Vol. 30 BHEFEALFEFIR No. 11
2009 4F 11 H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 2279 ~2283

Ta,0; 7 Si(100) REREFERLH
R RIHB B B R

&L ASFE, BEA, k2
(1. WAEBHE REEB2ERE AR E 050018 ;
2. BEHRFWEF¥R, THERBKSRZREEZRIE S LIE, LI 200433)

WE RFASEZ R TIENIE T LA TaCl i H, O VB RTIRIRAERER MR T2 DI (ALD) Ta, O5 R IR KA HL
B, Ta, O, JEFIZUIRUT RR AR BIA HLL A« 2 B, B TaCL A H,0“ 2 RN 7. WA~ 2P " #Rei T
— ARG R A e T A s o7 A% At H Al ph R 0 SR T A B ek 2 TG s 1 BB B 1) LR R B, TaCly 7E R SE T ik
FHEE A 26101 S BRI F RN B A R B S Ah, AER R, H,0 B« N7 N2 S 1 A AR

FEYIR T R HEAT
XHER FEZ RIS, R TFREU; Al
HESEES 0641 XERFRIRAD A XEHS  0251-0790(2009)11-2279-05

Ta, O5 i 5 F T EA = 1A FE I, ARG A T e ME RIS E P |, TR A Ay 2 Bl i SRl L
KT —FhAERE A AT R, A A R T — RS A R ML G # R RIS 4R B F 5 17 F 2 A
BEE L 59Ah, Ta, O WL V2 B F T b s | Y@ IR T a4 AR Bt S AR ok 4 7 5 A e €5
B HAET, Hil4 Ta, O, MR A BRI (PVD) | Ab2SAHDURE (CVD) LUK R F 2 DT
BUL(ALD) 5. SHEUIBUNEM L, ALD B VUSSR | s Fgsie) i Bl L
DURREI SRR — SO SO, SO R R i 28 Ta, O 1A A 11 22 1) — TR R

Kukli 257 88 ffi [l ALD £ AR G145 T Ta, Oy Wi, FRRFIT T 46b Ji 6 EE B mir B4 bk o it ) 45 1225 2
B A A2 . ARk, FRATTRE (O A R S A R SO T ALD R AILEE, DA
JorR A SR B AR 7= T2 S BN RS R O T AT T — 8RR Siodmiak 21 8 HF, B3LYP
I MP2 S5 P, PR PR JEAS (AR SRR AN LA A B 5T, 458 T LA TaCly
FH,0 VEAETIRIR CVD Ta, O (N 4. {HAE ALD A4 5 FT SRR IE AR CVD AREE L S, T
DU 2SR A I 4 B 2 AR e 1T RN ATk PR [R) s B P RO R, AR 7 S 0 LB L A7 A
W25, B, X Ta, 0,09 ALD RN HLIRAYRFSEARANEL. A SCH A LA T Ta, O57E H Blifk (U5
FRALF S ) RS TAL S (40 H,0 Ab3R 5 ) AURERTA b ALD Je W AR TRRE 6, 2500 1 Sy v pe i - 4%
ANGE RN RE RIS R 18 Ak, TN T 3 Rh AR Ak G SIEB6 AT BE AR R .

1 HEEREAEE

FESCHK[8 ~10], SigH,, 5 (1) B AL Si(100) 2 x 1. B 4 J2 Si JFFdiag, Hpsg—)2
2 Si JRFE R, 244 SHET, B2 2 A4S EF, BRI A SHET, AMUAg si 5T
FHHJEF40 R0 LB 1 A B 6 fL F 195685, ASCfli AT SigH,-H-H AT SigH,-H-OH #RAAYAE A H Bl fb Fi

FERE A BRI A R AT
AR Gaussian 03 FEF - 52, R BILYPH "~ Jy g SP- i J L S5 4 04T A I AL IF- il

Wk H 3. 2008-09-24.
FEWH . BEARBEIES (S 20973052, 60776017 ) AT IR K p A8 IH T AEFE 4 (LS. 2006]C-3) BEH).
BERARIN AT A, B, 1, BlEdR, EENFISMI A5, E-mail: renjie@ fudan. edu. cn

sk T, B, A, #dR, RENFERBELZ . EREMR RIS, E-mail: dwzhang@ fudan. ac. en



2280 5% F ¥ F R Vol. 30

Ik

WA, DA E AR B B LA 454 2 3 R i L

AR/ R JE . SCRR 16 ]3R5 kAR 53135

REMIAYAITFE L AT LA SR 4P RO 2R, 5380, ARl e 9

MR A AT, Hh Ta 890 H T JZ R \,

LANL2DZ SEp%l, MNIZHFRIFRH LANL2DZ £ "

