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Abstract:

In the last decade, 4H-SiC MOSFETs have been successfully commercialized and there
has been significant advancements in device/process technologies. However, the
research and development efforts have been mostly focused on static performances such
as on-resistance and breakdown voltage. Recently, a novel approach using channeling
implants was proposed to form a deep Pwell for SiC MOSFETs and, as a result, 4x
improved short circuit withstand time was experimentally demonstrated. In this talk, SiC
MOSFETs with a short channel (0.3um) enabled by deep Pwell will be discussed, and
advanced JBS diode integrated MOSFETs (JBSFETs) with deep Pwell will be introduced.
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Abstract:

Silicon carbide (SiC) is an attractive semiconductor for high-power, high-temperature,
and high—freque cy electronic devices due to its wide bandgap, high—breakdown electric
field, and high thermal conductivity [1]. Although the growth technologies of single crystal
boule and epitaxial layer of SiC have greatly developed, presence of extended defects has
hampered the development of SiC semiconductor devices [2,3]. Depending on the detail
type of defects, especially for stacking faults, the influence on the device performance
is also different [4-6]. Therefore, the classification of defects in 4H-SiC epitaxial layer
is key technique for improving of SiC device performances. Interestingly, stacking faults
emit photoluminescence (PL) signals with various energies depending on their types.
Utilizing such phenomenon, the PL mapping systems for high—-speed defects mapping
up to 200-mm-diameter 4H-SiC wafer were developed.In this study, we performed
the high—speed detection of defects in the epitaxial layer and classification of dislocation
types by auto—navigation function using the developed PL mapping system. We focused
on the classification of stacking faults types. Various types of stacking faults can be
existed in the epitaxial layer, however studies on the effect of each stacking fault on the
device performances are not enough due to difficulties in investigating the stacking faults
and their classification. Dislocations were non-destructively and simultaneous imaged
using intensity differences in the PL signal. The PL signals of defects are detected at the
channels 2-4, and its surface images are scanned as shown in the channel 1. The PL
spectra were simultaneously measured for the detected stacking faults and triangular
defects by, we called, auto—navigator function in the system. From the specific spectra
of stacking faults and triangular defects, the type of stacking faults was classified,
successfully. Through all these powerful processes, the stacking fault types and detailed
analyses on the defects were successfully possible.

EHN23:

[1] T. Kimoto and Y. Yonezawab, Mater. Sci. Semicond. Process 78, 43-56 (2018).

[2] Y. Tokuda, I. Kamata, T. Miyazawa, N. Hoshino, T. Kato, H. Okumura, T. Kimoto, and H.
Tsuchidam, J. Appl. Phys. 124, 025705 (2018).

[3] P. Fiorenza, M. S. Alessandrino, B. Carbone, C. Di. Martino, A. Russo, M. Saggio, C.
Venuto, E. Zanetti, F. Giannazzo, and F. Roccaforte, Nanotechnology 31, 125203 (2020).
[4] T. Kimoto, N. Miyamoto, H. Maysunami, IEEE Trans. Electron Devices 46, 471 (1999).
[5] H. Fujiwara, H. Naruoka, M. Konishi, K. Hamada, T. Katsuno, T. Ishikawa, Y.
Watanabe, and T. Endo, J. Appl. Phys. 100, 242102 (2012).

[6] H. J. Jung, S. B. Yun, |. H. Kang, J. H. Moon, W. J. Kim, W. Bahng, Mater. Sci. Forum
821-823, 563-566 (2015).

a. Corresponding Author ; bahng@keri.re.kr

2022 SiC HHz K| ZmA

19



Invited-02

Keywords:

SiC,
Charge pumping,

Channel mobility,

Interface state
density,

Gate dielectrics

Electrical Characteristics of SiC NMOS Transistors with
Stacked Gate Dielectrics

ZEF, 0128, 27181, HEZ, UHA

(L}

Kevin Kyuheon Cho?, Brian Lee, Ki-Min Kim, Doojin Choi, and KS Park

ON Semiconductor

Abstract:

Silicon Carbide has become an important electronic material due to the potential of SiC
power devices to provide efficient energy distribution and management for applications
such as smart grid and electric vehicles. Despite continuing advances in fabrication and
design, the channel mobility limits the performance which is caused mainly by structural
imperfections of dielectric layer as well as in the interface. Interstitial carbon clusters, Si
and C vacancies in the SiC surface and most probably a high strain of interface atomic
layers are responsible for the creation of electrically active traps [1]. The alternative
dielectric to improve the channel performance using 504 thermal SiO,/3504 deposited
oxide has been analyzed through 4 termials LV nMOSFETs and compared to nMOSFETs
with 4004 thermal SiO,. The reliability concerns of each dielectic have been evaluated
by ESD performance using TLP characteristics for future vehicles in real applications.
Transfer characteristics, g,, and reverse characteristics depending on channel lengths
are measured according to different dielectrics. Vyy roll-off starts to be shown from
L,=3.0um in common, so we decided to proceed subsequent analysis focusing on
Ley=4.0um / W=300um nMOSFETs to get rid of mis—alignment or short channel effects.
e from 50 A thermal SiO,/350& deposited oxide gate dielectric is increased by 10.6%
compared to 400 thermal SiO, at high fields (=4.5MV/cm) and this result would be
caused by less carbon clusters and Si vacancies which are generated during short—
time oxidation. I, and Iy, curves are measured respectively to confirm Drain—-Induced
Barrier Lowering (DIBL) depending on each gate dielectric and very stable DIBL effects
are observed without any subthreshold leakage. Interface state densities at each gate
dielectric were characterized using charge pumping measurements. Approximately 50%
higher D, level is shown in the 50A thermal SiO,/350A deposited oxide gate dielectric
than 400 A thermal SiO, based on the result from charge pumping. The reason why
higher D, level is observed in 50 A thermal SiO,/350 A deposited oxide might be related
to the insufficient oxidation time, so it would result in poor interface states than those
of 4004 thermal SiO,. Neverthless, - from 504 thermal SiO,/350A deposited oxide
gate dielectric shows better than 400& thermal SiO, gate dielectric. When it comes
to the channel mobility at least, surface roughness scattering that comes from carbon
clusters generated during oxidation plays an important role than D, does, especially under
high fields [2]. Although SiC has been demonstrated with many superior properties like
temperature tolerance, radiation hardness and thermal conductivity, the assessment of
reliability regarding ESD performance could have a significant effect on the consideration
of different gate dielectrics in NMOSFETs. LV nMOSFETs operate properly showing on-
state BV matches well with off-state BV. However, 10V earlier dielectric damage on
different Vgq conditions tends to be shown at 50A thermal SiO,/350 A& deposited oxide
gate dielectric. Therefore, the stacked gate dielectric needs to be revised by adopting
more robust 50A thermal SiO, process which intefaces with SiC surface to improve the
gate oxide integrity. There is no concerns on parasitic bipolar triggering or unwanted
latch—up when considering dielectric breakdown voltage and rated currents of nMOSFETs
after evaluating the effect of gate biasing on TLP characteristics.
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Abstract:

