% AT £ % 9 I A =B i i 4 2018 49 A
Vol.47 No.9 Infrared and Laser Engineering Sep.2018

HfO.-SIO, iR & IR /1 ZF £ 8
NEVENS ZAN B SR E AN L

(1. AFRE waEHAFE IR BHELY TREKFRI, LiE 200002;
2. B RF Rt mEMHARFTRELEEERE, LiF 200002;
3. A BT AR PO, @ RA 610041 ;
4. REZMBARADEHRZT RETERLFEELELEE, XRFE 300308;
5.85REILKRS REFHABRLH THEELEARKBRATELET, 2 AL ?5RIE 150001)

W OEARNBTHIETRUREALILE G, H1E&T S0, B424F 054 0.13%.20% .30% .
40%7F= 100% 49 75 28 HfO,—SiO, #A M . KA A K ERE M F T R A5 BA B e A KAL 2 Fe i E , 551
KT RATEM KA E Aol Z [ Si0, &3 K TAE, £ R BT,/ F Si0, &3 e, A TEH KA
FARAR IR ), WLy B A A ST BRAL A T AR AT R e RAE B R E Si0, & TAL X &2, A
T RBERAR S F AR Si0, A F TALHAE, RS EHEIT T XRD MK, AF R T A ML M E
KA F Aol B0 K 2, AL S xR B v B2, 5 KA ZH s A Zygo TH BN Z T 4 e) @
W, 343 T B A A B A SIO, 43 0 TALHAE, £ SI0, 5 42 4L 80> HIO, IR 5 #

EEW. RAB,;, BMRBLE; BE; B, HAKRER

PESES: 0484.5 XEtFRER: A DOI: 10.3788/IRLA201847.0921001

Mechanical properties of HfO,-SiO, mixed films

Bu Xiaoqing'?, Zhang Jinlong'?, Pan Feng®, Liu Huasong', Fan Rongwei’

(1. Institute of Precision Optical Engineering, School of Physics Science and Engineering, Tongji University, Shanghai 200092, China;
2. MOE Key Laboratory of Advanced Micro-Structured Materials, Tongji University, Shanghai 200092, China;
3. Chengdu Fine Optics Engineering Research Center, Chengdu 610041, China;
4. Tianjin Key Laboratory of Optical Thin Films, Tianjin Jinhang Institute of Technical Physics, Tianjin 300308, China;
5. National Key Laboratory of Science and Technology on Tunable Laser, Institute of Optical-Electronics,

Harbin Institute of Technology, Harbin 150001, China)

Abstract: Six groups of HfO,-SiO, mixed films with SiO, content about 0, 13%, 20%, 30%, 40% and
100% were prepared using ion-assisted e—beam co—evaporation process separately. The Young’s modulus
and hardness of the mixed films with different SiO, content were measured through nanoindentation, and
the variation of Young’s modulus and hardness as a function of SiO, content were studied. The results
show that with the increase of SiO, content, both the Young’s modulus and hardness of the mixed films

decrease, and the variation of Young's modulus of mixed films as a function of SiO, content can be well
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fitted by iso-stress model of a two-component composite. In order to illustrate the relation between SiO,

content and mechanical properties of the mixed films, the microstructure of the mixed films was analyzed

by XRD, and the influence of microstructure on Young's modulus and hardness were studied. It was

found that the crystallization of thin films had major impact on hardness, but little influence on Young's

modulus. The residual stresses of the mixed films were calculated using the data of surface shape

measured by Zygo interferometer, the variation of stress as a function of SiO, content was obtained, and

a reduction of compressive stress with the SiO, doped in HfO, was observed.
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Tab.1 SiO, content and thickness of mixed film

SiO, content  100%  40% 30% 20% 13% 0

Thickness/nm 300 304 296 306 297 301
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2R,

Load/mN
N
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Displacement/nm

B 1R BE(20% Si0,) 2 47— 7 i £k
Fig.1 Load-displacement curves of mixed film(20% SiO, content)
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Tab.2 Young's modulus and hardness of mixed

film
SiO, content Young's modulus/GPa Hardness/GPa

100% 672 8.1x0.5
40% 119+7 9.4+1.1
30% 130+4 10.2+0.6
20% 133£12 10.7+1.9
13% 1459 13.9+1.4

0 154+14 15.3+£2.6

Hy 22 BCHE AT LA HEO, B2 R A (G S
FOWE Y K, 43 9 4 154 GPa fil 15.3 GPa,
Mehrotra K™ 2 Al 7 HL 7 3 2 & (EB) T 2 F
HIO, #.JZ i 1 4% [ A &t (128 GPa) 11 fifl )i (8.7 GPa),
PN T RS s m I B, X2 O TAD 02T i
5K EB T2 F WEUE .
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Fig.2 Young’'s modulus (a) and hardness (b) as a function of SiO,

content of mixed films
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Fig.3 XRD patterns of mixed films
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Fig.4 Residual stress as a function of SiO, content of mixed films
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