7L)

Contents

*How to drive the gate terminal Thermal measurement also supported Points to note when measuring gate- source voltage
+SIC power module features =
Evaluation board f aul Accurate measurement of surge voltage between o _—
valuation boarad for power module How to measure and use thermal resistance RthJC gate sources.
*Reliabilities = Probe mounting position. Points to note, etc..

-Rules of part number Hovx_/ to measure the thermal re§|stance between T
the junction and the case of a discrete power

*Application examples device and notes on how to use the RthJC, etc..

W Evaluation board lineup

Link to online distributors

Points to note when measuring the backside of a m Various documents
https://fscdn.rohm.com/ i - li ion n link I

i fedn.fohm.com/ package with a thermo- couple (application notes, links to products)
pplinote/discrete/sic/co

mmon/sic_appli-e.pdf

H Case studies

https://www.rohm.com/power-device-support

© 2021 ROHM Co., Ltd. prias P 67
2021.06.01

How to measure temperature of back side of the
package using a thermocouple to determine the
junction temperature during actual operation



https://fscdn.rohm.com/en/products/databook/applinote/discrete/sic/common/sic_appli-e.pdf
https://www.rohm.com/power-device-support

Agenda

III Highlight of recommended components

If you are interested in the recommended parts, please contact with sales.
© 2021 ROHM Co., Ltd. The detail presentations are prepared. P.68




OBC

SiC schottky barrier diodes (2" Gen)

AEC-Q101 gqualified

650V

P/N 6A 8A | 10A | 12A | 15A | 20A | 30A | 40A
TO-220AC | SCS2xxAGHR \/ \/ \/ \/ \/ \/
TO-247 SCSZXXAEZHR v V v
Dual chip
TO-263AB
1920208, [seszanrm |\ |V [V V|V |V
1200V P/N 5A | 10A | 15A | 20A | 30A | 40A
TO-220AC | SCS2xxKGHR \/ \/ \/ \/
SCS2xXKEHR \/
T0O-247 SCS2xxKE2HR
Dual chip \/ \/ \/ \/

© 2021 ROHM Co., Ltd.

\/ Mass Production

N/C A
As of Mar. 2020
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OBC

SiC MOSFETSs (3" Gen trench type)

Automotive grade (AEC-Q101 gualified)

© 2021 ROHM Co., Ltd.

MP: Mass production

* as of Jun. 2021

\/ Mass Production \/ Under development

650V Part No. / Status 17mQ | 22mQ 30mQ 60mQ
TO-247N SCT3xxxALHR \/ \/ \/ \/
TO247-4L SCT3xxXxARHR
MP: Q1/22
TO-263-7L SCT3xxXAW7HR
MP: Q1/22
1200V Part No. / Status 22mQ 30mQ 40mQ 80mQ 105mQ 160mQ
TO-247N SCT3xxxKLHR \/ \/ \/ \/ \/ \/ H
TO247-4L SCT3xxxKRHR \/ \/ \/ H
MP: Q1/22
TO-263-7L SCT3xxXKW7HR \/ \/ \/ \/ M
MP: Q1/22 i

P. 70




OBC

RGW series for Automotive Application

m Features

-Trench Gate & Thin Wafer Technology (3 gen.)

TO-247N

-Low VCE(sat) 1.5V typ. -Without FRD *Built in FRD

*High Speed SW tf 30ns typ. Collector Collector

‘Low SW Loss & Low SW Noise

‘Low Gate Charge J J

-Built in Very Fast & Soft Recovery FRD Gate Gate A

-Based upon AEC-Q101

m Applications Emitter Emitter

On-board Charger , PFC , DC/DC , DC/AC
IC[A] VCE(sat)[V] tf[ns] Cies[pF] Cres[pF] VF[V] trr[ns]
S 25°C | 100°C | Typ. [IE] Typ. [IAC\] Typ. V[S]E Typ. V[%E FRD Typ. [IE] Typ. [IK] FEEE
RGW60TS65HR - - - - -
RGW60TS65DHR 60 [ 30 | 1.5 [ 30 [ 35 | 30 |2530 46 L |145] 20 | 92 | 20
RGW60TS65EHR L [145] 30 | 95 | 30
RGWS80TS65HR - - - - -
RGWS80TS65DHR 78 | 40 | 15 | 40 | 34 | 40 |3320 60 L |145] 20 | 92 | 20
RGWS80TS65EHR L | 145] 40 [ 101 | 40
30 30 TO-247N

RGWOOTS65HR - - - - -
RGWOOTS65DHR 9 | 50 | 1.5 [ 50 [ 33 | 50 |4200 79 L |145] 30 | 95 | 30
RGWOOTS65EHR L | 145] 50 | 102 | 50
RGWX5TS65HR - - - - -
RGWX5TS65DHR | 132 | 75 | 1.5 | 75 | 31 | 75 |5980 118 L | 1.45| 40 | 101 | 40
RGWX5TS65EHR L |145| 75 | 109 | 75

© 2021 ROHM Co., Ltd.

* This table shows development plan as of today. Schedule and target specification are subject to change without notice.
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OBC

RGW series for Automotive Application

€OBC/PFC/UPS/IH/Welding / PV Inverter
<Features>
-High speed switching “Builtin FRD  cojlector
*Based upon AEC-Q101 s
IC[A VCE(sat VF :
P/N ) a ) ( )E\(/;] FRD » I LPDL ﬁ <:
25°C | 100°C | Typ. IA] Typ. (Al (D2-Pak)
*RGW4ONL65DHR | TBD | 20 15 20 L | 145 | 10 Emitter
*RGWS50NL6SDHR | TBD | 25 | 15 25 L | 145 | 12
*RGW6ONL6SDHR | TBD | 30 | 15 30 L | 145 | 15
*RGWSONL6SDHR | ™8D | 40 | 15 | 40 L | 145 | 20
€ OBC/PFC/UPS/IH/Welding / PV Inverter
<Features>
*High speed switching
-Without FRD “Without FRD  cojector
-Based upon AEC-Q101
N ICIA] VCE(sat)[I\g . s mA
25c | 100 | Typ | o (D2-Pak)
* RGW40NL65HR TBD | 20 15 20 Emitter
* RGW50NL65HR TBD | 25 15 25
* RGW60ONL65HR TBD | 30 15 30
* RGWSONL65HR TBD | 40 1.5 40

© 2021 ROHM Co., Ltd. This table shows development plan as of today. P.72




OBC

Hybrid IGBT (RGW series built in SiC-SBD)

m Features Gen.3 Auto

-Trench Gate & Thin Wafer Technology (3 gen.)
-Low VCE(sat) 1.5V typ.
-High Speed SW tf 30ns typ. TO-247N

+Built in SiC-SBD

-Low SW Loss & Low SW Noise Collector
-Low Gate Charge
-Built in Extreme Fast Silicon Carbide SBD J C‘—D
-Based upon AEC-Q101
L [ | Gate
m Applications | ;
On-Board Charger , PFC , DC/DC , DC/AC . Emitter
B Line up (650V)
IC[A] VCE(sat)[V] tf[ns] Cies|[pF] Cres[pF] VF[V] trr[ns]
P/N FRD Package
a 9 IC IC VCE VCE IF IF
25C | 100C Typ. Al Typ. Al Typ. V] Typ. V] Typ. Al Typ. Al
RGW60TS65CHR | 60 | 30 1.5 [ 30| 70 15 | 2530 46 g’g:[; 135 20 | 34 15
RGWS80TS65CHR | 78 | 40 1.5 | 40 | 40 20 [3320| 30 60 | 30 g'é:D' 135 20 | 34 20 TO-247N
RGWOO0TS65CHR | 96 | 50 1.5 | 50 | 40 25 | 4200 79 g"é:[; 1.35| 20 | 33 25
Sample schedule Quialification sample
RGW60TS65CHR Available
RGWS80TS65CHR Aug. 2021
RGWOOTS65CHR Available
© 2021 ROHM Co., Ltd. P.73

* This table shows development plan as of today. Schedule and target specification are subject to change without notice.




OBC

Hybrid IGBT (RGW series built in SiC-SBD)

m Features Gen.3 Auto

-Trench Gate & Thin Wafer Technology (3 gen.)

-Low VCE(sat) 1.5V typ.

*High Speed SW tf 30ns typ. LPDL
-Low SW Loss & Low SW Noise (TO-263L , D2PAK) Collector

-Low Gate Charge
AL #

+Built in SiC-SBD

*Built in Extreme Fast Silicon Carbide SBD
-Based upon AEC-Q101

. . Gate
m Applications _
On-Board Charger , PFC , DC/DC , DC/AC Emitter
: % Under development
® Line up (650V) P
IC[A] VCE(sat)[V] tf[ns] Cies[pF] Cres|[pF] VF[V] trr[ns]
P/N FRD Package
o o IC IC VCE VCE IF IF
25°C | 100°C Typ. Al Typ. Al Typ. V] Typ. V] Typ. Al Typ. Al
* RGWA40NL65CHR | 40 20 15 20 49 10 1680 31 g:ch 1.35 12 18 10
* RGW50NL65CHR | 50 25 15 25 54 | 12,5 | 2080 | 30 38 30 SII;:D 1.35 | 12 18 12.5 LPDL
* RGW60NL65CHR | 60 30 15 30 70 15 | 2530 46 2:3CD 1.35 | 12 18 15
Sample schedule Design sample Qualification sample
RGWA40NL65CHR Available Sep. 2021
RGW50NL65CHR Available Sep. 2021
RGWG60ONL65CHR Available Sep. 2021
© 2021 ROHM Co., Ltd. P.74

* This table shows development plan as of today. Schedule and target specification are subject to change without notice.