4H, 6H, 15RY| E2| Efe) YH0| FEMO 2 ZXifot= nY SiC HO0|HE KtAZEHY) 51| 0o
M DSLR 702t Sall 2YoIRICt. 20i7I CIXIE 0|0|X|= O|0|X] Z2Mld ATEQNE &8st
M BMS HAISI0 SIC oMl 22| B, 7120 sk I ZE7| AA7Ho] Aol thalf A
TLBIHLCE, 2t Qjo|H Z2|EHR] SAI01 15x15 pixels (225pixels) B9 FOILZ £Ef RGB 2 HSV
A Z7to] M MHE FESIMCH, 2P SHE Sof E2| EfYe S85k, LO(Longitudinal
Optic) Z&= Bi=9| Line-Shape-Fitting 2492 742|0] s=& FHoIRCt. H2|0 sk
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ESE SiC 0Ime) 020 sE= YOI ZE7| M| Saturation 242t Value 2{0Il 2 F&t=
Bh= A9 LIEMHTE SiC Al0|HE= 7H2(0 sE7t 245 52 MYE HAUQH, M HH0jA
= MM O 2 2 Saturation Z(RA) I =2 Value ZHES EHE)S R0 0|2K= Hiti2, i
2|0 s&7t 7S Y0|He HEHHFCH, My HE0M= =2 Saturation A(SAN)L &
HEC2 2 Value (0IEL S5FEHS LIEILILE SiC H0IHe| 22| Eft 72|t sE=
HSV M Z7to] Mal 2MS Saff 0| Z2E7| MYyO 2 H2|5hA - 4= ULt
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Abstract:

ESIA(SIC) T 24 M2 A T 51 EMX|IAH(MOSFET) 54 £4 & EAS(Single
pulse avalanche energy)2t 22 HIZHEQ! A5 R0 MOSFET AKX ANME2 AJAHRIO|
MM AZEICH MOSFETOIM FXH= N-source G0N DS Sofl AXF LRO| AR HHS
2t N-drift §9o= R =M, P-base Y 719 F2 T TA &1t EMXAEJFET) LS
Soll OIS STt A Zks R0 0[2{tt MAF 5 ECt 0|5H 517 flo R = AE) X
(Rds(on)2 =2 2|&5}=E SiC IHY MOSFETO| 2 AEf A7} LQ2 SiCt, E5 M IX|, A
o[, &g =4 2 Mo| JFET Gt 22 A2 I7hHS= HIZHER! &E 2740 71080 &
&g 0|z,

2 AR0M = JFET 20| JFET ZO0| SiC MOSFET As3t ASR0f 0jX[= a0l it
0 Mol BMZ XSGIRICE E4 BM2 8t Clt0|AE 1.2kV SiC MOSFET2Z Xl 51O
A HERZ T cad AIE2|0|M22 AutE =01 5IQICE AlZ2{ 0182 JFET 20| 2um, 2.5um %
3um 2 & s=HSH Y JFET Z0(0f Ot £[&3st Z2ES RHGIRICE. 01 7[HIeE oA
MIE|FIHAL SiC HMHIEX| L&2A0IS 0|Z3HH AXE MASBIKCE. AXF HE Al AFBE SIC
epi YO|HE 5= 7 X 10 cm ™9 SiC QI0|HE AR5 0|2 It shal HSHES 2K
3} SH0] AXL MIZ0| M8 SHUCE MZFE AXE 0[8510f MOSFET ZA0M S 7HM6t s &S0l
OlX|l= Faks YIIott. ot Chst JFET 20l % JFET =4 7[8Hof| TSt 1.2kV SiC MOSFET
9| EAS 7|5 % OHHZIX| A0MS AE A0t H| WSt AlS2(0[M2t JAHE AXIO| XS
Q504 TSt JFET Z10| 2 JFET =T 7|HH0)| CHSH 1.2kV SiC MOSFETS] Switch £ 2! o1
X ATME HWH7} St AZ20]89] H=HEE ey oIt

24 Zat ZF JFET 3710 thelf JFET s=7t =010l Mhat 2 AEf X2o] HHES SI5HICt.
J2Lp JFET = =5k Haj0l| M2 EAS 4 HlW Zut, R JFET &8 =& 356mJ, =2 JFET
£ 5% 258mJ=2 JFET &7t =01R0) T2t EAS £40| g3t &= Adg &0l si¥eH, 2ol
OF JFET =k Z7I2 QIot0 Channel sk A0 M2 HX| AZ(Punch through) &440] 201
O O|AFEIC) QY ZIQI SiC MOSFET A1 89t =2 M2 ENS 151517 QA= JFETY
Aol 2T WS 428 URUCH £5 2 ANE: F F H2ZJH0|E AYeE fIgt
J=XtEE 2EE ofI-o|ch
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1700 V 4H-SiC P-shielding Trench Gate MOSFET
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Abstract:

AL HATYS =0 WASES =007] flof UM 1700VE HHLEX| AX7}
QLT QUL X PR O = 1700V Si IGBTZH AFSEX[2E Z[Z0= 1700VE SiC MOSFETO|
tiet 27t ZO0tK= &=0I0.

SiC MOSFETOlAl 1700V &= MYES BIEAZ|7| YoiM= n-E2|E HIEASS] FH2t =
TE S¢aloF 510, 0l= HIX&HRon,sp)g S7HAIZICE Ron,spll 5715 2=6t7| flall 4H SiC
E2IX| H0|E MOSFETO| MQte| 1T JHEZ|ACH ], T2{Lt 4H-SIiC E3IX| H0|E MOSFET2 2
I MEOIIN SFF H0IE HA| MAVE HEE7| =20 Planar SIC MOSFETEL} @I HEf £
H0| Moo= £X| ITH1]. 0[2{8t BH[EE 25517 2l P-Shielding TMOS(Trench Gate
MOSFET)7t M|Qte| 11 AL ACH2].

B =20Ms 2/28 EMg BE ESH= 1700V 4H-SiC P-XITH T-MOSS MA5t1[2],
M|ZSH] ASSIGICE A= 1700V Shielding T-MOS= 2.7um E&IX| #|0|E 20|, 0.5um
P-Body &2 #0[, P-Shieldingt P-body A0|2] 72| 2um | Dj2HIEE 7HX[LL, 1700V &=
Y 2 300m O 2 Mg 7HKIEE SIQIL. 0| HIEC= XIEHE 1700V 4H-SIC P-Shielding
T-MOSE N-E2|ZEZ &0 M2t &=Xe0] 1800~2300V, 2X1840] 200~400m O, EEH
/0] 5.5V Qg FCt 12|71 VDS=1200V, VG=18V, 2I5 A0|E X3t 4.70 ZZ0|A Ol
EHA 25t 5mHOIA AE £40] 0.6mJ DTS 2RISR

S ERX| HOIE Q7= MATF & BHSEEX| &Q1617| ¢fsh VDS=1700V ZZ101A 1000
A2t 50t HTRB(High Temperature Reverse Bias) 424 E|AEZS $8561ICt. 11 At HTRB
HAE M0 #spt 0|0[3te E0l61] AME= AEYAS S=51ASS SIS

2 =29 ZU=E 1700Ve 1XYS AE + U= MER FEQ P-XIHY Trench Gate SiC
MOSFETS HMAg 4= USS 2AISHALL.
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Abstract:

AtSAL 20MOIA EetE ISRl 7| ASAHQ| 20| S0t O[F ORI QLT 71E A7
KSR AITIO| F5& 7HidotH HHIE 7ot .ol ATHH HV| SRt 29 Hlet Hi
IS

iy

B2|E 018at0 B 7{2|E OlSotaAt 0h_ o% /4H0[ S5 =AY OIF PI5t01 W7 KSR
S It et 250 288 S7MI7|= S/t 20| 0|FOX(L QoW 7|E Si M9 BRI At
SolH A0 SEE H V,, S0 2 a* SiC M= HI=XNIE Motz H=iat 2501 e &

