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Surface reaction mechanisms of HfO>-Al.0s alloy grown on silicon

by atomic layer deposition: A density functional theory study
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(1.College of Sciences, H ebei University of Science and Technology, Shijiazhuang Hebei 050018, China; 2. Zhangjiakou Station
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ed, Xuanhua H ebei 075100, China)

Abstract: Density functional theory ( DFT) is employed to investigate atomic layer deposition (ALD) mechanism of hafnium
oxide (HfO;) and alumina (A1, 03) on silicon surface. T he ALD process using HfCly and AI(CH ;) ;3 as precursors in this study
involves two alternate deposited half reaction: 1) HfCL with Al—OH surface sites, and 2) Al(CHj;)3; with Hf —OH surface
sites. Both half reaction proceed through an analogous trapping mediated mechanism. The intrinsic reaction coordinate studies
also show both of them proceed the same transition state and reaction path of HCl elimination regardless of the surface cluster
size. In addition, if the surface temperature is raised, the desorption of intermediates in reaction 1) will be enhanced while the

activation energy will be decreased, and the activation energy of reaction 2) will be basically unchanged.

Key words: density functional theory; dielectric oxides; atomic layer deposition

’ s SIO 2
N SIO 2 ’
(k) ; .
:2007-1219; 12008 02 18; :
(20776037) ; (2004035450) ;
(2006]G 3)

(1976), , ;



2 HfO, AlLO; 129

, HfO2 s
[1- 4]
, HfO2 , H{O2 Si SiO2
, , Al20s HfO: )
,AL O3 , Si R
JHE Al , 900 C'> 7
(ALD) ALD ,
( ) HfO:> AlLOs ALD
HfCl  Al(CH:)s , Si ALD ,
2
Al—OH" + HfCls —A1—0 —HfCl + HCI, (1)
Hf —OH" + AIl(CH3)s —Hf—0—AIl(CH3)> + CH4 (2)
(H (2 .* ,
, ,  B3LYP , HfCls  Si  Si0»
\ e JHfO:  ALOs ALD
HfO2 Al20Os ,
1
B3LYP ,Hf LANL2DZ ,
HAY LANL2DZ \ AL C,Si,CLO H 6
31G(d) [10,11] , , ,
Gaussian 03
, 2 :1)SieHiz—H —0OAl(OH)2 ( 1 a));2)SvbHi —H —
OHf(OH)s ( 1b)) SbHi dimer Si Si(100)-2 x 1 dimer
4 Si 1 2 Si 2 4 Si 3 2 Si 4
1 Si Si H \ Si \ Si
SkHi2 —H —OAl(OH): SiHi—H —OHf(OH)s 2
AI(OH)s  Hf( OH). (IRC) \ HCl
, ( SivHiz  dimer )

a)SigH;—H—OAI(OH),, 18 # $ 1L &5 % i b)SigH,,—H—OHI(OH),, £ # S 1k # % ifi

M1 it RER
Fig.1 Cluster models



130 2008

2
2.1 HfQ: Al—OH
HfCls  SiHi —H —OAI(OH): (PES) 2 ,
:(a) HICls  SbkHi—H —OAI(OH): : (b) HfCls : (¢ HCI : (d)
SkHi —H —OAI(OH) —OHfCL  HCl 1

AH/(kJ-mol™)

B2 HICl £ SiHi—H —OAL(OH)> £ A6 B 555 e B3 L
Fig.2 Reaction path and predicted energetics for reactions of HfCly on SiyH , —H —OAI1(OH) ,
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Tab.1 Predicted enthalpies for the adsorption and decomposition of HfCl and A1(CH3) ; on SisH;, —H—OAI( OH),
and SiyH , —H —OH {(OH); surface sites, respectively, calculated at different t em perat ures
kJ/ mol

HfClL,  AI(CH3); HCl CH,

(1):SioH , —H —OAI(OH) o+ HICL~ SigH , —H —OA1(OH) —OHfCls+ HCl

AH 298 -91.1 35.3 6.7
AH 400 - 89.5 35.7 7.6
AH 500 - 88.2 36.5 8.4
AH 600 - 86.5 37.8 8.8

(2):SigH;,—H —OHf(OH) 3+ Al( CH3)3_> SigHj2—H —OHf(OH), —OAI(CH3),+ CHy

AH 298 - 75.2 -13.0 - 1831
AH 400 -75.2 - 13.0 - 184.0
AH 500 - 74.8 - 12.6 - 184.8

AH 600 - 74.3 -12.2 - 185.6
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