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ABSTRACT

PROPERTIES INVESTIGATION AND SIMULATION
ANALYSIS OF SIC POWER DEVICE

ABSTRACT

Silicon carbide (SiC) is an attractive wide-gap semiconductor
with high thermal conductivity, high electron saturation velocity and
high critical electric field for high-power applications. In the field of
power semiconductor device, SiC device is a great potential
competitor in the military and civilian applications of power
electronics system. SiC power device is a research focus of power
device. We concentrate on following aspects:

(a) Base on semiconductor theory and the Silivaco technology
computer aided design software (TCAD), SiC-MOSFET and
Si-IGBT power devices were designed, which breakdown voltage
are 1000V. In the software simulation, Both SiC-MOSFET and
Si-IGBT devices were placed under the same external environment
to discuss the electrical substitution condition between
SiC-MOSFET and Si-IGBT for SiC-MOSFET applications in the
electronics system. In this thesis, SIC-MOSFET (drift thickness 5pm,
device width 10pm) can substitute Si-IGBT (drift thickness 110pm,

device width 10pm) under 8V voltage drop. The temperature
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distribution in the SIC-MOSFET is better than Si-IGBT.
Under 8V voltage drop, The turn-off energy loss of
SiC-MOSFET is Si-IGBT’s 25%.

(b) For SIC-MOSFET with high resistance in the high voltage
circuit, we further study thermal and electrical properties of
SiC-IGBT based on SiC-MOSFET. In the thesis, the SiC-IGBT with
3500V break voltage was designed. In the research, we simulation
thermal and electrical properties of SiC-LIGBT, SiC-DIGBT,
SiC-UIGBT in the same physical parameters and analyze the best

application condition of different structure SiC-IGBT.

(c) SiC-SBD has been commercialized in recent years. In the
thesis, we proposal a novel structure SiC SBD and use the TCAD
simulation software to simulation electrical properties of the novel
structure SiC SBD and the conventional structure SiC SBD. We
design the conventional structure SiC SBD with 1800V breakdown
voltage and calculate breakdown voltage of different inclined plane
angles of the novel structure SiC SBD. In the calculation results, the
45° inclined plane angles novel structure SiC SBD have wonderful
performance in breakdown voltage(increase 15%) and leakage current.
For the high resistance of novel structure, field rings were used in the

SBD to overcome high resistance and optimize field distribution.



ABSTRACT

KEY WORDS: SiC, SBD, breakdown voltage, power device,

MOSFET, IGBT
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BB R AR 56 FE AN S R T R BN 1 RS EL. B& UL EY)
HUREE 1 AH-SICH R T BT830, A LA

1) BRI MR AR 72 R AR w U, T SifI g e iR
JE 8 3k 300K (1) B A4 ot HEL THI AR ASAE B T B3 o, 338 a1 L2 MR RE T AN
FRSE o« 1E600K LA L (I3RS A Si g (-1 To ik TAE . HH T Sigs A il FE 2R 55w it A
TR RN BRI RGN SR, N T B . SICHEH) S HuE
(4.9w fcm « K)ZSifRHL.5 wicm « K)FI36%, 7838 DL B 77 TH 1 2RI,
A DAREAIR A . B LASICEMFIE & T sl M 5 T o Ha g ol

2) BRI g R TR TR R, D R B R bR, (H
s sy T L, A AR RIS X JE R B NS X B K,
PLEF RO A2 SECR@EBE K, AMIERS TR EIFE. SiCHE
[l i 28 37 R SIMRH 4%, BT LASIC 8% 4 AT LAYE AR H] BT R 45 2F 1 Al LARE
JEFE, BENSIBIM B 40 2 —, B0 AT DL IS 2% 09 FE I3/ ) T8 Fo B AR 4%
FE.

3) KWrinAE: EmIHEE T, WA TR R O R AR R — R
BIHAE. SICHAWAMEI AR T M ER D, F BT IEMmIR, KB
AR, N T REEIFE.

