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The South Korean
Silicon-Carbide Semiconductor
Industry: An Emerging Powerhouse

S

outh Korea is a leading player in
the world semiconductor indus
try. Samsung was the number
oneranked semiconductor company
in 2018, based on sales revenues. And
another South Korean company, SK
Hynix, ranked third according to Gart
ner [1], [2], as shown in Figure 1. The
main products of these semiconductor
leaders are memory devices, such as
dynamic random access memory and
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NAND flash memory, and they cur
rently have no significant power semi
conductor presence. As a result, when
looking at the global power semicon
ductor industry rankings, there is no
South Koreanbased manufacturer
among the world’s top15 power
device suppliers.
Nevertheless, South Korea can
rapidly become a mighty force in the
global siliconcarbide (SiC) power
semiconductor stage, considering its
excellent technical education system,
its large and welltrained microelec

tronics workforce, its history of
translating microelectronics innova
tion into efficient largescale manu
facturing, its businessfriendly envi
ronment and effective leadership
model, and its extensive and highly
competitive foundry infrastructure.
Multiple South Korean companies
are presently engaged in SiC technolo
gy development. In fact, four of the
five largest South Korean industrial
conglomerates (LG Electronics, Hyun
dai Motor Company, SK Corporation,
and POSCO) have actively pursued
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FIG 1 Samsung and SK Hynix of South Korea were the number one and number three semiconductor sales revenues leaders in
2018. M: million; TSMC: Taiwan Semiconductor Manufacturing Company; TI: Texas Instruments; ST: STMicroelectronics; WD: Western
Digital. (Adapted from [9].)
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SiC R&D, while Samsung has an
nounced a US$116 billion investment
in nonmemory semiconductor chip
manufacturing that might potentially
include SiC power devices [3]. In this
column, we report on the emerging
South Korean SiC power semiconduc
tor industry by reviewing recent activ
ities and evaluating future trends.

the South Korean Ministry of Trade,
Industry and Energy (MOTIE).
The World Premier Materials
(WPM) Ultra High-Purity SiC is an
example of a project that lasted for
10 years (2009–2019) and invested more
than US$110 million. Two major
achievements of the WPM project are
1) POSCO, the lead agency for singlecrystal wafer growth, established 100South Korean Projects
and 150-mm 4H-SiC substrate technology,
Advancing SiC
and 2) LG Innotek, an LG Electronics
As with some other countries, the
subsidiary and lead for substrate epi
South Korean government will fund
taxy, developed commercial-grade 150R&D efforts that build upon existing
mm SiC epitaxy technology for power
domestic infrastructure and have the
electronics applications [4].
potential for large industrial growth.
Another notable achievement of
Looking into its recent R&D program
the project is the successful formation
portfolio, the South Korean government
of an industrial ecosystem from SiC
clearly considers SiC power electronics
raw material to power electronics.
a key technology for maintaining micro
MOTIE is executing a seven-year
electronics leadership and competitive
(2017–2024), US$75 million power
ness. Several long-term SiC material
semiconductor development program,
and device development projects have
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Project. It aims to develop power mod
ule technology and key power devices,
such as 1,200–1,700-V SiC MOSFETs
for industrial applications and 4.5-kV
SiC MOSFETs for high-voltage applica
tions, such as rail traction [5].
Busan Metropolitan City, South
Korea, is managing the Power Device
Industry Clustering Plan, a joint project
with MOTIE that aims to set up a test
production facility that provides 150-mm
SiC-wafer pilot fabrication services [6].
The facility is scheduled to become
operational in the third quarter of 2019,
and a device reliability assessment ser
vice center is to open soon after. Anoth
er project, Development of High-Effi
ciency, High Power Density Converters
Using Next-Generation Power Semi
conductors, is under operation as a
MOTIE program. The main goal of this
project is to develop a 1-MVA multichan
nel charging system using SiC power
semiconductors, with direct connection
to the 22.9-kV grid distribution line.

Your reference for wide-band AC current measurement

CWT
For over 25 years, PEM Ltd has been helping customers measure
AC currents using our innovative market leading CWT range of flexible,
clip-around, wide-band Rogowski probes. Whatever your application, we
have an unrivalled range of flexible probes to meet your needs, featuring:
• High frequency innovation, with bandwidths up to 50MHz and patented
noise immune shielding

Power Electronic Measurements

• Accurate gain/phase response from less than 0.1Hz into the MHz range
• Coil geometries to suit the smallest spaces, the largest conductors and
the most challenging environments