OBC

IGBT RGS series

mFeatures mApplications
*Trench Gate & Thin Wafer Technology Compressor / Heating system
(2nd gen.) -Built in FRD
-Short Circuit SOA 8-10us min. TO-247N Collector
‘Low SW Loss & Low SW Noise
-Low Gate Charge e J i
-Built in Very Fast & Soft Recovery FRD | ‘ Gate
-Based upon AEC-Q101 a _
B Line up (650V) / Short Circuit Withstand Time 8ps smiter
IC[A] VCE(sat)[V] tf[ns] Cies|[pF] Cres[pF] VF[V] trr[ns]
PN 25°C | 100°C | Typ. [IE\] Typ. [IE\] Typ. V[\C;]E Typ. V[\C;]E FRD Typ. [IE] Typ. [IL:]
RGS60TS65D 56 30 1.65 30 101 30 980 13 1.45 30 98 30
RGS80TS65D 73 40 1.65 40 96 40 1240 16 1.45 30 98 30
RGS00TS65D 88 50 1.65 50 91 50 1570 23 1.45 30 98 30
RGSO00TS65E 88 50 1.65 50 91 50 1570 %0 23 %0 g 1.45 50 113 50
RGSX5TS65D 114 75 1.7 75 87 75 2324 23 1.45 50 113 50
RGSX5TS65E 114 75 1.7 75 87 75 2324 23 1.45 75 116 75
M Line up (1200V)/S
RGS30TSX2D 30 15 1.7 15 128 15 1272 8 1.65 15 157 15
RGS50TSX2D 50 25 1.7 25 205 25 2095 30 12 30 L 1.65 25 182 25
RGS80TSX2D 80 40 1.7 40 227 40 2820 25 1.65 40 198 40

* This table shows development plan as of today. Schedule and target specification are subject to
© 2021 ROHM Co., Ltd. change without notice. As of Mar. 2020 P.75




OBC

Gate Drivers (Simple Type)

FEATURES
= 3
O~ (8] = =
T O c — = é = = 8
ITEM = g = 2 FEl 3| S| =] 9 o Status
= (0]
g S o2 8s 5| 8| 58| 3 | O
) a v — 8 S|l £ = =
3|1 21| &
N
BM61M22BFJ 1ch SOP-JW8 2.5 60 2A | NA v 7.4V NA MP Ready
BM61S40RFV 1ch | SSOP-B10W 3.75 65 | 4A B NA | 14.5V | 21.5V MP
BM61S41RFV 1ch | SSOP-B10W 3.75 65 | 4A B NA | 14.5V NA MP
BM61M41RFV 1ch | SSOP-B10W 3.75 65 | 4A B NA | 7.4V NA MP
BM60212FV 2ch | SSOP-B20W ngh.: 1.2kVDC 75 | 3A B v 8.5V NA MP
Low: Not Isolated
BM60213FV 2ch | SSOP-B20W ngh.: 1.2kVDC 75 | 3A [ NA v 8.5V NA MP
Low: Not Isolated
B: Built-in

NA: Not Available
MP : Mass Production

© 2021 ROHM Co., Ltd. P.76




OBC

Gate Drivers (Complex type)

FEATURES
> © = |8 Lo |5 5
c () = =
5 O = = |5 | WL = = 2 &
) c—leg £ |S£|egE|3§ 0| Q|xslxy £ 5
ITEM < 2eled a3 olezl = |55 | = |s3|8TF o | © Status
~ T E|lsg O n| ool OOY =| 2lealS=l =] =
O =S |os = Sleo - (sl 2Tl E ©
c oL |o D = O |x ol © [= © = = |0 o= o LL
o e=z2 2 |Qlon = |88 |3 |20L 8l €| <«
o S O |= S ﬁ Al o | o L ) )
BM6101FV SSOP-B20W | 25 | V 3A NA|INA| E [V | vV [NAINA[NA|NA]| 1 MP
BM6102FV SSOP-B20W | 25 |NA| 3A NA|INA| E [V | Vv [NAINA[NA|NA]| 1 MP
BM6104FV SSOP-B20W | 25 | V 3A NA|INA| E [V | Vv [NAINA[NA|NA]| 1 MP
BM6112FV SSOP-B28W | 3.75 | v 20A |[NA[NA| E |V |V | Vv [NA|INA| V 2 MP
BM60052AFV | SSOP-B28W| 25 | v 3A [NA|NA| B DV |[NA[NA| V [NA]| 2 MP
BM60054AFV | SSOP-B28W | 25 | v 3A NA[NA| B v | v I[INA[NA| vV [NA]| 2 MP
BM60055FV SSOP-B28W| 25 [NA| 5A |[NA(NA| B |V |V [NA|lV | V [NA]| 3 MP
BM60059FV SSOP-B28W | 2.5 | NA (élonpll) v INA| B v |V NA| V | V 1 MP Ready
BM60060FV SSOP-B28W | 25 |NA| 9A NA| V B VI iv IV IV |V |V 1 MP

© 2021 ROHM Co., Ltd.

CCGD: Gate Constant Current Driving

B: Built-in, E: External Nch MOSFET
D:Desat

N:Not Available

MP : Mass Production

P.77




OBC

|solated gate driver evaluation boards

Enable to replace from existing gate driver.

EVK Name

© 2021 ROHM Co., Ltd.

® Target : Automotive DCDC, OBC, E-compressor, PTC heater etc..
® Easy to evaluate from exiting board
® Started to sale them at online distributor

(Digikey / Mouser / Future / Chip 1 stop / ZAIKO Store)

BM61S40RFV-EVK001 1 SiC-MOS

BM61S41RFV-EVK001 1 SiC-MOS

BM61M41RFV-EVK001 1 Si-MOS
BM61M22BFJ-EVK001 1 IGBT,Si-MOS bl
BM60212FV-EVK001 2 IGBT,Si-MOS

BM60213FV-EVK001 2 IGBT,Si-MOS

BM61S40RFV-EVK002 2 SiC-MOS

BM61S41RFV-EVK002 2 SiC-MOS

BM61M41RFV-EVK002 2 Si-MOS

BM61M22BFJ-EVK002 2 IGBT,Si-MOS s sommions  meaes o

BM61M41RFV-EVK002

P.78




OBC

Isolated Fly-back regulator BD7Fx05EFJ-C

Ideal for supplying power between high-voltage boards and low-voltage boards.
Highly reliable design for Automotive.

Integrated 60V MOSFET

® AEC-Q100 Qualified (Grade 1) ® Input voltage £ 3.0V to 40V (Maximum 45V)
® Primary control without optocoupler and sub winding *IC don’t stop at VIN=2.7V

® No Need compensation network by On-time control for cold clanking.

® Low ripple voltage and fast response by On-time control ® Drain voltage . 60V

® |Low EMI by spread spectrum and ON-time control ® Junction temperature . .40 to 150°C

® High efficiency by Light load mode ® Operating Current - 500pA @ VIN=12V

® Output voltage compensation of secondary diode Vf ® Switching frequency . 400kHz (Typ.)

® Input voltage 3.0V to 40V ® Current limit 1 2.2A/3.8A

o

[

Protection function HTSOP-J8

(OCP, UVLO, SCP, REF OPEN, BSP, TSD) 'gg 4.90mmx6.00mmx1.00mm

Output voltage adjustable with external resister and transformer 1.27mm pitch
winding ratio

Application circuit

Line up

VIN >+ VOUT+ —
1 1 l Product Name Output Power@ Current Limit
I 3 L VIN=6~32V

| VIN

= SDX/EN BD7F105EFJ-C 4.0W 2.20A

s VOUT-
i BD7F205EFI-C 8.0W 3.80A

1L_COMP S _

Design Sample: Nov. 2021
_| Qualification Sample : Jun. 2022
REF GND As of Jul. 2021

© 2021 ROHM Co., Ltd. % = P.79




ROHIM

SEMICONDUCTOR

Advantage of BD7F205EFJ-C

I Developing

@ Low EMI @ Fast Response
EMI result at Rohm * No input filter VOUT+ 200mV/div i
80 Sy— 2output
70 - Ave
T 60 :Ver,EPKg ) i
S :g Ver.(AV 200m A IR ‘ 200mA -
% 30 (L1 i W%OOmA/dN | <MW
g 20 p-froms “j A ]
& 10 ~
= TTNS ™ Y
= VOUT- 200mV/div ! Output
R s ] variation
45 TOUT=2001MATHN :)UUpbfLﬁ\/ A80mV
150k 500k M M SM 10M 20M 30M T N TR S SR S| b L e e
Frequency[Hz] s [y ||t ot
- 200mvidiv N Bysoom 1acqs. RL:S00K
AM width (150~300kHz) : OK = - '
® Cross regulation @ Rich Protection
0.0% VIN >—¢ battery ] VOUT+
-1.0% . 1 short
. UVLO S 0 L
g 20% I VIN
g -3.0% = +—11 SDX/EN
| < VOUT-
N -4.0% <
E . 1 thermal A V
Q -5.0% = shutdown output
~6.0% —e—LM5180(TI) 1L_COMP SV short
-7.0% ]
—e—BD7F100(ROHM)
-8.0% over current
50 100 150 200 L
IOUT2[mA] AGND |REF PGN
CH1(I0UT1) vs CH2(VOUT2_rate) (IOUT2: 82mA fix) E= % REF =
* Qutput voltage of CH2 are different from Rohm and T company. | = open P80

© 2021 ROHM Co., Ltd.

So they compare to use output rate for OmA.

OPEN & Short protection for IC Pin & External parts




OBC

Linear Regulator Family 1 xx=Output Voltage yy=Package btk
Red: in Development  Blue: in Planning
1ch LDO Series for Automotive Standard LDOs Nano Energy™ LDO ][ Nano Cap™ LDO

Voltage

[Low Quiescent Current LDO Series]
[Low Quiescent Current LDO Series] BD7xxL5yy-C
BD7xxL2yy-C

[Standard LDO Series]

[Low Quiescent Current and Small Type [Standard LDO Series] BD4xxM5yy-C
LDO Series] BD4xxM2yy-C . BD4xxS5yy-C [Standard LDO Series]
BD7xxL05G-C BD4xxS2yy-C [Standard LDO Series]
45V 10 50V *0.05A output items BDEXXM2yy-C BD6xxM3yy-C BD6xxM5yy-C *1A output items
[Nano Energy™ LDO Series] ) BD8OOM5yy-C *2A outout it
BD9xXL 1vV-C [Nano Energy™ LDO Series] outputitems
A outpu}[/i)t/ems BD9xx L2yy-C [Nano Energy™ LDO Series]
i BD9xxL5yy-C
[Nano Cap™ LDO Series] yy
B_DQXXley'C [Nano Cap™ LDO Series]
%0.15A Output BD9xxN5yy-C
30V to 36V BD3650FP-M BDxxCOAyy-C
BDxxGA3MEFJ-M BDxxGA5SMEFJ-M
15Vito 20V BDXXGA3MEFJ-C BDLOOASYyY-C BDXXGCOMERI-M
BDxxHA3MEFJ-M BDxxHCOMEFJ-M
LY BDXxHA3MEFJ-C BDXXHASMERI-M BDXXHC5MEFJ-M

BUxxSD2MG-M

BUxxJA2VG-C [New Secondary LDO Series] BDxxIASMEFJ-M BDxxICOMEFJ-M
BUxxJA2DG-C BUXxJA3DG-C BDOOIASMHFV-M BDO0OJCOMNUX-M
BUxxJA2ZMNVX-C

6.5Vto 7V

© 2021 ROHM Co., Ltd. (Note) Schedules, specifications, and model names under development/planning may change depending on the market trend and developing situation. P.81




Linear Regulator Family 2 xx=Output Voltage yy=Package
Red: in Development  Blue: in Planning
Voltage Tracker Series for Automotive [ . Stengeratpos |
45V to 50V BD42500G-C BD42540FJ-C BD42530EFJ/FPJ/FP2-C
Multi-Function LDO Series for Automotive [ MLl uneton tRDs ]

