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Current Status of SiC Wafer Manufacturing for Power Device
Application and Its Key Challenges to be Addressed

LHE2 QERL®
Noboru Ohtani®

Kwansei Gakuin University

Abstract:Silicon carbide (SiC) is the leading candidate among the wide bandgap semiconductor
materials for next-generation power semiconductor devices. Over the last decades, we have
witnessed significant progress in the quality improvement of SiC single crystal wafers, which
has made a reality the fabrication of high-performance SiC power devices. 4H-SiC wafers of 100
and 150 mm diameters with a low dislocation density have already been brought to market
and using these substrates, high-performance SiC power devices are fabricated. However,
widespread commercialization of the devices is still hindered by technological issues related
to SiC crystal growth, and thus it is abundantly clear that further successful development of
the SiC semiconductor technology relies on achieving an understanding of SiC crystal growth
process and, based on it, improving the manufacturing technology of large high-quality SiC
substrates.

The first part of this presentation is aimed at overviewing the current status of the
manufacturing technology of SiC wafers and their market outlook. SiC power devices have
already been adopted to a wide range of power electronics systems. SiC SBDs hold a leading
position in the power diode market for certain applications, and SiC MOSFETs, commercially
available for several years, are gaining the confidence of numerous customers and have clearly
begun to penetrate into several power device markets, including the automotive industry.
These rapidly growing SiC device markets strongly require sufficient and stable supply of
high-quality SiC wafers. However, the current situation of SiC wafer manufacturing cannot
fully meet the requirement and needs be promptly improved. In this presentation, | will sort
out problems with the current SiC wafer manufacturing technology and point out key issues in
solving these problems.

The second part of the presentation is dedicated to studies of the dislocation formation during
physical vapor transport (PVT) growth of SiC. Currently, commercially available SiC wafers are
almost always grown by the PVT growth method. The dislocation formation during the PVT
growth of SiC crystals is still a major obstacle for realizing high-quality SiC wafers and high-
performance SiC devices made on them. For examples, threading screw dislocations (TSDs)
degrade the blocking capabilities of SiC diodes, whereas BPDs have a serious impact on the
reliability of unipolar devices such as SiC MOSFETs as well as SiC bipolar devices. Therefore,
significant efforts have been dedicated to the reduction of TSD and BPD densities in 4H-SiC
crystals over the decades. However, the fundamental aspects of dislocation formation
during PVT growth of SiC are still largely unclear, and the strategy for achieving stable and
cost-effective manufacturing of SiC wafers is not yet well-established. In this part of the
presentation, | will talk about our recent studies on this issue and discuss the formation
mechanisms of dislocations during the PVT growth of 4H-SiC crystals.

Keywords:Crystal growth, wafer manufacturing, PVT, dislocation
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The Road Ahead for SiC - Beyond 2020
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The Ohio State University

Abstract:The advent of the SiC Foundry model in the US began with XFAB in Lubbock, Texas
in 2015 program under PowerAmerica, funded by the Department of Energy. Through this
work, it was demonstrated that SiC devices could both technically and economically be
manufactured in an otherwise obsolete Si foundry with Si device standards (0.35 micron
minimum dimension). This has since blossomed into a global engineering model resulting in
saving outdated Si foundries from closure and extending their useful life by 10-15 years.

It takes approximately, $15 M worth of equipment to convert a Si CMOS foundry line into a SiC
one with the capability of manufacturing power MOSFETs and Schottky Diodes from 600 V to
approximately 15 kV. Today, worldwide, various silicon fabs are in the process of converting
150 mm lines into SiC lines with many traditional power device companies either converting
their own Si fabs or using other foundry services. The main advantage of using an already
established Si line are economical, reaping savings in capital investments as well as lowering
the cost of the fabrication process. This is especially true when both high volume Si and low
volume SiC wafers can share the same line with a few exceptions in processing equipment.

SiC has already been successfully adopted in the power supply and PV converter industries
and is rapidly making in-roads into the electric vehicle market. Their use has previously
been established in on-board charging circuits. In traction applications, due to reductions in
switching losses, roundtrip efficiency between the battery and wheels can be improved by
approximately 6%. This can translate into 6% increased range on a given battery charge or a 6%
smaller battery for a given range. Increased electric range brings more customer confidence
and acceptance of the technology; smaller batteries mean lower cost, lighter vehicle weight,
less structural requirements and associated monetary benefits from further light weighting.
These are compelling advantages which will drive the adoption of SiC devices by electric
vehicles opening up an approximately $16 B opportunity over the next decade. This market
will be key in driving up manufacturing volumes of SiC resulting in cost reductions. Currently,
the cost of SiC devices is dominated by the SiC substrate and epitaxy primarily due to limited
expertise in these areas to only a very few organizations. These costs will substantially decrease
as new players come into the market lured by the high demand and potential business cases.
As shown by Agarwal et al [1], SiC costs will approach 30% of Si costs on a per amp basis in
the next 5 years with 200 mm SiC on the horizon.

All of the above predictions can be realized provided the following pressing problems in SiC
technology are urgently addressed: (1) Defect Density in Gate Oxide, (2) Threshold Voltage
Shift, (3) Threshold Voltage Variation, (4) Poor Surface Mobility, (5) Poor Short Circuit
Withstand Time, (6) Body Diode Reliability

Some of the above issues can be solved by design and some require process development.
Details of these challenges will be discussed during the upcoming presentation.

Keywords:SiC, power device, electric vehicle, efficiency
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SiC Bulk Growth, Wafering and Epitaxy : Where We Are and What We are

Looking for
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Gil Ryong Chung®
SK Siltron

Abstract:SiC has been selected as one of the most promising materials for future power
electronics due to higher breakdown field, larger bandgap and higher thermal conductivity
as compared to the incumbent Si material. For last four decades it has been going through
significant growth from the pure R&D stage to commercial adaptions in large scale. Currently
150 mm wafers and epitaxy are widely introduced to the market by several key vendors
and commercial 200 mm wafer production is imminent. Also market needs for SiC power
conversion systems like inverters or fast charging stations for e-mobility are growing fast.

SK Siltron CSS has been developing SiC materials for more than 20 years to meet or
exceed market expectations/requirements and would like to share our recent progress and
approaches in the following areas at the symposium.

Keywords:Bulk growth, Wafering, polishing, Epitaxy growth, Metrology

a. Corresponding Author ; gil.chung@sksiltron.com

CHAE 2| Tte| 2l Z™HOM 2B UEJt Q0 EM40) 0]X|= AT
O[EHZ, A=, AAxH®
Taekyung Lee, Doyeon Kim, Hyoungjae Kim?

BrRYLI| S0

Abstract:SiC, GaN, ALO,2t Z2 THEY MAXHZ 2| THe| HEISIS 25 AFZ k= T 2 S-S 2|Ee| HEEE
2S5 ORX|2 372, 7| o] cHrgst Elof| 2t O 5282 S HX| 1D QIO 2l S7-oi| CHSE 242 712t
SEC[UX|T CHE RS 57 R 200 ChHet o112 A0t gite] 128 EM0f| oi$t ¢171= 0Jd|st Ao|ct 2 ¢
OlME O2E U0 (2 0L EME 16| /510 1fE U2 12 H En O|X|Q| H|E2 HO| 5t ey,
J2EULO| W2 2| Lo MM AHE2 BHHED|E ZFSIUCE 10t £ WSS BA61Y| 2I6H0{ 2| That Fgto)
TEA| Mol Shlsts 0FE 20 QAIENE SA5IQICE A 2ot 125 ULIF SOFs| W2t =X HE0| 2t
SIX|oF 12E Qe 03 0|DH0fAlS 226p| 2tASH0{ 128 U 0 10{lA= 0] 217t0| A28H= S SHOISIICt
Ol 28 ULIH0.3Y AL 7|Thnt Yo MEH MM K8H0| Bietsto] UL 5H50| Q2t0)| ofs X|X|g| 1
10t UKD} o10t0)| EO{SHX| 257 | WhRO|CH RBt0| HEEH0] I0tE-H0| 46k Mdtels I2E LS |
1249 Ao (critical groove density; CGD)2 M|t oM, 2 =20|A CGD= 0.32.2 LIEHCE O &4
21010l Mz CGD 0|2Hoi| A OFAF240| 22451 HOHX| = 22 =holgt 4~ QICH S5 CGD 0|2Hoj|M = U8 2 910t
QIXI2t0| 40}0]| £0{510] HHO|| 212 ATHX|E LHAIZ =2 EHAHED|E QL U2t 2T 3™HoM 288
U E A o= 0| WESHK| ob= CGD O|4fe| D2 E UL 2 MH|sh= Z10| SR6HM, 125 UL 242

M2HHEO| B215t01 S AlRFS TR o UXIRE 2T FYESh= FEE HHO0| S0{S0f Fh +F0| HH=E|7]

UHEol MEet 228 We AN HQSIC,
Keywords:Wafer, Lapping, Groove, Material removal rate, Oil film thickness
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Abstract: 2|2 FH}0|=(SIC)= CHYT 20| = BHEM BHEX| A% SOHME @0t S2(H, ofoty E42
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RACEL A U SYOIM Xt YIStz ZHTYS SHZoH2| 2let Y2 LYS MAISHL, 2 ALH0M A7al

2 3 2Nzt LORE O8I 2 A2 PP (i AntE AOHSH IR Bt

Keywords:Silicon Carbide, Single Crystal, Quality Stabilization, TSSG
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Jong Hyun Kim?, Jina Kim, Ho Jae Kwak, Jae-Hong Lim
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Abstract: HEHIFSTA| QI D152 | S 0123104 TAIYAIS &t ol 2ilish= 2ret M2 12| gatd2 22, =t
HE Mz, TR, 2143 S Crefet 2oM Aol E2|/2tet 22 240 2851 U HMANCZE
OILAXIAAH, D252, BHen|, &5, SFE 52 B2 MY 20I01M 21238 HEE 2lo MiE HE 3
S oM DFFOIA LAV |12 2ot Thfet 7o T UCH