AR FHAH-SICHUASICTh R 25 1F I TS K

1.3 SiC hR[HNIREMRHER

SiICH gHTE I Z0FE R DA aawH, H R BARSR AR RS R (2R
FPAIREA M . IIEIT R RS B RTSICTI R B 5, HE RAEAE T
HR RS2 F, SFEOEIT R RN G F G A, Kz —EGiE i m
FACEAAAER Z BIPABE, X SO B R 2 BRI FEL - 727 T8 PR Y SR AN RS Bl 22,
Ty ARV TE PR BRI H AR SO A L SRR TR i &, HRT A
IR T 2. BiTERZ M B RN % [ HNO/N,O A
VE IR KIS B ERAPARE S, A NS 2R 47 B 13 N2, 5038 A A (1) 2 KT )
F(1120) & 1), AR2 X L iE NI R 2 B4 A B, ARG T-Sidh Rl D) 2 284,
SICTHR IR FIRTHE A 18 2 ik - SIO2ANSICH R ik AT 5 1k 2 55 K i
HME s, Si02/SICHESICT A g 1) B ELATRL Ft T, H 2 SiO2/SiC AR M A K T
2 2 B ERE I s 2 BRI, U AR s A N A S A —A
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ME oK B T SiO2/SiIC A A4 kL S LK F-Sif SiO2, 7E-5-HARSiO2/SiCF I 7%
TAESZE S, HIZRE R T4X10%V/em, BE K T150°CH, 42 HaAAR
%%' E[l7—18] .

1.4 ZXHARPETERNSNEN

AR SCE YRR, IR SRS T RS 94, R TCAD
AT A A AT R SR, BR TARR LUR 3 AN

1 HATHRER SIC-MOSFET #34F 47 28450 S EE S H0k i, IR
]l TCAD #A4%+ SiC-MOSFET #1 Si-IGBT #47 1 ] BACEWT 5T, +F
W T B Si-IGBT K2k LA K B A4 AR 35 o

2)  EPXT =M SIC-IGBT &M, BT 1 H S REE LT,
W, SRR, BT, SEfRE, R SMEY
SiC-IGBT s fE:fd 5 .

3 R TR SIC-SBD HIMALMEEN, 16 FERHE R A4
T, $Em SiC-SBD ik, FEILALHIA TR i
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B8 TCAD RS HEEE

2.1 TCAD 3R ¥4-1& 1t

TCAD ¥ ihENLE B SRS T B3, B AT A B
LM SIVACO 2wl TZ25H S (ATLAS ,ATHENA), SENTRURUS
O\ T S5 AL (SDEVICE) 5 A

AR RTHE T HAZSIVACO A Al S B 3, SILVACORK 7 —Fh —
YL Je =Y i TR RUAE Y o T DAV AS A N ST H 75 e, IR, SRR
TR, WA, WAIREE, MVUEREE, LS TIWRES, REATHEES F R
P B3 A AR 5 A8 A

ATLASAEZSILVACO TCADH DL 3R N BL A I AR S BIU A, &%
PRI AR 45 & 28 ) BREE K AT SR A, e 284 I ) BEAR VR AT 1 SRR TR0
BRI A, X B AT s = AR I 4y, ARG AR R R 2 v i
577 RN 7 R A B AT U B, SIS AR BRI O ) A
.

