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SiC Power Devices

Accelerating the future of energy

SiC is widely expected to be used for next-generation power devices
due to its superior electric characteristics,
resulting in power devices with lower power loss.
SiC devices save power in a number of ways.
ROHM has performed leading

R&D on SiC power devices and modules,

and recently began mass production in response to increased market demand.







Improved energy savings
and device miniaturization

Power demand is growing on a global scale every year
while fossil fuels continue to be depleted

and global warming is increasing at an alarming rate.
ROHM provides Eco Devices designed

for lower power consumption and high efficiency operation,
including high density IC, passive components,

opto electronics and modules,

that help save energy and reduce CO2 emissions.
Among them are next-generation SiC devices that promise
even lower power consumption and higher efficiency.

Computers

Consumer electronics Compact AC adapters integrated in
i ) . notebook computers
Energy-saving air conditioners

and IH cooktops

Industrial equipment

Reduce power loss and reduce size
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Achieving lower power loss,
high temperature operation,
and greater miniaturization

In the power device field SiC (Silicon Carbide) is
garnering increased attention due to its
superior characteristics, including lower
ON-resistance, faster switching, and higher
temperature operation.

Utilizing SiC devices many applications,
including power supplies, automotive,
railway, industrial equipment, and
consumer products

SiC allows for smaller devices with lower power
consumption. Advantages include high voltage and
high temperature operation characteristics
that enable mounting in tight spaces or under
harsh conditions impossible with silicon-based
products. In hybrid vehicles and EVs SiC
power solutions contribute to increase fuel
economy and provide larger passenger area,
while in solar power the power loss ratio can
be improved by approx. 50%, contributing to

reduced global warming.

Photovoltaics

B Performance Comparison: SiC vs. Si

Breakdown Bandgap(eV) Thermal

Electric Field(MV/cm)

Conductivity(W/cmC)

Si0.3/SiC3 0 Si 1.1 /SiC3 2 Si1.5/SiC4 9
| u |

High voltage High temperature
Low ON-resistance operation Higher heat dissipation
High-speed SW (over 250°C)

+Higher voltages & currents
+Lower conduction loss
+Reduced switching loss

H Power Loss Comparison

Power loss per arm

+Smaller cooling systems
- Higher power density
+ Device miniaturization
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800 Power loss reduced by 46%,

700 Conduction Loss SW loss decreased by 75%
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0 Si(IGBT+FRD) SiC(DMOS+SBD)
Electrical power
transmission system
Reduce power loss
Railway

Make inverters
smaller and lighter

EV (i.e. hybrid, electric vehicle)

Reduce cooling system size, decrease weight,

and increase fuel economy

Increase power conditioner efficiency

Servers

Reduce data center power consumption
by minimizing server power loss
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Focusing on cutting-edge SiC technology
and leading through innovative R&D

ROHM has been pioneering SiC development from the very beginning,
collaborating with universities and end-users

to cultivate technological know-how and expertise,

culminating in Japan’s first mass-produced Schottky barrier diodes
in April 2010 and the industry’s first commercially
available SiC transistor (DMOSFET) in December.

SiC Technology Trends

Nissan Motors and ROHM

Begin primary experimentation
of SiC MOSFETSs (Jun 2002)

Develop SiC MOSFET prototypes
(Dec 2004)

Ship SiC MOSFET samples
(Nov 2005)

Release SiC MOSFETs with

industry’s smallest ON-resistance:

3.1mQcm? (Mar 2006)

Eco device pioneer

ROHM, along with Kyoto

University and Tokyo Electron,

announce the development of
mass-production technology
for SiC epi film (Jun 2007)

Test fabrication of high current
(300A) MOSFET and SBD
(Schottky Barrier Diode) (Dec
2007)

develop a new structure SiC
diode (Apr 2008)

Release a trench type MOSFET
featuring the industry’s smallest
ON-resistance: 1.7mQcm? (Sep
2008)

Nissan Motors uses an
inverter with ROHM’s SiC
diode fuel-cell vehicle drive
test (Sep 2008)

SiC devices are often referred to as key devices g prototype Development
in an eco-focused age. SiC diodes for power
converters debuted in 2001. A year later, in 2002,
ROHM began fundamental testing of SiC
MOSFETS, resulting in significant breakthroughs

and the industry’s first mass production system for

SiC products.