EIHE7|7 A 2F 3001 T AT Ol IL FU2| LAY 2|8h CHY A2 THYSH ¢i710f 2B|0f
270 AOD, £[Z0= 7| % f5HE OtL|2t 0{2] §& 1fef 20F S22 2840| T2 SCHE| 1 QUCH wix 3M|CH 24,
AMIEH A 2H5219F 2FEI D O] SMICH R AlE2| HR 367|2] H2tRI0] SAl 2HE(D M A7 8l ZA0f|
O|ZEICt 02t B2 N a8 HAMAAAL 8l W2/2t SHF0M2| QPEHQl HAAXtZ2 9| 0|82 loh AtMITH
7 [T 2 Efglr A CHAT O |8 2h80| 2FEe| 1 QU=C|, ot THAT % 7150] OFA] HEE|X| QoM 2 Zelo|
LIEFLED QUCE 0|21t CHAETY LHO| Aok TXE AXY/AIA-MMS] =8 T, 2%t QAT 22 A% HY 502
LIERS 4= DI0f A2l 2 S 2l DEA THEE 48 3 T2 Rl 28 40| B S26HXI1 QUC oM
TS YARYS 0183t 0121 A 71 FOllM 0248 HHET L2l Zet 2MS et 2R Y I Z2 XU EX
T2HI| 24 2| 0] EXSICE BITI 2RO 2 CHAY L FE 9 2 28 2IS 19| PARY X112 285101 0iR

- =20 T = 20
W21, 2 PPHO 2 DtA|stet 4 QIO0] OIS Sot0q Etetp A5 HIReH AT 2 U 2 2t 24 71822 &80|

PFS3tet 2 A0l E EeIHL2| P20 M| YA S 2ot X~ ERT2HT| ZA D[ HO| FX| WYt 2l

TS o050, O LIOPHEEN 24 Ol AXHEDE 5SS fler et YA 28 B4 7|22 BoIF A Bict.
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Abstract:SIC= SigIAteF CRIAt 22t0| £|2IHAE SRSk Ut SRAYY S SAlo| 2geteH2 Sitd
1t CHO| & 71X| 24740| EASICE SICY TS CHEOH UOIM EX2F SE2YSHHL Y E2|AEl SiC ST
O MM S 22| TS = 42 0| OFL|CEL ZUS 0|85 2 0| (2 St AWEH X0|S EMst= 2
S AL QU YUMo 2 SiC S EMO| Sitdnt CHO| MstL T X[0|S 023101 M2 Q| THHO| DHsskX| ot
FOFHQI Aj2tat HI20] AL (X EICt 2 A0 M= st 2Oyl SiC T2 |Toi ChslH DI Water
Droplet2 O| &% T&2F £ Soi 2 =9 THEEMHS MO HHM2|S Sofl Q1M oz Xl Malatg
HHst = AlRtestof (2 FE2t0| HstE FXs BQITE O|0|X| Z2M|A AT EL0{(PicMan, WaferMasters,
Inc.) 2238101 2t 2 HEM 2|9| DI Water Droplete] ZH0|0|X|2 26 &2 X|E E, £0|, HE So| K| HBE
YEHOR T ESIQCE 2HHQI Sitint CH, H|2 gl ATt MPH0]| CHSE HE2F 2410 CHst AHOH 9|
SICTHEMD T 2KSIC-to-SiC) & ZHCIAH0| ZESH= SIC THAH 21T L (within-SIC)olIM 2| FEZE M AA|
SIRACE SEHEUL| EXfoh= ALk (native oxide layer) Y-S AT{EY| 23l Z2t=0t % BOE (buffered
oxide etchant)S O|2%t EMA2|S MAISIT 24A12F 0|4 &20] =ZAIZ] = HE2t0| HstE FXSIICY.
ZIPHO = SiC ThATY ZHCIA0)| (2 EH IEIA Of|L{X| 0| AFRFEIA(Of| CHEHM = A0S DXL i & 01715 E6
SIC CHAE 9% &= 9 AXEH|EF CHA(Of| A tit2 1 75 2kst SiC T 24 THHE0| 2+53 212 2H0IsHich SiC &y
A2 T XIQIASIAI0| AME |2 DEX] TP AEH 2| Bistsh= 242 AXFXEF 2 THH0IM S8 AlZEe| 2H2(2}
Q6T 212 AIAFSICE O|0|X] Mg S5 SiC THAY 2|k #HO| FE2 BAH2 AT U AXHHIEE
Dt Ak2tolof M 21 M2 Y= S HES S2 Cfsh AFCHY| M E42 S50 M2 g2 4~
(o]}

US N2 2 [CHEICE
Keywords:SiC, HE2f, ZFCHd, 39, BHAHX]|
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Kyeong Seok Park®

ON Semiconductor

Abstract:Silicon is the most widely used semiconductor material for power devices. However,
Si-based power devices are approaching their material limits now. In order to replace this
Si with better performance, the rapid innovations and developments in the semiconductor
industry has been conducted. And Silicon Carbide is emerging as a next-generation to replace
Si because of its low-losses in the application thanks to superior high temperature, high
frequency and high voltage performance when compared to silicon.

In order to replace Si power devices, Silicon Carbide diodes are already commercially released
before around 15 years and have gained significant market share in power supply and solar
converter applications. And Silicon Carbide MOSFETSs are firstly released at 2011 by CREE
in the industrial market. These Silicon Carbide power devices give highest efficiency, higher
switching frequencies, reduced heat dissipation and space savings in the high power industrial
market.

In this presentation, Silicon Carbide Technology development status will be presented. Many
companies try to get highest revenue in SiC Market with their own state-of-art SiC products.
So SiC market status also will be presented shortly.

Keywords:Silicon Carbide, MOSFET, Semiconductor industry, Diode, Switching

a. Corresponding Author ; ks.park@onsemi.com
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Abstract:4H-SiC 2|0l 1:2(21300 C) HI0|E tt2t2hE J&=AIZI = 12(21300 C) A2t GX2|E TIystain
NO 2tA H[E(0-100 %)0f| (t2 4H-SiC MOS H|0|E Atstat g Zst Mo ZtE T2 (X, S2|-ststxoz
TOLSHRICE. Interface trap density (Dit)= NO 50 %7K 2otX O 2 2FABHCEDL CHA| S015te Y¢S ERUCH
Effective oxide charge density (Qeff)= NO ¥X2| Fofl= negative Qeff E4E ERUCH NO EX2| Al
NO B|g Z210j| }2t negative Of|lA] positive2 £16191 11 0|% positive Qeff?t Z7tst= Hekg LIERLHQICE SH
F-N plot2 3l 201%l barrier height= NO BI-2(0 %, 10 %, 50 %, 100 %)0| tti2t 242f 2,40, 2.67, 2.62, 2.57 eV
2 20IZ|ACE. NO 10 % barrier height?F 7F& =Q4 10 O| A& 0] ZH0f| 2F S 2408t EM S ERICH Time of Flight
Secondary lon Mass Spectroscopy (TOF-SIMS)S 0|25t04 NO 7t H|&(0-100 %)01| (tt2 H|O|E Atstak H|od
0l M Si-N, Si-O-N 2XZ 2018194Ct Si-N maximum intensity= NO 50 %7tX| Z215HCH2FNO 100 %0IA =
2+ ABIAICE O|2{5H Z 1= NO H|S Z210| (2 Dite| izt 23Skt LARSHCE Ot NO 50 %0i|A] Si-NO| £21&| 212
LH219F A0l NO 22Xt SIOXCy et 20 2 BESIHY| WhR0|Ct. K5t Si-O-N maximum intensity= NO
2tA H] SOt Wt Al S2tel= FE2 BAC 0l= NO HIZ S2101| AStES & SOtEICH= 218 LIEHH ez
Atstot Elst 8h29] WHAENIH MK Si-0-N maximum intensity?t Z2+El 210 2 THCEEICH AFSHak XS04 A
0213t Si-O-N2| Z2t2 positive Qeff? 2t/ 0|t PHZ0{ZI donor-like trapO| barrier height £ ZrAAIZ
Us Aoz ARt

Keywords:high temperature, oxidation, nitridation, 4H-SiC, interface
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Ki Hyun Kim, Ye Hwan Kang, Seung Bok Yun, Hyeon Park, Sang Ik Cheon, Ju A Park, Min Seol Seo,
Chang Heon Yang®

()0 AT E| T S A

Abstract:SiC(Silicon carbide) JBS(Junction Barrier Schottky) CiO|2 & AXIHA 2-XEH2 Of-C & IHAE
25 W3, 2E7| HEE XM, ol|n|S(epitaxial) X, 2 [THSubstrate) M, SIC-242t HEXMT O 2 g<|0] Q{Ct
2-Xg2 A5 M E HANC R oIZL| 522t AEI| YLl 30|82 ZHSH= 2 TAIEl A2