R 20| 371610 Uk

M, Mg M= Het OF J|[HOoZ = M2te AEQ Al,O,, AIN, Si;N, Direct Bonded
Copper (DBC) 70|} Active Metal Brazing (AMB) 7|ZH0] 20| AFRE1 Q=] M2t A
FO| 7|2 IUH SEHUM HES TIXXIEE E@54 HAEES Harshet 2422 of 32 CTE
mismatch2 215t 7| A2l 220 HEo= LHE7|E S,

r

= =20XE M2t DBC 71H0[Lt AMB 71H0] Ot RHAE AFSSF IMS 7|0l CHote] A1
SEUA} SHCE IMS 7[R0l M85 RAAQ| SHEre M2ta) 7| AXH0| HI5H 1/10 Ost2 =
Ct. SFXIZF IMS 7S 0185101 It 2= Mg Z0= Mty 7|1 i= 22| R8A ofF =
T2 2452 018010 LS UMY 7[HO2 HA0| 7Hsolt. 0|2 20| 7iLok= LB x|
o I 20| P2 545 FEM ol Sott] M= 29| 2l 25 54 ! MY S92 &4
ol 7|E LRI F29| M2tY 7S MET Ite ZElt Y SES HIuoIRi. ALO;, AN,
SizN, DBC 7|HO|Lt AMB 72| SiC & Haiet & 254 HAES Teist ZMS LEHLT, Z|
SHOR IMS 71T S M2te) 7[TE Olget & HER 254 HAES HuoiRit

i

a. Corresponding Author ; hcbae@etri.re.kr

Semiconductor Conference - SIC? 2022

Oral-04

Keywords:

4H-SiC,
MOSFET,

HTGB,
e

2022 SiC HHz K| ZmA

A8 4H-SiC MOSFET2| H[0|E Z3}EM H|w £M

A%’ 2, 23, MAfel, olds, ddH, 43

Inho Kang®, Jeong Hyun Moon, Moonkyong Na, Jae Hwa Seo, Chang-Seung Ha,
Sangcheol Kim, Wook Bahng

BHE7 (o7

Abstract
= HF0IME A& SiIC MOSFET MES 0|8510 H0|E HalEMS Hlw EAGIIC AOIE &
SIEHE H#E I7ISIRLL 220l ELEHES &

57| LIal 1752014 30AIZH HO|E HIO|HAZ €I
71

Ol SY(HYTH, AOIE FHHE DY, HY-ININEA BN 5)2 HFoI%

_>L
>|

Ct. EAXOI HEM BMS 2|8l Subthreshold swing WS 012510 =& ZUZEE near
interface charge (NIT)2} interface trap charge #1312 £&5IQICE 24 Zut22H SiO,/SiC
interface trap density?} 715111 near interface charge= 28517 S716tS &7AGICH E5t
AXF LA OR2H0[E 2] 0] M2t 20| HEtES YAY = URACH OIXUCE AZ20[M 2 THRf

3 X7|%0 SHSS Sof /OIS FHoIAC
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Abstract:

Z|Z2 ML BH=R| AKXl SiC SBD E&= SiC MOSFETE HEV/EVQ! QEME|E OHZ2|H0)M
Ol 2201 ME&A RO, 12 BFNME SAoke O Meotths X0| A1 AL D3
HF DHOIAE =R 17 (X9 ZR0= 2T 210]0f til BI=AE =My SH0| ARBEL X
L. WBGY| g5 Zitfeh 80| 2lohM 2 2E2 10| St= 2[MatE W7 |X| 7|ss 222
oitt. O =2 M9 Uk MR S 171 AME 22 & 20t Ot 21y 1 estol M
2 250 YIEA| LRSHH= 0| E5HSIC MOSFETS| 2 A9IE S3S st 28ot7|
oAM= 71y QIHEAY 2 I7 (XIS B2 St J&7] /o= e 2E0| Mektt M22
714 718 Q=2 oftt. 2 =20Ms LT d20| 7tst 2lM 71 V|sS EEYC=M 015
WBGY| EXats 2Xsket 4 QI 2 MHZER 1200V 14mQ SiC MOSFET & 37 ¥&3} o
Of 300AS #E5IH 22X UH B AIS HEACZM A XHHOA B K& RthE I R
£ 4 UCE J282 XF5| M Tt @401 QIHEE dAZ 4 T YEHOR R 7 |X|
£ R, 2EDY H A(0|A BICIS ZEo0] T8, HEA| H2 2EXY HE o0 £
A&|D, 2= Yol 2=0k= S/ Ao M7IMez HZFLY. S W7 [X|oA= St gt
TR A, 2R SERY YO 2, =R Y| St HHEX| 0| ¥ SE9 22 HAMZ H
S, SR HEN A S SR Y FH2 0 FA 29 HIRER USHEL. dH A HH 2
52 TN 20| 7tsot=s 5§38 25MEH0| Y88 ¢57[H, of57|T 24 3D Clip = SoiA &
714 E0| 7tsol=R 58 S5MEHO| YgE JF7I1H, StE71H0l 1200V SiIC MOSFETE 7
Mol =Y HAME RS0 FREn WBGY S&0| gl=s HyS A= Sy ez o
44% 3D Clip Interconnection, T{7|X| 512 QEE LEE|= E{0|Y 2|=2 510 LT A2t
2ES MA 22010 AEC Q101 M2[YS /IS ofit

L o2 30
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i
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CIO|Ot=EE O|2fe] nES, N30p MBier| 3 YAV |28 HEE UA AXlz ZEE2 2SS

n

t
870 QICH CHO[OMEE BHeAl= e WHE 2(5.5eV)d &2 & FE ME0l| =2 2&00|M &s
P 2120, T0[0K2 =9 BFOM(IEHE =AM ES A2 JFOMIF I =AESX|)0] 212t
52 1,3402=2 22} Siet SiC| 2F 1008, 380 o =UM, UM HENAA S8 S5
MOl 2HATZ 7IHEL QT o 2Z0fls YA ARE, LA S H YA HIA SO Trefet
Ae882 fIet tolot=E2] HA-ZSME(Diamond-NV MIE)7F A& 1T QU= 7HE NV
MEE= A ARHY 7|2 B FHEZ AIZE £ UL

nok

O|=, g, EUS| TIO[OF=E THEY EeA| A0 2 AX0] et S-7HE2 108 0l 2= JR9
RS YOt AN 2L, FUHOME HEY HOOt=E SR A% S20] et 2 K20
719 O|FOIXIX| LRACE. Crel0], HEARH LA |&8 HEY HO|0I2E FFAMIE AXERALT =
oilllE 27| YSF U7 | THEAIHR D7 |2 =AM BHEE HO[0k=E 2247
= T AR AR (o2 SR A7t 7|HE QT & YHOM=E HEY T
OlZE EENAMO] 8718 H A7 |E S RAIES| AL O| &0 oA A

[N S=1 0
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Color Spectroscopy for Energy—Level Analysis of
Conductive SiC Single Crystals

b
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Abstract:

Single crystal silicon carbide (SiC), which has a closed-packed crystal structure, is a wide-
bandgap (WBG) material applicable to power electronic devices. During crystal growth,
many polytypes of SiC could be appeared depending on the process conditions. These
SiC polytypes have different electronic band structures, resulting in different ultraviolet
photoluminescence (UVPL) wavelengths. Except for 4H-SiC, the polytype applicable to
power devices, other polytype inclusion is a critical failure of final single—crystal products.
Therefore, a rapid testing procedure for polytype analysis is highly required for the mass
production of SiC crystals.

SiC is intentionally or unintentionally doped with N, P, Al, or B, which generate donor or
acceptor levels, resulting in giving conductance of SiC. Since the additional energy levels
generate different colors in the visual ray range, we could identify the polytypes of SiC
with simple optical measurements.

