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Abstract

This article mainly studies the etching process of gate polysiliconin power devices. First, the im-
portant role of polysilicon in metal-oxide-semiconductor field effect transistors (MOSFET) is ex-
plained. It is proposed that the current polysilicon often adopts dry etching process to achieve its
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microscopic appearance, and the basic principle of dry etching is introduced. Then it focuses on
the influence of doping on the morphology of polysilicon after etching. Through the characteriza-
tion and analysis of surface anomalies, the optimized process route is explored, and it is proposed
that the doped polysilicon must undergo surface wet treatment before it can enter photolithogra-
phy and etching. Finally, the above optimized polysilicon etching scheme is applied to the process
flow of a 6500 V/20 A SiC MOSFET, and it exhibits excellent electrical properties.
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TR AR TR L . DU RE 098 DL R AL S R A E S LSS (MR REXS EL LR 1), fiE A
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R A BT AT AR A, AT AT AR S R N AR SRR R AF, WTLAE R
BRI DhRE R, PR & G HE R @l KR BT80F, JRRAE i) T aUsAs 22 N .

Table 1. Comparison table of material parameters of silicon carbide and silicon

= 1. SiC #0 Si B R S HFTEE R (2] [3] [4] [5] [6]

] R LA Il 5 ifi 5 Hi 3% AR GH
o~ E, (eV) Uy (cm?/V-s) E. MV/cm) & (F/cm) k (W/emK)
Si 1.1 1350 0.3 11.8 1.5
3C-SiC 2.2 900 1.2 9.7 4.5
4H-SiC 3.26 ]91590(210 2.2 9.7 4.5
6H-SiC 3.0 i;g; 24 9.7 45

BRI R, SiC MOSFET f&— R B AR KT R S F MZNE BN B HA TR, JTK
BREs RECEE s, ARZMER IV, TARMR G, PRmNGE; e, ZeTIEX%E; MR
e SRR, WBIThERN, R AR AL R, AEDIERAE TR A ONE E AL, RS Si TR
MOSFET H, A3 Jfikan ) 8 7152 BR T [R] e i AR il rE BH AR il F R IX — P R & L, N T 3R%S
m T HLE, IR i HL R R X, X6 MOSFET i 5 /2 1R 2 8. BT SiC MEHa & T
Si MBI i 2 Hids, X T4 Il L, IERGE R RS AR X, SiC MOSFET (13 Jf L 2 /b
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ZLL Si MOSFET /NN S, Rl & mth %, SiC MOSFET H A A fi#4. Kk, SiC MOSFET 7
RIhFE . SARTF AR R T T2 N AT LAUE, SiC #4425 sl AR K BT RERH AR FE A (1) « St fgdR”
.

7£ SiC MOSFET 284 %& T2, £ &tk (Polysilicon) ) 32 F T b, 22 5 BB S B 28 95 (CD)
TR e, b T ) TR FH AR R 6 A0 A 5 R 7 A A R o 35 P 46 5 T Ak SR B 22 S Rk A i %l
o BN A A B T 2 i R (ICPYE B SN 7] (8]0 BEE ThERBAE R ST IARW 46/, 2 S %)
TR R LA e AR . A, AR AR ) 2 e TR S B A B G R T BOR S A (1 L
WREE, ZEAB AR RE BRI, A A 2 R A B AR KHESS 1 20 2 S R
ITBABAEE . 5ARB TGN 2 SRR, B BUS N2 SRS S A E T RIBRZ W, X
XFFEZI MBS T ISR, ARSCRAYER T e R A B8 ) 2 SRR, R AT A
T 6500 V/20 A SiC MOSFET /=8, HLZAMERERBUL 7

2. ZERERZITHIIE

N TR MOSFET HIMMR EAL R A5, 3 H EAE 2 dhREZI oy LA P 3R 200 &R Z)
AL ZIPA9] [10]. T 20 il A7 B R I 2 o =R, R S RE IR e 3 LU o S8 220 P m] A
SE 25 i T ) T PR AR S B RS 67 i ) o 4 S AN LA S AT B v R e 56 B DA DRI SR A 2= AN
Wifie — FLfi S B S 2 At 20U BT S fe g 96 L B ey PO 200 Tk R DA PRAE B AR O R TS R T
T AN AT B SE L)

AR J W FEZ T 2R F I N B T ZIRIE)Z1 iy 2, & AR R RG . LZF . RF
SRR, B RG ARG ARRNARS, WE 1 R,

Load chamber

chamber

Control panel L \r\ W < = O > Process main
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NS T
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Figure 1. Schematic diagram of reactive ion etching equipment

E 1. REETFRMREHREE

ZVh 2% AN AR SER B 2 R AR O 22 P, R DU B8 220 kil 2 38 A0 AT i 7 i 2k
TEAL LB T 2] — 5 M AR . AR VA B A .