A|RSDHUQIXISH A2S 61| QIst THE S} ICH ZHHOl 2-Xfet UAS QI SIC-34 240l W

e 2 2=t 21| HE 245101 I8 X3 2Aok= 70| RS

SIC-24 2t HEXME 24 J|22, BAXO 2 SiC-24 22| T2 X{3H0| &0t SiC THBHEN|0| A 2-XE0| St
5h2| W20l Silicide 37HE S5101 YEXMYS Ladt= S7O| BHEA| -5t 5HX|TH BSG(Back Side Grind)2t
30| HEE X8 90|mof| A silicide 3H2 ZIlst?| s LRI RTP(Rapid Thermal annealing Process)
SHEHEY YR 24 LM 2Py T ES5AHC = QIS0 IiE 4 Qlony, ot =2 AX2| 28 HY + U=
2EJ| 242 MEHO| MBHEICE 22| AN HHLE S5H0{ SiC THYBHEA| AXte| silicide SH0lIAM RTPE CHAIE
laser @X2|2| 7|% &S 2tRSIAO0Y, O Bt laser energy 2.5Jcm 0|40l RTPECH 2 HEX S 28
Ste RS HESIIC,

SiC BSG 2t2 2|&2, SiCe| ZE2t Si(Silicon) HCF 2F 358 &2 | WhEof| 7|2k 212k uh 1A, &, SIE2 S8
X|0{5104 2+50] HRStCt 22| = 0| SH 200imO[5tE 2t& & 4= Qli= BSG Z2HE 2HHSIR1 0, 650V 20A
4H-SiC JBS(junction Barrier Schottky) CHO| 2 E0]| BSG 28 S X, Silicide= RTPENS CHMISHO] laser YX2|
SHE HESH0] AXHE MIZSIICE

2 0N STt B 2222 M8 T3(Schottky/Anode T2)SEIHX| 2tEst = BSG S-S S5t01 /01
M 100, 150, 310ymZ 2+3, laserBX2|E H&5t01 2F R TI|X E4S =UQISIUCE 2K RH2 0| =M
100umoll M &8 93%2| ANE LIEHHRICE 2|E 0T S 350im2t RTPZ FAZ[5 A|ZECt 20| £
100umZ 2153t laser FX2| Tt A|ZOA HIUEIL61% S e FRIsHQIt 2 ¢ 2t 85101
22 MOSFET & SIC It A|, 2-XS0| ATl AXIE MEE 4~ Q=7 | X XIR2 2 288t 4~ Q12 A O 2 ol ¢EICt

oy

Keywords:SiC, Diode, Thinning, Laser anneal, Silicide
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Jeongyun Seo, Taejin Nam, Eunha Kim, Joonhyeok Jeon, Hwahyun Kim, Sinsu Kyoung?
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Abstract:SiC MOSFET2 ?|£2| SiMOSFETEL =2 oS MY SHE 22 200 N4 AQXC HHE
2H= XEAMICH 238 R AXIO|CE £|20f= 0]2{8t SIC MOSFETS| ON M3t EA8 IHMSH = M2 Uz 2
ShMS2| 2I8H SiC Trench Gate MOSFETO| X|&MO 2 Jiehe| 1 QICt J2iLt SiC Trench Gate MOSFETS
Gate Oxide?} F|2tsto DHQLO|| 2 =2 HAIS HE|X| 26HCH= 2XIFO| QUL Ol W2 S2 Xt 0F2 |5t
X[ M2l ZM0j|A BFEA| JHM E|0{0F SH= 2A|0]|Ct,

E 0N Q9] 2X|Z JHAMSY| QI8 E2NIX| H|0|E AtsHE Of2Hoi| P+ Shielding Y8 = &30 1200V
= SiC P-Shielding Trench Gate MOSFETS MIZISHQICH 1 = 1@ AAHIO|{A(HTRB)AIEN £QJ5t0 &Y
/= CIO|HE B| W50 2AM5t ZutE 2AoHt HIAE 2242 25 150k, Vr = BVDSS, £FE AlZF 2t =
Ohr, 200hr, 400hr, 600hrO|04 B| 1 Tf2f0[E= gt MY, YA T 12|12 RDSonO|Ch Algd ZAntoy =M
H|ZHEI 1200V2 SiC P-Shielding Trench Gate MOSFETS 2& Tt M 2F 2.3 %2| Wste2 BT, i HIE
2 ok 5%0| HsHES EQCt 0|2 RS0 H|ZtE| SiC P-Shielding Trench Gate MOSFETO| O LE2 A2
HIAE HOE OHX 0 USE el o UL

2 L=90| A% 2411 1200V2 SiC P-Shielding Trench Gate MOSFET2| HTRB E|AEO] 2 Vth 1SS =0l
gk 2~ QIQACE LS HTRB EIAEO| $H&80§ M|ZHEl SiC Shielding Trench Gate MOSFETE Vth X{sH&0]| CHH
ERAFCHE| O LE2 M2 BIAE AE HOIFQUCt

ot
Jal

Keywords:SiC, SiC Device, Reliability, SiC MOSFET, Trench gate
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Abstract:412 $23% 01449 CiZ0! K121 XIS A10| £20HEAHSOP T {01, KIS XFSALS TSI Aglo)
A MO A0 THD S MAVEA| Mol M SATSH 20F £0| sHLt2 IAE| 1 QICt wot Mt
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Abstract:Silicon carbide (SiC) power devices rapidly penetrate the global market because of
advantageous electrical and thermal properties for high voltage, high temperature, and high-
frequency power electronics applications. Among them, SiC Schottky barrier diode (SBD) has
the increasing demands for highly efficient energy conversion in modern systems. However,
the reliability issues of SiC SBD in harsh environments are inevitable problems, which were
divided into packaging failures, contact failures, chip failures, and so on. In order to avoid
those failures, it is important to evaluate SiC SBD in the design stage. Among those failures,
the chip failures caused by packages could be difficult problems because the failures belong
to long-term failures so that they are hard to be detected in the early stages. In order to
estimate those problems, this study investigated chip package interaction for reliability,
which presented how to affect the chip reliability according to design parameters of the SBD
package: the number of wire bondings, the thickness of die attachment, and chip location in
the package.
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Abstract:Silicon carbide (SiC) is a very promising material for high-power, high-temperature,
and high frequency electronic devices, due to its superior electronic and thermal properties.
For industrial development, raw material supply is also important. Thus, we have studied on
use of by-product from CVD SiC ceramic fabrication as raw material for single crystal growth.
SiC is known to have several crystalline structures [1,2]. Recently, interest in 3C-SiC (B phase)
structure has been also increased, as it can be used as a raw material for high quality single
crystal [3]. For that purpose, it is important to accurately control the impurity level in 3C-SiC
[1,2]. The polytypes of SiC hamper easy identification of each structure characteristics.
Sequential Raman vibration frequency shows high density stacking defaults, due to the
scattering resistance of 3C-SiC [1-3]. In this study, the structural and impurity properties of
3C-SiC crystals (B phase) grown by chemical vapor deposition (CVD) have been systematically
investigated by FT-IR and micro-Raman spectroscopy.

These analysis technigues have been used to study the degree of purification in SiC crystals,
i.e., free carbon and free silica concentration, the concentrations of these two free atoms
in CVD-grown SiC are known to be high, which was analyzed by XRD. For the change to low
levels of impurity, the characteristics of SiC are increased strength, mobility enough to
change the surface energy of atomic density or the diffusion distance can be reduced. As the
crystal growth direction is stacking atomic-closed packing (111), the preferred orientation is
completely changed. This proposed analytical method is good agreement with a result of ICP-
OES [4]. Therefore, we can say that FT-IR and Raman spectroscopy is useful to characterize
the quality and impurity levels in SiC crystal. The detailed characterization of SiC crystals using
micro-Raman, ICP-OES, XRD, SEM, FT-IR are under study and will be discussed in detail.
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Abstract: The point defects in deep level may negatively affect power semiconductors, for
example by trapping charge carrier, increasing reverse current, and reducing carrier lifetimes.
Therefore, it is important to identify and control deep level defects especially in devices based
on wide bandgap materials such as SiC, which are of great importance for use in high speed
and high power applications.

Silicon Carbide (SiC) is an attractive material with excellent properties for high-power, high
temperature and high-speed switching applications. Among SiC polytypes in 3C,4H and
6H-SiC, 4H-SiC has great electrical and materials properties, such as wide bandgap (~ 3.3 eV),
critical electrical field (~2.5 MN/cm), small anisotropy, and high radiation hardness. Owing
to these characteristics, 4H-SiC devices are widely used to operate in harsh environments.
There are many reports on the fabrication and performance evaluation of 4H-SiC devices
including Schottky barrier diodes (SBDs), junction barrier Schottky (JBS) diode, and merged
p-i-n Schottky (MPS) diodes. MPS structures are promising devices with pn junction grids
integrated into the drift region, thereby providing low leakage current in reverse voltage and
sufficient surge current in forward voltage. In the MPS diode structure, however, extensive
electrical defects may be generated in 4H-SiC epi layer during ion implantation and post
annealing for the fabrication of P grids.

In spite of these facts, studies of deep level defects in such structures are rather limited, and
many questions are still open.

In this work, we compare the 4H-SiC MPS diodes with different P-grid spaces by deep level
transient spectroscopy (DLTS). Through DLTS measurements, the characteristics of defects
including trap level, concentration, and capture cross section are analyzed and quantified.
Furthermore, the possible origins of the defects in different energy levels are correlated to
possible origins.
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Numerical Analysis of the Helmholtz Coil's Effects on the Performance of
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Abstract:Silicon carbide (SiC), due to the superior electric and thermal properties, can
replace the Si substrate in high power, high performance applications. Bulk single crystal
SiC is currently fabricated by physical vapor transport (PVT)," but its high dislocation density
is a problem in making high power electric devices. Top seeded solution growth (TSSG) is
nominated as a method to grow high quality SiC single crystals.? In TSSG, high purity silicon
melts in the graphite crucible, and the carbon from the crucible dissolves to the melt, travels
in the medium to the crystal surface, and contributes to crystal growth.?> The TSSG method
has a huge advantage in reducing the dislocation density in the crystal because the growth
condition is close to the equilibrium state.

