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Abstract

The ion implantation is one of the most important processes in SiC MOSFET /Diode devices manu-
facturing. The ion activation temperature after implantation results has direct impact on the per-
formance of lattice damage repairing and the degree of ion activation. The ion implantation process
and activation annealing are hot and difficult research spots. In this paper, the effect of activation
annealing temperature on the concentration of SiC/SiO; interface after ion implantation was stu-
died. The ion implantation was carried out on the 4H-SiC (0001) surface, element F was implanted,
the ion implantation energy was 25 KeV and concentration was 5E13 cm-2. And then the samples
were annealed at 500°C, 700°C, 900°C and 1100°C for 2 min, respectively. The concentration of F in
Si-face and the diffusion of F element to the back surface (C-face (000-1)) with different activation
annealing temperature were also monitored by secondary ion mass spectroscopy (SIMS). It finds
that the surface ion concentration increased as the activation annealing temperature increased.
The experimental results showed that when activation annealing is at 700°C, the F ion concentra-
tion was increased at SiC/SiO; interface, and the F ion concentration diffused to the 4H-SiC C-face
is substantially unchanged from the sample without ion-implantation activation annealing.
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BEFEANTLZ/EASIC MOSFET/Diodesé 4FHliE RN EE TS HE, BFENRRERANEEERE
BN E SRR REERRUAE FEIENEE, BEFEANBEERK—EEM AN A SIES.
AXEERATEFENGHIEEAKEENE T HESIC/SIO FHAKIRENENE, BFHEAE
4H-SiC(0001) 4T, VEATCEF, B TFHEAREE25 KeV, IRESE13 cm2, £ B FHENGE, SH#E500°C.
700°C. 900°C. 1100°C FHHTEIER A2 min, T)5HET —IKE F 5L (SIMS) 41 A FEE BIER
KIGFILRY BESIC/SI0 F A IIRE, UAFILRY B3 H(C-face(0001)) IR, SLINEERH
BEE BB KR ER I, SICHERERLRIRFEHRREZ N, SLRE R RIAET00 CRIEE XA,
SiC/SiO AMAFLRKEARHE, H AP BECHRTRIREMANTTE FEABEE KBTS EA
FTEEA

3 40
4H-SiC, BuiHFB K, FET, JTRIKRE, SIMS
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1. 518

AL A (SIC) PR AT DL B 208 i #ERU S A AR iR AR (STO,), #1453 SIC M RHEIE SiC MOSFET (4 )-
A1 SR BN AR ) BN T RE, SIC BRI A v e i s 1 28 = Bk 2 — o B iR R
AT 3.26 eV, HAAMMIEERE, ML TRESHMEL WA EmREFImm. mER e
A S AT R, Witk YERE, (675 SIC By AR A K iR R S BN A0
B PRI SR Ik B U S RE i, XA AR A A B BN 3 v e K Th 2 28R B BRAE A RL . TR 2
TERER . PUBESIE . KR LR REVRYVR 2R S AR AT EUAS (R 47 PR L FH AT 55

RAEP SRR FHEMEREZE, RS ESEMR I DB SR, MRS R A BT,
PSR Bet o SRR, XA SRS, H Tk S ARG AR o 02 A
B . AL S5, BT IRACEEM BT BERBEER L, SR E T B 2SR RHE Sl B
R JEWRE FHFAL B R, Y BT SN R AE N bR B TV EAT S, W
HEM BHI T ZE =R T T FIEN, AR TR s BB R M E R, MBS SEi]. B
BB FIENTEA G S b R B T MR 5, B FUEATE 4H-SIiC RN R 2E 1) @il &
FAENAT BRI A 2) S FIEABRE AR, 3) dlid & i N R 4 4 0 2] .

