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1.1 HE@mHE

SC R SR S S R R, FE (111) FRR L)
1) Z i CVD 4 NIl 48 JES R (100)Si Ao JiS A B A0 370 AR
T RIBA Y,0; Fl La BA41 Y,05 M, R A4 Ny
99.9% Y I La 4 J& ¥0 A4 24T 06 455 D 559, AR IK L2
9 2.0x107* Pa, TAES MR Ar Al O,, HUILHE H7 8 cm,
FEVLA Y05 W IR, 38 A Ar % 4 I 28 17 0 J
U, I B BEE N 800 V, I UERTIA] 15 min, 4R
Jei HRAE B 5 19 2 80047 T S5, B5F 5] &7 20 min, JUAR
B2 h 400°C, TE DA R, DUARE 19 1
1.0 Pa, 3L JiE f JE % B oM —100V, & 5 E® M LN
0.6/30, L4 S Bs i H, 34 4 10.6 pm, 543.5 nm &b
Propeh 191 #4700 i, 11 AR S I5 21 i
HAY Y,0; #BEATIRE R R 1.38 um. 3K 14 Si k)
JiE I RBAH La $B2% Y,0, M IETIR T 25350

F1 LaiB% Y,0, BEMNMMAIZSH
Tab.1 The deposition process parameters of the La-doped Y,0; films

Sputtering power/W

Sample N v O,/Ar Deposition temperature/°C Substrate bias/V Deposition rate/nm-min”"'
a
1 0 5.09
2 40 4.61
3 50 180 0.6/30 400 —100 4.65
4 60 4.68
5 80 5.06

1.2 HERA

KA ALK, X SR, I X 2O R BT
(XPS)(PHI Quantera, Ulvac-Phi) i H: & i fk 27 Rk 45 gt
17T B9E . R 1 B L far i ) S 2 B 7 CLs I XL
W, % Cls 11 284.8 eV, JE T J1 B (AFM)
1% i 5 B EF W53 BE (Cypher VRS) DL Tapingd #5%
IO, IR 1.0x1.0 um?®, R Cu K, I, At
1.5°, R ASS X 4080 (GI-XRD)(TTRIIL, Rigaku)
XoF R il P i R S5 AL R AT ST, 45 3B Ol 10 (°)/min,
FHIVEER 10°~60°, HHHHLFR0% (QUANTA FEG

250) WA AL A0 o AF 75 S W S 0T, R
JH Nano-Indent XP £ 4 il & izUFE A4 A 52 A5 MR A
KRG (SE 850 DUV) XL 7E 300~1 000 nm
ST P BT S AR EAT T ARG . SR FH A H AR
AN (Excalibur 3100, Varian) %2 T HH57EFE A
4000~400 cm ™' (LT AN IR

2 S5

2.1 Y,0; #1 La 8% Y,0; HENLZER S
E] 1 I%Z:Iﬁlyji La @Zb—k Y203 Z%H;EEE’:J XPS %ﬁ;j{:
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Fig.1 XPS compositional analysis of La doped Y,0j5 thin films with different powers. (a) XPS spectrum of La doped Y,Oj; films with different powers;

(b)-(d) Y3d, Ols, and La spectra of samples, respectively
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Fig.2 Spectrum of La doped Y,0; samples with different powers, Y3d: (a) 0 W, (c) 50 W, (¢) 80 W and Ols: (b) 0 W, (d) 50 W, (f) 80 W
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Tab.2 Calculation results of Ols and Y3d elements

content
ow S50 W 80 W
Ols 60.01% 61.38% 63.06%
Y3d 39.99% 38.62% 36.94%
no: ny 1.50 1.59 1.71
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Fig.3 GIXRD spectra of La doped Y,0j; thin films with different powers

400 nm

(d)

400 nm

A 4 RRITHR La 578 Y,0; MM SEM EfZ. (a) 40 W; (b) 50 W; (c) 60 W; (d) 80 W
Fig.4 SEM images of La doped Y,0; films with different powers. (a) 40 W; (b) 50 W; (c) 60 W; (d) 80 W

B %5 La TR 3N, Y05 1 B2 HBOE M,
KM, WS TR o FEdh (2)~(d) (9 HLEE E (RMS)

A58 5.840 nm. 5.073 nm. 5.183 nm £ 3.532 nm. La
BTN 80 W I HHLKE B fe ik . &1 6 AN 1) %

20230240-5



s
#1248 www.irla.cn %52 %

La $82% Y,0, MR RIESIE . IWEH TR 1, A Y05 @ik, Ik, 2% La 2 BLAT Y05 W 89 4=
La 157 Y, 05 W G b R/ 5], AR RS2 38, (R I iy K, B2/ Lanl 8 UL & & A L9 598 03 Bl fe
R E AR, RIERE/N . REZEREMT Y0, B,

La il Er JUE )5 F2FARAM 22 80K, BLIG T La Ji 13

& 5 RETHE La 824 Y,0; WIEETHY AFM BI£. (a) 40 W; (b) 50 W; (c) 60 W; (d) 80 W
Fig.5 AFM images of La doped Y,0; films with different powers. (a) 40 W; (b) 50 W; (c) 60 W; (d) 80 W