Current challenges in the TSSG method are low growth rate and low uniformity of the grown
crystal because of low carbon solubility in the molten Si, as well as complicated fluid flow in
the melt. The electromagnetic and Marangoni convections determine the global fluid flow in
the melt.® The electromagnetic convection strongly effects the velocity field in the melt, while
the Marangoni convection causes an instability free surface of the melt and reducing the
uniformity of the grown crystal. We tried to improve the growth rate by adopt a flow guide
inside the melt and directing the flow as desired. But it was less effective in suppressing the
Marangoni convection and in improving the uniformity of the grown crystal.

In this study, we numerically investigate a method to improve both the growth rate and the
uniformity of the crystal by applying an external magnetic field generated by Helmholtz coils
to the TSSG reactor. The vertical downward external magnetic field could enhance the carbon
transportation, growth rate, and uniformity of the grown crystal.

Keywords:Silicon carbide, SiC, Top-seeded solution growth, Helmholtz coils, External magnetic field
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Q0| E|X| ok2 AZHE(Sc)zt ZLE(Co)E O|83104 2|E2| Crif Tiet 242 MO|Z4£E2| HES Hetst
498N ZYE APso DEX SiCTHAY HE0lQ| M JHsAoll Chal =olst X} SHCE CiFst 24
J|BIO2 T 2FIZ2UX2|Z &2t 2ATS 7|BIO 2 8101 2F TAH EtA I 2 A8, 282 LI
SIC4X| M| UL S EFst (IR ANE ECH 2 SiCEHEY HF0|| 20(6t A7 24 S Al o Ho|Ct,

Keywords:silicon Carbide, Single crystal growth, TSSG, transitin metal, four-component system

a. Corresponding Author ; shinyj@kicet.re.kr
b. Corresponding Author ; leewj@deu.ac.kr
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EAHLH =5 X5

CVD-SiC 2|A0| 23 A% E }E2 X T SiC HAY 4%

a1 1 2 ol2 2 1a
AR HIAIY, YOI, YAR?, Y, HAE

Yong-Hyeon Kim', Si-Young Bae', In-Seok Yang?, II-Gon Kim?, Chang-Min Kim? Seong-Min Jeong'®
B2t IRl BILIOIEI2| X

Abstract:Etst2(SiC)= A2|20HH| 52 BFMEE(~490 W/m:-K), 2 HHEH(~3.3 eV), =2 2T

IT—- O 7L

LYE(~5.0 MV/cm)E 2HX| 12 U0 12 DR ZAHOY|M XS5k HABHEH| FOr2| XEM|E] ARH 2 014X 2

QUEE[1,2]. HHLAO ABEl= THEY SiCel dFYY22E= F2|71¢+SH(physical vapor transport;
PVT)O| A&%tE|UC PVTHE 2,200 ~2,400°C 22| NFIH QEItAE ST LHROIAM SiC

21T |

HRELO| SEI10] 2 [MJ L2 0|5 = R0 BAE SIC SXY(seed)oll AHZY2tot0] Y E=l= LHOICE

— odg

[3]. Ol D=5 0| THAY SICE J&AIP|7] 2iM s FEZ AFEE|E SIC 29| &5 2H0| 351t

SHH N~ 9| SiCE ghdshe CHFsH B = S JHX| 2 3tehD | A4S %HH (chemical vapor deposition; CVD)E&
£3l 1,250~1,600°C2| 2=HR|0|AM Methyltrichlorosilane(CH,Cl,Si, MTS)2 At&3t0 CVD-SICE Mg
2= QUCH [4]. CVD 8Y SO Bt3 7| LHEOl| ZCHUX} HEHS| CVD-SIC BE4tZ 0| Chef SAFEICt ok MR E
Do U3 CVD-SICE LHERIR0MY E42 21X QIO BH=X| M2 HH| EFC 2 2| Ar8 L0 X| =4,
Cist &4te| CVD-SIC MBS 255t 2gollM H3 Hele| Z2t50] 2| EICt. ol2{st Z@Xtet HIa X2}
HENQ| CVD-SIC EAZE2 TE Q0= St 2H2+J0| OFEX| oot CHEE T2 || 1 Q/Ct.

=20 O

2 R0IME T2 CVD-SIC eSS PVTY 4TS 9I3t A2 2 AFZsi0] £ SICS 43 o
FISYBIoACt 48 SIC 2, CVD-SIC ZYR, W3 CVD-SIC X2} 371X ARS Agstol S 4Y =

HI WS ARERHE 2,250~2,350°C & HLRA0A 4A|2HSQ 35 Torr & otof| OF2 2 22(7(0f|A

CHAE SICE ARBIYD, SIC seed® 291X| 4° off-axis 4H-SICE AFBBIACH A 3 CHEX SiC ZHA,
E2IEtY(polytype), dHZTY &Y U == & 52 G2t A SMOIRUCEL ol (75 S3HM CVD-SIC

SO M Otsgut 015 0I8SH Dt THETY SIC Y YHS MBI SHct

oot
ot njo

-

Keywords:2|AtO|2 &, SiC, PVT, 2 4%, &HaH

a. Corresponding Author ; smjeong@kicet.re.kr
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=] o|s (0] Jo) iC CF24
PVT ol ofeh 22| SiC HEE 3%
Rletet, 201", OlSE", whael’, Tols!, wojd!, e, 272P, olixy”

Tae Wan Je', Woo Yeon Kim', Seung Joon Lee', Su Bin Park’, Yeon Suk Jang', Mi Seon Park’,
Eun Jin Jung? Jin Ki Kang?®, Won Jae Lee™

S olryBtm X(ZX)FHOJAAE] (=)ot

Abstract:£|2 SteX| 37| X DEMFE QIst 1M Zatx0pt LRSI &AM ofof w2 ol A 3759
SHEF LoF LIE2IR0E §40| @40 230 BRI LIRICh 2|1E 3o 2 MEEIUH Sig Mt
EZ R SIC AX{e| £ HI0| Z2I8k= FMI0ICL SiCE SIECH 22|1H, 3tetd £40| FojLt 12, DHY,
FA| SHOMO| 2t P H0| 20101 ZHEST FE0t =10 LhdehY, LHOHZY, LHRAY 50| L4:3tCt.
02 @40t EYS HIYLOR BN 37T F0i| YXt2| Yo Z01S2 =lof BteX| SFE AM2 &8 +
UCE BH=H] SYEA 5 A2 STYOIM AEls ZAHAY 2 Set=0t MH LHOIM QI0|HE DFAIZFD
SCtR0LE F& AP 222 ZRE|= Y-S ot Si ZHAYO AL, CF4, 24, P40t 22 Bhay 2tA%t
HotEl OtAS ALZStE R FHEFO| SA0| SOHLISHN, 2|20 OFY 2EeE IHAZY 2 HA K201 HHLL

>

O -dc o o~
S 30K et uA 210t Bot 22182 Dot DIMSF ARBElE A2 37 FHIe| nYsstet
G20 42f YH| BF2M2 DY S8t7t 20X = FM(0|0, S| ZHAYS O 43 S42 2HXl= SiC
EHAZYOR NPT 2M, 42F SFHUMO 8 ofef U BIZEYS 2ICHY o~ UCH BH=H| Z0F0lM

SICE MEAIZ|= giHe of2] JbX|2t QIOLt BiAY SiC EHARIL UPXOZ CVD (Chemical Vapor
deposition)H O 2 M XEICH1,2]. CVDEHLO 2= H|w™ SH2 1000°CHAM 202 E9| SiICE HM|ZE 4~ UX|Tt
UL AES| 10H0|0] MAE0| W2 TS JHX| 10 QICH £ %4710 A = PVT (Physical Vapor Transport)
B2 0|82610f Bt A A2f ZHE AME AMREl= EHAZ SiC (Silicon carbide) tHEAE S MXSHACE
S oML LHEO| Y215 22l 29 PRS2 XSt SiC Ao|HE & HEHR It53h seedE ALESH0]
PVTEHO] olst 21 BQko| SiC THAN S MEFAIZACH HEHEl 22 Raman 8! UVF (Ultra Violet Fluorescence)
2Mg 0|83810] AH™O| H4EMES Y10, SEM (Scanning Electron Microscope), EDS (Energy Dispersive
Spectroscopy) 2412 S5l O|MEX 9! Y23 =HolsHoir).

Keywords:Silicon carbide, Single crystal, Focus ring, PVT, Growth rate

a. Corresponding Author ; leewj@deu.ac.kr
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o TAH HE =F =5

0-SIC 2} B-SIC UG EBt0] TE 2913 Y SiC T
O[XHH", o| & "?, 2AEHS|, 212017, Foi=? o] 2UXH?, 2AF 3|

Chaeyoung Lee', Gyudo Lee'®, Taehee Kim', Woo Yeon Kim? Jangyeon Suk? Wonjae Lee?,
Jeonghui Kim?