WALEER) B 2 IR TR AV H ST B8 12, BRI B FIENSL, Hdr, #l(B)FER (AN N T Z M P A
Z4B, BN)FIBE(P)Y A EZ M N U445 . HRITE SIC #:4FH, TWMZMEM AlEN P BB, N/EANN
RBIR[1]. £ L2%, WARHFEF#TH241[3], JLHAE GaN high electron mobility transistors
(GaN HEMT) LZH[4]. ASCRH F & 7T HOEIR K28, BB IR JORFEXS F G TE 4H-SIiC
sy R, 2 RE RS SR F O TR R XU, AR IR SIS 1) B i B T E 9 1100°C, A 500°C
FHAEHEEIR K 5258, B 700°C . 900°C . 1100°C AT L 4%, HiiEiR /K 2 min J5 , F SIMS #£47 4H-SiC(0001)(Si-face)
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F1 4H-SiC(000-1)(C-face) it JC 2K B M LL T HKE & F e R FIBE B K444, 4H-SIiC H bR SE i) = 1
1 SiC M EHAIASE SRk e 1 Fras[5].

2. IEXX

DA ES TIE AR K T2 H ATBRALRE D) 2R a5 05 SEBU™ A AN R AL IR SRR R 22— SIC AR
R T EE AR IR KB 7L, BT SiC b Si BA S KHE 1, ERBEEEANT, BT/ SiC i
TERFIE AR EE BN o AR ESRIENE TAE SiC MR A B ABLR FE DR, HE N REE T RERR 28
F MeV Zil[6] [7]. SR mRERR)E TIENA W RER 8 MR IHNE AR, 7224 500°C LLE &6 A
BEAT IR K VB R A a0, (HA IR i M B RS A, I 51 SiC # Si THE T EUR
FLRE, SEmaS AT SEE[L] [6] [8] [9] [10] [11]. A @MumiB )R BRIk, MHEE . AR R T
YRR 5 Silvaco 175, UE R F I0ER KGR K LI 26 AH 0 R S

2.1. SCIE

AR 1A 4 Je~F AH-SIC AR AR S, SRS RS P AT IR A AL, EALIRE )y 1050°C,
Ak 6 /NeF, 733 40 nm 7 T EALIE(SIO,), T I A ZR 2N E T 1Y) 10 fiF, T 10 EE 2974 380 nm
oA, FRER P B m AR AT S OGHAT I, e B8 i NI R R Dy B I N, 7RSS
BIYE 4H-SiC(0001) Si-face HHATES FiF ANLL, B TIHEANLERER FEAMIATER, EFEATEFET
TEANUMNES TR TR (F)ARE R P Ay 1R A7 B AR IR A B RS 1, B T AR 5 T 0 B DK e R TR R 245
HIBS T, ARSI, HAJTEN F CHERYE Silvaco fiEEE R, BTG MIMK A1 E Jy 5E13
em?, B HAE I I B AR 25 KeV, (E13 5 A 2 I sh ReiE N BIBRILEE SR 5k, B H
A BAEE 3R T, RIS B 0. TR NG AT AN A S AR 0GR K S2 0, iR K SR a6
F£43 7125 500°C 700°C+ 900°C BA K 1100°C, uiFiB-kKHf[A] 2 min, #5455 3% B. C. DME, H
o B RE AN EAT IR ORI (R i A)BRVEXT Lo AR S 1 SLI8 26 PR RIAE S S 4N 5 1 fio, ARG SEE6 0 R
Kl 2 Fise.

2.2. M

A, FEMBIPAIR, — D RAAERAE, AR SGEAT BZ I, PR FHENE R SIMS
BEAT FOCEIR A .

221 SHEREMR

S B T2 X R P P A AR IR0l I T S S AT I, Dl A1 D' 0 B 5 A e — R Y e 8 oK 2 i 5
FERTHE AT S AR A e bR, EEH IS s oo R BB G EAAR T, ARk, BRI
BEA ] 16 5 1 R ) B R B AT R (M e S 8 w2 ke s 38 S i 25 LA S SR 28 2H 7 o