2004 2007 2009
SiC DMOSFET SiC DMOSFET SiC Trench MOSFET
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Max Temp = 250.8°C

Honda R&D Co., Ltd. and
ROHM test prototype SiC
power modules for hybrid
vehicles @ (Sep 2008)

ROHM tests prototype of
high temperature power
modules using SiC elements
and presents an demo
operable at 250 °C @
(Oct 2008)

Latest
TOPICS

ROHM is focused on developing integrated modules for

W
W)Y,

v
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2009

ROHM Group acquires
SiCrystal, an SiC substrate
manufacturer © (Jul 2009)

New co-op module

development
R&D results

Develop the industry’s first
high current low resistance
SiC trench MOSFET

(Oct 2009)

ROHM's GDIC

——

2010

Establish a consistent SiC
device production system.
Begin mass production of
SiC SBDs @ (Apr 2010)

Successfully develop the
first SIC power module
using trench MOSFET and
SBD that can be integrated
into motors. (Oct 2010)

Begin SiC MOSFET mass
production (Dec 2010)

600V/1kA power module integrating
SiC trench MOS and SiC SBD

30120 3382 Drivar |2

next-generation EV motor in cooperation with motor

manufacturers. These SiC modules are designed to operate

at temperatures greater than 200°C, 600V blocking voltage,

and support current on the order of 1kA - all in a size less

than 1/3rd that of conventional Si devices and with a

steady-state loss 50% less. (Released in Jan 2011)

IC controls SiC operation

SiC Power Devices [I§
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Cutting-edge industry-University

R&D collaboration

ROHM is actively involved in partnerships
with major universities in a variety of fields
and industries in order to share expertise,
cultivate new technologies, and collaborate
on breakthrough research and development.

Developing mass produced SiC
epitaxial growth equipment
Kyoto University X Tokyo Electron X ROHM

Rapid development of high quality
SiC epi film through 3-institution
technological collaboration

In 2007 ROHM, along with Kyoto University and Tokyo Electron,
developed mass production SiC epitaxial growth equipment that can
processes multiple SiC wafers in a single operation. Fast
development was made possible by efficiently sharing technologies.
This new technology is currently implemented in the mass
production of ROHM SiC devices.

ROHIM

SEMICONDUCTOR

Cutting-edge
technology

MTERMATIONAL

APEI Inc.

Developing high current
trench gate MOSFETs

Kyoto University X ROHM
R&D aimed towards

large current SiC devices and
maximum energy savings

Joint collaboration with Kyoto University has yielded dramatic
current increases in SiC vertical trench gate MOSFETs, with 300A
drive successfully achieved from a single chip. This represents the
industry’s lowest loss, with further reductions in ON-resistance
possible, and has expanded the potential of SiC device application to
high current power conversion modules. It is expected to see wide

use in hybrid / electric vehicles.

Developing high temperature operation (Tj=250°C) intelligent power modules (IPM)

University of Arkansas X ROHM

R&D of module compatible to operate at high temperature,
and collaboration with highly acclaimed world-class University

Research conducted by ROHM in collaboration with the University of Arkansas has
led to the development of a modules that can operate at temperatures up to 250°C,
and was selected as one of three in the R&D 100 Electric Device Category by
USA’s R&D Magazine in 2009. The module features a high temperature operation
package and die attachment technology, resulting in 150A-class operation. A high

temperature operation gate driver has also been successfully developed.

B Further challenges to high temperature operation

High temperature SiC gate driver (
Gate drivers using SOI wafers are currently
J under development. They are expected to achieve
5 higher speeds and lower power consumption.

Sy
~ SiC high temperature devices
Operation has been verified above 200°C.
Evaluating reliability at high temperature is the

next step.

High temperature capacitor

Devices featuring new materials and designs are
currently being developed with higher
temperature capability.

W | High temperature operation packaging technology

- Unique technology was used to develop high
. temperature operation packaging.

-

High temperature
operation,

high voltage IPM
(Intelligent Power Module)
In-house high voltage, high
temperature devices are combined
with unique high heat resistance

kpackaging technology.

Compact/
High temperature/

High power/
High efficiency

SiC Power Devices



High quality ensured through
a consistent production system

Quality First is ROHM's official corporate policy. In this regard
a consistent production system was established for SiC
production. The acquisition of SiCrystal (German) in 2009 has
allowed ROHM to perform the entire manufacturing process,
from wafer processing to package manufacturing, in-house.
This not only ensures stable production and unmatched
quality, but lowers cost competitiveness and enables the
development of new products.

DISCRETES N\
Trunfiflors\@oﬁ“\ s

ASSYLINE

equipment.

WAFER

SiC processes

High quality lines integrating SIC's
unique processes are utilized.

SiCrystal

Epi Process

Industry-university joint
partnerships resulted in the
development of high quality
epitaxial equipment

CHIP DESIGN ——

High quality design
Master engineers are on hand
to ensure high quality designs.

In-house production equipment

High quality, high volume, and stable manufacturing [ &
are guaranteed utilizing in-house production !