'KCindustrial *S2/CH3tn

a0

Abstract:2 ®31= PVT (physical vapor transport)#S 0|2%t a-SiCE22 1} B-SiC 2242 =
HiLtE =Y E P SiC oad M3l 0|Xl= G&oll st (12 TSIt sy =¢ez HiE
LS E2HL(@30 mm x 25 mm)Qtoll= BILIEZHHIOIE(VC) 2l 222 i €Ol ofst HLLE &3 a2
HO|EX| HW5t2| el 51 =t SHEof & UstQICt. 6H-SIC, Si-face2| XY S Ar&35t01 2,300 ~
2,400Ce| HHR2EO0IM 6AI2F St HaE Tt on, ol of2x2 2210 d& LS 25~40
mbarz SX[AIZICH A& ® SiC 222 ~L 32015 2/3f GDMS (glow discharge mass spectrometry)
2ME TSRO0, SIMS (secondary ion mass spectrometry)242 Sl 220 T E A e
ZOISHICt. e AP 2 E/S4AHE-HS 2101510 2/6 UV-VIS-NIRZ 0| 83t0f AHEH 2MZ

g3t
Xl
oF

HEMHE 291004, SEM (scanning electron microscope)/EDS (energy dispersive spectrometer)
2ME Sl biLlE =8 U EaE s 2 2Hlsilrth

Keywords: 3-SiC powder, B-SiC, PVT, gF&%1 SiC, SiC powder

a. Corresponding Author ; gdlee@kcindustrial.com
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EAHLH =5 X5

4H-SiC MPS Diode?| FH2|X E7dof| 25t 13

S, ACIR, 2|3, B, HAQ, B0t MR, Y

Seung Bok Yun, Ye Hwan Kang, Ki Hyun Kim, Hyeon Park, Sang Ik Cheon, Ju A Park, Min Seol Seo,
Chang Heon Yang®

-

()0 A DY E| T A

Abstract: 2|2 H2|X-SAH AIFO| 2getEoll W2t D52 st MASt X 23S 2B sHZX0)| 2hefo]
ZOIX| 1L 04, O|0f] XtMICH ThARFEH| AXt2 F=RD Q= H2|23HHI0|E(SIC, Silicon Carbide) 2AHS
EIAHSt D& A M WS TR OHY O WOIXtSAH M 0| FYSiX| L QUCH 2|28 =0t M EE
TR YRIQ| F2, oA 22| MR A= H2I2(S, Silicon) AL CHE| £I|2 OF 65 % 22, A9

M-
£40] 55 % HOo0{, 0|5 X Z5t0] IHIEQI AARO| 21 24 g1 £3 I0t2 TI|XtSALL| 2| 9
A YO 2 0IHS E AR MK L 4 ATk

otH, ZX|o] D& A3t 2 Ma UL BII2 TA|E LYot THYRHTH| AXte| =2 H2|gol chet
QI0F 1|1 QICt 0o Q&= AMR|MH O 2 &8sk Mot 2H8HVF, Forward Voltage), &2 X 2HBY,
Breakdown Voltage), =2t S ™ F(IFSM, Surge peak Forward Current) 50| QICt. O]l JBS(Junction
Barrier Schottky Diode) 71X2| AR, =3 AT IX| AH 2 5 LMotE 22 SUWE E40
Flofsto] =2 42lY 27 Ele AARI0| HBstX| QiCt. 0|8 Hetdhr| 28 MPS(Merged PiN Schottky
Diode) 18 ME3I0] &2 A2[4d2 =&t 2H55iTt, HX|2t MPS 12 S MET 2, PN Me2 Sl
SESH| W20l Schottky He SEH2 Sh= JBS TRELH =2 =8fe MY st E42 21X 1 7| W20l S
THMO| JBS XL} 2=8sk M2 EMO| SHOFX|A| EICH P El AXF HX0|A JBS2F MPS 22| H|2 ZX 510
AARIOIM 2715H= e TR S & SUNE E42 25 SF57|9 02180] Tt

£ AR0M = JBS AXERE MPS AXIOi|A PIN ¥oi2| H| 20| (2 et MF £ IFSM £+ H| WSt Xt 650
V/15 AZ SiC DiodeE M|Zt5t0] TO|X E4E HIWSIRICH A%t A= JBS 24t LEE 2222 PIN 3dg
5%, 10 %, 15 % &5t0] DiodeS MIZISIQUCE WAL, wobe M7 42 JBSH MPS & £t R& FA
215 VOA k15 A LFO 2 LHES A0S TS HH OO, JBSO| IFSM EMS A |F EMO| 6HI2I 96 AZ
AHAAODO{, PIN Q2 5%, 10 %, 15 % FERO|IA 28 AXtO| M2 IF EMH2 28,9, 10 HHO| A1 108 A, 125 A, 153
AZ ofoiCh

=2 C M

Keywords:SiC, JBS, MPS, IFSM

a. Corresponding Author ; chyang@ypt.co.kr
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EAHLH =5 X5

3.3 kV 1Y 4H-SiC OtJUtE=N| S LT FLR O|2F Y =Xzt ZA2
2O, 2013, @52, uiE, MO, w0l MUY, 2HS? P

Ye Hwan Kang', Ki Hyun Kim', Seung Bok Yun', Hyeon Park', Seung Bok Cheon’, Ju A Park’,
Min Seol Seo’, Hyoung Woo Kim?, Chang Heon Yang™

r

(F)ATIYE| T LA B o7 E

Abstract:A&2|23H}0|E(SiC, Silicon Carbide) A%H= A2|2(Si, Silicon) CHH| 2F 108 =2 Hod 24 2f k=
el ol E42 230 on, 2|& M2|2(S, Silicon) BH=H|S CHAISHO] A|ARIS| 221} M2l A2t

JHSBt0f APMICH THYUEE A AXF2 2 8 QT M2|2 A|AH CHH| £ X4 SXH0| JHssto] AlAH

LHOl ~& 2XtO| 3|9F 22hE H2h o 4 U, Lok 2|E DY H2|2 THRIEEH AL™ME S2tet
2 221 MO2 H2|2IHE0|E= AT AQIYO0| IH53t0] A|AY RIS of 65%, 220 &4 55%

2tssttt.

oot 242 S402 D [ HIg AIAYS TOR st FIIXSAL DAHE

D Hofoll A H2|E YHEA| T AAHS CHNSH0] DR F2f Wi AAMS XIT JHssict 0|5 |
H0F 5 TIIRISAI DAHE S 24 4TIO R CHE 2OHICH Horsh S 31740| 2UE|D|0f KLt &2 A2

o o T f —
Q7L Y23t LEO| 0| LR 2 it 0l0f] &2 M|y HMTS 2Ash QFHEQI =Tt &Z0| 2|4to|
£|0{oFst (0] At SE FAoIM T TA 24kS Lt DX TA HMeh Y(FLR, Field limited Ring)
TE XKL LTt
2 70ME DAY TH2 A2|25HHI0|S AXt KZfof M, QPEE0l St e nEg Qfst M At 2lo]
0|2Z%Q) Z2Y 0|25Q) &=t 2/0|S RHBI0] A|H3IE TSt DAL A2 0|M ezt 2 JHa: 307, =
3.0um, 224 2.0um LEE J[HIO 2 310§ 02Xl =& 1x 10", 5x 10" /cm® 12|17 0|2%¢! 210/ 0.2, 0.4,
0.6 UME HE10] 242f0| A|B2{0|M ZISHzt 0|25 &5 1x 10" /cm’, 0125 2/0] 0.2umofl M b e
SHETIQIOI 2910 VE YA OM, 0[2FQ & 5x 10" /cm?, 01252 210] 0.6 um Z210IM 21 &2 4,350 V

o =2 o
dETY 2SS,

Keywords:SiC, FLR, A|Z22i0| 8, e+2%Qt, 0|22

a. Corresponding Author ; chyang@ypt.co.kr
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ic $2 9I3t FLR 72X DY 253}
Bisi", 2o, 2018, @2, M, gRot, MM, 2SR aFkls ™
Hyeon Park’, Ye Hwan Kang', Ki Hyun Kim', Seung Bok Yun', Sang Ik Cheon’, Ju A Park’, Min

Seol Seo', Hyoung Woo Kim? Chang Heon Yang™
(F)oAATYENTH A 2Bt XA

Abstract: A2|23H0|E(SiC, Silicon Carbide) AXH= A2|2(Si, Silicon) CHY| QF 38 =& dHE-2H7t 108
=2 B ZEE 21 0] 2|1E A2|2(S], Silicon) BHEX|IE CHAISH0 A|AR =2 M2 Y2 ME 255t
KPMICH THYBHEA| AXLE S5 80 QO DY, 0| 283104 MUt X|QF A|AR] 12 o172 5l OHEho] |
TIHED QICH Sl EE&(1 U= A2 AA-! CHH| F&F Ots 20t =0k 2F A AR 2] 2bA D551,
DO ARQIH FE0| 2t55H0] 28 AXp 37| 8l 2k M2 Obs5t0], L3 A2|23HHI0| = I8t X|

OIFL 2 AT AT MO ObS3t0] AIAR RIS OF 65 %, 291 &4 55 % 20 1eg AAH-S

T g o QUCH SHXIPF D MY 20pe| B, Blist O[Tt ol Pttt oty 2EOZ =2 M2 |YE
QIE|0] AT FXO| 6 SH2HQL X532 2o TA| Mt /(FLR, Field limited Ring) 22+ T QstCt,

2 AF0M= HE|2IBI0|E AXF MZOf| oM, DS ohs E4 22 2lot TA| Mg d(Field limited
Ring) 7= AA| £|X2tE TIYst ot FLRO| & =, X, 2t S ZHSH0] A|221|0]d TIgE. & 2H 30, 35,
4074, @ = 20,30, 40 um & 221 1.0, 2.0, 3.0 umZ 2} ZHYE FLRS 1AI5H0] A|g2)|0| M ZIgHsI9iond,
FLRQ| 0|23 ZHS 5% 10" /cm? 0|22 2/0] 0.6 umZ DHE 2l 242~ 40 74, = 3.0 um, 2t23 2.0 um
Z2HOA 4,730 V SHEFOF Ht2 o2,

Keywords:SiC, FLR, A|&2i0| 8, S+t

a. Corresponding Author ; chyang@ypt.co.kr
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EAHLH =5 X5

4H-SiC C|A32|EMO

1a =1 1
AOIE? "R, FHeUA, et

SFETS| mtJAto| 22l It 4

A
1 1 =11 =1 =2 = A3 = =1
CERIY, FEY, e, Zole Wele’ OleE:

A BRI ATKER]) S AT 1T

Abstract:Z AR0|M= TIYAO|ZE 2t5AIRE Sl WR2E2t 4H-SIC C|A32|E MOSFET2| Y &
FO|XQl EMO| O|X|= PEe MTEQUCE 0|2 Qs 2= 9! FMO|X Oi2t0|EE 2201 ZL|E{Z0| 2
St MicReD Power Tester 1500AE 0| 83610 Ciot ML RN TAO| 28 AlH S -aist
LSt Maddt | m2to|E 2A492|91 KeysightAre] B1506AS 0| 235101 A& M= M| X0l E4S ZHSEIQICE
HX| 4H-SiC MOSFETO| ItJAIO|Z22 £ o|ZS Qs Si IGBTIIY 2 E2| Y of|=0]| CHel| 2 LA Xl
LESIT 23 AtE5t0{ Z1tE EABHACH[1].