FEA3 A ) i N 3R 2R A ) (5 R

1) PHELEH S

2) AL A AR Y

3) APl BB v BV

B2 AR I 5 R I AR, 5400 iy 2 SO RIS ZRY 4 S AR N BIRLADL #

(" DevEdit
(Structure_and
Mesh Editor) Runtime Output

Structure Files K
ATHENA [ ATLAS Log Files I\

Device Simulator
¢ ---TonyPIoi
(Visualization
) . Tool)
Solution Files

2.1 BB A TR
Fig 2.1 The flow chart of simulation software (TCAD)

(Process Simulator)

I

Command File

( DeckBuild
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2.2 BHER
2.2.1 SiCH &R

XFF SIC MBS, T IRBESANZEA T8 RO, RIMEAE KT 350K H1H I
Ty ZB A A, SRR ST MRHEMRIR L T iR,
BT AE 2 20(2.1)M1(2.2) ) No, Na AN B oI ER AT 2 ) 2R 5T

V-E=-v¥=%(p-n+N,-N,)

--------------- 2.1)
&
NG - mo = 22)
1+GCBwp8ﬁ_(°_
KT,
N
NT = A 2.3
A E,+EAB -¢, 23
1+ GVBexp P
KT,

RPTETHEVAM R .1) P IR A B, AKX (2.2)FA K (2.3)+ T
B AL T-(GCB), M B AL A T-(GVB), &) i B (EDB, EVB), S H (Ec),
P fE(Ev). BAREME LK 2.1
2.1 PORAER AR B SRl

Table 2.1 The parameters for material model

S il LX)
EAB 0.1 g
GCB 2 A
GVB g
EDB 0.2 g
Perm(Hi FH %) 9.66 Qm
EG (%471 78 ) 3.09 ev

R T I%E: EVIIREIET P BRI 7F 4 1X10°S, N B#ER
T h74 A 5X10°S

U HE N 9.66

300K INF 45 i 3.09ev

2.2.2 THREER
R AT (Silvaco TCAD)H TR R R AR 2, FEAIU LS. Kipitk

AR (Low Field Mobility Models), %2 IiE# B (Inversion Layer Mobility
Models), #\[r] HE37iE#% 45 1 (Perpendicular Electric Field-Dependent Mobility),
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KT L7 4 2 A5 2 (Parallel Electric Field-Dependent Mobility) 7 [7] 253 #% A
RUrh XA 4 AANFEI A3 18, B TR XA R GO0 T AL . an I ER B«

K372 # A7 (Low Field Mobility Models): 1)Constant Low Field Mobility
Model2)The Analytic Low Field Mobility Model 3)The Arora Model for Low Field
Mobility4d) The Carrier-Carrier Scattering Model For Low Field Mobility 5)
Klaassen’s Unified Low Field Mobility Model

S 8% 2T R AR A (Inversion Layer Mobility Models) : 1) Lombardi CVT
Model 2) Darwish CVT Model 3) Yamaguchi Model

20 1) B 375 3F A% R BT (Perpendicular Electric Field-Dependent Mobility) -
1)The Watt Model 2) Shirahata’s Mobility Model

KT 33T % R A5 7 (Parallel Electric Field-Dependent Mobility) :  Carrier
Temperature Dependent Mobility

DA B AR o, =R SR e B R A 2 AN RE R EAT A, 15 ) £33
THRER, 7RSSR KRR

%% 2.2 Silvaco FfF il B F A FH R
Table 2.2 Mobility Models Summary

CONMO | FLDM | YA | CV | AROR | ANALY | CCSM | SURFA | LATTI | BALAN
B OB M T A TIC OB CE CE CE
CONMO | ----------- OK YA | CV | AROR | ANALY | CCSM | OK OK OK
B M T A TIC OB
FLDMO | OK | - YA | CV | OK OK OK OK OK OK
B M T
YAM YAM YAM - | CV | YAM YAM YAM YAM NO NO
T
CVvT CVT CVT CV | -—-- | CVT CVvT CVvT CVvT OK OK
T
ARORA | ARORA | OK YA | CV | - ARORA | OK OK OK OK
M T
ANALY | ANALY | OK YA | CV | NO | - CCSM | OK OK OK
TIC TIC M T OB
CCSMO | CCSMO | OK YA | CV | CCSM | CCSMO | --------- OK OK OK
B B M T OB B
SURFA OK OK YA | CV | OK OK OK | - OK OK
CE M T
LATTIC | OK OK NO | OK | OK OK OK oK | - OK
E
BALAN | OK OK NO | OK | OK OK OK OK OK | -
CE