6 RRIH La $84% Y,0, MR SEM ElfR. (a) 50 W; (b) 80 W
Fig.6 SEM images of La doped Y,0; films with different powers. (a) 50 W; (b) 80 W
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T4 WA Aol B BRI ORRU 3 B, R T 3 37 3 Prf 50 1.91, 1.96, 1.93, 1.97 f11.97. B La
WA M ERTRIEE ., & 7() WAFIIHR Lats  BIRIFHN, La-Y,0; Wi I 55 T K578 Y,05
4 Y, 05 HERE R AT BT SR BE K A AR i R K . BB WERE, XS T La® (54 Y,05 ks AT B E, Ak
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Fig.7 The refractive index of La doped Y,Oj; films with different powers; (b) The infrared transmission spectra of La doped Y,05 films with different

powers
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Fig.8 Mechanical properties of La doped Y,05 films with different powers. (a) Hardness; (b) Elastic modulus
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Effect of La doping on structure and properties of Y,03;/Diamond films

Cao Shugin', Huang Yabo'?, Chen Liangxian'", Liu Jinlong', Wei Junjun', Lian Weiyan®, Zhao Zhihong’,
Yang Zhenjing’, Chen Xiaoyi’, Peng Zhiyong®, Xing Zhongfu’, Li Chengming'"

(1. Institute for Advanced Materials and Technology, University of Science and Technology Beijing, Beijing 100083, China;
2. Henan Key Laboratory of Aeronautical Material and Applied Technology, Zhengzhou University of
Aeronautics, Zhengzhou 450046, China;

3. Tianjin Jinhang Institute of Technical Physics, Tianjin 300308, China)

Abstract:

Objective =~ With its extremely high thermal conductivity, hardness and excellent infrared transmission
properties, diamond is the most ideal material for infrared windows under extreme conditions. However, since the
theoretical infrared transmittance of diamond is only 71%, further development of diamond surface anti-reflection
coating has become a key step in the improvement of diamond infrared window. Compared with the traditional
infrared anti-reflection coating, Y,0; has lower refractive index, wider anti-reflection band and stable optical
properties, which is an ideal diamond infrared anti-reflection coating, but poor mechanical properties make it
difficult to prevent external damage in extreme environments. In the current study, the mechanical properties can
be changed by changing the phase structure of the anti-reflection membrane itself, but it is difficult to improve the
mechanical properties by changing the growth parameters for phase regulation. Rare-earth doping can effectively

change the structure of the matrix material and improve its performance.

Methods The Y,0; film deposited by the magnetron sputtering method has strong adhesion and high purity of
the membrane layer. Moreover, the oxygen-argon ratio can be controlled in the process of preparing the oxide
film, which is more conducive to obtaining the oxide film close to the stoichiometric ratio. Therefore, undoped
and La-doped Y,O; films were prepared on mono-crystalline silicon and poly-crystalline CVD diamond by
magnetron sputtering method. During the RF reaction sputtering, the target atoms of Ar plasma react with the
reaction gas O,, and the Y,0; film is deposited on the substrate surface. By adjusting the RF sputtering power of

the doped element La target, the doping content of La element is adjusted.

Results and Discussions The composition, structure and properties of La-doped Y,O; anti-reflection films
were studied. X-ray photoelectron spectroscopy (XPS) and graze-incidence X-ray (GIXRD) studies show that
metal La interacts with O and exists in Y,Oj3 films in the form of La-O compound. The undoped Y,0O; films show
cubic (222) columnar crystal orientation, and with the increase of La doping power, the films show monoclinic
Y,0; crystal orientation (111). It can be observed by scanning electron microscopy (SEM) that Y,0; films with
different La doping power show columnar crystal structure and good crystal quality. Atomic force microscopy
(AFM) confirms that La-doped Y,O; films have lower roughness (RMS) values than undoped Y,0; films. In the
La-doped Y,0; films, the grain size of the columnar crystals decreases significantly with the increase of La

concentration. In the long-wave infrared range of 8-12 um, the maximum transmittance of La-doped
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Y,05/Diamond film is 80.3%, which is 19.8% higher than that of CVD diamond film. La-doped Y,O; films with
fine particles have higher hardness and elastic modulus. The hardness increases from undoped (12.02+0.37) GPa
to (14.14+0.39) GPa, and the elastic modulus increases from (187+14) GPa to (198+7.5) GPa.

Conclusions  After La-doped Y,0; film, the grain was refined and the roughness decreased. La-doped Y,0;
film was subjected to the maximum transmittance increasing from 67% to 80.3% (LWIR), and the optical
performance was significantly improved. In addition, the mechanical properties of the La-doped Y,O; films were
improved. The main reason for this phenomenon is mainly attributed to the presence at the grain boundary of
Y,0; film after La doping, which hinders the growth of Y,O; grains to play the strengthening of fine crystals and
improves the mechanical properties of the film. The results show that compared with the undoped Y,0; films, the
La-doped Y,0; films obtain higher hardness through fine crystal strengthening under the condition of keeping

higher infrared transmittance, which is conducive to improving the erosion properties of sand and rain erosion.

Key words: CVD diamond;  Y,0; anti-reflection film;  La doping;  transmittance
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