017|M, Ne= DFAIOIZE S, AE HlAiIY 2, ATj= TRk ¥2HE, a= Coffin-Manson X|#, E,= &-dst
OIUX|, kg EX0HA2, T, 2 HF He220(Ch JY12 T,=120ToIAM ATl Chst DEALO|22] 2122
HOIECH HMS ABZISS LESIT DE0f| 2 M2k3t 240100 2|127|= Coffin-Manson X4 aO|Ct Al ZAnt=
EH B Y20 Ao +62 Fres HatEo| Z210)| thish 242 olEsHs LESITZ@nt

LAY E 20T QU0 O2= AT=80TCoHIM Fe2: Fogtol et DFA0I2Y 218 2oECE 2
HeletSS LESIT 220f| S4SE0r 200 2122 |= 2d=lof|4X|0|Ct 0|5 d 21t A St B T

25 HSHEO|M MBAXIL| W WA HEI2 T ZI10)| CHsl ZATHS 0| Z8th= LESITE 0t & AX|ehe 204
Z1 QICt Est 2 MetEs Eslf (017 Coffin-Manson X|4=2 243101 X| = S2F2I01 2491 H2FH 0| 230l Z0]|

AFRE! A 0ICH[2].

oO=2T M
OHIAIOIS Y % 24 A 2K E42| Hatof Cthoh ofMieh 2ok 8 &2 0| 0] 291 ofFo|Tt.

Keywords:4H-SiC MOSFET, 2t HA|S, I A0 22

a. Corresponding Author ; ee05246@pusan.ac.kr
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Trench 1 X9| Floating Field Ringg 423t ILHQH MM EME 2H=SiC
Edge Termination0f| 2tot ¢
MER, HENT, F oo, MY, sk, Fil?

Jeongyun Seo, Taejin Nam, Eunha Kim, Joonhyeok Jeon, Hwahyun Kim, Sinsu Kyoung®
O FZEAO)(F)

Abstract: 2| 27IHI0| E(SiC)= Si CHH| 2F 108 £=F2| =2 UM ™A m2t0|8E Xt o Sic
Diode S SiC MOSFETO| DM AXI2MQ| 245 E42 LIEHH = O|ROICH SHX|2H ILHRY 42| S

AABEY| IshM = BHEA] 52 HA[of F|efst 220 EH"r H2to| Qo] 0| IFHOIA 22| BE29| edge

effect2 QIst &h= S0 CHSH 25 24A| O|F0{X{Of StCt, O|E 2ol Mt 22ko| MHE 24tst= Edge

termination X2t L QSICH 1 SO|M T Floating &l MEHS| P+ E FS "o ™ol 37|t 2-40]
0| MQlLCt,

A

e MAH 242 QE5H= Floating Field Ring(FFR) 222t &t 2L} FFR XS 2AEHO)A

= MEEX 42 Yo 2 ®H & HMS AT E[0f, U™ 28 6'% SEASED| QI8 FFRTEERS| A S

Z0[2| 2ok A3t Bo| Tz ATt

2 AP0 = 2|1&2| FFRFZ2| Edge Termlnatlonol Ring Q&S Trench Ring HEHZ ¢ 3_.,40}01 FFROIXMS

Z£0|= MZ2 HE2| Edge Termination +XE H|QtStCh 2|& X2 XQHEl 2= Synopsys 2|

Sentaurus TCAD Simulation 222 £l 5| E—é". SHQICE.

Al220|d 210t M|Qtel LX &= J|ZO| FFRPXAECH M X2 HEoZ Sl LHQ
X

BIXO| 42 AN A 2 NEio] SIS HES S, o

2
4 QIC} Z=JFX O 2 SiC Trench Gate MOSFET HM|ZH A| Ring YE2HEZS Q[3hH
X CE3HH| 2K 20| Z0{0j| A 0|HS ZH=Ct ] ThohElC

[ Oo=2 X

It 2Hs3ict ol= SYst
E)ﬂ 8t= A O 2 0|0
CO| OLA IV} T QK| QUCH=

IOI- Jlor

Keywords:SiC, High Voltage, Edge termination, Trench, FFR

a. Corresponding Author ; sskyoung@powercubesemi.com
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TEOSE 0|23t SiC 2|8t Trench X0 A Q] KoK EM o
MOIF, ANZ, ASS, AES, AS T, 20IxP

o
Min-Je Sung, Seong-Jun Kim, Dong-Eun Kim, Byeong-Uk Kim, Hoon-Kyu Shin®, Min-Jae Kang®

ZEetE st
Abstract:&2|2 2H}0| =(Silicon Carbide, SiC)= 10|L{X|H(Eg = 3.26eV) 22 2 A2|Z2(Si) EH CHH| &2
E2 OllLX| BHERY, HOIOn|®Y|, 2 STEL EMOo= Qldl 2 MH&M, DML &, 12 &2 713

o 4= Qe AHMICH M2 BHeX| SR 2 F28E0 QUCH[1). SiC 2|8k BHEX| AKX} 5 24-AetE-8HeH| Az 0t
E2HX| AE{(Metal-Oxide-Semiconductor Field Effect Transistor, MOSFET)= X212 HEZE oh= Al AQ|A
AXZ2AM 11 ™S BEEH| AXI2 2250 sl A (S| M| 0 QICH E3| JH|0|E YA Al2t5t0] 1HsH=
Trench MOSFETE 2|Z Planar MOSFET2| JFET P92 XNHEtO 2 AXI9| 2-Mgt EAE JiAM3stD CellO]
KXoz HANZ UAAAH Cell 228 S22 1= RS 2HX| 1 QUL

SHH MOSFET X0 M AH|O|E ¢t2at2 Xt Z5 E42 AFoh= ] Yo|o, YRIE O 2SiC ot Sint
OFERIX| 2 GAtet 37H 2 S0l SiO,E 20| E L219f0 2 Hd5t0] ARZSt QUCH [2]. 2Lt 2|2 SICE ARShH=
Atst 27 Al TEOS (Tetraethyl Orthosilicate)S 4610 H|0|E Atstars sdsh= ML gels| Tise|n
OI|:|-

A

&2 00| M = Trench 1XeF TEISH QA0 A Q| TEQS H|O|E Atstat EAS HIW BA810| 28 MOSCap
ARE 202t MIZSto] HI1N E42 HOSIUCE MlXQl ¢1E Sdli TEOS 34 8 NO X2| 37gof| cist
2| X3t ZHS 2216194 MIE €l Trench 9 Planar type MOSCap Al20] CHH &2 EAM IItE Sdf
equivalent oxide thickness, flatband voltage shift, dielectric breakdown fieldE T25tQiCt.

Keywords:SiC, Trench, TEOS, MOSFET

a. Corresponding Author ; shinhk@postech.ac.kr
b. Corresponding Author ; ggang25@postech.ac.kr
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EAHLH =5 X5

Fabrication and Evaluation of 4H-SiC Double Trench MOSFETs on
6-inch Wafer

2AMET ARR?, AU, 22 247, YUK/, oL, AR Y, EH|OFA AWHIS|®, OLE HERO{®, MR
Seongjun Kim', Minwho Lim? Min-Jae Kang’, Rusch Oleg? Min-Je Sung’, Han-Sol Ro’,
Juyoung Kwak’, Erlbacher Tobias®, Bauer Anton®, Hoon-Kyu Shin™

"ZgrZ st *Fraunhofer IISB

Abstract:Due to the rapid growth of the EV/HEV industry in recent years, the necessity of
developing a device with a high breakdown voltage and a fast switching time has increased.
For this reason, the MOSFETs (Metal-Oxide-Semiconductor Field Effect Transistors) using
4H-SiC with a high breakdown electric field and thermal conductivity are being widely
investigated. The Trench MOSFETs could increase cell density and induce low on-resistance
characteristics by eliminating the JFET region of Planar MOSFETs. During high drain-source
voltage application, however, the electric field is concentrated in the trench corner region,
causing reliability problem of the gate oxide layer.

To address the gate oxide failure, the double trench structure with both source and gate
trenches was developed, namely, double trench MOSFETs [1-2]. Representatively, Rohm, which
is one of the leading suppliers in SiC MOSFET discrete devices and modules, launched SiC-
based double trench MOSFETs in 2018. Of course, with regard to cell design using simulation,
many studies on double trench MOSFETs have been reported in Korea [3-4]. However, due
to the high process difficulty, there are few reports on the fabrication process and electrical
performance of double trench MOSFETSs.

