38 1M Hr ot Vol. 38. No. 11
2011 4 11 A CHINESE JOURNAL OF LASERS November, 2011

End-Hall 5 APS & 1-IR Gl Bh DB %5 i)
M

LHE" gRER
(1'43%4%&%)%%&*6)%%% DU AR 610209>
e E RL 2 BRI A BE . db AT 100049

HWE FAAAEFRHEITRJAD AR S & T 0 E HIO, W, % F 5 5 5% End-Hall 5 APS & F . R
Lambda900 4336 56 BE T AT A2 £ 5635 4 [ 4 = AL (V-VASE) X R 20 A7 1 (XRD) 5 #7832 (SEMD L ZYGO
T V5 AR e B I R Y 3 O O R B A R A A R TR SRR (1064 nm) , SEEG A5 IR K AT,
JE A T 5 B S R M R S RS B B Y % % . End-Hall 55 U5 4l B B0 R 4% 1 5 168 10 B0 I 0 3T 5 R R 8
APk WA VR A B TORR ) A v T AT O R M R i W W AR DS TR S R AR A . AN R R B TUR &
PETR SR 42 L gl 4 JRORH R 45 1 3 058 2 18 1 8 B2 5 o HE 4 O AROMLRE F2 AN G AR 40 WM B AR X 88/ . 5 End-
Hall B U540 L . APS 55 - 5 il B 0 FR il 25 1) T A5 IR S0RE X 45708

FEBIR WRAR HIO, WERE s B9 SR B 0B s B9 U5 5 90 R4 ok

hESEE 0484.4 XEkPRIRAS A doi: 10.3788/CJL201138.1107001

Properties of Thin Films Prepared with End-Hall and
APS Ion Assisted Deposition
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Abstract HfO, thin films have been deposited by ion assisted deposition (IAD) with End-Hall and APS ion source
respectively. Comprehensive characterization of these films such as transmittance spectra, optical constants, crystal
structures, surface topography and absorption (1064 nm) have been studied via Lambda 900 spectrophotometer,
variable angle spectroscopic ellipsometry (V-VASE) , X-ray diffraction (XRD) . scanning electron microscopy (SEM) ,
ZYGO interferometer, and laser calorimeter. The results show that thin film properties have a close relationship with
ion source and starting material. The films deposited with End-Hall ion source presents slightly inhomogeneous.
These films made with End-Hall and APS ion sources respectively show high refractive index and low absorption loss,
and the crystal structures of these films are monoclinic. Under deposition with different ion sources, the films
prepared with hafnium as a starting material show even surface, low root mean square roughness and total integrated
scattering. Compared with End-Hall ion source, the films deposited with APS ion source show lower absorption.
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F 5 B A M) T R S R A R R e ) S
SR HE AR L e 074 e o o R R 17 WA i
B e B Ol 2 R R AL TR L B T A B I
BB AT AAR J- M 205 90 52 1 Kt 6 7 A0 0 4 (5
TEE TR MR PS5 AG R Fi, kS
A BT IR RO AR TS BORT DL A i R Y
B, AR SCA 3R B End-Hall #1 APS B F IR #5 By T
R A 152 HEO, B AN T8 8 1 I B T AR 2%
PER R AR BOR 5 O 6w HE FUBURLIR HEO, o 7
A TR 5 U B AR % 2 ) X ol 6 R 3
Py e e P L 45 R R L 3% T T 0 R IR AR 1 1 B

2 %
2.1 HRHH&E

B R BB (TAD) 1 46 20 2 HIO, T 4y
e H4411- 11 #2946 =L 8% B L F1 LEYBOLD APS
1104 & E2S BEREHL L 17, Hoh End-Hall &+ 1§
AT H4411- 11 BIAH B AL |, APS 8 I8 T
APS 1104 mEA BB . End-Hall 271 T
ESAR R O, s L FHR AP RAAR N Ar, APS B T
TAESEA Ars B IR O R O, BRIE MR
Sy MG B VK9 BEEE AN St R, OB 4 8 HI
FUFORLIR HIO, . End-Hall B 7 W5 56 B 52 v 78 K& 4
J& HI 4 19 22 2 HIO, Btk IAD-HI (EH),
End-Hall &7 55 B 78 & Ok R HIO, il £ i 52
HIO, #ifE % IAD-HIO, (EH), APS g 5% 1 <
7R K 4 B HI il % i 52 HIO, #Eh TAD-HI
(APS) . APS &+ 5 i B 25 & BURLCIR HIO, il %5 19
MR HIO, M A TAD-HIO, (APS) ., 78 5 it I 45
JE RS 400 nm, BARR & T2 4L 1,

