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Structural and Optical Properties of HfLaO Films Prepared by RF Magnetron Sputtering
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Abstract: HfLaO films doped with different La contents, varying from 17% to 37%, were deposited using RF
magnetron sputtering. The structure, thermal stability, surface morphology, and optical properties of HfLaO films
were investigated by X-ray diffraction (XRD), atomic force microscope (AFM) and spectrophotometry. The results
indicate that as-deposited HfLaO with 25%—-37% La films are amorphous. With the increase of La contents, the
crystallization temperature for HfLaO films is increased. The HfLaO film with 37% La remains amorphous even
after annealed at 900°C. The AFM images show amorphous HfLaO films, which imply a good thermal stability have
a relatively smooth surface. The average transmittance in the visible range is above 82% for all the films. The
amorphous structure yields films of significantly higher transparency than the polycrystalline structure does. The
refractive indices of the films are determined to be in the range 1.77-1.87. As the La concent increases the refrac-
tive indices of the films are initially increased and then decreased. The optical band gap of the HfLaO films de-
creases to 5.9eV (La 17%), 5.87eV(La 25%), 5.8eV(La 33%), 5.77eV(La 37%), respectively.
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Fig. 2 XRD patterns of (a) HfLaO with different La contents, (b) 25%La-HfLaO film as deposited and annealed at 850°C, (c)
33%La-HfLaO film annealed at 850°C and 900°C, (d) 37%La-HfLaO film annealed at 900°C and 950°C
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films annealed at 950°C and evolution (b) of the interplanar
spacing Dq;; and the grain size as a function of La content

T O I A N R 1 S BT W = R % N [
Din(25%La)~16.9nm . Di;;(33%La)~23.9nm  FiI
D111(37%La)~33.8nm. XRD 44745 J KW, i La
BNEMIEIN, 2 950°CIE KAL) HfLaO LT
S8 R RO ST 2 T K

Hi xS Ee AT R W, BN La 41 HfLaO
PR ) S . R IR R RRE H RTIE vR
Ao —mMuk. AWAFANENRT La MBAS
B HO, A% 5 $ 0 2028, HfLaO 7 B 7E B Ak 3
W N TRAE R A, T T R AR T Rt
FIRISE 7 MIER DY A, AT LA K IX R T HfO, 5%
La,O; 538 T & &9, 8 AHN R3E, [FH
A IR S TE SRS T 16 Si0, AH L, J50 3 00 0
T e A2 BN, S8 . HE, T
BN La [f) HO, T, 48 THCAZECH N 6 1N, La™
B4R 0.103nm, HEY B 724424 0.071nm, K
BRI La™ B A &4l HIO, flks & A ™ T A7,
H1 HfO,-La, O AH & 1] 411, La #5 AN A4AT 4 22 445 15 IS,
ML AR R B AR RRAR. AR T R 08, 7
A T B A% BT 75 o0 IR 3 22 BB Th AGoe  IAG (i
AT ARSI B8 AG: B AR AR A BB %),
HT La B ABEICAR A HBE, FRAG,, MmN
TEMINAG, T30 HfLaO A% K X, i F

O I R e 1, 1X 5 XRD b & SRR AR — 5L
2.3 HfLaO HIRFZEFIRFALFERE

Kl 4 HANFH La B A E 1) HfLaO ## i (La~17%-
25%- 33%- 37%)I) AFM 3 [ JE 50 F1 2 i kDR &
RMSH 7 HRAH). AFM JEFUE 7R, AF La A&
X HfLaO W2 B3 A IR sgm, an s 4 7,
b La & AN &R0, R0 ERSFHEEDN, B2
FEWIR. GEit &0, 2 pmx2 pm Y8 P 3 R 6 T
FEURE P52 328 3 P AIG, 3 A DURR AR HLaO B (La~37%)
(1) 2 TH KRS B RMS X4 0.7 nm.

ghitr LR EERI T, 2 La B NS 17%0, 7
JEE G5 Ky 3T T M c-LaHfO, F i &y RSPk, 1Y
LatB NN 25%~37%0), ISR 0 A i A, Rl
By RGERDN, RT3, B 4 38 BoR i HfLaO i
2 THIREU R 52 B A R KOS TR AR ARG L, B R KR
ESPIEI ¥ 7 2 NE | N T e N )
25%La-HfLa0:850°C i& ‘K ; 33%La-HfLa0:900°C &
2K, TR TR RS B WA B AR, Rk T S0 1
BN, T AL T e A i A T B e R
B ) A K (n 37%La-HfLa0:950°C 3B k)i, 3 ik
THIREL RS P52 438 K.

KIS H T A3 i FAE KA La B A &1
HfLaO A 190~1100 nm 38 B A B SG i M
HfLaO(La~37%) i i (1) 40075 0% 15 I 5t 45 S 10T bE 1
B, ST 27 AT WG P 9 Bl R TR R
A SR G T 208, B S@) T L, BE%E La
BRI, EEPEN AR Y LaBA
HOA 17%0, IR RE S %8 82%; 4 La
NEWINA 25%, HB 07 F 4w a2 88%LL F;

12 rs
11 _
10 2
E 9
.
_% 7§
@ 6 I As-deposited
=4 sk S Annealed at 850°C
g BEB Annealed at 900C
g 4T [ Annealed at 950°C
n 3t
2_
1r
U|J|J 37 1 T N S

15 20 25 30 35 40 45 50 55 60
[La)/[La+Hf] atomic ratio / %

Kl 4 YIRS HILaO W AFM JESAG KA [l R K i
FIHIRLAE B2 1 A2 4k

Fig. 4 Surface roughness of as-deposited and annealed
HfLaO films with different La contents; Insets are AFM images
of as-deposited HfLaO films with different La contents



512

1285

=2 =
g E
2 2
g 40r TO- HfO, g
& T1- 17% La-HfLaO E

20k T2- 25% La-HfLaO

T3- 33% La-HfLaO

T4~ 37% La-HfLaO

0 1 1 1 1
200 400 600 800 1000

Wavelength / nm

100 + b
— Experimental
80 --- Fitting
0.05
-o-n S
. ok {004 E
60 - 0.03 %
002 §
)
40 + 2 0.01 u§j
I 0.00
200 400 600 800 1000 1200
20 . ) Wawl.']cngtha’m'n ,
200 400 600 800 1000 1200
Wavelength / nm

Bl'5S (a) AN La # AR HiLaO MRS H 6L, (b) 37%La-HfLaO #iEIE S 3G A& 0 . SEa0is . Prif 32/ s & 5uth 2k
Fig. 5 (a) Optical transmittance spectra of HfLaO films with different La contents, (b) experimental and fitting spectra of
37%La-HfLaO film, inset is variation of refractive index and extinction coefficient with wavelength
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Table 1 Optical properties of HfLaO films with different La content
Refractive index, Extinction coefficient, Film thickness Optical band gap,
La content -3
Ne33 k633><10 / nm Eg/eV
HfO, 1.76 4.46 236 5.96
17%La-HfLaO 1.80 2.98 319 5.90
25%La-HfLaO 1.87 8.23 358 5.87
33%La-HfLaO 1.81 4.12 447 5.80
37%La-HfLaO 1.77 0.44 506 5.77
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