In this research, through international joint research with the Fraunhofer IISB institute in
Germany, the double trench MOSFETs were manufactured on 6-inch SiC wafer and its electrical
characteristics were evaluated for the nation's first. The structure of cell was designed by
Sentaurus TCAD simulation with the goal of 1200V/20A operating. These MOSFETs showed a
specific on-resistance of ~10 mQcm? and breakdown voltage of ~1170 V at room temperature.
Additional simulation studies have revealed that the relatively high on-resistance is due to
misalignment during the field oxide process.

Keywords:SiC, Trench, MOSFET, 6 inch, Batch Process
a. Corresponding Author ; Tobias.Erlbacher@iisb.fraunhofer.de

b. Corresponding Author ; Anton.Bauer@iisb.fraunhofer.de
c. Corresponding Author ; shinhk@postech.ac.kr
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Ohmic Contact Formation at Low Temperature Using Ni-Based Metal
Alloy on n-Type 4H-SiC

HAFE UM, A, st S, oS, AFY, olgH, MeE?

Seongjun Kim, Min-Jae Kang, Min-Je Sung, Sungwoong Han, Han-Sol Ro, Juyoung Kwak,
Nam-Suk Lee, Hoon-Kyu Shin®

HtZ st
Abstract:Many technical challenges need to be overcome to improve the performance of
4H-SiC-based power devices. One of them is the reproducible formation of low resistance
ohmic contacts. Nickel-based metallization, which has the lowest specific contact resistance
(pso), has been frequently used for this purpose. In this case, high temperature annealing
in the range of 1000 - 1100 °C has been required to form a silicide at the contact interface
[1]. However, the contact interfaces are suffering from the poor adhesion and thermal
instability due to the precipitated carbon contaminations, which were generated during
high temperature annealing process [2]. Furthermore, this process could also provoke the
decomposition of interface passivation increasing the oxide/semiconductor interface state
density [2]. Therefore, an ohmic contact process at low temperature or without annealing is
required to mitigate the above effects.

Keywords:Ohmic, SiC, NiAl alloys, Annealing

a. Corresponding Author ; shinhk@postech.ac.kr



SiC Semiconductor Conference

s TAH EZH =F X8

Investigation of Redox Potential Change on 4H-SiC Surfaces in
Various Treatment for Sensor Applications
2ANE, ASLS, YUR, BUM, NS, 3’

Seongjun Kim, Dong-Eun Kim, Min-Jae Sung, Min-Jae Kang, Hoon-Kyu Shin, Sung-Woong Han?®

Abstract:Silicon carbide (SiC) is one of the most used semiconductor materials for building
high-performance microelectronic devices because of its remarkable physicochemical
stability, mechanical hardness, and the wide large band gap. In addition, the physical
properties of SiC such as low friction coefficient, high wear resistance, and chemical inertness
make this material attractive not only for micromechanical device but for biomedical extreme
environment sensor. In this study, we evaluated covalent modification of 4H-SiC substrate and
its surface functionalization.

4H-SiC substrates were prepared by thermal oxidation and pre-treated with H,
gas for the surface functionalization. The oxidized surface was then treated with
aminopropyltrietoxysilane in order to modify amino groups for the further modification
of N-hydroxysuccinimide ester functionalized homobifunctional poly ethylene glycol. The
samples were further treated with amyloid B (AB) peptide and anti-AB antibody as the method
of enzyme-linked immunosorbent assay.

We compared three kinds of samples which are control SiC substrate, thermal oxidized SiC
substrate, and H, gas treated SiC substrate after thermal oxidation. Silicone, quartz crystal,
and indium tin oxide surfaces were also treated with same manner for the comparison of
surface modification. The cyclic voltammetry measurements were used to confirm and
compare the functionalization of the SiC surface by the peak change of oxidation and
reduction. The samples will be further evaluated X-ray photoelectron spectroscopy and
transmission electron microscope.

Keywords:Silicon carbide, Extreme environment sensor, Surface functionalization, Cyclic voltammetry
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SiC Double Trench MOSFET 38 & 2I$t Gate 27X %X s}
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Sujin Lee, llimong Park, Seong-Jun Kim, Minje Sung, Dongeun Kim, Sung-Woong Han, Minjae Kang®,
Hoon-Kyu Shin®
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Abstract:SiC MOSFETS Si MOSFETO]| I8 S2|ZEZ X3tS Lron LHQLEA0| SA87| W20 M2
£40| &1, =2 Breakdown Voltage E42 7Y o QU0 T2 IXtSAL, LRG0 X| S T BIZEA| AR
H25t7| ek KFM|CH M2ABIEH| AXE2A 2242 1 QICEH[1] SiC MOSFET £0|A Trench MOSFET & Planar
MOSFETO| H[sH JFET QS MHE 224 On Xhg 2V |H O 2 B 4 Q11 Chip AFO| RS HaAl 4= Q10
Trench LX2| HEHO| =247 QIC}[2] UHEMOI Trench MOSFET X0 M= Trench SHEO|| K2t TS &[0
M| gol| 2D eAE 4 QUCH 0]2{3 BHIE sHZsk?| fUs £|2 Trench sHEQ| HH| XSS 2iztAI2 =
Double Trench T2 X2| MOSFET AXt M| Ztof| CHst 01710t TIsHE| D QJCE,

Double Trench 21X = Gate @380t OFL|2} Source Q0| Trench X2 HAISHCL O|l Gate WM S Qlst
Poly Silicon filling 28 & Source ¥249| Poly Silicong M|A3st= Poly Plug 280| Z QstCt, 2Lt Poly
Plug 378 & & FYUZ (N+SiC)0] A2telo = QlsH AXte| 2-XE0| ZItStHLE A28t 4R, AKX 1E0| EX|
ot= SX|H0| Q)Ct. 2 91710 A= Double Trench MOSFET 22 I8t Poly Silicon Filling 22t Etch-
back 382 S%t Gate T Z|X2t S0l CHoll ASHQICE

Keywords:Silicon Carbide, Trench MOSFET, Gate Poly
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Abstract: MG =X = 2| KX S 2&3t| ffol Tt Hef, MRy, MAZH 3 Mo 2 sAsk=t

el L= o= T o
ALEEl= BHENZ AIAR O, A2IEE MIBdhs 7152 AT MHPIEA| A= SPH T2 ARSEIOIREXITH
Siol 24 EMY O 0| 42| daeoll B2 ATt Mistel 24 eHIE S =512] Ut YAl PAloM = A2l2
HCHYHE 240] 52 SiC (silicon carbide, Eretia), GaN (Bt A E)S2l 2feta AR 2|82 210| = YHE 24 BHeX|
(wide band gap semiconductor)E 0|85t0{ MHBIEA| AXI0| HEStL QUL SiCE SiECt oF 38l {2
OlLAX| $HE 2H(Si-1.12eV, SiC-3.26eV), 2F 108l O| 42| HA T|™A|, &2 TIAt ZotE e, #2 At IS

1 IT L—

PRI T 9L7| ThRol B2 At 20|t 52 SEHS IIX|GIN TS WE A2 KD o W 50| 24000]

HeddtE M| A2 2k28tn )Tt Schottky Barrier Diode(SBD)= A E 3| &Ei0) o3t H2%t22 0|8st

HRARIRZA, Lo HQt 25tet OIS W2 A HSH0| 14 SXof HEHsin, 00| A2 24 B¢, 4

== TU=H

=28 CIO|RE SO0l AL EICE 2| E9| Si 2|¢te] SBDE FAMF2H 210, DR0|AM2| 2FF 0] Brony, oy

SHETQ0| O 8OV HE 2 MBH|X|2 SiC 2[2te| SBDE W2 AT Ft &2 SHEXY), NR20j|Me| £2 o4 S

X T2 o= o=

AISIA|2] & QIC 2 =22 SjlvacoAl2| TCAD 2124 0|2310] SUsH 37|12 2H= Siot 4H-SICO[HIS 2H=

=2 X =2 X

SBD2| At0|g S YO NAL AlZ2f|0|H & IETY, FETF 250 IE 24 U JYL WIH EGHluE
TISIRAC.

Keywords:SiC, Wide band gap semiconductor, Schottky Barrier Diode
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Annealing Dependent Electrical Characteristics of (Al,Ga,_,),0,/4H-SiC
Photodetectors
AHH 0|3, S, HE R, P4’

Myeong-Cheol Shin, Hee-Jae Lee, Dong-Wook Byun, Seung-Woo Jung, Sang-Mo Koo®

Abstract:Gallium oxide (Ga,0,) has attracted great attention as ultra wide-bandgap and
high performance photodetectors. 3-Ga,0, is widely recognized as merit such as large high
electric field (~8MV/cm), bandgap energy (~4.8 eV) and Baliga figure of merit (BFOM) ~3440. In
consequence, these materials have good performance in rectifier devices.

Recently (Al,Ga,.),0; has (AGO) been reported as an oxide semiconductor. Because that
it would gain the absorption spectrum, benefit bandgap and, breakdown field. The AGO
material has the advantages of photodetector of Ga,0, materials, wide bandgap and thermal
conductivity of Al,0, materials.

The bandgap of (Al,Ga,.),05 and the work function of the metal-semiconductor structure can
be modulated by changing Al content and thermal annealing process.