PROCESS —— —

MODULES

SN Low inductance module

A low inductance module utilizing
SiC’'s high-speed characteristics
was developed

ON SITE PLANT

Cutting-edge, self-sufficient manufacturing facility

In addition to in-house power generation, all materials required
for manufacturing, such as hydrogen, oxygen, and nitrogen, are
included on site.

CAD

In-house photo masking

Enabling uniform quality control from
SiC chip design to photo masking

WAFER

SiC wafer manufacturing

ROHM acquired SiCrystal (@ German SiC
substrate manufacturer), resulting in stable
y supply of high-quality SiC substrates.

SiC Power Devices [}



Leading the industry

in the mass-production of SiC

SiC Power Devices
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T, SiC Schottky Barrier Diodes (SBD)
Mass Produced
Dramatically lower e o :
switching loss 10
/ SiC SBDs were developed, optimized for

PFC circuits and inverters. Ultra-short
reverse recovery time (impossible to
achieve with silicon) enables high-speed
switching. This minimizes the reverse
recovery charge (Qrr), significantly
reducing switching loss while contributing
to end-product miniaturization.

TO-220FM(2pin)

S AN o N s o

100 200
Time (nsec)

T C SCS106AG SCS108AG SCST10AG SCS112AG SCS120AG SCS105KG SCST10KG SCS120KG
TGy SCS106AM SCS108AM SCS110AM SCST12AM SCS120AM
fesad SCS120AE2 SCS124AE2 SCS140AE2 SCST10KE2 SCST20KE2 SCST40KE2

SiC MOSFETSs

.......

v o

Mass Produced

High speed and low
T0-247 ON- resistance

IS

w

----------- 7~ Switching loss "\
i\ reduced by 90%
(max.)

Current (A)
N

-

SiC enables simultaneous high speed 0 'DMCS'S'#ET S : ;
switching and low ON-resistance - -1
- ) — 0 100 200 300 400 500
normally impossible with silicone-based Time (nsec)
products. Additional features include ON-Resistance Temperature Characteristics
s superior electric characteristics at high 12
TO-220FM temperatures and significantly lower 10 oo

switching loss, allowing smaller peripheral
components to be used.

----- ow ON-resistance
maintained, even at
high temperatures

©

ON-Resistance (Q)
O

Primary ratings= -
Rated voltage: 600V to 1200V, _SIC DMOSFET
Rated current: 5A to 20A ® 50 100 150 200

SiC Power Module

Sample

Reducing loss by

more than half

N

o

Module Specs 1 1200V 100A M SWloss
COriginal device technology was used to Voltage Between Terminals : DC600V M Ron loss
develop low surge noise power modules Output Current * 50A rms

PWM Carrier Frequency : 20kHz

that take advantage of SiC's high speed
characteristics. The result is reduced
steady-state loss (ON-resistance) and less
than half the switching loss compared
with Si devices.

Primary ratings=
Rated voltage: 1200V,
Rated current: 100A SiIGBT sic
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ROHM high performance power devices
offer unparalleled versatility

Si Transistors

TO-220FM

MOSFET
PrestoMOS™ Series

500 to 600V
8 to 46A

ROHM's PrestoMOS™ series provides low Ros (on), low Qg, high
speed switching, and high blocking voltage, and integrates a
diode with high-speed trr.

20} trr reduced by 80% Conventona
L trr320ns Product
¢ » = PrestoMOS™
R4Y= trr67ns Measurement
= | Conditions
£ ‘ di/dt=100A/us
3o IF=8A
Irr t (Rated current)
Folrr |[4.8A—
10
20k
1 1 1 1 1 1 1 1
500 0 500
Time (NS)

Power Conditioner Circuit

@ Loss Comparison
16

1.4

Standard FRD
12

1.0
=08 Lower regenerative loss
>

0.6 ™

o4 PrestoMOS

0.2

00 1 1 1 1

0 2 4 6 8 10

Motor Driver Circuit
@ Loss Comparison

25
50 PrestoMOS™
1.5 - -
s MOS-dominated region —
=1.0 }
= * General IGBT
b Conduction Loss reduction
00 1 1 1 1

10

0 2 4 6

| T | Io[A]
Consumer electronics predominately use this range.
Reduces annual power consumption.
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Si Diodes