[Multi-Function Standard Series]

BD3010AFV-M : 5V LDO + 4.25V RESET + WDT(T/0) [Multi-Function Standard Series]
BD4269EFJ/FJ-C  : 5V LDO + 2ch Adjustable RESET BD3020HFP-M : 5V LDO + Adjustable RESET + WDT(1/0)
45V to 50V _ _ BD3021HFP-M : 5V LDO+ 4.50V RESET + WDT(T/0)
[llow Quiescent Current Sericel BD4271HFP/FP2/EFJ-C 5V LDO + 4.65V RESET + WDT(T/0)
BD820F50EFJ-C  : 5V LDO + 4.20V RESET + WDT(T/0) BD42754HFP/FP2-C 15V LDO + 4.62V RESET
\ Q\\‘ 2 _ ‘RESET: Voltage Monitoring and Reset Function
& . .
. . y A ’ WDT: Watch-Dog-Timer Function
WDT + RESET Series for A&‘notlve 10, \ T/0: Timeout-type (Watch-Dog-Timer)

WDT + RESET W: Window-type (Watch-Dog-Timer)

BD37/87Bxxyy-C : 2.3V to 4.6V FIXED RESET + WDT(T/0O)
BD87B00yy-C : Adjustable RESET + WDT(T/O)

40V
BD87Cxxyy-C : 2.3V to 4.6V FIXED RESET + WDT (W)

© 2021 ROHM Co., Ltd. (Note) Schedules, specifications, and model names under development/planning may change depending on the market trend and developing situation. P. 82




OBC

LDO for MCU BD4xx/7xx series

A lineup in which the standard series and low quiescent current series can be selected
according to the set current consumption requirement at key-off.

BD4xxMxxx-C (Standard series) Feature

© £2% (Tj = -40°C to +150°C)

® Output voltage accuracy
® Output transistor
® Output ON resistance

® Output capacitor

: Pch DMOS

: 0.6Q (5V, 500mA,; Typ.)
1.6Q (5V, 200mA; Typ.)

. Effective value 6jJF or larger

(Electrolytic capacitor applicable. ESR < 5Q)

® EN function equipped
® Standby current
® Internal protections

: BUA (Max.) @ Ta = 125°C

Over current protection / Thermal shutdown

® AEC-Q100 qualified

BD4xxMxxx-C series Key Specifications

® |nput voltage range

@ Output voltage

® Output current

® Low quiescent current

© 2021 ROHM Co., Ltd.

: 3.0V to 42V
: 3.3V /5.0V
: 200mA /500mA

: 38uA (500mA; Typ.)
: 40pA (200mA; Typ.)
® Operate temperature range (Tj) : -40°C to +150°C

‘jji T

%

BD7xxLxxx-C(Ultra Low Quiescent) Feature

® Output voltage accuracy : £2% (Ta = -40°C to +125°C)

® Output transistor : Pch DMOS

® Output ON resistance :1.25Q (5V, 500mA,; Typ.)
2Q (5V, 200mA; Typ.)

® Output capacitor . Effective value 4.7uF or larger

(Electrolytic capacitor applicable. ESR < 10Q)
® Internal protections
Over current protection / Thermal shutdown
® AEC-Q100 qualified

BD7xxLxxx-C series Key specifications

® |nput voltage range : 3.0V to 45V

® Output voltage :3.3V/5.0V

® Output current : 200mA / 500mA
® Low quiescent current - 6PA (Typ.)

® Operate temperature range (Ta) : -40°C to +125°C

!’ P.83




Detector IC Lineup for Automotive
Operating Temperature Range : -40°C to 125°C

ROHIM

SEMICONDUCTOR

Standard Voltage Detector

Detection Detection Detection Icc [pA] Hysteresis
Output
Part No ltems Accuracy Voltage Step tonolo Voltage Package
(%] VoerlV] V] PO 1 on | oFF V]
BD70HxxG-2C series Open-Drain
, L4 3.05, 0.1 027 | 03 - SSoP5
BD73HxxG-2C series 4 (-40 10 125°C) 3.4610 3.76 Push-Pull
Programmable time delay Voltage Detector
Detection Detection Detection Icc [UA] Hysteresis
Output
Part No ltems Accuracy Voltage Step topology Voltage Package
[%6] Voer[V] [Vl ON | OFF [Vl
BD52xxG-2C series 42 +3 0.9105.0 o1 Open-Drain v 0.05 |SSOPS
o 91to5. . x 0.
BD53xxG-2C series 42 (-4010 125°C) Push-Pull oET
. . 023 | 027
BD52xxNVX-2C series 6 +2.5 Open-Drain
: N 2.6t03.1 0.1 Vperx0.05 | SSONO004R1010
BD53xxNVX-2C series 6 (-40 to 125°C) Push-Pull

© 2021 ROHM Co., Ltd.

P. 84




Low EMI Operational Amplifiers

B Excellent EMI Characteristics OPAMP Line up

BA82904Yxxx-C
BA82902Yxxx-C
BA83472Yxxx-C
BA83474YFV-C
BD87581YG-C
BD87582YFVM-C

N PN N NN

Device
Type

Bipolar

CMOS

Supply
Voltage

3V~
36V

3V~
36V

4V ~
14V

Input
Offset
Voltage
[MAX.]

omV

10mVv

10mVv

B Excellent EMI Characteristics COMP Line up

BAB2903Yxxx-C

BA82901Yxxx-C

© 2021 ROHM Co., Ltd.

Device
Type

Bipolar

Supply
Voltage

Input
Offset
Voltage

omV

Slew Rate
[TYP.]

0.2V/us

8.5V/us

3.5V/us

Response
Time
[TYP]

0.2V/us

Input
Common-mode
Voltage Range

oV ~ VCC-2.0V
(Ground Sense)

oV ~ VCC-2.6V
(Ground Sense)

ov ~ VCC
(Rail to Rail)

Input
Common-mode
Voltage Range

oV ~ VCC-2.0V
(Ground Sense)

Supply
Current
[MAX.]

1.2mA
3.0mA

6.0mA

4.5mA
8.0mA

Supply
Current
[MAX.]

2.5mA

Package

SOP8 / MSOP8
SOP14 / SSOP-B14
SOP8 / MSOP8
SSOP-B14
SSOPS
MSOPS8

Package

SOP8 / MSOP8

SOP14 / SSOP-B14
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High Speed OPAMP

[High Slew Ratel -
[Wide Frequency Bandl 1.0 ! g
High Speed OPAMP . o :(;g\;lr/u Speed OPAMP ///
Ms
This product is most suitable for motor overcurrent = : //
detection and various detection circuits that o 0.0 " _~”"General OPAMP
Require high-speed response. % -0.5 || / 0.8V/us
> '
-High Slew Rate v
80V/us 1.0 el
+Gain Bandwidth Product
150MHz -1.5
00 02 04 06 08 1.0 1.2 14 16 18 20

Time [ps]

B High Speed 5V CMOS OPAMP

Offset Supply
Current CS Package
Voltage [MAX.]
[MAX.] :
v v

LMR1701YG-C 1 16mA SSOP5

8mV 80V/us
LMR2702YFVM-C 2 32mA Under Plan Under Plan MSOP8

Fast control system is realized by fast voltage response time.

© 2021 ROHM Co., Ltd.
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Low Offset & Low Noise CMOS OPAMP

B Feature

Noise

Noise

N
ul

Low Offset] Index 2 L Index 1
i E --------
[Low Noisel $20 I oA competiors 11|
High precision operational amplifier E = 0mnTTTrT '
215 I S [ Competitor A
*Input Offset Voltage @ N I I /
(0] -~
. . _ o, = I -I /-------
Input Bias Curren'F 0.5pA (Ta=25 F:) g : '\ — |
-Input Referred Noise Voltage Density 2 7 m
2.9nV/NHz(1kHz) 7.8nV/VHz(10HzZ) 2 o1 |
o
pd

—
o

100 1,000 10,000
Frequency [Hz]

® Low Noise 5V CMOS OPAMP Line Up

Input Noise
Supply
Offset Voltage
Voltage Density C[L_:_:l(‘gr}\t Package
[MAX.] [TYP.] '
LMR1801YG-C 5.0nV/+/Hz
(Ground Sense) 1 9501V @IKL12 0.95mA v v SSOP5
LMR1802YG-C 2.9nV//Hz
(Ground Sense) 1 =Y @1KHz 1.10mA v v SSOP5
TLRX377YG-C 8.0nV//Hz 1.00mA v 7 SSOP5
(Rail to Rail) 12 1,300nV @1KHz @1ch v v MSOP8
v 21/4Q SSOP-B14
TLRX376YG-C 8.0nV//Hz 1.00mA v 7 SSOP5
(Rail to Rail) el @1KHz @1ch v v MSOP8
v 21 4Q SSOP-B14

© 2021 ROHM Co., Ltd. pP. 87




Ultra Low Offset Chopper CMOS OPAMP

By chopper method, 35

30
With lUltra Low Offset Voltagell .
High precision OPAMP N

‘Low Offset Voltage
12pV [MAX.]
‘Temperature Coefficient of Offset Voltage
0.05pV/°CITYP.) >
Input Bias Current 0
+150pA [TYP]
-Supply Current
1.5mA [MAX.]

® Ultra Low Offset 5V CMOS OPAMP

[
Ul

Frequency [pcs]
=
o

w
COONOVOITMNANHOHANMTIIONO®OMO
- 1 1 1 1 1 1 | I | -l
1

Offset Voltage [pV]

Temp Supply
Coefficient Current Package
[TYP.] [MAX.]

LMR1001YF-C 1 12pv 0.05pVv/C 1.5mA Under Way SOP8

Ultra-high-precision OPAMP most suitable for small voltage amplification.

© 2021 ROHM Co., Ltd. P. 88




OBC

ROHM

SEMICONDUCTOR

Shunt resistors lineup

GMR320 series which guarantees max 10W is just released.
Expanded rated power of PSR series up to 15W.

15 g I
3w to 15W Uﬂtra Existing
oW t ower
=" New : GMR320 B Frosac:
10 g, [ e —— f‘ 1 Under
I | 3w to 10W Low High « -~ .. ) Development
I Ohmic Power
z | Increasing | Increasing
5 rated power | rated power
= BSR Ser I GMR series
s 5f01ma . &8 5mQ to 220mQ & & ’
3 NS \5?’ S
o 4 | i
3
|
AN |
tra-J ) (7 (e
1 EML 2 LTR 7 LHR series ’
eries E E—
r PM R Series
0.5 I @, g ] |
. » Low [ Thick 4B
0.2 F UCR series y i i I
0 I
01 1 10 100 1000

Resistance (mQ) P. 89
© 2021 ROHM Co.,Ltd.