AV TR i IR AT S5 ASC U B R 2 S T 0 A B A AR A AR SRS 2 1) SR RE AN AT S 5 SR o, B
W ESRYE, ATIE AR B R RER, (E AR R A v 7 2R B B SIG SRR e . RN
AR, ATRES BT SRR E ARG DU SIS A ERG I 1R, P 3 TR R R R B
BRACREAS IR B 7 — 2 S ALREE MR, 5 RGOS SRR HIN, 4 AR AT JZE )
PR EAR, PINREDERZEME T, AR R, AT 5] R & R
P, B @ MR R I K, AR BRI E R AR PR EEE, a1 PrR[12]:

do Y

2\/n? —sin® o

€]
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Figure 1. The schematic crystal structure of 4H-SiC and
hexagonal cell of SiC

& 1. 4H-SiC SRR BRI SiC NARERE
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FEFIEN l I l I

(0001)
BFEERA 4;_";(: |
SIMSTR 4347 -

Figure 2. The experiment and test steps
& 2. RIEFINR LR

Table 1. Information of samples and the experiment conditions
=1 HmiERREE RN

B A s Aot A 1 B TR PiFIR K R

A w/o

B Si face: 500°C, 2 min
¢ V\ie(:;gldca“%nh “ ncr:nfaicinm; 25kevaE1zem®  T00°C: 2min
D 380 nm£5nm 900°C, 2 min
E 1100°C, 2 min
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Substrate

Figure 3. The principle of ellipsometry test
3. R R e

BT sing MOAELE, AHIA I JEAEAS R RIS A0 T vl Be 215 AN R ZE SR, Bl o = 70°, X
T ny = 1.456 [1) SiO, 7 2 = 632.8 nm [{JHEANMEIA K JEE 2 281.5 nm. W2k —> 10 nm J5 (1) SiO, 4t T3¢
— A A1 AR B2, IS4 A TR A6 £ B F-(10 + 281.5) nm AI(10 + 563) nm St S E R, BTl X
KT REAYGIRE P S I &, 200 T A ) 2 T2 B AN 38 J 2 (A DG iR, BT SiC IR T
BT, AR R 75 LR B U NSRRI, DA i JE A o 1

AW, BT EHE AR, RN AR s, NSRS I I N B A R A R
SEUSAE RS SAEAEIR Z T, 7ERER IR 4H-SIC KA I TR I, of A JEG P75 T 90 47 A R A o3
P RE RS CAHERR 15 T ST 756 A0 i (S ) S ) o b A 235 A v 2 P S JE2 A, R N 6 11 BB = 7E 3.0~6.5
Ev 18] (R s il XA 2

2.2.2. TRREMR

TCE IR AR R [ V0 1R B 15 (SIMS), SIMS 2 ) FH 5t B4 T 8 52 7 b — IR B T I &, 3K
R RE TR, AT A WU R T TG IR BE AL SRS AT B, AR B TR AN 7 B,
R H SRR AR 2 —, EERE PR FUR T8 DL S 7 IR 48 55 32 B4 4k, SIMS
IR G & 4 fros[13]:

SIMS BRI FR R W B AR AR i, i DR it RS T SR IR, R 2 IS RS 12
R, SRR AR SIMS Rl R, HR A — /A (<1%) 2 IR B BB 1R RS, BRI
SIRTHR B PR R b, IR LS, BoRTER R CRT L.

TR ST A2 NI B8 A [ 4 rhod it 2 2 A2 #4002k e B F e 245 ORISR, — @ e R B T B A
K, SURET 27U T B RO RIS 5 I E AR . NSRBI R
WEESEIESS, (2 SIMS AR E T URMETFMNGE T LER LW HIRER, FAFES R
HRBLE, BURAE TS, DRI 0780 B — IR 1 17780, SIMS i B T REE N 10~20 ke,
X I (A B R R IR FE N U B 12, NS PR R B T IR ERE R T LT 9eKiR b . Ik
S P AR BN NS IR TSR ISP SR B I RN TR i B A B R &5 R T TR A RO
S TRV . ReRAANG . fE2H 082 ST G R A F IR = A, 2R Az 1% P I 5 51
PRSI o FA SR = A0 ) TG 3 MRS DS A i 3R DR S S P A ) e R A . AEERE, —
FUREP, R RIS AMERG BA M FE A5 .

