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Fig. 1 Schematic diagram of high energy
ion beam assisted deposition system

a—Xe" ion beam; b —Sample; ¢ —Hf vapor;
d —Thickness monitor; e —Electron beam evaporator

O HEWH: FHKE SIS &R RIS % B I H (G2000067207 = 2) ; 1 E Bl B v 724057 i 4 %8 Bh 15 H (3109 = 07)

g B HR: 2002-12-16; 1&iT HHE: 2003-03 - 14
TEZE N IIHizE (19477), 5, BiBEF5T 0.

BIELZE A VL3S, Hig: 021 —62511070, 1L E: + 86~ 21 ~62513510; E ~mail: cxren@ itsvr. sim. ac. cn



55 13 5 6 Y]

TLWISE, 55 T A B OB e v I ok 1 8 DR T 17

* 1415 -

ST i R4 e R A 4 A H % T FH B4k Si
(111) Jr, ZEPIREA IR Xe® B8 7R 34T & 535
Ye, DLZeBR Si R R B B Ak, IR R Si R
KM T BT, A% Si F 2R T ) & ks 45 4 5%
W B IS IR AR K . BT TR BRI Xe® B 70 A
WS EH, BRI S BRI L 0.3 nm/s . 44
B 4] JE 55 47 T E 400 nm A A

GRS F A A B TR AE A BT B AR B 2 R
BAN LT . BN S ETSRE NS TR, AKE
RN 2x 107 Pa. HIfEE AN 1.2 keV I Ar* BT
WE LB 4E> 99%), KR HZEFEL N 6.28
A/ m®, WIS R A SR T AR R S B TR R
254 0.15 nm/s, [ HAERA 500 eV 1 Ar® 51
FOMPTR R AR IE AT S B &, Art BT IR
EEAN 0.9 A/m” . T RGBIER A BT 1
ERESHE, BRI SE BR T RLE 4105 0. 10 nm/ s,
BRI BB 2RI E 400 nm A AT . AE ARG I R
STRE S A Si A, T Art B 7R UEAT i v,
KA B IR ERAL, TESHWAARE . LK
WA TAEREEWE 2 P .

d

2 ! (g’

b

A

45°

C

B2 (KR T AR IR &N TAERER
Fig. 2 Schematic diagram of low energy

ion beam assisted deposition system
a —Sputtering ion source;
b —Bombardment ion source;
¢ —Hf target; d —Sample; 1 —Normal line;

a —Incidence angle of Ar" ions;
B —Incidence angle of sputted Hf atoms
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Fig. 3 XRD patterns of pure Hf material and
Hf films deposited on Si( 111) substrates
by sputtering method

(a) — Pure Hf material;
(b) —Hf films deposited by sputtering method
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Fig. 4 XRD patterns of low energy IBAD Hf
films deposited on Si (111) substrates with
500 eV Ar" ions, 0.9 A/m? current

density and different incidence angles
(a) —75°; (b) —60°; (c¢) —45°; (d) —0°
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Fig. 5 XRD patterns of low energy IBAD Hf
films deposited on Si (111) substrates with
500 eV Ar" ions, 75 incidence angles and

different current densities

(a) —1.8 A/m?; (b) —1.2 A/m?;
(¢) —0.9 A/m?; (d) —0.6 A/m?
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Table 1 Sputtering yields and deposited energy of

low index plane of Hf crystal at 500 eV Ar® ion incidence

a/ (°) Index D/nm™? R,/ nm AR,/ nm Y E/eV
(001) 11.0312 0. 5044 0. 5684 0. 8801 457.39

0 (100) 6.1851 0. 4935 0.5770 0. 9474 462.11
(110) 7. 1420 0.5148 0.5692 0. 8085 458. 39
(001) 11.3012 0.3018 0. 1899 1. 1083 264. 34
75 (100) 6.1851 0.3103 0. 1906 1.035 256. 34
(110) 7. 1420 0.2876 0. 1867 1.1125 271. 64
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Fig. 6 XRD patterns of low energy IBAD Hf
films deposited on Si (111) substrates with
500 eV Ar" ions, 0° incidence angles and
different current densities
(a) —0.9 A/m?; (b) —0.48 A/m?;
(¢) —0.36 A/m?; (d) —0.18 A/m?
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Fig. 7 XRD patterns of Hf films on Si( 111)
substrate deposited by IBAD with
high energy(a) and low energy(b)
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Preferred crystal orientation of Hf films prepared by
ion beam assisted depostion

JIANG Bing-yao', REN Congxin', ZHENG Zhrhong', LIU Xianghuai',
FAN Hurming®, YAO Liwrcong’, LI Yurtao’, SU Xiao-bao’
(1. Ton Beam Laboratory, Shanghai Institute of Microsystem and Information Technology,
Chinese Academy of Sciences, Shanghai 200050, China;
2. Institute of Electronics, Chinese Academy of Sciences, Beijng 100080, China)

Abstract: Hf films were synthesized by ion beam assisted deposition( IBAD). The influence of ion bombardment during deposition

on the preferred orientation of films was studied. Hf film grains exhibit preferred ( 110) orientation when the growing film is bom-

barded by 500 eV Ar* ions at an incident angle of 75° and a current density of 0.9 A/m?. When the current density is beyond 1.2 A/

m?, the Hf films exhibit mixed (002) and ( 100) orientation and which is not concerned with the ion incident angle. The reason for

the preferred orientation of Hf film was discussed. It is considered that the preferred orientation of Hf films does not simply depend on

the channeling effects of ions, or the grain surface energy, but it is the result of mutual competition and actions of several factors,

which influences the crystallographic orientation of thin films in the nonequilibrium growth conditions.

Key words: ion beam assisted deposition( IBAD); Hf film; preferred orientation
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