PSR Ultra Low Ohmic Series Metal Plate / High Power

ROHIM

SEMICONDUCTOR

| Features
- Large Electricity (3W~5W)

Rohm’s unique welding technology achieves copper
electrode and thick metal resistor combine to have good
heat dissipation.

 Ultra low ohmic (min. 0.1mQ)

We achieve low TCR* even at ultra-low resistance range
by adopting a high-performance alloy material in metal
resistor.

| Structure

Resistive metal

‘ (Ni-Cr/Cu-Mn Alloy)

Bonding part Electrode(Cu)

Electrode(Cu)

IAppIication

For Current detection

«Automotive (EPS, Battery charger, etc....)

*Renewal Energy (Power conditioner) ,

«Industrial (Air conditioner, Refrigerator 2 | o
3

i T
2

\\\\\\\\“\“\
i)

o

© 2021 ROHM Co., Ltd.

ISpecification :

0.1mQ~3.0mQ

Metal Plate / High Power

Size . Rated Power Conventional New .
Type o Toler- |Resistance Operating
inch ance (mQ) Ambient Werminal TCR(ppm/°C) TCR(ppm/°C) Temp.
(inch) Temperature emperature +20 ~ +125°C | +20 ~ +175°C
8W(Tk@75°C) N
0.3 AW(Tk@140°C) +150 0~+150
8W(Tk@75°C) N
0.5 AN(TK@L40°C +115 0~+100
6432 F 1.0 3w 8W/(Tk@75°C) +£100 0~+100
PSRI00 | o512y | (21%) (Ta@70°C) AW(Tk@140°C)
B6W(Tk@75°C) -
2.0 AW(TK@140°C) +50 0~+50
AW(TK@75°C) -
3.0 3W(Tk@140°C) +50 0~+50
12W(TK@75°C)
0.2 5W(Tk@130°C) 125+50 125450
10W(Tk@75°C) N
03 5W(Tk@130°C) £175 0~+100
10W(TK@75°C) N
psRaoo | 10%5:2 F 0.5 aw 5W(Tk@130°C) £175 0~+100 65
(3921) | (£1%) 10 (Ta@70°C) BW(Tk@75°C) +75 0~475 o
: 5W(Tk@130°C) 175°C
6W(Tk@75°C) N
2.0 AN(TK@115°C) +75 0~+75
5W(Tk@70°C) N
3.0 3W(Tk@115°C) +75 0~+75
15W(TK@75°C)
0.1 LOW(Tk@120°C) 200+50 200+£50
15W(TK@75°C) N
0.2 10W(TK@120°C) +225 0~+150
10W(TK@75°C) N
0.3 TW(TK@120°C) +150 0~+150
15%x7.75 F 5W 10W(Tk@75°C)
+ ~
PSR500 (5931) | (+£1%) 0.4 (Ta@70°C) 7W(Tk@120°C) 150 0~+150
10W(TK@75°C) N
05 TWTK@120°C) +150 0~+150
10W(TK@75°C) N
1.0 6W(Tk@120°C) £75 0~+75
2.0 Jwakeroe) +75 0~+75
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PSR Ultra Low Ohmic Series Metal Plate / High Power Case Study

-

B Product &’ M Topology

- PSR series (PSR100/400/500) - PFC, LLC, Secondary
High power shunt resistor current detection
Customers ﬁ%
I ] _ His QJ} e [
2 companies ST | /

Bt
]

=]
197
=
LI
11
LAl
! [

B Why ROHM?

» High power with small PKG \ ;

+ High current detection is necessary. _
( From 3W to 5W and below 1mohm) Current detection

» Simulation support

- Optimal PCB and land pattern design is important for current detection
circuit since it affects current detection accuracy. ROHM enables to
support such simulation support.

If technical support is necessary, please contact with ROHM sales.
© 2021 ROHM Co., Ltd. P.91




GMR Low Ohmic Series

Metal Plate / High Power

© 2021 ROHM Co., Ltd.

Metal Plate / High Power

Feature I Specification : 5mQ~220mQ
*High power up to 10W. } s . . .
.. ize ated Power esistance S perating
*ROHM’s Orlglnal structure Type mm(inch) (Terminal Temp.) el (mQ) (ppm/°C) Temp.
for excellent heat dissipation. ' _—
*Line up from 5mQ to 220mQ. Q/ GMRS0 5025 4W(90°C) 5 0to +25
. 2010 3wW(110°C
-Special metal alloy allows low TCR. (2010 e 10~220 | 25
New ( ) 5 0~ +25
6432 7W(70°C
GMR100 F °
1 1 1 (2512) 5W(110°C) % N -65 ~ +170°C
Characteristic Comparison (196 | 10~220 | %20
GMR series has better heat dissipation than the Al ) 5 0~ +25
| oo | Jhe | oo
competitors (2817) (110°C) 10 ~ 100 £25 ,
<GMR100/10mQ> <Competitor/10mQ> High power
Low TCR

IAppIication

For Current detection

- Automotive (ECU, Motor peripheral circuit, etc.)
-Industrial (General inverter)
-Renewal Energy (Power conditioner)
* Air conditioner, Refrigerator

*Power supply

<107°C at 3W> <140°C at 3W>
B Overload Test
3.0%
2.0% |------mmmmmmmm oo S EEEEEEE
1.0% [ -
;\-o\ 0.0% '0'*—._*—0\-.- ---------- ks
E{—l.O% 3 -
N -2.0% |------mmmmmmm s oo\
-3.0%
Tlwloe[n|o| o Slunlo[n|ol o
S| x| x| x| X SX| x| X|X[X
S =
. ]
ROHM GMR100 220mQ Competitor ?r

Competitor varies over
+3% with X8 overload

Wide temperature
\ range

| Appearance

<Bottom>

<Side>
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PMR Ultra Low Ohmic Series

Metal Plate / General

ROHIM

SEMICONDUCTOR

| Features

€ Rohm original trimming-less structure

Surface Temperature

<ROHM>

(88.7°C)

Our design allows unique temperature diffusion

Size : 6432

Rated Power : 1W

ROHM : PMR

Competitor : Metal element type

<Competitor>

(98.8°Cc)

| Structure

€ Special alloy for Resistor!

:
l

Conventional product (Alumina base)

Resistive metal element (PMR series)

Overcoating (Resin)

=]

Alumina substrate

| ——
Resistive element ?

Side electrode
(Ag/Ni/Sn)

Overcoating (Resin)

inner electrode (Cu)
mid electrode (Ni)
outer electrode (Sn)

Metal plate

© 2021 ROHM Co., Ltd.

Metal Plate / General

| Specification : 1mQ~10mQ
Size Rated Resistance o Operating
e mm(inch) Power TN (mQ) TCR(ppm/C) Temp.
1005 0 ~
PMRO1 (0402) 0.2W J (£5%) 10 0~200
1608
PMRO3 (0603) 0.25W 10 0~150
2012 2,3,4,5,6,
PMR10 (0805) 0.5W 38,610 +150
3216 11213I4I5
PMRIZ | (1206) W 6,7,8,9,10 +100 55~ +155%C
3295 J (£5%)
:|: 0,
PMR25 (1210) 1w F (£1%) 1,2,3,4,5 +100
5025 1,2,3,4,5,
PMRS0 (2010) 1w 6,7,8,9,10 +100
. 1,2 +150
PMR100 2W 3,4,5,6
(2512) 78510 +100

IAppIication

Current detection purpose

Laptop PC, HDD, Mobile phones,

Small batteries, Chargers,

DC/DC converter, and other general

Power supplies

| Circuit Example

<Overcurrent detection >

Over-current
detection
circuit

T

:@—

Ultra-low ohmic —m e
resistor for
current detection




PMR Improved Rated Power Series Shunt/ Metal Plate

| Features

+Guarantees high power with terminal temp. rule
-Enlargement of operating temp.
*Re-examination of TCR

Derating curve based on
Ambient temperature

Derating curve based on
Terminal temperature

O

g3 23

9] o

H = Conventional*
. 5o MTTEL
B B

© ©

4 T 1

1
1
1
1 i
|

70 155
Ambient Temperature(C)

175

Terminal Temperature(°C)

*guarantied by Ambient Temperature

X 4

(Terminal temperature rule)

Measurement : middle of solder fillet

\ —

© 2021 ROHM Co., Ltd.

.o . . o o
| Specification : -65°C ~ +175°C
. Rated Resistanc .
mn?éizr?ch) Rated Power| Terminal | Tolerance e ( Tri;\:C) O[?I_irr?]tlng Schedule
Temp. (mQ) PP P
pvro1 | 209 | Lo5w J (£5%) 10 | 0~200 21/3Q
(0402) : 0
1608 .
PMRO3 (0603) * 0.75W 10 0~150 21/3Q
-65~
+155°C
pvr10 | 202 | a1ow 2 +100 21/2Q
(0805) :
3216 o .
PMR18 (1206) * 1.5W 130°C 1,2 +100 21/2Q
J (£5%)
F (£1%)
3225 +75(F) )
PMR25 (1210) * 2W 1 +150(J) 21/2Q
5025 +75(F) -65~ ‘
PMR50 (2010) * 2W 1,2 1150(3) +175°%C 21/2Q
| New 4
6432 +75(F) .
PMR100 (2512) 3w 1,2 +150(J) Available

% :Under development

* Design and specification is supposed to change

P. 94




OBC
PML Ultra Low Ohmic Series Metal Plate / Wide Terminal

Metal Plate / Wide Terminal

| Features | Specification : 0.5mQ~2.5mQ
Wide terminal configuration for high joint reliability ! Available for high current! Lineup from ultra low 0.5mQ.
Standard terminal type Wide terminal type Type mn?(liznech) Rated Power | Tolerance Reﬁl;tg)nce TCR(ppm/°C) | Operating Temp.
<> | heat 1220
PML10 (0508) 0.66W 3 (w5%) 1.0,1.5,2.0,2.5 +200
1632 G (£2%) 0.5, 1.0,
PML18 (0612) W 1.5, 2.0, 2.5 +150
Improved heat 2550
dissipation! PML50 (1020) 2W 0.5,1.0,1.5,2.0,2.2 +200 -55~+155°C
@ [ntroducing special alloy, with higher reliability,
PR L < U 2W | 3(5%) | 1.0,15,2.0 22 +100
as resistive element. PML 100 3264 (3W at 25°C)
® Rohm original trimming-less structure has improved oW 05 +150
current /heat dissipation characteristics. at

dissipation characteristics.

| Rated Power Comparison | Application

Comparison of Rated Power

. PML100(1.0-2.2mQ) + Automotive motors, EPS,
= 3 \ Laptop PC, Current detection
5 \ 6432 size circuit, etc.
s 2 N 3Wat 25°C
a G teed!
- N \ \h.uaran ee
£ 1 [ PMR100 N
o
\ Suitable for the detection of high current!
0
© 2021 ROHM Co., Ltd. -55 25 70 155 P. 95
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ESR Anti-Surge Series Anti-Surge / Thick Film ROHM