In those conductive SiC, N, and P dopants result in shallow donor levels, and Al-doping
results in a shallow acceptor level. However, doping with B creates a deeper acceptor
level, allowing a donor-acceptor pair (DAP) with an energy difference in the visible range
to be created. These B-doping—induced DAP recombination energies result in UVPL
emission from conductive SiC.

In this study, we demonstrate a simple color spectroscopy technique that could be
adopted in laboratories and mass—production lines. We also report a spectroscopic
technique named “color spectroscopy”, which is applied to the analysis of the different
polytypes of SiC single crystals.
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Abstract:

SIC(Etaha) ™S H2 HEN(-3.3 eV)2t & =2 &=TA Z&=(~5.0 MV/cm), =2 &
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Abstract:

SiC(Silicon Carbide)= XIMICH M2 BHEH| AMZ DMQf, TXIH 12 AKX K0 MEtst S
2 HEN E4S 7HX1 Q0] U2 =2 U0 UCH S 7K YEO 2 AR SiC HEER
PVT(Physical Vapor Transport) HO2 S&= ZH0|C}. SHX|2H PVT SO 2 HAFE SiC 0|
= AF0IM T2 ZH(MP, Dislocation)S 7HX|11 QL0 &% M0 71&% A7 U[1, 2] 0]
o ZAS2 PR AKX HSE Moth 7= £ 2l & oiLtz e Tt M2t 246t 85
9| SiC MHBI=H|S ok A SQOHXD F5 ZH|7t LHGH| s 28 F&o| HAlst
I’_, Zglo] e SMXGHE olide & U= 24 7150] R0

A0l M= SiC [I0[He BH o £ &gt 0|0|XE FSet £ O[0|X| Z2Mld AZERN
P|Cl\/lan(Waferl\/lasterS Inc.)8 2260 HH ZstUTE H2FHMOZ EMoiCt. PVT HO=Z
AEAZI 2inch SiC Y0|HE KOH(Potassium hydroxide)2t Na,O,(Sodium peroxide)S 50:3
[wt%] H|I22 28t AoilM o &2E 510°CoIM 58 S2F etchingStRICt. SiC 7|& EHO|O|X]
= ZoiRi0|ES Solf UL FOAAAZ et O[0X] Z2Mld ATEYNHE %*%?_* EPD (Etch pit

density, 7i4/cm?) S HATE BT, Z510[0IX] L etch pit LE7}H 52 PoUT He g

= =
S 2O XIYet = EtchO] Lt SR (ZI) I A% FE(2|4)S LESIH MEES EUC. 00IXIS
SH0f S X2]olt 2MRITIH 20t 2 X0| 1 X EPD 20| 7hsee 2eloiitt
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Abstract:
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Abstract:

Recently, to develop the high-power ICs for extreme applications such as EV (Electric
Vehicle), aerospace, and military, the demand for the SiC lateral MOSFET is increased [1-
4]. Although there are silicon—based lateral MOSFETs already developed for high-power

ICs, however, due to the low breakdown voltage (BV) and high specific on-resistance
(Ron), those devices are not good for developing high-power ICs used in extreme
applications.

In this paper, the 4H-SiC lateral MOSFETs with double implanted drift regions for
improving the electrical characteristics are presented. The electrical characteristics of
the proposed lateral MOSFETs were verified by the two-dimensional device simulator
Victorydevice [5]. The proposed 4H-SiC lateral MOSFETs were implemented on high
purity semi=insulating (HPSI) substrate. And the drift region of the proposed lateral
MOSFETs is composed of n— and p—doped double layers. The p—doped layer is located at
the bottom of the n—doped layer to induce the charge compensation effect and deplete
the entire drift region.

Due to the charge compensation effect caused by the p—doped layer, a high BV can be
obtained even with the doping concentration of the n—-doped layer is high. Therefore, with
the use of the proposed lateral MOSFET, low Ron can be obtained without sacrificing the
BV. The BV and Ron of the proposed lateral MOSFET are 1.7 kV and 28 mohm-cm? when
the 20um length of the drift region. The FoM (Figure of Merit) of the proposed lateral
MOSFET is 103 MW/cm? which is superior to that of the former research.
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Abstract:

SR AXHE SHO0IM HO| AFBEE HHAS SAGs 7|0 thol Cfeh B0l A+
=0 QUTY. 5| SiC MEuter| 379 271 M7(HMel Ho 2 A2|E ffst AL IS 5
= Inter-Layer Dielectric (ILD) 8t2t& Mdl= 7|2 Plasma Enhanced Chemical Vapor
Deposition(PECVD) BiHS 0| A3t QICt. 0[2{8t PECVD HAI9] MHuto2 = ARIIIAS
Akg st Ae|243518KSi0,) 0 TEOS(Tetraethyloxysilane)S AR EHAHS1210] QICt,

Ly

PE-TEOS &f2t9| 242 3H2L7t F30= =76t #ato| Step Coverage?t 245t SiC M
HUE A SHA| Hard Mask 2 Screen Oxide 840 M8t 4= QICh SiC MHRI=H 88 &
Trench MOSFET &27%9| Gate 4312 42 SiC EpiQl HHENCZ MEMQI Oxidation Y2
2E FUSH A S5 | (L 010] Step Coverage?} FH O PE-TEOS Elatg X6t o1
Tt 25| O|R04X| 11 ULt

= HF0ME tEA SiC MLt SHo| M8A7|7| fet PECVD HHY & TEOS,
Nitride 22 ™S 7Hstl, CHHEO HMEA|7|7| I8t 3%0[5t Uniformity 2, Step
Coverage(1:0.8:1), Etch Rate(50A/s) S2 EHGIFLt. FIXOZ MALHUSH, SYHLS: XX
0l 2 ZES 1 Biaro] AEA HEIE FHGIIA} SHTY,
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Abstract:

The transition region contains the several carbon related defects such as dangling bonds,
strained bonds and C=C double bonds. The C=C double bonds are most likely considered
to increase the interface state (D,) in SiC oxidation. Carbons are emitted into SiO, during
1,200~1,400°C high-temperature and high—-pressure oxidation, whereas they are effective
in suppressing emission in low-temperature and low-pressure.

The radical interface oxidation was conducted prior to high—temperature oxidation using a
specifically designed reaction unit which can generate hydroxyl radical (OH*) at 550~700C
by hydrogen and oxygen thermal reaction at low pressure and low temperature. In the
first case, the radical oxidation underlayer with thickness of 60 A is placed at 650°C above
SiC substrate, while in the second (conventional) case, the high temperature oxidation
underlayer with thickness of 700 A is at 1300°C.

To investigate the changes in the structure, composition, and electrical characteristics
caused by interfacial reaction between the SiO, film and SiC, X-Ray Reflectometer (XRR),
Transmission Electron Microscope (TEM), Secondary lon Mass Spectrometry (SIMS), and
electrical measurements were performed.

The SiO, film grown through radical interface oxidation prior to high—temperature oxidation
reduced the carbon related defects in the transition layer, reduced the thickness of the
transition layer and formed smooth interlayer compared to the conventionally grown
SiO, film. Moreover, the radical interface oxidation prior to high—temperature oxidation
exhibited enhanced electrical characteristics such as reduced frequency dispersion and
interface trap density.