In this work, we investigated the influence of post-annealing temperature on the properties
of (Al,Ga,_,),0,/SiC hetero-junction photodetectors prepared by using radio frequency (RF)
sputtering. AGO films were annealed at various temperature, in order to compare polymorphs
of Ga,0,. Analysis of the properties of the AGO interface depending on the annealing
temperature through X-ray photoelectron spectroscopy (XPS) and atomic forece microscopy
(AFM). AGO crystallization was analysis depending on the annealing temperature through
X-ray diffraction (XRD). The electrical characteristics of the fabricated devices were analyzed
at different measurement temperatures (I-V-T). The bandgap energies of AGO films increase
with higher annealing temperature, indicating that bandgap engineering of AGO is a promising
technology for detection range tunable (163~253 nm) DUV PDs.

Keywords:(AlxGa1-x)203, Silicon carbide, Wide-band gap, Aluminum gallium, B-Ga203
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Static Characteristics of 3.3 kV 4H-SiC Super Junction MOSFETs
ASH?, Q01 MYT, erHs, 24"

Dong-Hyeon Kim"?, Jong-Min Oh’, Weon Ho Shin', Chulhwan Park’, Sang-Mo Koo™

a2 stm *Fraunhofer IISB

Abstract:High power electronics have been extensively studied and developed for various
applications including power and energy systems and motor controls, and hybrid and
electric vehicles. For this reason, silicon-carbide (SiC) device started to be studied for the
next generation power device because SiC has a wide bandgap of about 3 times (~3.26 eV)
compared to silicon (Si). It also has characteristics such as 9 times higher critical electric field
(~3 MV/cm). These characteristics are appropriate for power semiconductor devices, which
require high breakdown voltage, low leakage current, and high on-state current.

However, in the case of SiC planar MOSFET devices, the performance can be degraded due
to low channel mobility due to high on-resistance characteristics. The trench gate MOSFET
without JFET region and may be a promising solution to reduce the on-resistance by reducing
the cell size and increasing the channel density. However, at a high-voltage off-state, the
electric field is concentrated at the bottom of the trench or at the gate oxide edge of the
trench gate region of the device, which may cause gate oxide destruction and consequently
lower the reliability. In SiC Power MOSFETSs, in order to reduce the on-resistance, the drift
region or the gate structure have been optimized. However, it has the limitation of the trade-
off relationship between on-resistance and breakdown voltage.

In this study, 3.3 kV of super-junction MOSFET (SJMOSFET) structure with improved electrical
characteristic was proposed. Through TCAD simulation, static characteristics of proposed
structure was analyzed for optimizing the doping concentration of p-pillar and thickness and
doping concentration of epi bottom region. Calculated specific on-resistance can be minimized
to 1.86 mQO-cm2 which is 86% lower than that of reference trench MOSFET device with 84%
improved FOM values, while maintaining similar breakdown voltage levels.

Keywords:Silicon carbide, Power semiconductor, Superjunction
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Bandgap Engineering in (Al Ga,_,),0; /4H-SiC Heterostructures

Ol IR, HEH, T
Hee-Jae Lee, Myeong-Cheol Shin, Sang-Mo Koo®

Abstract: Ultra-wide-bandgap (UWBG) semiconductor is a promising candidate for next-
generation power electronics due to its high breakdown field, possibility of doping, and
thermal stability. Amongst the UWBG materials, monoclinic beta gallium oxide (3-Ga,0,) has
become attracting focused interest. Due to its wide-bandgap (~4.9 eV), B-Ga,0, is recognized
as the material which has availability for high-performance deep-ultraviolet (DUV) solar-blind
photodetectors (PDs), transparent electronics, and power electronics.

However, because of its relatively lower thermal conductivity (~0.13 W/cmK), B-Ga,0,
suffers from self-heating effects which generate deteriorations in devices. The poor thermal
conductivity of 3-Ga,0, can be compensated by employing high thermal conductivity materials
such as 4H silicon carbide (4H-SiC, ~3.7 W/cmK). Also, defects during the heterojunction film
growths may be minimized due to the low lattice mismatch (~2%) between 3-Ga,0, (a = 12.23 A,
b =3.04 A) and 4H-SiC (a = b = 3.07 A).

In order to enhance the reverse breakdown voltage, an enlarged bandgap is significantly
essential for B-Ga,0; material. Aluminum is a promising candidate for tuning the bandgap
of $-Ga,0; by alloying the Al and Ga. The extended bandgap of beta aluminum gallium oxide
(B-(Al,Ga,_,),0,) is also considered to be applied to DUV PDs with shorter-wavelength light.
In this work, the AGO films grown on 4H-SiC with different Al/Ga ratios have been investigated.
The change in atomic bonding among Al, Ga, and O were estimated by x-ray photoelectron
spectroscopy (XPS). The influence of Al ratios on crystallization in AGO films was investigated
by x-ray diffraction (XRD). Furthermore, the variation of bandgap energies was specified by
the transmittance and the energy loss spectra of O 1s peaks in XPS. The bandgap energies of
AGO films increase continuously with higher Al content, indicating that bandgap engineering
of AGO is a promising for DUV PD applications.

Keywords:Aluminum gallium oxide, Silicon carbide, Bandgap engineering, Wide bandgap, Heterojunction
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Optimization of Switching Characteristics of 4.5 kV-Class 4H-SiC
Super Junction MOSFET Devices
HAQ MBH, 0102 A f8t0|%, 240

Seung-Woo Jung, Myeong-Cheol Shin, Michael A. Schweitz, Sang-Mo Koo®

Zrocysto

Abstract:Wide bandgap materials of silicon carbide (SiC) was present superior characteristic
in high breakdown voltage devices for inverter, rail transport and electric vehicles. SiC
power MOSFET were achieved lower on-resistance and higher breakdown voltage than Si.
Furthermore SiC devices with same breakdown voltage as is have a ten times lower size.
Also, advantages of SiC devices can operate from various environment like high temperature
condition, aero space.

The increased breakdown voltage of SIMOSFETs results from the deep P-pillar creating an
extended electrical field with a lower peak value for the same reverse voltage. Also, specific
on-resistance was decreased due to the change in epi doping concentration.

In this paper, we show improved electric characteristics and switching characteristics in
SJMOSFET structures. SIMOSFET is included P-pillar in DMOSFET structure. Calculated specific
on-resistance can be minimized while maintaining the same breakdown voltage levels. The
switching characteristics of different devices were compared by using mixed-mode device/
circuit simulation’s.

Keywords:4H-SiC, Superjunction MOSFET, Simulation, SJ MOSFET
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A Study on Package of Full SiC Power Module
AT, ', MYt AT, we®
Chang Li Zhang', Han Zhang??, Ling Xu*, Namkyun Kim®, Wook Bahng®®

'Shenzhen HuaSemi Electronics Co Ltd *Vistar Semi Semiconductor Co. Ltd.
’Soho International Limited “Fudan University *gt=&12/01722/

Abstract:We have developed the novel package structure for full SiC power module. The full
SiC power module includes the dies of SiC-based MOSFETs and SBD diode the Si;N, ceramic-
based AMB (active metal brazing) base plate, and the AISiC heating-sink substrate attached
in the bottom. This paper focus on the study of thermal performance as well as the thermal
cycling reliability of full SiC power module in order to meet up with the very long-term reliability
requirements for electric vehicle (EV) applications. The thermal performance of such SiC-
based full SiC power module during operation compared to typical traditional Si-based IGBT
module (IGBT packages includes the dies of Si-based IGBT/FRD, AIN ceramic DBC, and thicker
Copper substrate as heat-sinking) has been studied by the approach of finite element method.
The typical temperature distribution of modules during the operation has been presented.
It can be seen that the thermal performance of full SiC power module package has been
improved a lot. Finally, both the experimental and simulated reliability results of temperature
cycles swung from -50°C to +150°C have been discussed to reveal the temperature cycles can
be reached 3,000 cycles or up. This paper proposes the novel package technologies for applied
the highest bending strength (800 MPa) of Si;N, ceramic -based AMB base plate together
with thicker AISIC substrates to replace of copper substarte using in the IGBT module. The
fatigue testing shows there is no any crack or delamination for metioned in the SiC dies or in
the surface of Si;N, AMB base plate or in the AISiC subtrate board. The temperature cycling
test results also show that no failure after 3,000 thermal cycles testing, which reveal the
higher reliability advantage compared with traditional Si-based IGBT package. This novel full SiC
module package technologies has tested in the rating current 200 A, voltage 1,200 V for half-
bridge power module of full SiC MOSFETs & SiC SBD developed in China.

Keywords:Full SiC power module, Si IGBT module package, Temperature cycling test, Ceramic-
based DBC (direct bonding copper), Si3N4 ceramic based AMB (active metal brazing) Board
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Abstract:2 21710l M = 4H-SIC MOSFETS| 714 BotE4 S 2HEsH| fI8 12(225C) 2217 [0lM =& AHI0lE
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Abstract:£|Z Si 2[¢te| BHEM|S CHAISHY 22 LHAS Gt W2 22X S48 21 SICet GaNet 22 XMtk
BR=X| X2 22D QUCE RRMICH THZAPEEA|O| A2t S| BH=X| AXHE F4 7[THOILE M2H2] 2 [2Hol| ere
U AHSSH= T AAHOM CHEt 1t SE5H 2029 U=, 21& 12 SHE thE 4~ o0, 243 HIIHEY,
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(Direct Bonded Copper) 2|Zt2t dummy Si chipS AF310{ 24 E2|7|0fjA 2120 2 Hetad S TIsHsIICY.
X-ray2 S3f| Tehs HO|E2 PRSI D, FAPMARSI0|(SEM, Scanning Electron Microscope)g 025101 TgHe
OIMIZRZIS 2EESIICE J2| 10, MTHAIRY | S AR50 Cu@Ag pasteZ TRl Sichip =S £t

Keywords:Power modules, Die attach, Ag coated Cu, Sintering

a. Corresponding Author ; cmoh@keti.re.kr