OK FIRiX 2 MRALKE T LARH], NO RoRixX 2 MEARUATT DU, @RI 1
AR, R DO — MR R
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ASCR Y I AR AR A% AR L 3 21 22 2 (2.4) 1(2.5)

TL
300K

j BETAN.CAUG

/%N:MU1NCAUG~(

)ALPHAN.CAUG

TL TI
300K 300K

T GAMMAN.CAUG N DELTAN.CAUG
+ L .
(aij (NCMTNCAUGJ

MU2N.CAUG-( —MUlN.CAUG'(

j ALPHAN.CAUG

+

---------------- (2.4)
T ALPHAPGCAU
Hpo = MU1P.CAUG - L
300K
T BETAP.CAUG T ALPHAPGCTTT=777777777=~ (25)
MUZP.CAUG( L ) — MU1P.CAUG - L )
300K 300K

T GAMMAPGC U N DELTAPGCAU
1+ L .
(amK) (NCMTRCAUG)

N B AR BUR L, T dg i .
* 23R R 24
Fig 2.3 The parameters for low electrical field model

N\

S8 HfE L)
MUIN.GAUG 10 cm?/(V.s)
MU2N.GAUG 410 cm?/(V.s)
MU1P.GAUG 20 cm?/(V.s)
MU2P.GAUG 95 cm?/(V.s)
ALPHAN.GAUG | 0.0 g
ALPHAP.GAUG | 0.0 g
BETAN.CAUG 2 g
BETAP.CAUG 2 g
GAMMAN.CAUG | 0.0 A
GAMMAP.CAUG | 0.0 A
NCRITN.CAUG 1.3%x10% cm?
NCRITP.CAUG 1x10% cm?

2.2.3 HRFEHmEs

B SRR s 3 R A 2 M7 3R RS B TIE .
BT WIS AR I R 3 AN TR AR, TR DA 2) BT
BT RE 3)ELL M TR

1 T

I ARAERGEESA: v-D=p,(x,y,2) s (2.6)

D RFHNMBRE, o, (xy, z) N HE H A

10
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L GHH, g =q(p—n+ Np—N,) ERESIVH T, D= ¢E, e fAELS
R AR, E ARPEERERE, FER VY =—E,/JB21\HR
T RRAE B> AR AR B R R . B
VE=-v¥=9(p-ntN,-N,) e @.7)
&

fEnAt, YRERHES, p,n No, Na 73 RINZIR, BT, HEFER, Z2FER
JREGHREE o kAT IR, AR R S B R (RIsRE)  IEH
TR AT
2) B T Hmis I i
BT IS T REAR O U BT AR, T IR R 3, M R R R
Jp MEEIE

J. =qunE+qgDVn e (2.8)

J,=qu,pE-qD,Vp e (2.9)

Dn» Dy AHLTAIZERY BAREL w0, 2y N TAZGERF . H B
IS s s RS e SR SN P SRRy 2 2 S L € et 11
AR, TR MNY HRBE G, ER R T P&, My i
P A BT8R R — R
3) EEMIE
L RS R B T RN -

n_lyy v (2.10)
a q
op 1
EZ—EV'Jp—Up """"""" (211)

Un AR A BRLAR AR PN A2 G2 I 1) Y A2 6 4 0 P 280558 2R A0 7 3
272, RSB E SR, U ERETUFE &%,

A IE A2 AR AR B T s B TSR AR, TRIERAT V-1 IR Iy
PR, o 2 v S L AR

2.2.4 FRTFEAER

A 55 A A R Srh (Shockley-Read-Hall Recombination), 78 2 S A&7 X H 1)
BB SRR AR FRIKIERE S, TN EE 2408 51N PR
Schockley ! fl Read #527, 28 — AP Hall B4,