In short, stable interface states of high quality SiO, on SiC can be obtained by
the effectively controlling the formation of carbon related defects through the low
temperature radical oxidation underlayer condition.

a. Corresponding Author ; ywkim620419@naver.com
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Mo/SiC Schottky Diode?| €X{2| &1}
(Annealing Effect of Mo/SiC Schottky Diode)

Abstract:

REMIC] M BH=A| AKX A& & SiCe Siolf HIg =2 GXEE, A3 O Z, A 2ot £, |
2 optical bandgap energy, FHOH @& E4O=2Z Q16+ Schottky barrier diode 2! MOSFET
S HF AKX 7|2 M2 H2 Hals B QT Mo2 2f 4.6 eVl YEE A= 3ECE 8F
0] =11 LIE-Q0| FHolt EF0| L0 H2 A7t O|F0{X| 1L Tt

=2 AL M= n-type 4H-SIC poly-type wafer 20 TisF EH ATHEHZ (Facing Target
sputtering system; FTS)S 0|25l Mo/SiC schottky contactS Mot 1, Ni/Ti/NiV/Ag &
2 5 Ohmic contact® SA5HSLC. SiC wafer 2|0 Mo (10004) & Al (30004) &tatg St
SIUOM MAE HHate CUst 29t A|ZIO 2 annealing SHICE HMAHE Mo/SiCo| ZHEHX £
42 XRDE Edlf 461, J-V curveE Sofl 7|15 E4S 2oL

Mo/SiC Schottky diode= annealing 2% 2 A[ZtO] S710]| et H7 M E40| SAEIRACE
1027t 300 °CO|A annealing8t sampleMAl schottky diode0il CHalf @48t EA40| LIEFATE
Annealing0il 2I8t SICo| &M EMO| K= I HEETX| L/UT 0|2 E56H Molybdenum
silicide phase®| &40| annealing 381 SIS &I5IACE
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Abstract:

MUt R|(Power Semiconductor)= MHg Het M, 24l Mo{sk= Bt=MAXIZ Z2f GaN,
SiC, Ga,0; 52 aFet=ex| 7|Hte] MSUILEX|AKX0| CHet 20| 5206| S7totl QT 2 Ui’
OlME= SiC AXte] 2x+ PN doping Profileg £85t7| fIallAl, FIB(Focus lon Beam)& 0|&3t
0 ZZHECE Hlohe JFH0A HHAHES MASILL, M7t5MeY SEME 088 S4st HHe A
7Hot, SiC AKXl PN Y &t X}0[2| 2RI Si AXFet H| Wt AHot X} STt 5 SiC Cf
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Abstract:

Nowadays, wide bandgap semiconductors have generally served as high temperature,
high power, and high voltage device applications because of their large bandgap, high
breakdown voltage, and stable chemical and physical characteristics.

Silicon carbide (SiC) is a promising widebandgap (WBG) material with excellent structure
and electrical properties for operation in harsh environments such as high temperature.
In particular, SiC has a large bandgap of ~3.23eV compared to silicon (1.12eV), a high
thermal conductivity (3-5 W/cm K), and a high breakdown field strength (2.0 MV/cm),
and thus is excellent in high power and high voltage applications [1].

Nickel oxide (NiO) is a transparent natural p—type semiconductor and has a wide energy
band gap (3.4 - 4.0 eV), showing excellent chemical stability, making it a good candidate
for bipolar devices. Notably, nickel oxide is a promising candidate in the application of
high frequency and power electronics because of their good electrical conductivity and
high optical transmission as a transparent conductive oxide (TCO). The Ni vacancies form
a defect level located 0.35~0.4 eV above the valence band of NiO [2]. Resistivity (o) and
conductivity of NiO could be controlled according to changes in the concentration of Ni
3p ions [3]. Moreover, in an oxygen-rich atmosphere, additional oxygen diffusing into the
NiO structure cause formation of Ni3 ions and Ni vacancies. [4, 5, 6].

In this work, heterojunctions of NiO / 4H-SiC are fabricated, NiO films are deposited by
RF magnetron sputtering on n—type 4H silicon carbide (4H-SiC) substrates [7,8]. Surface
morphology characteristics of thin films by post—annealing were analyzed by using various
measurement equipment, such as X-ray Photoelectron Spectroscopy (XPS), and Atomic
force microscopy (AFM). Furthermore, we have investigated the electrical properties of
the device. Through current-voltage (I-V) characteristics, we have analyzed V;,, ON-OFF
ratio, and barrier height.

a. Corresponding Author ; smkoo@kw.ac.kr
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Abstract:

iC(Silicon Carbide) 7|8t9] CHO|Q= ZFZ, PINCIO|2=, SBD(Schottky Barrier Diode),
JBS(unction Barrier Schottky)CH0|2=, MPS(Merged PiN Schottky) CHO|2E S0] IO,
SIIHK| = 25| G/ U0| RIS DQICE PN CHO|REE, =2 0| thet LIMS ol 21
H2|0 S0l TR EHSEE THK = E2|ZERY( YH)S PNER ALO[0f F7t5t AE PN
CHO|RE AXO|C} SBD= Schottky HES &6t L0|QE E4& Foioi0, 342 A2t Bith
2HE 71T BNt 22 S8S LELA BTt 25010 287t 22t Schottky 2450t EHs
0f| M2 CHO|RE0| #:8tsk EM0| 27 L} JBS CH0|2E+& SBD CH0|2 2] Schottky FH 1t
P-barrier %2 2010 745H, SBDL| HA D P-barrier HA9| HIE0]| M2t TV & £40|
H3l5H= EAS LIERHCE MPS CHO|QE= TAMOZ JBSLI0|QELQL QABIX|2E ZE2& F|0f QU
= P-barrier0il Ohm H&S S8 ZFAQI MY0| QU= FL20|Ch. M2kM, P-barrier0il Ohm
HEC= FgE G2 PIN HO|Et 22 S48 201/ Eh. 2822 MPSE PiN CH0|12E
ot SBD7t HE 2 HZEE AAE 1L

MPS CHO|2E9| HEE2 SBD2 PiN| CIE S&f MU E QIS F FZI0M SE= MYUOA] Xt

o]

0|7} SHBICE. OJ2{3t XI0|2 9I510] KR 7210k SBD7} Sf5{01 HE7} S20H, THL 77t
OflAf PIN CHO|QE7} SX16101 27t 52 HEHZ LIEHHTE 0[2/3t SHOR SUSH BIKO| BS
2O 2 MRS E53 4 90N, o3 SHMME PIN 2oje) ZERl XY 0172 Qlsiof

[=]
HRES YASHE SHS JRICL HEHOR MPSE
SBDEC} X2 FAMEE JIX|H, JBSEL 52 i3t M2 EMS LIEMACT
=2 A70AE 650V 20AZ SIC MPS |2 ES MA B, 621X| 4H-SIC epitaxial Y0[HO|
Ciefot 2 MPS CHO|REE MIAGI M7|1&8 E42 Hlw 246Kt HMIZe MPS CHO|RE=
JBSES CiH| SBDO HISS 60~87%= HSISIHOH, PINYSS FA| HH0| 5%2 Kot 4
Aol 27|15 SLotA| MAsIAL
Wafer &EIOIA T7|%5 88 SQIGIAS Mf JBSHHH| SBDY| H|E0| &7t 5 EH2NY
1.29~1.35VE Z7t of¥o, 4 M2= 4.1~137nAZ S7lot= 42 &0l & £ QUUCH =
ETYR JBSA SBD2 HIZ0i| A Q0] 2F 1,000VE RARE S8 LIEHAILE.
TO-220 I Z W7 |X|S TI3H Bt 21}, Zuigk S oF 5%0 1A M= IFSM(surge peak
forward current) EM2 M2 ©FO| oF 1012 196AZ ERIZ|QICt 0 Z1t2 JBSYHY CHH|
SBD F99| H|20| 37t &5 U 542 S/tolH, =487/t 37ok= A2 &2loiRd, 1
HFOIM PIN CHOIRE7F SA6H0 IFSM E40] b ES &IoIRACt. IFSME-Z0] 42| 2F 1084
2 S0IE A1, IA2H0] HRe 0E 27 0[M0IM IFSM2| £E40| 248t MPSLI0|REE Sot
0f HiZo| AN SIS ER8 4 US 2O ojAECt.
%5 2 GIPNEE ENZ Trade-off A2 SBDYL JBSHY HISS XMoI0) AXfe] 37,
T4 8Y S 2Nt g HRI UCH SiC MPS HIO|E2] AEtE fiot 7|=A22 &8 2 0f
Hojct,
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Abstract:

AN = AHIE HADALS E610{ A2|2 Of|I|EA S (Silicon epitaxial growth) 21410
I—153;5._| SiC 24 2|9t FA G0t EAX|AE (MOSFET)2| A7 2 EM 2MS TSI

2 S1T0IA KIQIBH= SIC MOSFETE A0|E ¥ 4%/02 A H2|2 | Ieis TX5S 7K1
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O
pitch}S Z 4 U710l Net die S40| 755101, A4 744 Q01N A A2iZ Hrare 7|=
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Study of 1.2 kV Edge Termination Structure for Stable
Blocking Capability with the 4H-SiC/SiO, Interface
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St Elam]

Abstract:

Edge termination structure with stable blocking characteristics was investigated to obtain
1.2 kV device with the 4H-SiC/SiO, interface property. The edge termination structures
of field limit rings (FLRs) and ring—assisted junction termination extension (RA-JTE)
were designed, and the electrical characteristics were extracted by using a numerical
technology computer-aided design (TCAD) simulation in consideration of the surface trap
density and the effectively fixed trap density. The simulated RA-JTE structure was less
sensitive to the surface trap density than the FLRs structure because of single—junction
termination extension region. Our simulation result showed that the standard deviation of
the breakdown voltage of the RA-JTE structure was less than 1% for various surface trap
densities from =1x10"" to -5x10'? cm™. However, the fixed trap density degraded both
edge termination structures for blocking capability. We obtained the standard deviation of
1~14 % against the fixed trap densities from 1x10"" to 5x10">cm ™

Keywords:Power device, Edge termination structure, Interface property, Breakdown
voltage
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Abstract:

Superjunction MOSFETES &iot7| {Ist alitd SEE2 charge valenceE @3t p-pillar @40
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Abstract:

Silicon Carbide (SiC) has attracted considerable attention for use in next-generation
high power and high frequency electronic devices due to its outstanding physical
characteristics including wide energy bandgap, high electric field, and high thermal
conductivity [1]. However, some technical challenges such as specific resistance and
thermal stability of Ohmic metals still remain to be overcome for high performance
SiC power devices. High temperature stability of power devices is essential for high
voltage and current applications. Also, thermal stability of ohmic metal is one of the key
processes for driving performances and reliability of SiC power devices. Ni and Ti-based
n-type ohmic contact have become a standard process for SiC device fabrication due
to high reproducibility and low specific contact resistance (o). Since ohmic contacts
using standard Ni and Ti metal show poor thermal stability, research on securing thermal
stability using various metal structures is being widely conducted [2,3]. On the other
hand, Ar inductively coupled plasma (ICP) process is often applied to fabricate SiC power
devices in order to remove native oxides or residues. The plasma process induces
physical changes on the SiC surface and also obviously affects the ohmic contact to be
formed thereon [4]. Therefore, it is essential to investigate the effect of plasma treatment
on ohmic contact and its thermal stability.

In this study, we demonstrated the effects of plasma treatment on o, and thermal
stability of the NiAl (2.5 wt % of Al) alloy contact on heavily doped n-type 4H-SiC. The
carrier concentration (N) on n+-type SiC layer was determined to be 1.0x10% cm™ by
secondary ion mass spectrometry (SIMS) and Hall-effect measurement. The SiC surface
was treated by Ar plasma with 800W and 1500W for 5 sec in an ICP chamber before NiAl
deposition. More details will be discussed in the conference.
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Abstract:
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Abstract:

The latest generation of wide band-gap power semiconductors apply the vertical direction
of both current and channel. The gate electrode of 4H-SiC UMOSFET(U-Metal Oxide
Field Effect Transistor) is filled in the epi layer. The structure enables condensed device
integration. There are, however, a few factors to handle its electrical characteristics. One
of them, the main issue that the writer solves, is electrical field crowding at the curved
area of the bottom oxide. BPW(Bottom P-\Well implantation) has been utilized to relieve
electrical field stress. In this paper, P+ straggle effect is additionally adapted to BPW,
reducing risk of high electrical field stress at the gate dielectric with effect. Optimization
of aluminum implantation parameters is also conducted to suggest ideal device operation.

To put more details on the research method, there are two points. Conditions that
p+ straggle impact could be observed is the first point. Owing to the low diffusion
constant of 4H-SiC, both straggle and tunneling phenomena have not been occasionally
manipulated to fabricate power devices, or MOSFET. Recent research, on the other
hand, has verified that p+ straggle effect exists whether these three conditions are
satisfied; low epi concentration, high dose, and low energy of aluminum implantation.
-3 By optimizing straggled BPW profile, this research will show enhanced backward
characteristics of 4H-SiC UMOSFET. Second is TCAD. Accurately predicted simulation
results are studied from Sentuarus, Synopsis. Profiling of each part of a fabricated device
is calculated based on the Monte Carlo method. Static characteristics of a devices is also
predicted.

Based on Sentaurus TCAD simulation this paper suggests that p+ straggle effect induced
BPW enhances reliabiliy of gate bottom oxide of 4H-SiC UMOSFET.
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Abstract:

The need for power semiconductors for automobiles is increasing due to the rapid growth
of the electric vehicle market, and SiC-based power devices, which boast lightweight
and high efficiency, are the attention due to the characteristics of electric vehicles. As a
characteristic of SiC materials, defects and traps that occur naturally during processing
exist, and in SIC-MOSFETs, mostly carrier capture by SiO,/SiC interface traps occurs in
the MOS region, resulting in changes in electrical properties.

In this paper, NBTS (Negative Bias Temperature Stress) and PBTS (Positive Bias
Temperature Stress) were measured and compared by applying DC bias stress to the gate
of a 1200 V/80 mQ SiC-MOSFETs, which is currently commercialized for automobility.
At this time, the maximum Vg based on the datasheet of each device was applied,
and we measured the Vth instability according to the time dependence of gate stress.
The negative and positive bias applied to Vg causes carriers to change to accumulate
in the interface trap existing in the MOS structure, and this causes Vth to decrease or
increase. The large deviation of the Vth shift means that the interface trap distribution
is different, the operation of the power device affects the gate oxide, and the difference
in the effective life of the gate oxide occurs. It was confirmed that the NBTS showed
a difference of about 20 mV for 90 minutes and stabilized, and the PBTS showed a
difference of about 180 mV for 380 minutes and it was not stabilized. The measurement
time difference between NBTS and PBTS is about 4 times, and the difference in Vth
instability is 10 times different. This means that PBTS seriously affects Vth instability,
increases Rpg.,, and increases turn—on loss during switching.

