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TEBURBHER T ORGSR B , AR R AR Si
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H He TEASIEIE B B A T HEA 555 A28 A7 1
He SRR FiX 4582 A T/ER AR EE H
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SCIE T T PSRN Si B SL, YT 40 AT 160
keV He B FIEA, R FIBIAE M2 p B &% Si (100)
(BJE T2, AN 10° em™3), X T 1550 keV
He BB F AR AR ZINEERKBEI n BIBE R Si
(111) .3 FEER Y He B FIEAWEZIR FIHFT, E
AFIEAAE, 7 5 x 10" em™2 . TRIM RS ERIRL45
RERB BRI S B 253508 5 R A 5T AR s
B(R, AR, 5H127:(0.42£0.13),(1.0£0.17) Fl
(5.60£0.20) ym. RG24 He B FHEANH Si
HhAEZEEEHSEFRER. FEFALH
ZMh AEAMESR R P IR 5 ml/min, B0 % 600
W, FRGTI] ] 30 min, FRAT A AE 2L FIR E A8
250°C . S TR RSB EE I , WA U0 ) /D B AT
iR K AR ER IR K TER S kAT , 1B KR A
8] 43514 800°CH 1h.

SRFH TEM X3RRI AL e S 64T T A0 43-#T
AT TEM VAT M AR AR AL B &5 R R |
SeBRE R EIEI AL 1 mmx 0.5 mm K/, RGP
[Fi] Ak 3B ) o Y X TET e e WO 7 — A . DA T R A
Al HEATALARAI S D T8, I 5 R P R v 1 7 o
XHRE G TAIAL I, H B R IE A T B ST EE S .
85Tl B T JEOL 200CX Bl 1 mAss , T/
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FARLRITESL . X 2 e R AT e &, 45 R ik W
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i, [ Bp i 73 DX R EO A T 2 e P RO, SR
JETRIFR 2 20 nm. Z5RAKIR B 7 , 4% Bz X 8] P s
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TR BEA L MRS FAL B S b He EAZ
B AR
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(a)7C HEB TR E; (b)A M 0 55 7405,

B3R A R T 160 keV He B FHEAFELR
800CIRAXJG7E Si FE i =AM = B4 . L 160
keV He B FVEA , BE/E MRIRIR KAE SiAER 7 A
T FEHFEEL R 150 nm B2 1 (B 3(a)) 1%
25 B H D TREA R T T 29 0.9 pm FIIREEAL, &
HSTRIMAE i+ B2 2 W He s F K F &2 4 R
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(R,~1.0 pm) lEHEIE . W & BB HAR 40 fa 78
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[FAE FEAE i ) 3R T 2848 B 22 ) g DX v, OB 00 8
DREM/NRSEONE 3 nm) S B BAMES B
25 B IR 5 XS e R S 3 1 (e B 2R BB R T
A e e S Sy N R Vo B2 T 20l = S

{3111 BRIR R B . R0 B = B BE W 26 S 1 (AR AL B X
He 11 A2 B ERAR I 724 T BB B9800, , 4 R AN A
3(b) B , B P AR RO, B R IE L T P T - —
SRR T EER R RS R R
VEREAEZE (£ 100 nm) . BR T LA BSOS, B A EK H
SER TR BRI B B s A O A B X, B
AR RAEE T B M MR TR R . 74, 18
25 e S 2R 2 18] X R s JE i 7 IXIUBTIE
AR B RS . AL A 25 ISV I 3 1 2 i g R
HEGITH R, R R IA H F B T IRERm At
W, BRI ERENE 14.0 nm, JF RS B
HAETT LK EIZ) 50 nm (] 4(D)) .
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P ERZA N 6.8 nm(E 6(a)) . 515, TES B
R ZS i 2T RE A X8R R B T A 2 A R B
FRIGRSE (SIS PR {311 R FE) . B 5(b) 45 1
T1E He B8 H F & FABRSR B Si 5
MIE] T2 AR, S S(a)fF L, RREEH
BURTE AR Fnzs sty ol B b W B 2 KB,
R ES IR 3T, TR T F 8=
B — R A B ) T8 BE RS A G N (£9250nm) , IF B
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B 5 1.55MeV He B THREIRHG SiBFE 5% 10 em 2,
FEJE 800°CiE k5B RIS BT BUE 8%
(a) 70 H B FUALE; (b) B MMM H 55 TiRab 2.
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#B K FHHNEENERSHRETE
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G2 P A KR BURZS R IR/ 2= I A X FR,
B Ie) AT R/ NS A o A Y B A S s —RAE S
G E): OP i v i e S LA DL VR B2
ARBRIE E X LA SE AR S HHS B = .
A A AR R ST B 04T, S TR i &Y

H &3 AL ST AE/NE BT ERE
BEAIEIN(24 8.3 nm) , Z5 R WK 6(b) Fis.
YERESE, R 1AE T EMBEBOHELAMFT R
F XTEM WLIUAS 2 A oms B S i FBEA R DL R
M TRIM B FIHE S8 He B FIHEATE SiH&
RO R R R, £ AR,. BT SH
S, W I D,y SRR 25 B i ab iy b B A R
WHTEE L RS R ERE, Kb ERafigE ™ =7
MIBHE AR H S5 TR IAL I B SiFE s,
REEER .
F1 TRIM BRI RME
XTEM %LU 2] 9 25 BT 7l 25 R
Heps7 TRIMJIEEER