11
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SRH A E S,

Repn = i
e nan ool ETRAP x| pan e ~ETRAP
p ie kTL n te kTL
............... (2.12)
TAUNO
Tn = Ntotal Ntotal ™
AN + BN (j +CN (j
NSRHN NSRHN
............... (2.13)
TAUPO
i Ntotal Ntotal ™
AP + BP( J + CP( )
NSRHP NSRHP
---------------- (2.14)

N NBAKE, S50 TAUNO NECKH F75ar, TAUPO N K=/,

NSRHN 1 NSRHP & 5 K EIi 575 fir o2 45 2K
% 2.4 SRH IS5
Table2.4 The parameters for Srh model

28 A LA
TAUNO 1x107 s
NSRHN 5X 10 cm®
TAUPO 5x107 s
NSRHP 5x10% cm?®

AN 1.0 g
AP 1.0 A
BN 0.0 A
BP 1.0 A
CN 0.0 g
CP 0.0 g
EN 0.0 g
EP 0.0 g

PAEJE SiC AR 2E 3 MBS, 7E TCAD B A i) FAB ARG B R84
BRI 1 — 2L

2.2.5 fiffEe BEiERY

TSR AR X, ARSI R, 77 A I B A I E
JaRERE A L, AR TR R 2RI R AT B g . TSR AE
BN G,

N

J

—>

G=q,J| +a,J

n p

12
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INRR(2.15) o Flog i L T A7 7B R, 0 1ot TR S B

Selberherr’sfilf 48 i B 45 4 2 78 28 gt (1 Chynoweth model P57 (1 37k 128 =
[22]

BETAN |
an:ANem)—(%?J ------------ (2.16)
B BETAP |
a, = APexp —(%}j ------------ (2.17)

E NHIZ5RE KR, AN, AP, BN, BP, BETAN, BETAP A#HAIZ4.
#* 2.5 flifE B S
Table 2.5 The parameters for impact ionization model

K4 BUE <R3
AN1 7.66x10° cm?
AN2 7.66x10° cm?
BN1 2.273X10’ Vicm
BN2 2.273X 10’ Vicm
AP1 5.18X10° cm?
AP2 5.18X10° cm?
BP1 1.4%X 10’ Vicm
BP2 1.4%X 10’ Vicm

2.2.6 BEER

ASSCAERAT A PHIR EERAUTE S, (8 A2 den s B DAV, =i T
HRERHLAS AN, TSRS Y A T 5 O3 A
PR fi b i sl 2 3

c % =VRVT)+H e (2.18)

N (2.18)F COMBILIAE, kK NFPRIAG R, H ORI, TN iR .
FETHEL IR S A RS R LIS U025 R FAIE AR 10 RS oL P2 LB RURK R D 3
B AR ABIE A -

2.3 AENG

TCAD B AR 8 5 A 1 248 A 5, 4£ TCAD #AF i
P RUBALEHIRL . SIC AMPRHEAY, TR RBA, R Tishmsiiy, mli @
AR, i AR e A YA TR e 1) S T SRR AR, 3 X A A i B AR AR £
IIAT AT AR T s AR v R S R IeAIE T 5K

13
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P =F SiC-MOSFET Ih&EHHEITS Si-IGBT ThEJ[PHRH
KREe
3.1 IhZ SiC-MOSFET %ﬁ"

D% MOSFET 2 7E 1970 4 B ok, FLAR EL T oAt 1) Th 2 28406 ROk
#, R Z BT HEER AR 1 ETI% MOSFET BIIREN 2 HL K & 1R B 1),
72 FH 7 FL SRR i A 1), R EL FRL IR B BT () Th Ze g AR BT AR R B IR A, k)
% MOSFET & H B — 3 7 T, i e W Nos AR, Btk 4 MOSFET
B BRI 2 AT K3