Anti-Surge / Thick Film

| Features |SpeC|flcat|on
€ Guaranteed 2~5kV ESD resistance! (ElA34701-1 Human Model) Size Rated Resistance ) i
. . . . . . . LS mm(inch) Power e SERES (Q) TCR(ppm/C) Temp.
B Anti-surge chip resistors (ESR series) vs Conventional chip resistors (MCR
series) 1~091 +500/-250
1005 J (#5%) 10 ~ 10M +200
<2012size> significant o ESROL (0402) 0.2W
5 MRgee"! —=eni0 m} . F (£1%) 10 ~ 2.2M +100
G
= 0
S J (£5% 1~ 10M +200
2% 5 ‘\ - — (£5%)
510 MCR1 \NY / ESROL | j1ong | FESR2S ESRO03 3282 0.25W F (£1%) 13 ~ 2673 ﬁgg
'Ig . v SCV(Applied voltage) 2kV 3kv 5kV ( )
) Applied cycle +5times | +10times | +10times D(+0.5%) 10 ~ 1M +100
-20 0 100 ” o 100e 10 C(Capacitor) 100pF 100pF 100pF
- J (£5% 1 ~ 30M +200
Resistance (Q) er(_:‘(glsstg:ige 1.5kQ 1.5kQ 1.5kQ 2012 ( ) 55~+155°C
ESR10 (0805) 0.4W F (£1%) 1~ 10M +100
Surge-r_esistance is much improved by Ionger conducting distance D(+0.5%) 10 ~ 1M +£100
and resistance pattern to avoid concentration of voltage burden.
J (£5%) 1~ 15M +200
€ Superior rated power! ESR18 (igég) 0.5W F (£1%) 1~ 10M +100
: ) D(+0.5% 10 ~ 1M +100
J (£5%) 1 _
1005 0.20W 0.063W ESRI5 3225 0.66W F(x10) | 2Fi1~10M J: £200
(1210) (20,59 D:10~ 1M | F,D : £100
1608 0.25W 0.10W (£0.5%)
2012 0.40W 0.125W
3216 0.50W 0.25W é
3225 0.66W 0.25W R R @ \/ \/
5025 _ 0.50W ESRO1 ESR03 ESR10 ESR18 ESR25
Improvement of surge-resistance enables to displace smaller size of (Guaranteed ~ (Guaranteed (Guaranteed (Guaranteed (Guaranteed
© 2021 ROHM Co., Ltd.  resistors, and it contributes space savings in your set. 2kV) 3kV) 3kV) 3kV) 5kV) P 96




LTR High Power Series Anti-Surge / Thick Film / Wide Terminal

Shunt / Thick Film / Wide Terminal

| Features | Specification : 10me~9.10
v ROHM'’s unique structure has improved heat : .
icci i it i i Type S Feitas Tolerance | Resistance(Q) TCR(ppm/°C) Operating
dissipation characteristics and resulting higher rated yp mm(inch) | Power Temp.
power. _ LTR10 (éégg) 0.5W 47m ~ 9.1 +150
m Rated Power Comparison Tom ~ 18m 5~ 300
H4X MCR series 1632 20m ~ 47m 0 ~ 200
mm(inch) (General) m LTR18 | (0612) L.ow 5im ~ 470m | 0~ 150 | -55~+155%
2012(0805) 0.25W 0.5W 510m ~ 1.0 +100
3216(1206) 0.25W [— 1.0W Superior | New 4 10m ~ 18m 0 ~ 300
5025(2010) 0.5W 2.0W R er 2550 ] (£3%) T 50m ~ 47m 0 ~ 200
: : ~_ ratings LTR50 2.0W | F(£1%)
6432(2512) 1.0W 3.0W % (1020) 51m ~ 91m 0 ~ 150
100m ~ 910m +100
_ *10m ~ 18m 0 ~ 300
v" Available to replace from the general package. *4.0W *20m ~ 47m 0~ 200 | -65~+155C
3264 *51m ~ 91m 0 ~ 150
LTR100 | (1555) 5 ow 100m ~ 910m | J: 200
<Competitor> <ROHM LTR18> *3.0W 100m ~ 200m | F:0~150 | -55~+155C
220m ~ 910m F:0~100

5025 size / 1W 1632 size / 1W

% :Under development  * Design and specification is supposed to change

V --- TR | Application
_________________ -Automotive , Power supply

60% Mount space saved! « Motor control circuit
- Battery

© 2021 ROHM Co., Ltd. pP. 97




KTR High Voltage Resistance Series High V.R. / Thick Film

| Features
B Rated voltage comparison (KTR series VS. MCR series)
< 1608 YA/ ZX> <2012 Y4X > < 3216 Y4X >
550 550 550
500 500 500
450 450 450
400 | < 400 . 400

E’ 350

% oo

|

i 200
150
100
50
0

10 100 1k 10k 100k 1M 10M
B (Q)

10 100 1k 10k 100k 1M 10M
B (Q)

10 100 1k 10k 100k 1M 10M
HEHE (Q)

ROHM’s unique resistance pattern and trimming design
prevent concentration of the voltage burden, resulting in
more than twice voltage resistance of our own standard
conventional parts(MCR series).

Resistor pattern long condition
distance was adopted.
Reduce the load on the voltage

The KTR series reduces the number of
resistors required in high-voltage applications.
Also available to replace from the lead type.

© 2021 ROHM Co., Ltd.

| Specification

High V.R. / Thick Film

Size Rated Rated Resistance o Operating
e mm(inch) | Power Voltage elerEEs Range(Q) TCR(ppm/C) Temp.
1608
KTRO3 (0603) 0.1wW 350V 1 ~10M
2012
KTR10 (0805) 0.125W 400V 1 ~10M
J (£5%) J :£200 e 0
F (£1%) Fi.t100 | 2> T1s9C
3216
KTR18 (1206) 0.25W 500V 1 ~10M
3225
KTR25 (1210) 0.33W 600V 1 ~10M

| Application

High voltage circuit
*AC/DC Power supply
«Automotive (BMS, etc.)

*FA apparatus(General inverter , AC servo)

«Office appliance(MFP , LBP)

*Renewal Energy (Power conditioner)

*Home appliance (Air conditioner, Refrigerator)
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Gen.4" Nch MOSFET for Automotive

peveloping
Pw RON Typ. (mQ RON Max. (mQ
Package Part No. BX;’)SS Tc=25°C (IE) k) i VQggan/ Ciss(pF)
(W) Ves=10V Ves=4.5V Ves=10V Ves=4.5V es™
DFN2020WF-L7 0’ RF9G120BF *
40 23 12 21 26 27 35 9.1 520
DFN2020WF-L8 0‘ RF7G120BF *
6 RQ3G270BF 40 T.B.D 27 8.8 10.8 11.7 14.8 21 1170 %
HSMT8AG Q
RQ3G120BF 40 T.B.D 12 21 26 27 35 9.1 520 T
% :DS OK
© 2021 ROHM Co., Ltd. X This is tentative Specification, we may change contents without notice. P.99
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Gen.4th Nch MOSFET for Automotive Developing
Package Bart No. BX?)SS TC:;"’SOC (% RON Typ. (mQ) RON Max. (mQ) V?ng]l%i/ -
(W) Ves=10V Ves=4.5V Ves=10V Ves=4.5V
AGO073DGS4 40 133 120 1.8 2.2 2.3 3.0 98 5500 %
I(_IS%_:_:_%%%()) {.\.\. AGO070DGS4 40 115 120 2.2 3.0 3.0 4.0 80 4000
AGO072DGS4 40 37 38 15 19 19 26 9.5 550
AG004DGD3 40 136 80 2.5 2.9 3.3 4.0 105 5800 %
AG086DGD3 40 97 80 3.5 4.3 4.6 59 51 2900 %
AGO087DGD3 40 78 80 4.5 5.7 6.0 7.9 36 2000 %
[ "’ AG042DLD3 60 T.B.D 80 7.6 8.4 10.2 11.3 47 2650
AG043DLD3 60 71 80 11.2 12.5 15 17.1 30 1700
AG045DLD3 60 39 15 36.1 40.0 48.7 54.0 9.3 460
Y :DS OK

© 2021 ROHM Co., Ltd. X This is tentative Specification, we may change contents without notice. P. 100
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-
gy

SBD RBR Series [ Low V| S

Various rated voltages with various package lineups.

* Low Ve SBD, applicable for various applications. Please refer to the lineups attaching at the end.

« Efficiency increase of high current, by implementing high-accuracy
process. Package — Current range (lp)
* Lineups: Vy,=30V/ 40V/ 60V [PMDE] ' 30v
PS: Virm 2.5%1.3x0.95mm & A

) . 1A3A
m Applications e " W e—t—
*—t0

. [ i 60V
- Switching power supplies 3.5x1.6x0.8mm

1A 5A

. e D-12
(secondary side rectification) [TQ;SDTM] 8 ‘,, o e—— °
. Freewheel 4.7%2.5%0.95mm 60V @ ¥ ¥ @
. . SMA 1A 5A
- Reverse connection protection [PMDS] " OV Ot ~
4.7x2.5X0.95mm 60V @ t t @

M Circuit example New 0 3A 10A

- TO-277A 7 a0v
Vs \ @==nes I ..... Y
VIN :_T_ %) (RAFEh-P.13)

\
qp—

VOUT+

6.4%x4.3x1.1mm
10A  20A

s -
T° o " TO-252AA ’ . s0v
= ¢—1L1SDXEN N Q 40V O=1=6
s VOUT- 10.0%X6.6X2.2mm Y 60V @=—t—@
_=L FBL 10A 40A
TO-263S X 30V
LL}_”L COMP SwW ! RV — —e
- 13.1x10.1%X4.5mm A A 60V @ : : o
= _| 10A 30A
AGND REF PGN TO-220FN 30V
_E 40V .—l—.
= % = 19.0x10.0x4.5mm 60V @@
AEC-Q101 b 101

© 2021 ROHM Co., Ltd. (Only Automotive grade products)
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Middle power FRD series

ROHIM

veUnder Development y¢

SEMICONDUCTOR

full name |

New topics : PMDE

Feature

-Low forward voltage

+High current overload capacity
-Low thermal resistance

'&/TO-Z??