Keywords:Silicon carbide, MOSFET, Commercial, HTGB, High temperature gate bias
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Abstract:

Lithium—ion batteries are commonly used as power sources for digital devices due to
their high energy density. Recently, lithium—ion batteries have also found use in electric
vehicles, where high power is required. Because of its application in transportation, safety
issues of lithium—ion technology is attracting attention. Traditional lithium—ion batteries
have low thermal stability and a low flame point, so if a highly flammable liquid or polymer
electrolyte is used incorrectly, there is a risk of fire accidents or explosions. To address
these safety issues, the use of highly flammable liquid electrolytes should be avoided. As
such, all-solid-state batteries (ASSBs) are a better choice because liquid electrolytes are
replaced by inorganic solid electrolytes with high thermal stability. One of the most widely
used solid electrolytes in thin film batteries and many other technologies is amorphous
lithium phosphate (Li,PO,). The use of a solid electrolyte physically hinders the anisotropic
growth of lithium, thus preventing the formation of lithium dendrites. They also have the
advantage of increased energy density, enhanced safety, and solid device integration.

In this study, the electrochemical and structural characteristics of Li;PO, thin films
were studied and analyzed in relation to the applied post—-annealing temperature. The
thin film was deposited by radio frequency (RF) sputtering. As-deposited films, and
films annealed at 200°C, 300°C and 400°C were analyzed using X-ray diffraction (XRD),
and field emission scanning electron microscope (FE-SEM). Through XRD analysis,
five peaks corresponding to S—phase were identified in all samples. Several crystallite
sizes of samples were confirmed by SEM. We also measured the current-voltage (I-V)
relationship of the studied samples. The analysis confirms a phase change of the films
and the increase or decrease of the leakage current of Li;PO, depending on the applied
post-annealing temperature.
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Deep Level Defects in 4H-SiC SBD and PiN Diode
Structures

Silicon Carbide (SiC) is an attractive material with excellent properties for high-power,
high temperature and high—speed switching applications. Among SiC poly-types in 3C,4H
and 6H-SIC, 4H-SiC has great electrical and materials properties, such as wide bandgap (~
3.3eV), critical electrical field (~2.5MN/cm), small anisotropy and high radiation hardness.
Owing to these characteristics, 4H-SiC devices are widely used to operate in harsh
environments.

Developing a clear understanding of defects of operational semiconductors is
extremely important. In particular deep energy level defects can negatively impact
device performance due to carrier trapping and reduced the minority carrier lifetime
in semiconductors. 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. The origin of certain
defects is still an open question because of the nature of SiC substrate and device
manufacture processes.

Z1/2 traps are well known as intrinsic defects present in almost all n-type 4H-SiC
crystals. The Z1/2 trap is reported to be a defect that occurs during epitaxial layer growth.
In this study, deep levels in n—type 4H-SiC epitaxy layer of the Positive—Intrinsic—
Negative (PiN) diode and Schottky barrier diodes (SBD) by using deep level transient
spectroscopy (DLTS). The |-V characteristics of the PiN devices shows about ~100 times
lower the leakage current level than SBD due to the grid structures in PiN. As a result of
comparing the capacitance of PiN, SBD devices, it can be seen that the capacitance value
decreases as the P implantation regions increases from C-V characteristics. In three two
of diodes, the trap corresponding to the low energy levels were observed with slightly
different values of 0.292 eV for SBDs.
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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 silicon carbide (SiC) and gallium oxide (Ga,0,),
which are of great importance for use in high speed and high—power applications.

Among the wide-bandgap (WBG) semiconductor materials such SiC, Ga,0,, and GaN,
the Ga,0; (EG = ~4.8 eV) is emerging as a replacement for today’s commercially available
WBG power electronics due to its generational improvements in performance and
manufacturing cost. The availability of high—quality Ga,0; substrates produced from melt—
grown bulk single crystals also facilitates the development of vertical power devices.
Additionally, several epitaxy growth methods such as metal organic chemical vapor
deposition (MOCVD), molecular beam epitaxy (MBE), and have been broadly explored for
growth optimization and heterostructure development, device characterization.

Despite various efforts of research in Ga,0;, the lack of controlling defects and dopants
hinders the development of high—-performance devices. It can negatively impact the
performance of devices. Consequently, it is essential to understand the nature of defects
and other characteristics such as intrinsic vacancies (Vg, VO), impurities, interstitial or
substituted atoms and their complexes. ldentifying and controlling deep level defects
is especially important in devices used for high—power applications, which frequently
contain wide—bandgap semiconductor materials such as Ga,O,.

In this work, Ga,0,/4H-SIC heterojunction diodes were fabricated by deposition on SiC
substrates using RF sputtering, and post annealing using a tube furnace under different
atmospheres. The effect of the annealing atmosphere on electrical characteristics and
deep level trap properties in devices was examined by measuring the current-density-
voltage (J-V), capacitance-voltage (C-V) characteristics, Hall effect, and using deep level
transient spectroscopy (DLTS).
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Abstract:

Silicon carbide (SiC) is a material with multifunctional properties for the development
of novel devices and applications. The physical properties of SiC such as low friction
coefficient, high wear resistance, and chemical inertness make this materials attractive
for the sensor application of harsh environment such as oil development, radiation, and
ocean sensor, and so on.

In this study, we evaluated covalent modification of 4H-SiC substrate and its surface
functionalization with amino-silane for the application of sensor devices. 4H-SiC
substrates were prepared by thermal oxidation and pre—treated with H,. The oxidized
surface was then treated with (3—aminopropyl)triethoxysilane in order to further modify
target molecules. The surface modification was compared with other surfaces such
as silicon (Si), gold quartz crystal (QC), and 4H-SIC surface. The cyclic voltammetry
measurements was performed for the evaluation of the modification of amino groups on
the surfaces by the peak change of oxidation and reduction.

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

Semiconductor Conference - SIC? 2022

PA-27

Keywords:

Single crystal
diamond,

Boron—-doped
diamond,

Diamond field-effect
transistor,

Metal-semiconductor
FET

2022 SiC HHz K| ZmA

High Breakdown Voltage of Boron—Doped Diamond
Metal Semiconductor Field Effect Transistor Grown on
Freestanding Heteroepitaxial Diamond Substrate

9|5 ZE ' SIAE! 2UMQ? U25™

o, O,

Uiho C’hoi1, Taemyung Kwak , Sanghun Han', Seongwoo Kim? Okhyun Nam'

52255t 2Adamant Namiki Precision Jewel Co., Ltd.

J

Abstract:

Single crystal diamond is a very promising semiconductor material for future high-
power and high—frequency electronics because of its high critical electric field, high
carrier mobility, and high thermal conductivity. Therefore, diamond is expected to show
a very high figure of merits for those applications [1]. Boron-doped diamond field-effect
transistor(FET) has been demonstrated since late 1980s. This bulk-doped type devices
showed a relatively lower current density than those of surface-modified(H-terminated)
channel FETs [2]. However, because the channel instability of the H-terminated
diamond-based FETs after high-temperature annealing has been reported, the
development of bulk-doped diamond FET is necessary for practical needs. [3]. Most of
the research on bulk—doped FETs has been demonstrated using a size-limited and high-
priced high-pressure and high-temperature(HPHT) diamond substrate. In this study,
we demonstrated the boron—-doped diamond FET grown on a hetero—epitaxial diamond
substrate(KENZAN Diamond™) having the potential of a large diameter developed
by Adamant Namiki Precision Jewel Co., Ltd. [4,5]. Details will be presented at the
upcoming conference.
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Abstract:

During the last three decades, gallium nitride (GaN)-based electronic devices for high-
power and high—-frequency applications have been widely studied and industrialized
because of its wide bandgap, strong polarization charge density, and high electron
velocity. For more high power and high frequency electronic devices, AIN is one of the
most promising materials, owing to the higher critical electric field (11.7MV/cm) and
excellent thermal conductivity (300 W/mK), compared to GaN.