Ve(V) IR (MA)
Package Part No. Vr(V) lo(A) Max. IFA) Max. Ve(V)
RBQ10T45A 45 10 0.65 5 0.15 45
RBQ20T45A 45 20 0.65 10 0.3 45
% TO-220FN pgQs0T4sA 45 30 065 15 045 45
DS (D2pack) RBQIOT65A 65 10 069 5 0.15 65
— RBQ20T65A 65 20 0.69 10 0.3 65
RBQ30T65A 65 30 0.69 15 0.45 65
RBQ10ONS45A 45 10 0.65 5 0.15 45
. LPDS(D2-Pack) RBQ20ONS45A 45 20 0.65 10 0.3 45
SBD RBQ Series T4 RBQ3ONS45A 45 30 065 15 045 45
150V/30A RBQTONS65A 65 10 0.69 5 0.15 65
100V/30A RBQ20ONS65A 65 20 069 10 03 65
CPD(D-Pack) RBQ30ONS65A 65 30 069 15 045 65
“New processes utilized for ultra-low I RBQ10B45A 45 10 0.65 5 015 45
-Prevents thermal runaway at high temperatures RBQ10B65A 65 10 0.69 5] 0.15 65
e 22°NF’V‘(2F"”) ROHM's SFRD Development Plan
RFXH, RFHS series”
TO-220FN ___‘_ Low VF in High Peak Current Area
G3HP SFRD G4 SFRD
: ' 200V to 600V 200V to 600V
Ultra Sof Recoveug@@W) >
§ G2HP SFRD ””“”“
TO-220NFM(3pin) g 600V
5 o
CPD(D- Pack) LPDS(D2-Pack) s ’ /HHH ——
e Low VF in High Peak Current Area
FRD RF Series RF series G2 SFRD
200 to 800V Ultra Fast RecovﬂV‘BOV to 600V
1 to 20A G1 FRD RFU series
m 200V to 600V o reconen *Under development
“Unique technology ensures high-speed trr 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
-Low heat generation even under high temperatures Year

SiC Power Devices [B



ROHM’s unique IC technology maximizes

SiC characteristics

DRIVER

Isolated Gate Driver
Maximizes SiC performance

-Core-less transformer with 2,500Vrms
isolation

-Original noise cancelling technology
results in high CMR

-Supporting high VGS/negative voltage
power supplies

SSOP-B20W -Compact package

{Conditions)
ROHM SiC IPM
VCC1=5.0 VCC2=18V VEE2=-5V VPN=800V Ta=25C

P 800VA
‘ : SICFET |,
IN_| Gate gl IN(10V/div.)
Driver \
sV 717 18v_| SiC FET Gate (20V/div.)
D
v 5V

SiC FET Drain(500V/div.)
1d (500A/div.)

Recommended
Operating Range

Output Ground Voltage
Input Supply Voltage
Output Supply Voltage
Output VEE Voltage

Operating Temperature Range

Symbol
GND2
VCC1
VCC2
VEE2

Ta

2us/div.

125

Unit

0o < < <
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SiC is ECO Device

Reducing environmental load

SiC power devices deliver superior energy savings.
ROHM is expanding its lineup of SiC power devices
with innovative new products in order to minimize
power consumption, reduce greenhouse gas emissions,

and lessen environmental impact.




The content specified in this document is correct as of 04, 2011.

No copying or reproduction of this document, in part or in whole, is permitted without the consent of ROHM Co.,Ltd.

The content specified herein is subject to change for improvement without notice.

The content specified herein is for the purpose of introducing ROHM's products (hereinafter "Products"). If you wish to use any such Product, please be sure to refer to the specifications, which can be obtained from ROHM upon request.

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

Great care was taken in ensuring the accuracy of the information specified in this document. However, should you incur any damage arising from any inaccuracy or misprint of such information, ROHM shall bear no
responsibility for such damage.

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

The Products specified in this document are intended to be used with general-use electronic equipment or devices (such as audio visual equipment, office-automation equipment, communication devices, electronic
appliances and amusement devices).

The Products specified in this document are not designed to be radiation tolerant.
While ROHM always makes efforts to enhance the quality and reliability of its Products, a Product may fail or malfunction for a variety of reasons.

Please be sure to implement in your equipment using the Products safety measures to guard against the possibility of physical injury, fire or any other damage caused in the event of the failure of any Product, such as
derating, redundancy, fire control and fail-safe designs. ROHM shall bear no responsibility whatsoever for your use of any Product outside of the prescribed scope or not in accordance with the instruction manual.

The Products are not designed or manufactured to be used with any equipment, device or system which requires an extremely high level of reliability the failure or malfunction of which may result in a direct threat to human life
or create a risk of human injury (such as a medical instrument, transportation equipment, aerospace machinery, nuclear-reactor controller, fuel-controller or other safety device). ROHM shall bear no responsibility in any way for
use of any of the Products for the above special purposes. If a Product is intended to be used for any such special purpose, please contact a ROHM sales representative before purchasing.

If you intend to export or ship overseas any Product or technology specified herein that may be controlled under the Foreign Exchange and the Foreign Trade Law, you will be required to obtain a license or permit under the Law.

ROHM Sales Offices Contact us for further information about the products. R1041A
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