Applications
ECU/ADAS etc.. - automotive applications
Switching power supply - high frequency rectifiers

Circuit

surge absorber
reverse connection prevention

package °
- TR
REN1VWM2S PMDE 1
TF TR
- TR
REN2VWM2S PMDE 2
TF TR
- TL
RFN4RSM2S TO-277 4
TF TL
- TL
RFN6RSM2S TO-277 6
TF TL
- TL
RFN10RSM2S TO-277 10
TF TL

© 2021 ROHM Co., Ltd.

sin 60Hz

15 0.93
15 0.99
40 0.93
60 0.93
100 0.98

Ve max [V]

10

Package position

% 1 %

smaller

PMDE  power up

200 25
200 25
200 25
200 25
200 30

PMDU
(SOD-123)

TO-252
(DPAK)

thinner |_|

up to surge tolerance

@0/

high power

PMDS

s 00

PMDT
(SOD-128)

TO 277
TENTATIVE

circuit AEC-Q101

sample / mass pro.

- CS: OK, MP : Jun./’21

single
qualified MP : Oct./ ’21
- CS: OK, MP : Jun./’21
single
qualified MP : Oct./ ’21
- CS: Oct./'21, MP : Dec./ 21
single
qualified MP : Feb./ 22
- CS: Oct./'21, MP : Dec./ 21
single
qualified MP : Feb./ 22
- CS: Oct./'21, MP : Dec./ 21
single

qualified MP : Feb./’22

This schedule and product specs are subject to change without notice. P, 102
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ROHIM

Middle power FRD package line up

Another line ups (200V~700V)

RFC02MM2S - TR SOD-123FL(PMDU) 0.5 10 0.95 0.5 1 200 35 single Qualified (add code "TF”)
RFO71MM2S - TR SOD-123FL(PMDU) 0.7 15 0.85 0.7 10 200 25 single Qualified (add code "TF”)
RFO81MM2S - TR SOD-123FL(PMDU) 0.8 20 0.95 0.8 10 200 25 single Qualified (add code "TF”)
RFO81LAM2S - TR SOD-128(PMDT) 1.1 25 0.98 1 10 200 25 single Qualified (add code "TF”)
RF101LAM2S - TR SOD-128(PMDT) 1 20 0.87 1 10 200 25 single Qualified (add code "TF”)
RF201LAM2S - TR SOD-128(PMDT) 2 20 0.87 2 10 200 25 single Qualified (add code "TF”)
RF202LAM2S - TR SOD-128(PMDT) 2 20 0.93 2 10 200 25 single Qualified (add code "TF”)
RF302LAM2S - TR SOD-128(PMDT) 3 20 0.92 3 10 200 25 single Qualified (add code "TF”)
RFO71LAM4S - TR SOD-128(PMDT) 1 15 1.25 0.7 10 400 25 single Qualified (add code "TF”)
RF101LAM4S - TR SOD-128(PMDT) 1 25 1.25 1 10 400 25 single Qualified (add code "TF”)
RF201LAM4S - TR SOD-128(PMDT) 15 50 1.2 15 1 400 30 single Qualified (add code "TF”)
RFN2LAM4S - TR SOD-128(PMDT) 15 50 1.2 15 1 400 30 single Qualified (add code "TF”)
RFN1LAM6S - TR SOD-128(PMDT) 0.8 15 1.45 0.8 1 600 35 single Qualified (add code "TF”)
RFN2LAM6S - TR SOD-128(PMDT) 15 40 1.55 15 1 600 35 single Qualified (add code "TF”)
RFN1LAM7S - TR SOD-128(PMDT) 0.8 15 15 0.8 1 700 80 single Qualified (add code "TF”)
RF081L2S TF TE25 SMA, DO-214AC(PMDS) 1.1 25 0.98 1 10 200 25 single Qualified (only automotive grade)
RF101L2S DD TE25 SMA, DO-214AC(PMDS) 1 20 0.87 1 10 200 25 single Qualified (only automotive grade)
RF201L2S DD TE25 SMA, DO-214AC(PMDS) 2 20 0.87 2 10 200 25 single Qualified (only automotive grade)
RFO71L4S TF TE25 SMA, DO-214AC(PMDS) 1 15 1.25 0.7 10 400 25 single Qualified (only automotive grade)
RF101L4S TF TE25 SMA, DO-214AC(PMDS) 1 25 1.25 1 10 400 25 single Qualified (only automotive grade)
RF201L4S DD TE25 SMA, DO-214AC(PMDS) 1.5 50 1.2 15 1 400 30 single Qualified (only automotive grade)
RFN2L4S DD TE25 SMA, DO-214AC(PMDS) 1.5 50 1.2 15 1 400 30 single Qualified (only automotive grade)
RFN1L6S DD TE25 SMA, DO-214AC(PMDS) 0.8 15 1.45 0.8 1 600 35 single Qualified (only automotive grade)
RFN2L6S DD TE25 SMA, DO-214AC(PMDS) 1.5 40 1.55 15 1 600 35 single Qualified (only automotive grade)
RFEN1L7S DD TE25 SMA, DO-214AC(PMDS) 0.8 15 15 0.8 1 700 80 single Qualified (only automotive grade)

© 2021 ROHM Co., Ltd. P. 103




Schottky barrier rectifier lineup overview

m Features of ROHM’s schottky barrier rectifier

* 5 series are line up from the ultra low V¢ type for the mobile to the automotive requiring ultra low I; type.
» Wide range of package lineup.
* High quality corresponding to the automotive (Automotive grade).

W Series selection chart

W Series lineup table

® RBS series® RBR seri
o ‘_ Medium Vg & Low I,
= Ultra Ultra High
)
g 20V v Q@
I
o [ R|Bxf(8 series 30V v
8 10pA e 40145V v v
s 3 [ | 60/65V v v
o ® RBLQ series® -
Highly efficient type &y 100V v v Vv (2) New
1WA | based on RBQ series 150V V4
1 1 1 1 1 200V V' New
0.4v 0.5V 2'6\/ d volt d 0.8V 0.9V (1) RBS series has NO automotive grade products.
orward voltage drop (2) RBLQ series is in developing.
W Packages
PMDE New SOD-123FL SOD-128 DO-214AC/SMA TO-277A New TO-252AA (DPAK) TO-263S (D2PAK) TO-220FN
(PMDU) (PMDTM) (PMDS
% "oy |'® % | ®
» 2 4 % 4 &y L™

2.5%1.3%0.95mm 3.5%1.6X0.8mm 4.7%2.5%0.95mm 5.0%2.6X2.0mm 6.4%x4.3%X1.1mm o \
© 2021 ROHM Co., Ltd. P. 104




Super

ROHIM

SEMICONDUCTOR

“2  RBxx8 Series
- Ultra Low I type general schottky o en
AEC-Q101
REC RB058LAM150
[200V/3A] [150V/3A]
Mounting area : SOD-218(SMAL)(PMDTM)

Low leak = No Thermal runaway

+ High Reliability
B Applications

Automotive Power Supply Industrial (Under high temperature)

Proposal of ROHM

1. RBO58L150
(DO-214AC/150V/3A)

2.RB168MM150
(SOD-123FL/150V/1A/)

Proposal of ROHM
1. RBO68MM-40
(SOD-123FL/40V/2A)
2. RB088BM100
(TO-252/100V/10A)

HWT{
b

Power Supply

Ny . Proposal of ROHM
1. RB238NS150
L (TO-263S/150V/10A)

2.RB168MM150
(TO-123FL/150V/10A/)

Rectifier (At the secondary side)

© 2021 ROHM Co., Ltd.

SOD-214AB(SMC)

REC
[200V/1A]
DO-214AC(PMDS/SMA)

.

72% down

Mounting area :

64% down

RB168MM-60
[60V/1A]
SOD-123FL(PMDU)

&

Low Vg = Low leak — same rated current in smaller package

B Lineup
+ 30~200V / 0.5~40A / TUMD2M~D2PAK
B Electrical characteristic v, =60/ 1,=3A]
<Ve-lg> ) =257C <Vg-lg> T =25C | <Thermal runaway>
. Lo0000 - RB058L-60:NoTR
RBE215T-60
125 4
Hoeee RBxxX0/5-seres 5 l?&’“@/& :
I TU’ 100
1000 - P
< o4 < Equivalent I; to I |
N o 7 AN EEEE - FRD " |
31-5) 35 - o= Low IR improves
§' D‘E; DOWN! RBB-series " /_ - m(;w"“al Irr“u[r)mway i
[+ 10 e temperature
2l gl g / ”ﬁﬁf} .
0.01 1 )
0 500 100 o] 20 40 &0
VF (mV) VR (\-"} o] 10 20 ng (4\-‘?} 50 &0
Replacing from rectifier diode , it enables miniaturization P. 105
and high efficiencyatatime ! !




RBQ Series =3 ROHM

Low Iy SEMICONDUCTOR

- Low I, type general schottky EN)

B Features

: AEC-Q101 qualified*
. Ll neu p *: Only Automotive grade products

-Low IR, Mid-range VF SBD, most suitable for Maxi’:ﬁjg'ggtmgs Electrical Characteristics (T,=25°C)
i i i Package Circuit Part No.
swf[c_hlng power supplle_s. 9 A=
- Efficiency increase of high current, by (Ve=Vru)
. . . ) Vrm = 45V Type
|mplement|ng high-accuracy process. REOLOBMASA e o o6e = -
-Lineup voltage are Vg,=45V/ 65V/ 100V. TO-252AA RBQ15BM45A 45 15 0.59 75 140
RBQ20BM45A 45 20 0.59 10 200
. . RBQLONS45A 45 10 0.65 5 70
u App“CatlonS TO-263S ::: l“’ RBQ20NS45A 45 20 0.65 10 140
RBQ30NS45A 45 30 0.65 15 200
- Switching power supplies(secondary rectification) RBQIOT45A 45 10 065 5 70
TO-220FN RBQ20T45A 45 20 0.65 10 140
-Freewheel RBQ30T45A 45 30 0.65 15 200
Reverse connection protection LPDL g RBQIONB458 45 10 0.62 10 100
RBQL6NB45B 45 16 061 16 200
TO-263S Z[S RBQ30NS45B 45 30 0.59 30 350
m P ackag es TO-220FN RBQ30TB458B 45 30 0.59 30 350
VRM =65V Ty e
New RBQ3RSM658 65 3 0.57 3 50
TO-277A TO-252AA TO-277A —pf—~ | New RBQ5RSM65B 65 5 0.64 5 50
New (DPAK) New RBQ10RSM65B 65 10 0.67 10 90
RBQ10BM65A 65 10 0.69 5 70
TO-252AA RBQ15BM65A 65 15 0.63 7.5 140
’ RBQ20BM65A 65 20 0.63 10 200
7 4 . RBQ1ONS65A 65 10 0.69 5 70
V T os TO-263S l"’ RBQ20NS65A 65 20 0.69 10 140
RBQ30NS65A 65 30 0.69 15 200
RBQ10T65A 65 10 0.69 5 70
6.4%4.3%1.1mm 10.0x6.6x2.2mm TO-220FN RBQ20T65A 65 20 0.69 10 140
RBQ30T65A 65 30 0.69 15 200
TO-263S (p2rak) LPDL (p2pak) TO-220FN Vrm = 100V Type
(Short terminal type) (Long terminal type) New RBQ3RSMIOB 100 3 0.70 3 80
TO-277A ~—Bf~ | New RBQSRSM10B 100 5 0.70 5 140
New RBQ10RSM10B 100 10 0.70 10 250
New RBQ10BM100A 100 10 0.77 5 80
9 D TO-252AA New RBQ15BM100A 100 15 0.71 7.5 140
‘ y New RBQ20BM100A 100 20 0.69 10 200
‘ New RBQ1ONS100A 100 10 0.77 5 80
TO-263S E: |-° New RBQ20NS100A 100 20 0.77 10 140
13.1x10.1x4.5mm 15.1x10.1x4.5mm 19.0%10.0%4.5mm New RBQ30NS100A 100 30 0.77 15 200
New RBQ10T100A 100 10 0.77 5 80
TO-220FN New RBQ20T100A 100 20 0.77 10 140
© 2021 ROHM Co., Ltd. New RBQ30T100A 100 30 0.77 15 200 P. 106
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4th generation 650V FRD (RFS/RFL series)