GE IR LGS AT T W,
1 HUZE HIO, MR # 5
Table 1 Deposition conditions of single layer HfO,
Films Base ’ Chamberl Deposition Substrate -
pressure /(10" Pa) pressure /(107 % Pa) rate /(nm/s) temperature / C
IAD-Hf(EH) 6.8 2.1 0.12 no heater
IAD-H{O, (EHD 7.5 2.3 0. 35 no heater
IAD-Hf(APS) 2.0 2.7 0.15 120
IAD-HfO, (APS) 10.0 3.0 0.16 120

2.2 HmHR

HIO, 135 55615 Hf 26 & Al Perkin Elmer
2y A7) Lambda900 43366 BE 11347 003, ) 3
FEE R 0% M I Y L Ry 400 ~1200 nm, 445
KR 1 nm, i 5 0 kG BN 0. 08%,

HIO, B O 2 2R T T 72 £ 06 135 4% 5 I
AL CV-VASE) #F 47 I 32, I 328 % < 38 [ o 240 ~
1350 nm,

HIO, #EBEH) & R 454 2k H H AR 322 (1) D/ max-
YA T X B AT EHY (XRD) #4704, Fr R #0 4 Hy
Cu #,1. 33 kV/mA, H I K~ 0. 15405 nm, HE A
BEJEHE Ry 10°~70%, F1# 254K 2 0. 037,

HIO, @i 2T IE 5k M H A HITACHI/S-
4800 T4 4 e T WM (SEM) #E 47 Wi 8%, SEM 1)
PR % & B M 7 U5 s A Sl 0.5~
30.0 KV fERHE o JE (15 kV) R . SEM f) ¥ i,
FTEMGHERA 1 nm,

HIO, 8§ iy 22 1 34 77 il (RMS) HHLRE B R H
ZY GO T ¥ A0 &, W) 8 7 =2 ok JE 2 fil =X A3 1
DB KSR 3K %) 0.1 nm,

HIO, R A W 3R A 306 & 1k 15 47 0 3K
WA K 1064 nm AR BT 10°°,

3 SEEREE R Kb
3.1 HREHAXERAFZFELHNE

1WA 3 (JGSD) 3L E A ] B 1 U5 4l
BYUURR S 2 HIO, MR 3 Skt . 1B 2 28
Si H % EANTE B U B URLUR S2E HIO, WY
Prih A o i 2. 3 2 O xR B2 HIO,
550 nmib 44 , Hh EBD-HI 5 EBD-HIO,
553 0l 5 i T 3K & (EBD) 4 J& HI AUk IR
HIO, #4 .

& 1 a] L . End-Hall 281 P54 B 50 #6
o 1 HEO, W, HC 35 S A0 I R v T 8 I8 1Y 32

1107001-2



B

End-Hall 5 APS B I B OB 46 1030 R

100
95 .
R AR
) 90;‘("!‘ \‘,“ l/‘l ‘Y“T\\ \\"\‘..
SN H R I N S AN Y
S sl ANE NN
[a\ *N\e o b ., .° 4
ERO) —JGS1
2 65l --- IAD-Hf(EH)
E IAD-HfO,(EH)
----- IAD-Hf(APS)
561 --= JAD-HfO,(APS)
0| S el ey .-
400 600 800 1000 1200
Wavelength 4 /nm

B 1 AR E I B iR HIO, #E R
2 5O 2k
Fig. 1 Transmittance spectra of HfO, films prepared by

IAD with different ion sources
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Fig. 2 Refractive index of HfO, films prepared by
IAD with different ion sources
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. BB 1 FIE 2 ") LR H TS [ E AR
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Table 2 Refractive index of single layer HfO, at 550 nm

Films IAD-Hf (EHD)

IAD-H{O, (EHD

IAD-Hf (APS) TIAD-HIO,(APS) EBD-Hf EBD-HIO,

Refractive index (550 nm) 2.04032 1. 99086

2.01584 2.01751 1.85289  1.94101
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Fig. 3 XRD spectra of HfO, films prepared by

IAD with different ion sources
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Fig. 4 SEM micrographs of HfO, films prepared by IAD with different ion sources
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Fig. 5 RMS roughness of HfO, thin films
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Fig. 7 Absorption of HfO, films prepared by

IAD with different ion sources
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