Oliver hilt et al. reported a device having excellent dispersion characteristics and
breakdown voltage in an AlGaN/GaN with AIN buffer compared with carbon doped GaN
buffer.[1]. Recently, A. L. Hickman et al. demonstrated the first mm-wave frequency
operation of AIN/GaN/AIN DH structure HEMTs, showing a 2.5W/mm output power
density with an associated 29% PAE at K-band, and 2.2W/mm output power density
with an associated 12.8% PAE at W-band.[2]

In this study, nano-voids embedded low-temperature interlayer was introduced and
high—quality AIN buffer layer successfully grown. In addition, the strain of the buffer
and channel layer was analyzed by control of the growth condition, and the device was
demonstrated also.
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Abstract:

Single crystal diamond is one of the most promising candidate materials for next-
generation power electronic devices owing to its high carrier mobility, high breakdown
field, and thermal conductivity. Previous studies of diamond power devices have been
reported [1]. Microwave plasma chemical vapor deposition (MPCVD) is one of the most
promising technique to develop large—size single crystal diamond. Recently, Namiki
corporation successfully demonstrated the MPCVD-grown large-size single crystal
diamond [2]. By using large size single crystal diamond substrates, it is expected to
realize commercialization of diamond based high power devices such as Schottky barrier
diode (SBD) and Field effect transistor (FET). Diamond SBD has advantages such as low
turn on voltage, fast switching and high temperature operation. Despite the advantages
of diamond SBD, inhomogeneity of Schottky barrier height (SBH) and high reverse
leakage current issues still need to be improved.

In this study, we fabricate metal-insulator-semiconductor (MIS) SBD to reduce the
Schottky barrier height lowering effect which causes high reverse leakage current [4].
The thin Hf insulator film was used to improve device characteristics. The figure 1 shows
the cross—section schematic structure of diamond MIS-SBD and |-V curve of diamond
MS and MIS SBD. The MIS-SBD fabrication process was carried out device electrical
properties were measured by using Key sight B1505 power analyzer. The detailed
measurement results will be presented at the conference.
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Abstract:

Schottky barrier diodes (SBDs) based on wide bandgap (WBG) semiconductors like
silicon carbide (SiC), gallium nitride (GaN), gallium oxide (Ga,O5) are predicted to play a
pivotal role in future high power electronic systems. Among WBG materials, the large
bandgap of Ga,0;(~ 4.9 eV) allows it to handle large electric fields, which in turn gives it
Baliga's figure of merit for power devices which it highly larger than that of SiC and GaN,
respectively.

The most challenging issues in Ga,0; semiconductors include the relatively low thermal
conductivities (10-29 W/m-K) as compared to other WBG materials such as SiC and
GaN, which can cause a severe self heating effect that is deteriorating device reliability.
One of the methods to mitigate increasing the device performance of Ga,0; devices is
the use of heterogeneous substrates with high thermal conductivity like SiC.

A major requirement of the SBD is to obtain a homogeneous barrier at the metal contact
interface for predicting the electrical properties of the diode, regardless of temperature
or the metal contact. To date, there are many studies of metal-semiconductor interfaces
using different metals on Ga,0; substrates. Although it is important to develop an
understanding of the inhomogeneity of metals and deposited Ga,0; by the fact that
needing a heterogeneous structure to reduce self heating effect, it is still lacking.

In this work, we will present SBD characteristics on Ga,0O, films which were deposited on
SiC substrates by comparing Ni and Au metals to Schottky barrier properties. To explain
the existence of barrier height (SBH) inhomogeneities at the interface with the SBH
temperature dependence, the SBH and the ideality factor of the junction were calculated
using the thermionic emission model and were found to be temperature dependent. By
analyzing these results, we shall discuss the correlation between electrical properties,
carrier transport mechanism, and inhomogeneity of the Schottky barrier.
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Abstract:

The 4th industrial revolution requires high-voltage and high-efficiency power
semiconductors for a wide range of applications, which include high-voltage and
direct current (HVDC), renewable energy, electric vehicle (EV), and inverters. The first—
generation power semiconductor material of silicon is still used in many places, but
technological limitations require next—generation materials to substitute the silicon.
Currently, the emerging material of gallium oxide (Ga,0,), silicon carbide (SiC), and
gallium nitride (GaN) such as wide-bandgap semiconductors is replaceable for silicon
(Si). Among them, the Ga203 has a wider bandgap of 4.8eV and a higher breakdown
field intensity of 8 MV/cm than Si. With these advantages, Ga203 is being studied to
use for in the manufacturing of high—-frequency and high—voltage devices. On the other
hand, the Ga,0; has low thermal conductivity of 0.11 W/cm-K, but it can improving
to heterojunction structyure using high thermal conductivity semiconductor. The high
thermal conductivity of 2.7 W/cm-K of SiC using substrate under the Ga,O;, due to small
lattice mismatch of 1.3% in both interface.

In this study, the physical and electrical properties of Ga,0,/4H-SiC heterojunction
devices were analyzed. The aerosol deposition (AD) process based powder was Ga,0,
of 3 um particle size. Also, in previous research made rough surface is improved by
nozzle tilt 30°. The fabricated samples of O, and N, ambient were annealed at 800°C.
The leakage current of 39 pA and 31 pA with 0.5 V were obtained from N2-annealed,
and O2-annealed devices, which was lower than the As—deposited sample of 41 pA.
Improved crystallinity and surface morphology was confirmed by X-ray diffraction
(XRD) and scanning electron microscopy (SEM). Also, leakage current decreased due to
decreased oxygen vacancy when after annealing increased oxygen content. The binding
on Ga and O was demonstrated from X-ray photoelectron spectroscopy (XPS).
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Wide-bandgap materials including gallium nitride (GaN) and silicon carbide (SiC) are
attractive semiconductor for high power devices. Amongst them, Ga,0Os is a promising
candidate while possessing a ultra-—wide bandgap of 4.9 eV which exceed that of GaN
(~3.4 eV) and 4H-SIC (~3.3 eV). Furthermore, Ga,0; has high critical electric field of
8 MV/cm, controllable n-type doping with high electron mobility of 300 cm?/Vs, and
Baliga’s figure of merits about 3400 which is higher than that of GaN (1300) and 4H-SiC
(500).

However, relatively low thermal conductivity of Ga,0; (~ 0.2W/cmK) could be regarded
as a critical disadvantage for the high—power applications. And it may be connected to
self-heating effect which degrade the device operation characteristics. The relatively
poor thermal conductivity of Ga,0, can be compensated by forming hetero structure with
material which has high thermal conductivity such as 4H-SiC (~ 2.7 W/cmK). Also the
low lattice mismatch between Ga,0O; (3.04 &) and 4H-SiC (3.07 &) occurs few defects on
interface during film growths.

In metal-oxide—semiconductor (MOS) structure, band offset value over 1 eV is favored
to reduce the leakage current by Schottky emission between oxide and semiconductor.
Since bandgap of beta phase Ga,0Os is about 4.9 eV, there are relatively small numbers
of available gate dielectric materials to form conduction band offsets over 1eV. Recently,
dielectric materials such as Al203, SiO,, HfO,, and their alloys are being studied for MOS
structure capable for Ga,0s.

In this work, the RF sputtered Ga,0; films grown on 4H-SiC substrates have been
investigated. For comparison of the effect of oxide layer on the properties of devices,
SiO, and Al,O; were formed on the substrates before sputtering process, respectively.
Ga,0; films were annealed at 900°C to improve the crystalline quality. The crystallinity of
the Ga,0, thin films were analyzed by X-ray diffraction (XRD). Electrical characteristics
were investigated by |-V measurements using Keithley 4200-SCS.
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