In Development

V-t trade-off matrix

t, [ns] [Feature of RFL/RFS series]
s | 3rd Gen. -V assurance up to 650V from 600V
4th Gen:, RFNL series -Ultra low noise characteristics
AN AN (Ultra low V¢ type)
N -Low V assurance at the same t,, assurance
U N Low I assurance characteristics
Y RFN series
60 — N (Low V¢ type)
S~ RFUH series
(High speed t,,
soft recovery type)
50 |-
40
RFV series
(High speed t,,
30 - RFS hard recovery type)
series | [ BT
20 |-
] | l | ] | ] | >
1.3 1.5 1.8 2.0 2.2 2.4 2.8 3.0 Ve

© 2021 ROHM Co., Ltd. P. 107




RFS Series

- High speed type 4t generation fast recovery rectifier

B Features

4th generation FRD

advanced from RFUH series
- Super soft recovery (Low noise)
-Low forward voltage
-Low Leakage current
-Ultra high speed switching

4th gen. vs 3rd gen. recovery comparison

RFUH30TS6S
(3rd gen.)

T=125°C

RFS series have very low noise characteristics compare to
RFUH series. So good influence to EMC improvement.

© 2021 ROHM Co., Ltd.

In Development

B Applications

Consumer / Industry
CCM PFC (ex.air-conditioner)
Secondary side rectification

T———

air conditioner

> TVpower %
Automotive Coﬁpre”s‘;r - !é':
On Board Charger L | robotics
Charger station “oenver

(PFC, Secondary rectification) etc..

=% ~——
! FRD FRD
OBC / charger station ._IE
or MOS
=+ IGBT
Full bridge LLC converter PEC circuit
B Target Schedule
DS CS MP
o o o
N\ O O
Consumer OK OK Jun. 2021
Automotive OK N/A N/A

This schedule is subject to change without notice.
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RFL Series

- Low V¢ type 4t generation fast recovery rectifier
FLYyp g

] ] In Development
W Features | Appllcatlons

4th generation FRD Consumer —
advanced from RFN series DCM PFC (ex.air-conditioner) air conditioner
- Super soft recovery (Low noise) Inverter FWD
. Super low forward voltage (air-conditioner, washing machine, refrigerator) 2 |
-Low Leakage current _ d Y ;
i itchi Automotive \ refrigerator

-

-High speed switching On Board Charger oBC =P

4th gen. vs 3rd gen. recovery comparison (Secondary rectification) etc..
' = ._"G ._IK’}FRD —W)1—>—

.-I ' FRD FRD
BEF BE]" e

- IGBT

Inverter circuit PFC circuit
Full bridge LLC converter

B Target Schedule

RFEN30TS6S
(3rd gen.) DS CS MP
o A o
T=125°C Z = <
Consumer OK OK Jun. 2021
RFL series have very low noise characteristics compare to Automotive OK N/A N/A
RFN series. So good influence to EMC improvement. This schedule is subject to change without notice.
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4th tion 650V FRD i : | | biehalll
generation Ineup = e =
I T B
: : In Development
RFS series (t,, type) KA Ak A K
TO-220ACFP TO-247N-3L TO-247N-2L TENTATIVE
package : L i circuit AEC-Q101
G C18 TO-220FP-2L 20 5 650 30 single -
RFS20TJ6S
FHG (G°] TO-220ACFP 20 120 2.3 20 5 650 30 single qualified
G C13 TO-247GE-2L 30 160 2.3 30 5 650 35 single -
RFS30TZ6S
FHG C11 TO-247N-2L 30 160 2.3 30 5 650 35 single qualified
G C13 TO-247GE-2L 60 250 2.3 60 10 650 55 single -
RFS60TZ6S
FHG C11 TO-247N-2L 60 250 2.3 60 10 650 55 single qualified
RFS30TS6D G C13 TO-247GE-3L 15x2 80 2.3 15 5 650 30 cathode common -
RFS60TS6D G C13 TO-247GE-3L 30x2 150 2.3 30 5 650 35 cathode common -
RFL series (Vg type)
package ° b g (LIRS circuit AEC-Q101
G C13 TO-247GE-2L 30 5 650 55 single -
RFL30TZ6S
FHG C11 TO-247N-2L 30 200 1.5 30 5 650 55 single qualified
G C13 TO-247GE-2L 60 320 1.5 60 10 650 75 single -
RFL60TZ6S
FHG C11 TO-247N-2L 60 320 1.5 60 10 650 75 single qualified
RFL30TS6D G C13 TO-247GE-3L 15x2 100 1.5 15 5 650 45 cathode common -
RFL60TS6D G C13 TO-247GE-3L 30x2 180 1.5 30 5 650 55 cathode common -
G : halogen free
FHG : halogen free for automotive grade
t,, condition : 1-=0.5A,1g=1A,1,=0.25xI These specs are subject to change without notice.
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Automotive Microcontroller ML63Q8000

ROHM GROUP

Bl LAPIS

TECHNOLOGY

Included useful function for sensor and motor application

CPU

SWD <msp| MTE | | DAP

SysTick

Cortex-MO+

| B & @

4 Multi-Layer
AHB
N

Reset
Control

Regulator

Power
Management

Lo

Mode | AHB/APB
Cntrol | Bridge @@

i APB

Port Multplex

ACMP: Analog Comparator
HLC: Hardware Linkage Controller

Under development

© 2021 LAPIS Technology Co., Ltd.

H Feature
@ Support functional safety (1IS026262)
® 32bit ARM® Cortex®-M0O+ Core
CPU/BUS ~48MHz Peripherals ~64MHz
Flash memory size Program ~480KB Data ~16KB
RAM size ~32KB
WDT with dedicated clock generator
CAN controller (CAN FD, CAN2.0B)
LIN controller
12bit ADC 16ch with average calculation accelerator
12bit DAC
Peripheral control accelerator
Peripheral connection selector (HLC)
16bit timer 17ch
Three-phase PWM
Interface SPI, UART, 12C, I2S
RTC counter
included Low frequency generator
I/0 Port Multiplex

B Operating range
® VCC=2.7to5.5V
® Ta=-40~+125°C

B Package
® 48pin TQFP 7x7x1.0mm pitch 0.5mm
® 64pin TQFP 10x10x1.0mm pitch 0.5mm

This specification is subject to change without notice
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CAN Transceiver BD41041FJ-C

,| Features of BD41041FJ-C I

INPUT vee
o J W |SO11898-2:2016 standards compliant
Hy T DOMNANT T o W \VVCC terminal : 5V
] SLone DRIVER . 70 B CANH/CANL/SPLIT terminal : -27V to 40V
- o %Z T m Communication speed : to 1Mbps
o S o ; M Responded to low current consumption
$ | 17 by Stand-by Mode : Max. 15uA
STE; ) oo B Dominant time-out function
- | CONTROL COMMON . .
[ ] VOLTAGE B Fail Safe functions
VREF P Thermal Shut Down
20 gl — Under Voltage Lock Out
ane i ﬂ@ W Package : SOP-J8 (JEDEC standard)
TANDBY
RXE} }@ WAKE-UP »—\I\ seLIT —Eipm HOP-J8

FILTER
CEIVER

HHAH

O
oggao

SOP-J8
4.9mmXx6.0mmx1.65mm
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CAN-FD Transceiver BD41044FJ-C

,l Features of BD41044FJ-C I

[
VCC XD VCC
INPUT
% % W |SO11898-2:2016 standards compliant
TXE] . ;}ﬂ DOMINANT H B VVCC terminal : 5V
TIME-OUT
- e B CANH/CANL/SPLIT terminal : 27V to 40V
SLOPE
CONTROL ? B Communication speed : to 5Mbps
o w h % m Responded to low current consumption
e “Vl“’ 1 by Stand-by Mode : Max. 15pA
S?ﬂ ' N oot B Dominant time-out function
| | controL cowon B Fail Safe function
éF DRIVER Thermal Shut Down
— IREF — Under Voltage Lock Out
w1 o / B Package : SOP-J8 (JEDEC standard)
S \£@§
RXE‘} }@ WAKE-UP | | >—I SPLIT 4@% SOP-J8
FILTER /@ H Iq I:I I:I
\%
] o
- il il

G- SOP-J8
4.9mmXx6.0mmx1.65mm
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TVS for CAN Communication Surge Protection

B Suitable Item, “RESD1CANYFH”

© 2021 ROHM Co., Ltd.

CAN :
gus "t

i

[
CAN DataI

Interface

CAN
Transceiver

VS

11

CAN
Transistor

¥ Recommended Point

50

40

vel(V)

35

30

25

45

Vcl-lpp CHARACTERISTICS

V¥ MP Status : On MP

Very common package and has been used for so long in the market

—full-compatibility w/ competitors—Very easy to replace as the alternative
—ROHM has the enough capacity and no worry about that.
—Productive efficiency is very high and it helps your design better.

RESD1CANY has been designed to protect CAN transceiver in high

speed and fault tolerant network from ESD and other harmful transient

voltage event.(AEC-Q101 qualified)

ROHM is high Py surprisingly in spite of high current and low
clamping voltage.

ROHM has some green lights for competitors!