1) Z0z ) B 2 AR

2) I AZI B2 0 5 5 A K6 385

3) RS O BB o 45 B AR 2 R YR R AGLIN

4) TS O B2 m 5 V30 22 o = A P
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5) S TR HGTAR AL BRI o

2 RV T 20 hop T2 A T2 R, #2 —ANH BT, AT USR03 1
BE TAESHI U 5 %0 ikl 26 AR 015 B M

Z AR R 2 BoR), FORFXF Si AIZI U & [FER,  BTRACL F RN EER AL A S
U CFyn SFe S5 #ANE B HIE 2 A0 i Sfs i1 CL R F X REEA & m S 2 E A, BTl Cl.
HCIL. SiClL & UA# AR H o il IR SRS — AN Fab 2, BL Cl B RN &8 B 1A% Si K& SiO,
ZR IR BE LU AT, DRIGAE 2 S REZI PSS S, T DU IR 0 1 56 28 1 AR 0 SR B I i (Polycide)idE AT
20k, CAHAOR 2 SRRER I, T XA ZIOR 2 1 Si0, JE[11] [12] [13].
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Figure 2. Schematic diagram of polysilicon etching mechanism

E 2. Z&EELmEREE

P SICMOSFET M&5#4[14] [151 R 12 S VARETRFE N 5000 A, J& TiRVamZ i, HoxfE s
TIREIR BRI S A, BeAh, R T VR R B A S SR SR, VAR R TR R s A
B, RN R IR B RS EE AR T 2 S AU (CVD) TR, 8 2 ERAEE 4 MR . B T 2R
FRI45 /) SR I T o AR i L (58 755 T 0 G 42 ) AN TR B 38 20 e s i 32 2 T KBk . 48R CD 113494
PEANTR M2 (03 S b e BB AR SR bR X FIRVARE I %Ik, CL, A1 HBr A58 2 E 210 <4k,
Bt A /NI B PR AR SR U OR P AR B AR T ) B Al Ak 2 AT I B B AR R Z) iR T SR 36, Ar R He @8
FAVES IR RERINE A o BB T700 ARG 0 00 0 (R B2 e B A DI B 78, SR Cl A R 2B SR 25 5 TE 1k
PO T PRI TR 26 R R 28 R R0 88, R FH HBrr A g 2 200 il <Ak R A5 280 L A 1 0 T 5 50 AR TV PO BG40
EBER[16] [17].

3. &N E REZI MBI RAEN
31. SRHAMEMSH

AR EZN SN Cly, T2 SEH (Recipe) KA S UK 2 Frow o SEINZ il 224 2892.0 A/min,
RIS 3.8%. % LASET, At (oxide) MZITMIHZ A 27 A/min. THE Hi%k#E i (oxide: Poly-Si)
N 1:107.

K2R 1 Recipe ZIMURE#ES A1) 2 ik e, W] DS R BAERIESI(LE 3 FroR), 2P Xk
SRR, B2 B NS ESRARAN, BRI B 5] — B PR
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Table 2. Main etching menu of Polysilicon

*2. ZEEFZIMRES

KEEZH TZEA RF POWER AR LA IR
PARAMETER PRESSURE (mT) (Top) (W) Cl, (sccm) HBr (sccm) CF, (sccm)
Step 1 550 0 0 0 60
Step 2 550 400 0 0 60
Step 3 300 350 90 27 0
Step 4 0 0 0 0 0

Figure 3. The appearance of undoped polysilicon etching

E 3. TS REZIME, IMERETN

32. ZEREBIRITE

% fhEAE MOSFET #3814 LRIN 2 — M A 18], NI AR HEFH R 2 fhfd, 0% 76 2 db i
MR EEITE 2, EZS 40T, BB FENE BEA 35008, ¥ 2 ARB R RE At
WA . ASSCPE K i) T2 B R A B FIE AT RFTH 4, BRI 3 Fik:

Table 3. Etching process flow after polysilicon doping
3. ZEEBAENZIMTIZRE

Step No. T T 4Tk TEER
1 THE Pre-clean RCA HrifEIH e
2 E=14 EA Oxide-50 nm
3 i e CVD Poly-Si 500 nm
4 EUN BTN IMP WL PN 60 keV, 3el6cm”
5 P Bk 900°C #i 4%
6 bl RIS \
7 Z ot Z I \
8 HE EERCZIK 3HM 2K
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TENB RIS S BT, VIR Bas A, IR REIE R BT BTR K, BIR KIS
{OUEEIE 900°C it AL EE 30 2 60 204, IR KALH S 2 BB 2 K AR . 2z S5 %1 Ms
GRS R R 2 X IR RORL, RSO 100 5500 R E 4 Fros, SrJi)z bR R oA W X .

Figure 4. The appearance of doped polysilicon etching
4. BRNZEELIME, REKBRA

4. ZEERIMITZML
4.1. FETRNRILS 54
BB 2 2 B2 s (¥ 3% 0 7 BURLEEAT eV 20 T (EDS), W07 I 5 B, i 3 45 R s 5

WKL TG Z N Si.