www.pemuk.com
info@pemuk.com

September 2019

z IEEE POWER ELECTRONICS MAGAZINE

57

Established Infrastructure and
SiC-Related Activities
Multiple South Korean companies are
engaged in SiC technology development.
POSCO, one of the world’s top-five steelproducing companies, performed SiC
single-crystal growth research for more
than a decade. As a WPM program par
ticipant, POSCO established high-quality
100-mm and 150-mm SiC-substrate
technology that is close to commer
cialization. SKC, another WPM pro
g r a m participant, is a 100-mm SiC
substrate supplier. An SK Corporation
company, SKC, is on its way to commer
cializing 150-mm SiC wafers. As noted
previously, LG Innotek, a subsidiary of
LG Electronics, has developed 150-mm
SiC epitaxial technology. As a consumer
electronics giant, LG Electronics not
only is potentially a large consumer of
SiC power semiconductors but also is
likely engaged in internal development.
However, no official announcement
has been made to that effect.
Similarly, Hyundai Motor Company,
one of the world’s top-five manufactur
ers of vehicles, has published its SiC
power electronics work and developed
intellectual property (IP), as shown in
Figure 2. Two technical papers were
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presented at the 2015 Electric Vehicle
Symposium that discussed a trenchgate SiC MOSFET with an accumu
lation-channel structure and an
advanced junction barrier Schottky
diode [7], [8]. Given the large automo
tive application volumes, Hyundai is
likely continuing to execute on inter
nal SiC power semiconductor R&D
programs for electric vehicle inverters.
In terms of SiC power semiconduc
tor manufacturing, Yes Powertechnix
(YPT) is in production of 600–1,700-V
SiC Schottky diodes and 1,200–1,700-V
SiC MOSFETs. The company is dedi
cated solely to SiC power device man
ufacturing, and it operates a class-10
foundry processing 100-mm SiC
wafers. Additionally, YPT provides SiC
foundry services, including design and
custom process development. This is
a key offering, as it enables fabless
companies to customize and manufac
ture their SiC products.
Samsung, the world’s number oneranked semiconductor company in
2018, announced plans in April 2019 to
invest US$116 billion (KRW140.534 tril
lion) over the next 12 years to become
the world’s number one manufacturer
of nonmemory chips [3]. Although Sam

sung is the world’s largest memory
device manufacturer, it does not rank
within the top 10 of nonmemory semi
conductor companies. Nevertheless, it
is unclear whether the massive invest
ment plans include development of
power semiconductors. Samsung can
also rapidly become a major player in
gallium-nitride (GaN) power devices, as
GaN-based blue LED technology is one
of its large business activities.
Dongbu (DB) HiTeK is a South Kore
an open-foundry semiconductor compa
ny that regularly ranks among the
world’s top-ten pure-play foundries in
terms of sales revenues. It operates two
fabrication facilities, strategically cen
tered in South Korea’s vibrant semicon
ductor infrastructure, with a total capac
ity of approximately 120,000 wafers per
month. Although DB HiTek’s foundry
services presently encompass analog,
logic, and specialized Si CMOS process
ing, the company is uniquely positioned
to serve the rapidly growing SiC fabless
market in a cost-competitive way by
leveraging its large manufacturing
capacity to produce SiC devices at the
economy scale of Si. This model entails
making a modest SiC-specific equip
ment investment and fabricating Si and
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FIG 2 The IP leadership of trench SiC MOSFET patent assignees includes Hyundai Motor Company. (Source: Power SiC: MOSFETs,
SBDs, and Modules 2019—Patent Landscape Analysis, 2019, Knowmade; used with permission.)
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SiC devices on the same production line, similar to Infi
neon in Europe and XFAB in the United States.
The Korea Electrotechnology Research Institute
(KERI) is a nonprofit governmentfunded research
organization that has been at the forefront of techno
logical excellence. KERI advances science and tech
nology by leading R&D efforts in the electric power
and utility fields, and it plays a central role in South
Korean SiC power electronics research. It has devel
oped SiC diode and MOSFET technologies, some of
which have been transferred to its industrial partners.
KERI has also provided SiCwafer heated implanta
tion, an essential process for fabricating SiC power
semiconductors, as a service to numerous SiC research
groups in South Korea. KERI developed a highefficien
cy, threephase 6.6kV solidstate transformer (SST)
based on SiC devices, and it is now developing a
13.2kV SST. The ultimate goal is to demonstrate a
22.9kV 1MW SST for electric vehicle charging systems.
Finally, the Korea Institute of Ceramic Engineering and
Technology, the Electronics and Telecommunications
Research Institute, and the National Institute for
Nanomaterials Technology are also part of the South
Korean SiC infrastructure and should be acknowledged
for their technical achievements in SiC singlecrystal
growth and SiC MOSFET fabrication technology.
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Building a South Korean SiC Community
The SiC division of the Korean Institute of Electrical
NORWE-Anz_86x124.indd 1
and Electronic Materials Engineers was founded in
2018 and is currently the only domestic SiCspecific
community. In 2019, it launched the first South Korean
SiC Semiconductor Conference (SiC2) in Busan, South
Korea, attracting more than 140 participants from
across South Korea. Thirtysix technical papers were
presented in oral and poster sessions. Technical papers
covered diverse SiC topics, such as material defect
analysis, topseeded solution growth, trench MOSFETs,
and gate driver integrated circuit design for SiC MOS
FETs. SiC2 also featured an industry session where par
ticipating companies gave technical presentations that
promoted their SiCrelated product lines. More than
10 international and South Korean companies partici
pated as exhibitors, including DowDuPont, Silvaco, Nis
sin Ion Equipment, YPT, and EtaMax. SiC2 2019 was
chaired by Dr. Nam Kyun Kim. Going forward, SiC2 will
be held annually in March to review the latest South
Korean SiC developments and contribute to worldwide
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that can feed its large fabrication infra
structure, which includes both integrat
ed device manufacturers and pureplay
foundries. To accelerate growth, it is
setting up service facilities that offer
pilot SiC wafer fabrication and device
reliability assessment. Public laborato
ries are developing nextgeneration SiC
technologies in collaboration with lead
ing domestic universities and industry.
Located in the Far East, South
Korea can complement its domestic
power module industry with access to
nearby lowcost volume production
centers. Talent recruitment availability
and continuity are secured through an
excellent technical education system
as well as an existing large and well
trained microelectronics workforce.
Some of the world’s largest South
Korean conglomerates are active in
developing SiC power technologies,
and they can create the large device
demand that leads to mass domestic

manufacturing with its costlowering
benefits. The aforementioned aspects
combined with South Korea’s busi
nessfriendly market environment and
history of translating microelectronics
innovation into efficient largescale
manufacturing point to the emergence
of a mighty SiC force about to be
unleashed in the global marketplace.
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