[ CompN Comp.0 ROHM
sk P PD 1C A SZH 1 OAL N #2145 RESD 1CANYFH
e PKG S0T-23 S0T-23 S0T23
@E g Circuit G-com m on B directon) G -com m on B directon) G -com m on B Wdirecton)
o Pd NA NA 225m W
Lo S Veun 24V 24V 24V
~ S. Ct TTpF 30pF 30pF
/ | @ Pop 200W 350W 350W
/ ROHM: Tj 150C -55-150C 150C
/ FESDIOAN Tam b -65-150C NA NA
Tstg -65-150C 55-150C —65-150C
// — Veay(Con) 23KV BOKV 1BOkV
/ High current ML-STD883 HO0kV NA H6kV
L 50nA T00nA 100nA
Ver 25.4V-30.3V 26.2V32V 26.2V32V
. ; ; : . " ” " Vo, 70V m ax 44V 44V
Ipp(A) bp 3A 8A 8A

b

SOT-23
(2.9x 2.4 mm)
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DFN Product for Automotive ROHM

VY DFN New Products .

+100% Final test(HOT)
+100% Gate oxide screening at Vgs>Vgsmax
*AEC-QO006 During evaluation

® %

DFN1616-6W DFN1212-3W DFN1010-3W

RDS(on)[mQ]

Part Numb Qualified Drive
art Number to Polarity VDSS[V] ID[A] Voltage @VGS=10V @VGS=4.5V @VGS=4.0V @VGS=2.5V @VGS=1.8V @VGS=1.5V @VGS=1.2V Package Status
(DS Schedule)
AECQ101 [V]
Typ. Max.  Typ. Max.  Typ. Max.  Typ. Max.  Typ. Max.  Typ. Max.  Typ. Max.
RV4C020ZP HZG Yes P -20 -2.0 -1.5 - - 180 260 - - 240 340 360 480 400 560 - - DFN1616-6W MP
RV4E031RP HZG Yes P -30 -3.1 -4.0 75 105 108 152 122 172 - - - - - - - - DFN1616-6W MP
RV4E032UN HZG Yes N 30 3.2 2.5 - - 75 94 78 98 101 128 - - - - - - DFN1616-6W DS
RV4L016SN HZG Yes N 60 1.6 4.0 237 305 290 374 317 408 - - - - - - - - DFN1616-6W €S
RV6E022UN HZG Yes N 30 2.2 2.5 - - 110 150 - - 140 200 - - - - - - DFN1212-3W TBD
RV6LO09SP HZG Yes B -60 -0.9 -4.0 629 808 753 967 804 | 1036 - - - - - - - - DFN1212-3W TBD
RV8CO010UN HzZG Yes N 20 1.0 1.2 - - 340 470 - - 400 560 470 650 540 810 700 | 1050 | DFN1010-3W MP
RV8LO02SN HZG Yes N 60 0.25 2.5 1700 | 2400 | 2100 | 3000 | 2300 | 3200 | 3000 | 12000 - - - - - - DFN1010-3W MP
BSS84X HZG Yes 2 -60 -0.25 -4.5 2800 | 5300 | 3500 | 6400 - - - - - - - - - - DFN1010-3W MP
RV8EO16UN HZG Yes N 30 1.6 2.5 - - 200 287 - - 278 390 - - - - - - DFN1010-3W 2021/10
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Bipolar Transistor (Automotive) R

® Features
*LOW Vg(say -Halogen free
(SI\/CI)PTTZE)) 2 OW . +Fast switching speed *Terminal finish : Sn 100%
4.5%X4.0x1.5mm
Y | Conventional product
H CEO ©
PN Polarity (vl [A] Nre PIN V[Q/EJO ['AC] HFE PIN V[Q/E]O ['/i] hee

2SAR293P HZG PNP -30 -1 270~680 2SAR293P FRA -30 -1 270~680 2SB1132 FRA -30 -1 120~390
2SAR512P HZG PNP -30 -2 200~500 2SAR512P FRA -30 2 200~500 2SB1188 FRA -32 -2 120~390
2SAR552P HZG PNP -30 -3 200~500 2SAR552P FRA -30 3 200~500

* 2SAR592P HZG PNP -30 -5 200~500 2SAR542P FRA -30 -5 200~500
2SAR513P HZG PNP -50 -1 180~450 2SAR513P FRA -50 1 180~450 2SA1900 FRA -50 -1 120~270
2SAR553P HZG PNP -50 -2 180~450 2SAR553P FRA -50 2 180~450 2SB1561 FRA -60 -2 120~270
2SAR533P HZG PNP -50 -3 180~450 2SAR533P FRA -50 3 180~450 2SA1797 FRA -50 -3 120~270
2SAR514P HZG PNP -80 -0.7 120~390 2SAR514P FRA -80 -0.7 120~390 2SB1260 FRA -80 -1 120~390
2SAR554P HZG PNP -80 -1.5 120~390 2SAR554P FRA -80 -15 120~390
2SAR544P HZG PNP -80 -25 120~390 2SAR544P FRA -80 2.5 120~390 2SA2109 FRA -90 -2 120~270
2SCR293P HZG NPN 30 1 270~680 2SCR293P FRA 30 1 270~680 2SD1664 FRA 30 1 120~390
2SCR512P HZG NPN 30 2 200~500 2SCR512P FRA 30 2 200~500 2SD1766 FRA 32 2 120~390
2SCR552P HZG NPN 30 3 200~500 2SCR552P FRA 30 3 200~500

* 2SCR592P HZG NPN 30 5 200~500 2SCR542P FRA 30 5 200~500
2SCR513P HZG NPN 50 1 180~450 2SCR513P FRA 50 1 180~450 2SC5053 FRA 50 1 120~390
2SCR553P HZG NPN 50 2 180~450 2SCR553P FRA 50 2 180~450 2SD2391 FRA 60 2 120~270
2SCR533P HZG NPN 50 3 180~450 2SCR533P FRA 50 3 180~450 2SC4672 FRA 50 3 120~390
2SCR514P HZG NPN 80 0.7 120~390 2SCR514P FRA 80 0.7 120~390 2SD1898 FRA 80 1 120~390
2SCR554P HZG NPN 80 1.5 120~390 2SCR554P FRA 80 1.5 120~390
2SCR544P HZG NPN 80 2.5 120~390 2SCR544P FRA 80 25 120~390 2SC5918 FRA 90 2 120~390
2SCR372P HZG NPN 120 0.7 120~390 2SCR372P FRA 120 0.7 120~390
2SCR375P HZG NPN 120 15 120~390 2SCR375P FRA 120 1.5 120~390 2SC4132 FRA 120 2 82~390
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High-side IPD and Low-side IPD

ROHIM

SEMICONDUCTOR

High-side and Low-side

High-side:

Connect between Power supply and load
Low-side:

Connect between GND and load

Usage of High-side/Low-side IPD

High-side IPD

Function : Protect load by cutting off the current directly
flow from power supply

Use case : Power line of single power supply system
like an automotive battery

Low-side IPD
Function : Protect load by cutting off the current path to
GND

Use case : GND line of multiple power supply system

© 2021 ROHM Co., Ltd.

Vear Vear
¢—-—|_T_l Load l q)— Load % J_
SW GND Sw GND
High-Side Low-Side
VCC VCC
12v 12V
¢_1 41 Load ¢— Load ¥-
l vee IPD
IPD GND = Vv Low-Side
High-Side ==} LOad 1 ¢— Load *ﬂ-o
GND= 5V Low-Side
¢ Load ¢— Load ¥-.
l vee IPD
GND = 3V Low-Side
- Load ¢— Load s
GND Low-Side e
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ROHIM

High side switch roadmap

I I I I
replacement from mechanical relay, mechanical Fuse(Low Ron)

Market Low Ron, Mulch channel (SPI Interface)

Requirement High accuracy for OCP

High or Low input voltage
________________________________________________ (separated voltage range)

1ch/2ch double error flag Feature

BV1HF/IxxXEFJ/HFS-C 60 00 9@ 09

Input voltage range : 6.0V to 28V

e ————

Can detect both output
load open and short to

T

|
|
] I
! |
1 X
| Protection : TSD/OCD/OLD/SBD )
: : OCP 2 setting value (small/large) ASEI : power supply individually
I Bttt elteiteteipel ielteiteiteieipeipeielistisitsitsipeipeipie lriteiisipeipeiesiiiiit e Loo--------==
: : Feature i 1ch/2ch/4ch current sense ‘.
: : Compatible spec i BVIHBXXXEFJ/HFS-C 6 ‘ 00 0 » E
i Products : | BV2HBXXXEFU/EFV-C Q Q ' Q |
1 : : Input voltage range : 6.0V to 28V i ) :
Protection : TSD/OCD/OLD/SBD 5 y
] !  [roteenon i Tepochoroee GREEED (D CEERED GEEEDD |
1 T TTEEETT ' """"""""""""""" S
Il [ 1ch/2ch Adjustable OCP |
: : i BVlHDO45EFJ—CJ @ 0 | | Feature _
: 1| ! BV2HDO45EFU-C ’ 0 Q i Can set suitable OCP range
I 1 : Input voltage range : 6.0V to 28V :
| o — e} Prowetion:TSDIOCDIOLD |
- N
. . y
Circuit Double error flag, Adjustable OCP /
technology Current sense Low input voltage(3V to)  Mulch chip(to 8mQ) >
2019 2020 2021 2022
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High side switch Lineup

m..MP/CS
...Developing
W ...Planning

Process

0.25um New Process

Bi-CVDMOS
(Split gate trench MOS)

0.35um New Process

Bi-CVDMOS
(Split gate trench MOS)

0.6um CVDMOS
(CMOS+ Vertical DMOS)

Bi-CDMOS
(Bipolar+CMOS +DMOS)

High side switch

Error flag

1ch

1ch

2mQ
4mQ
8mQ

2ch

4ch

Adjustable OCP

1ch

© 2021 ROHM Co., Ltd.

DS :Design Sample. QS : Qualification Sample. MP : Mass Production
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. . ROHM
Automotive One Gate Series
Features Applications
® One Gate Logic Engine ECU
® Input Tolerant Body
® Output Tolerant Audio System
® AEC-Q100 Qualified Navigation System
® ESD HBM : 4000V etc..
e e
Max : 12 ns Llneup
@3.0V [BD7LSO8(AND Gate)] category Function Products
Key Specifications Schmitt Buffer BD7LS17G
Schmitt
® Supply Voltage Range : 1.65V to 5.5V Schmitt Inverter BD7LS14G
® Quiescent Supply Current : £10pA(Max.) MUl Funct Confiaurable Functi BD7LS97G
P Input Current : :l:ZHA(MaX) ulti Functon onfiguranlie Function
® Operating temperature : -40°C to +125°C Open Drain Buffer BD7LS07G
® Package
Buffer BD7LS34G
Inverter BD7LS04G
Standard 2-Input NAND BD7LS00G
Gate 2-Input NOR BD7LS02G
2-Input AND BD7LS08G
SSOP5(SOT23-5) SSOP6(SOT23-6) 2-Input OR BD7LS32G
2.90mmx2.80mmxXx1.25mm (Max.) 3-state Buffer BD7LS125
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SEMICONDUCTOR
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