Quantify ~ EDS=33
»cps/eV.
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Figure 5. EDS composition analysis results of abnormal etching
particles

5. M FEHR EDS RO DihER

A P98 B 7 B A BE(SEM)X R T RURL HEAT O AR, W 6 Fros, BIRLEARZ) 200 nmo KA JRT
RLZ A (AFM)X 5 0 BOREEAT 15986 20, A 7 o, SR BRI R 100~300 nm (#7174 2 .
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Figure 6. SEM composition analysis results of abnormal
etching particles
6. ZihFEEAL SEM RHEIAMER

300.6 nm

Height Sensor

Figure 7. Protruding 3D morphology of abnormal particles
7. HEFRIOE 3D 5

SiE U EIR RENT G T, A ZI MR BRI N 2 B . DA ESEIRAR NS5 E, A B TE
NS0 RR P AL B R 02 i, BROCZ). ZIe, Rl P B

4.2. REFNRSIANGTHELIZMK

B2 Jm e IR AESS PR I B i IR P O e, GRAKORIFN 900°C, T2 ARR ARG, fE1E
HEN N G, AERRACE BUP A SRR ER 0, BEZ MR AR, NEERIZECE R, A
WHER 2 SR ZI MO PR ELIA B 1:107, 2 fhE ERMEA)LE A MELE, ZI0h)5 o id sk i .

DNUESEARE B R S A B 2 SR RER TR AL Z AT IE i) A B (LR, X B 2% 4R 4 IR 1
% AR AT IR AL 2 5 PR 52

4.2.1. 3%F8 DHF FREIE
A K 100 nm Si0,, L ZA4K 500 nm Poly-Si, 54% P Ja NG IRIB Ky b ATHESE, SRR
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%) DHF (HF:H,O = 1:50)% R AT AL EE 2 73, B ZI S A WA 25k, & 8 K55
g R, REARAEE, (HEREVA > BRI (5 T N5 s 5% ALE)

HNZRARETRY

Figure 8. Etched surface morphology after DHF rinse for 2 mins
(Microscope dark field)

8. DHF /Ri%t 2 mins [FZIIHRE MR HIRET)

W h0 DHF @A FR N 84 10 mins, JETEZEN 50 A/Min, HmEZIM, AW, & 8 Anir= s
7 B AR, 2RI O PRI .
4.2.2. TZEMRWUREFREF

MRS ATk, BEINERTH DHF FlAbE G, Zh sk, RUbE Ik TR nee se 8 T EmfE .
4 fow:

Table 4. Polycrystalline phosphor expanded etching process (optimized)
* 4. ZEBY ERIMITZREAEM DHF ZXSE)

Step No. TR TR TZEK
1 bR Pre-clean RCA FrfEi vk
2 =R HEL Oxide-50 nm
3 T CVD Poly-Si 500 nm
4 HEA BN IMP I PN 60 keV, 3el6cem”?
5 V= SEPS 900°C # &
6 Bk DHF Y% 10 mins
7 S R \
8 Zk ATl \
9 THE FERZIIR SHM BN

ZIURSRA R A 9, ZIMIX I s e kb, HIAEMTBRIREY. (IR & 9 METEXECN
POLZIRL RS ) 2 SR AR X, AR BT XSOV Z P X3, 22 B AR 2 fh 44 Ja vl B — B AL R A 50
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Figure 9. Polysilicon etching result after optimized
process

9. MU T ZREH%REFRIMEER

F UL E 2R G 12 SR 2 ok T 2R N T 3K 6500 V/20 A SiC MOSFET it F il 4, Sl Hoda
HURF AN R 10 FioRe Vas <8 VI, 23FATfa e TAEEMAXIR: Vas>8 VI, FILH R B 4r
P, ;<20 A I TAEHIR T, Vi<5V, 1%l Fe T/EER A X .

204 Vv, =16V
5s=20
15 V =12V
< 104
S
5. V, =8V
V=4V
04
T T i T
0 10 20
Vds(V)

Figure 10. Output characteristic curve of a 6500 V/20 A
SiC MOSFET
A 10. 6500 V/20 A SiC MOSFET [f)%n Hi 5 i 2

5. &t

ASCEE T 258 KR 0T, ik 78422 SR 210 T 2098, REL DHF X 22 & it 3% 1 Ak 3
77, B RCERR T2 R IR R R o KR A T2 R H T —3K 6500 V/20 ASiC MOSFET #, #H4
I R, B, (EFRAT R TAE g i) T2 AU g5 R

1) EZIFTHE IR DHF AR, FTDUE R RR5 2% 2 f 20 T fe H L RORL AR BE a8 e 7
BEHTHTZ RS R T ENB LT Z B2IM T2,

2) HeZIFIx 2 R A E N IR iEH DHF, 4ifff BOE LR AN, H e £ MRS

SO, JE AR, AP R 2 1E RO ZINLIEE IR A
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3) PALERJE I 20 b A 00 HCE I 18] S [FIAT AT RESCMA ZI TSR, DHF RTACERIN [A] 10 mins &% M4k

B Z) b SR N TR ANEE T 48 /NI, I BCE N TRV A,  TUAR B N [ EEAR 4 S PR DL T E
E&mHE

] 22 HL I 2w B0 H (B fb i MOSFET Va1E B MH#E T 2 78) (3 H %5 : 5500-201958481A-0-0-00)
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