XTEM JR 455

R R,£AR, S W D, §° W' D,

/keV /pm /ym /nm /nm /pm /nm /nm

40 0.42x0.13  0.32 200 11.0 0.32 200 10.8

160 1.03£0.17  0.92 150 11.0 0.91 100 14.0

1550 5.40£0.20  5.40 210 6.6 5.40 250 8.3
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RER R T RATM TR, IE 4] 5 H T
WREYARHE, B, Si P He FEA S BRI AR £
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B . RATTG 28 IR A8 BB 2 A 1F H 8 R (R
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FEALH, BRI A9 S5 5 IR AL BEXT He 25 i (FE AN
HERIF B 7 A W B B RO X T BE A T 7E He
EAZERERAAEREREF, H 557 A2
FE BRI im0 2 5 TR R B AR 2 B2 TR He =5 Y AR
K HR AT BER - H SR A A s (BB 2
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HRHRIB KR BT RS o, X S B s fif
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AR B T X 3R (/N TF 100 nm) FEI AR ER H
SR AE S H B—FIER TRERINOGR, G
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HEBAE 0 0 HIR T RS I E A REY
B HFTE— R BRRR AR, AT Si R PAT
FPAE R BRIASIAL 18 5 H At gk b 2% A AR EL PR T
SRS A B A 2 1) A Y ST BT IR B ) A A
H S B TR AL FEXS He TEAZS BE AR K MRV 5 AT E
BRIXEGIAK HETEX, 5%, HHFIASED
PHEEA He B FHEAENZE N BIBEF, 5 He
BIPE I —4E, H B 5 AT DU B8 8 = A T Bk
HFE R, B s o B BREE A BERR 2 2 i I 2l , AT
W T EE BTG R EE TR, FH, KE
He AT Mz (i AR T Z 5 He 2= 12 E AR
AR W R 0 UK, H A IR
B - VSR 8, B B R
WL T A LRI BRI A K

AR BATRE S 4 W 2 1 H S5 88 (A b B XS
He 1 AZS = BIABH B F H IR TR FIA UK
EAERGEE R P 52 = EAEER, [
P, BATREL X B TERBE He B T A BIFR I
LI 21 B T S RO , SR T S e 5 SR 4t T AR IR
HZEE . DL, FRATT AT DUE M — B3 X5 T
AE(40 keV) He B§ TIEA, B T He HEA A= A1
FIFIA K He JRF 3 248 fp 7EAF i B 3 32 1T IX 38
(R4 TRIM /738, IZTE B AR AE 0.4 pm 7247),
DRl LT B R T = T X S 6] A T R
Wz, FEJE I H R T 51K B g0X s 2 7 2Bk
Wik, ZEmiRIB KT, & H RS M E #2400 #,

SR HRF A A B E N R R 4K,
HTXT He HEASH S A=A HEWZM. H
B, He TEAZS I XAV R AT, F B A KRR
HXBHPEAER LS, BT HREFHRY R
PE,EMTREBY B ENEEN S He AR H
s MRV A R AR A AR T, AR £ By s Ar AL ik
BRUAENZE5SENAER. SR, BT HES
oty BESMEREENMAEER, S
He 14 A 25 s (1A B FYE BELAS w] BB JC KRR 384, 17
R - TRERENE, SRAELRRELRTE
160 keV 1 1.55 MeV He B - 7E ARE S R I 2] T
SRS AN A AR . O THESE DA I IEH 56, 0
IRV RSB SR SE He A KIRAEAENT H 378K
IR, 1255 5 TAE HETIETE# T

HIMAAAERR T 525 (v BB & A A B AE B A
Hh, e SRR FABUE R AT, B TTE
7 BE(1.55 MeV)He B THEA T, AT A WA BT
AR GBS SR E R AT R (BERHE), K
TIPS AN IR ES S A K K
FINLAEFREE {311 BRR BRI , AT LI P Wi T
H WA E R SRR EEBRFWER, A& He
AXBA ST EL AR (ELE A 5(a) Fl
S5(b)4ER).
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KBS B 1 WA (TEM) , AT T3 48 L8t
8T W H SR AL AR 82 He B FIEA
B S s EIRE K IEmT ZE RS2 3 o, A
H 2B TART Si A He TEA S BRI ARIL T He
B THIBE R, U/ 160 keV He B TiEAMIRERL H,
FNTULIMZ] T B K A9 5O0E , B RS Ain 25 B (A Ak 4R
BT He 5 FEHIAE S X R EE 24 00 AT BEBR H 4558
FHREHESIANEEE HEFAEX .46 H 556
iz B AR EAE R, JF BB B3] T He EAHIHIX
BRETR AR DL R SR TR i A Kl A P N T RERS
M %o ST 6 LN B PRI 200 P BE AR IR 2EAT T s M
fRRE.
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Effects of Hydrogen Plasma Treatment on Cavity Formation in Silicon
Induced by He Ion Implantation ™
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Abstract The effects of hydrogen plasma treatment on He-implantation-induced cavities in silicon during subsequent annealing
were studied. Silicon samples were first implanted at room temperature with He ions of different energies (40, 160 and 1550
keV) at the same dose of 5 x 10" em®, and then were exposed to high density ECR hydrogen plasma for 30 min at temperature
of 250°C . XTEM was applied to study the formation of cavities after an annealing at 800°C for 1h. The results clearly show that
the effects of plasma hydrogenation on thermal growth of cavities depend strongly on the He ion energy. No effects were clearly
seen in 40 keV He-implantation-induced cavities and a slightly effects were observed in that of 1550 keV He implantation. How-
ever, in the case of 160 keV He implantation, additional H plasma treatment could assist the growth of cavities. Further analyses
show that the effects were possibly related to the role of hydrogen introduced by plasma hydrogenation.

Key words crystalline silicon, He ion implantation, H plasma treatment, cross-sectional transmission electron microscopy,

cavity
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