RS VAT A TR E]. 23— )2 3K 2 A Si A Fig.1 Si,H,, one-dimer cluster(Si atoms are
—H, —OH EmEHEFE -+, H,0 FFA R Cl i+ grey and H atoms are light grey)

R A 6-31 +G(d) FepR%L, %= ~ SHIUJZ Si T LU THAAY H TR 6-31G SR %L
AR A RE R (E AT AE F AL IE.

2 HR5HE
FH TaCl, Al H,0 E A AT3RAK ALD Ta, Oy, M) IS 0 LSS I5AFESE 9 K ™. 41 Scheme 1 7

7N, TaCly 2P B (046 H BiALmERm A T A e ik PR 2 B/ I 5 H, 0 R i” 4
FEEONE 1A JE e R ATV, LAR SN LB S 2 Bz IV ATV

HCI ¢ OH HCIY HCI ¢
~ -~
H H TaCl, H TaCl: H TaCl. H
\/ . \ / +H:O \/
Si I Si 1 Si v Si
Hel t OH Her o Her 1
- —
TaCl, TaCl, TaCl,
OH H 0/ c( H / H
\ / +TaCls \ }_l +H:O / C\ /
Si Il Si v Si VI Si

Scheme 1 TaCl; and H, O half-reactions on H-terminated and hydroxylated silicon surfaces
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Table 1 Bond distances(nm) of the reactive center in the reaction pathways for TaCl; and H,O half-reactions

Reaction Chemisorbed state Transition state Desorption state
Ta—Cl Si—H/0—H  Si—Ta/ Ta—0 Ta—Cl Si—H/0—H  Si—Ta/ Ta—0 Si—Ta/ Ta—0

I 0.234 0.149 0.567 0.283 0. 191 0.286 0.265

I 0.236 0.098 0.226 0.278 0.131 0.201 0.183

1 0.233 0.098 0.233 0.299 0.131 0.206 0.187

v 0.239 0.098 0.238 0.292 0.136 0.205 0.189

\Y 0.231 0.097 0.187 0.297 0.116 0.180 0.171

Vi 0.240 0.097 0.189 0.291 0.129 0.179 0.172
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Fig.3 Reaction pathways for the initial adsorption and decomposition of H,O on Si,H,,—H—TaCl,

(dashed) and Si,H,,—H—OTaCl, (solid) surface sites
(1) H,0 chemisorbed state(H,0-CS) ; (2) H,O first transition state( H, 0-TS1) ; (3) HCI first physisorbed state( HCI-PS1) ; (4) HCI first
desorption state( HCI-DS1) ; (5) H, O second transition state( H,0-TS2) ; (6) HCI second physisorbed state(HCI-PS2) and (7) HCI second
desorption state( HCI-DS2) .
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Density Functional Theory Study on the Surface Reaction Mechanism of
Atomic Layer Deposited Ta,O; on Si(100) Surfaces

REN Jie'" , ZHOU Guang-Fen', GUO Zi-Cheng', ZHANG Wei’"
(1. College of Science, Hebei University of Science and Technology, Shijiazhuang 050018, China;

’

2. State Key Laboratory of Application Specific Integrated Circuits and System ,
Department of Microelectronics, Fudan University, Shanghai 200433, China)

Abstract The surface reaction mechanism of atomic layer deposited (ALD) Ta,O, on silicon surfaces was
studied via density functional theory. The ALD process is designed into two sequential half-reactions, i. e. ,
TaCl; and H,O half-reactions. Both of them proceed through an analogous trapping-mediated mechanism. By
comparing with the reactions of TaCl; on the H-terminated silicon surfaces, we find that it is both kinetically
and thermodynamically more favorable for the reactions of TaCly on the hydroxylated silicon surfaces. In addi-
tion, we also find that it is energetically unfavorable for the H,O half-reactions.

Keywords Density functional theory; Atomic layer deposition; Tantalum pentoxide
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