Fi 1~20 keV HJ Cs+. Oy+. O-J¢ Ar+iE 147 SIMS & F=4N 1~20 [13], FEEFZ XA L FZH,
M2 B AR 7 B0E IR E T8, RA S TR RIS, RIEMES TR, W Cs+5F, Beimng
SVETC R 8. AR TC 3R 18] B 0§ A AR RANE] il [5] — o 70 3 AE AN 8] KA it 50N [ 9 4
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b, e R S E T AEAME, B, NG AR RIS E R LR SIMS M T T
IR A S R L H

23. &R5i1ie

K5 R B FENG, ANFBEIR KR E T SiC/Sio, AL F IR E 1 SIMS 734 31,
BoEIR KRB 500°CHY, AT B FHENG RBEIRE, JTTRREEATALN, £ 700°C2 )5, 900°C
Z T, SIC/SIO, FtifiAL F LR IRE 2RI, £ 900C 2 )5, URIREMKEBTEE. LR E
i, 4H-SiC 0001(Si-face) st &K LA 1100 CHUFIR K f5, FRMALTTRIKEEN, HTHEF TR &EGER T
R, HATsem RT3 1100°C, Jamk i — SRR IR T, F os i3 B2 DLH ST
F JC R AE B m B K G 7E SIC/SIO, FTH b (i BE 1 10 o

5 BRI F GRS HUE 4H-SiC (0001) M 145 R HT I, F 76 &Y 5L 4H-SiC (000-1) T I Un
K6 i, FTLLEH, 7 700°CHOTR K LLRAR T 700°CHE, F o &y B 5 o RIRE R A LA,
1 900°C e G 2 IR FEARXT 700°C JiH 8 K i ik FE 4 i %8 1.05E18atoms/cc. i BH7E R T+ 700°CHf, F JLERLE
WA R 9 HAS BIOR AR B 3T s AR AT S I 7T TAE R 2 7E 700°C~900°C 2 [MI{E BE R A
WFFT, 75 SERR G IR KOS FE o 75 25 R 0 R A i B B KOS5 U BT, AT T 28 A R 5 g XU o

o o e
I
A= @[ I[2]34]5]
Ve R
& ° I:<]

CRTRf5
T /(H U
/8
[ J
FEIIRER,

R

Figure 4. The principle of SIMS
& 4. SIMS ;i 38
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Figure 5. The F concentration of 4H-SiC(0001)
[ 5. 4H-SiC Si-face F TTEKE
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Figure 6. The F concentration of 4H-SiC(000-1)
6. 4H-SiC C-face F TEIRE
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Figure 7. The comparison of the concentration in 4H-SiC(0001)
and 4H-SiC(000-1)
7. 4H-SiC W EFFEE T RIRE XL

3. &g

Ve 7 BT (RRE b E FTH A 4H-SIC e [HI (0001) AR THI (000-1) G 1B K J& F JCZ M B (1t Le I, 7E kT
F CREWRELEIR KIS 500°C J5 7E ST AR AR FEDUd b7, 7E 1100°CHY, 7E SiC/SiO, FHHRIAL 1T 2Kk &
KBS ) i {E, v 8E19atoms/CC. TEFUIEIR SR, —@IREM F iRy A EH(C m), 7
700°C T, ¥ EOREEARIG, 1E700°CZ )5, FICRY SR K E S REIN, 7€ 700 $ RN 7.74E16
atoms/CC, f£ 900°CH/ 1A % 1.08E18 atoms/CC, {EHIHIR JOdFErh, FH R o Ry B 334415 1h i v] Re e,
FER A EIR KR, Aierh 700°CH, T F tRME, A EEBRE KT RBARMER T, &
T 70 29K B AR AT 19 BUAR B B0E, ST b o IR BE R

HE&mHE
WX LB 0 H B At i RE RS TR N SR R 7T (SGRI-GB-71-16-002)
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