HAl MOSFET H#sfh4ity AR 2 Mk, HlanH T-MOFET, HEXFET,
COOLMOSH#2IH & 78 H R I 5% % T 25 8% 9 fa7 2R 1) 2 1 T A 22 g R0 92 i i 5
4 MOSFET. 1T Si #BHORER, 7€ 90 44X, SiC ¥ 5k A I s LL R SiC
HMEFCAR ) K, {415 SIC-MOSFET il & B NI SE . B~ SIC-MOSFET ££ 1994
SRR oK, MOSFET &5 4 Jyvatim 4ty , o 28 sy 150V, i[5 3.3V,
IR %% 2 2 100A/em? 21, B 5 1.5KV 4H-SiC % MOSFET #£ 12um St 4h
W B ST, JLAMNE S Z IR g 10T, fH R I e B8 f Y 10 BT T
ARG o (H2 B 5 75450 F AR B V438 (1) 4544 (a planar normally-off accumulation-mode
MOSFET)J4 38 ML (i i 547 1 B3 i BT+,

3.2 ARMRVEETIE

SiC S AFAE R D2 NAXS T Si MEME RO S, T HLAE o &5 v e 4
SiC #8FHHEL T WA Si asfF AR KRIH . FAHRERR, SiC-MOSFET ¥4
HUAR Si-IGBT Ay H iy H R Ak H R RN R D 2R 484 . AT FI A TCAD 3
Bt AL 800V LA_EfF) SIC-MOSFET 1 Si-IGBT 44 #4, i 4% 4: 1) F 22 Al B 5
AT 2 AT LA I v A B AT AR

14



=T SIC-MOSFET Iy B FSLit 5 SI-IGBT Jh a8l BHiCHE i i

3.3 SiC-MOSFET ThERBH T (EIRIE
%

EFME ,

b B
N+ X 45— > il — N+X i
X l A

P ] > pxig

A
«— | SICHMEZE
N BUE R X

i //J!;EQE-;E':E;EE;E-*\\‘

N-+3 S [X 45

K 3.1 “Fribites# SiC-MOSFET i
Fig 3.1 Cross section of the parallel gate SiIC-MOSFET

Ptk 14K Ptk

= *ﬁ | i NELEZ TS

v
SR |
AT

<«—— SiC /MR

N FET R
RBX N+ X I,

L ANANANANANANAN gy

Kl 3.2 Vu 4544 SIC-MOSFET 7~ &
Fig 3.2 Cross section of the trench gate SiC-MOSFET

K 3.1 FIE 3.2 & SIC-MOSFET HI45MI =K, FEARLEHA Si #RHH
MOSFET %A X . 23RN IEM, WA 241 I8 N 1E B s
TEMPEE S PNP [X3BJE A2 SR N 0 I B 2008 o« 2844 P38 5 S i it
HH s 2 71
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HTRER
A A 7
A
q s
q&wm qPwm E.
\ 4
E:
v Er v
E\/

EIEMEL SiO, AR P AU R

B 3.3 IR A O ML R g I
Fig 3.3 The energy band diagram at V=0

N E.
A Ei
V<0
\ 4 EF
N
E\/
wEAE Gk P AR R
SiO,
B 3.4 18R LT Y A A 50 T g 18
Fig 3.4 The energy band diagram at V¢<<0
E.
-
. E
A Er
V>0
v 4 Ev
EJE AR 50k P AIM R

SiO,

K 3.5 [ IHK R Y IR R O R 1
Fig 3.5 The energy band diagram at V>0

F 331 35 NRAEER AR, Eco Er Ev. EVBIRSHAL, 0K
Bk, M RESE, F SRIMAERE . EMPIEIN I rRRT, AR TS
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R AL R BT, BETTEELE I AR S H IR, i 3.5 o, 4
HEL s e 38 B L UJR AT A2 W8 1K) B Rl L R 5| BRI = T AR P RS
PR B T 3 VA TE . M /T BRE T I 3 A AE Y R Sl AR
R4z ] 8 B SRR

3.4 SiC-MOSFET Thae a8 {£E4ig it

AT 800V H 25 H K 1) SIC-MOSFET I 884, Z B3t a5
3235 /& 800V LA e 2 e e, 7E IR F oh R e a5 W AT AL, NS
TE8 L JSEL AT e 7 3 R

3.4.1 EBXEEIEH

o R R B I R, BT TR B DA e R . A
T SIC-MOSFET, A F I L) 38 i 2 AT i ZE 00T HL, TR i e BT 45058
R PA S5 FERI ] TCAD 3447 5 s (R B8HIE

SiC ARG 7 r37 A 5

249%x10° s (3.1)
1100 e s

AREBYF Ec MR, No NEBIKE, 7 Np=1x10"cm? [
N, Ec Al LAFIik 3x10° Viem.

FER X Ik 1) e K375 A 5K

S o — 3.2)
85

Emax NWAER X KI5, Va NI HLE, Np AT 15 54K
i3 (3.1),(3.2) WA 2 2T RAFS B AE I 537 38 118 B0 R e oK 32 s 22 3K

E. =

€s Eé _________________
> = 2gN, (3.3)
NHFERESHER KR
Eees
W, = Nog (3.4)

LA R (3.1),(3.2),(3.3),(3.4) i1 5 H o 2 I B X 1) K
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2eVy 2V

W. =
° aNp Ec

BB AME Z IR EE R 110" cm™®, T £ A 800V. 11 AT 154N E 2 B R
N 45um, FREFBFRELIENR P AR N B XIR B, WE N BHFERKX
RS B Sum. A T PR SE I, SRR 45 4 () MOSFET.
3.4.2 HEHBEENSH

R P R T 5 2 R A 2 5P

\/28085icq2Amax(2¢FB ) ................. (36)

0oX oXx

ms

Vin =V, — 855 +2¢ +

AT (3.6)H BT 0 B R S AL B2 Coxs TR Vims,  SIC-SiO, F11HI
HLA %5 B Qss» SIC M HLH B esic, P HLE @, 2 drs MR I FK BELK 31|24
IR, P YA IE B KIS 2R T Namax A %, (H 2 A XA FnH 3= F1EH
(172 Namaxe BARBUE TG, Nama IEUE - ABRZAMN, BIFEE S ANHIKRE
ANE], BE AR EREE AR A . F Ot 2 SRR R F e 22 P X5 ik
FERIE o

3. 4.3 SiC-MOSFET SiEHER S

SiC-MOSFET 2 Lh & as 4, A LL — ol 125 B L 3 i FEL A B0fE, =4
ARHFOEL R, 830F 38 B A &P BRI RE R, 1M1 H 2 a4
BHIBEss, P ERA R G R et RS N s, (R AR T
LRSS/ R, A DR Th A R 3 L REL ) VA A T I SRR A
e, BRASTOH R B LS T AR . DA g A S L FH A B 3.6

— |
/

Rch
R4
RS \ i
K13.6 MOSFET # {1 HifH 7 i
Fig 3.6 The resistance distribution in SIC-MOSFET device

Ry
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PEAFEPHA A : VR P Ry, VATE HLPH Ren, JEAZ X HLFH Ry, FEJEHLFH Rso
TE— Mt EHEAS X B Ry AVA) & H FH. Rep BEATARAL

3.4.4 SiC-MOSFET &4 Si—1GBT &5#98#

TR B o A MOSFET DhZR 284 AL AT 17, 15 i
JE{E ) 800V [f] SIC-MOSFET &4 Sum, JHiR4E L2 &M 3EEE X 5 E N
10um. K& 3.7 2 SiC-MOSFET Z5tn &, T 284 X PR # B LAYE TCAD
AR, HIEEC— 2 1 AT U R

- T .

P M i5 2 j:j y H#pR
-

N Z45 5 T

i EE THIE S y

SiC AL L 5 VT 58 5 | BRI

N IS K
N+ 5 [ Ik
— | ——

& 3.7 SIC-MOSFET #3142 %0 #ii
Fig 3.7 Cross section of device parameters in SIC-MOSFET
# 3.1 SiC-MOSFET #/F &5k (%))
Table 3.1 SIC-MOSFET device parameters (After adjustment)

R4 ol X2
e 10.0 um
R X 8 5.0 um

R N A5 4 4R 1.0 um
R N B3 Ak i 5x10' cm?
AR 3.0 um
KB P RIS 28 vk BT 5x10° cm’
N-EZEF% X i 110" cm®
WA R T 4.0 um

AR 5 FE 2 um

FIH Si MRS i o o R A RN Si-IGBT e iR X k4T 7 it 8, 78
HMNEEB A E A 110 ecm® 15, Si-IGBT E#1X Jy 110um.
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T5tk N T5Hk
PRMBR L) ; :A: v R P AL
‘ ; 54 LHIR
AME
i L= | MABER .
Si JMEE L 5> AP RN | RS 5
N YRR X
P+5E IS X 15,
Tmtk
i —
#
e
Kl 3.8 Si-IGBT #¢ & 40 fi
Fig 3.8 Cross section of device parameters in Si-IGBT
# 3.2 SiIC-MOSFET #F &5k (%))
Table 3.2 Si-IGBT device parameters (After adjustment)
ZH 4 HE AL
T 10.0 pum
RS IX 8 110.0 pum
REH N B35 4 45 R 2.0 pm
R N R 2RI 5x10'° cm®
REHE P A5 IR g iR 4.0 pm
R P BB 4Lk 5x10'° cm®
N-TE RS X 94 110" cm?
WA R T 6.0 um
AR o 52 2 um

3.5 SiC-MOSFET #0 Si—1GBT 84S ¥ I81E

3.5.1 SiC-MOSFET #0 Si—|GBT K22 E BYIEE

1118 SIC-MOSFET ZhR 24 Si-IGBT IR BRI AT, Hhh 7%
HEARTHE R ST o7 U, X% S HHEAT 8 s R P P38 4 o 2 F R IR 3 —
o B 3.9 Ndigr Hi R, & 3.10 AW HLAL oA ], AR B AT R TR
BHOZERE, 24257306 1000V [ 1a) FL R, BT 7% B4 RHELRE Si A1RLZ SiC #4
KHE 15 5.

20




=% SIiC-MOSFET ZhR &t it it 5 Si-IGBT Dy asfFnl B Ak itk

ﬁ e _: ] 2.e-10 __
- Si-IGBT |
E e ! § SiC-MOSFET
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Table 4.2 SiC-LIGBT device parameters

ZH 4 EALIE] AL

LA 70 um

LB 5 um

R N BB S 4 15 um
R N A5 4R B 5x10® cm’
RS P 4B 2 Sh IR 35 um
KL P A Lk 2.5%10% cm?
N-ZE 8% [X ik 1x10" cm?
LR P+ RIS AR IR 1.5 um
LB P+ALB K 110" cm®
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Fig 4.10 The schematic of Boron doping concentration in TCAD software
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Fig 4.13 Lithography exposure in the oxide layer to open the window for the P-type ion
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Table 4.3 SiC-DIGBT device parameters
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Fig 4.19 Lithography exposure in the oxide layer to open the window for the P-type ion
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Fig 4.20 Lithography exposure in the oxide layer to open the window for the N-type ion
implantation

S 18 A

iy

P 5ok _f_*

A

N %45 7

> EES

uB <«— SiC4MEE

P+
/

e e

— —
UA

Kl 4.21 SiC-UIGBT #4054
Fig 4.21 Cross section of device parameters in SiC-UIGBT

37



BB TR 2 2 1 S

enic (fc
18.398
16,799
15.199

13.6

(fem3)y

B 4.22 TCAD A4 R Arsenic B 15 24K R 5 K
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