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Abstract To meet the technical requirements of the 278-nm laser system, a separation film for frequency doubling
is developed to separate the double frequency laser and quadruple frequency laser. Combined with the laser damage
thermal effect and intrinsic absorption of the materials, Hafnium and UV-SiO, are chosen as {ilm materials and the
well-cleaned JGS1 quartz glass is used as the substrate. According to the thin film theory and laser damage field
effect mechanism, the periodicity variation in electric field intensity distribution of the film is studied and design of
the frequency separation film is completed by Macleod software. The chemical composition, optical properties, and
surface roughness of the film are analyzed using X-ray photoelectron spectroscopy, spectrophotometer, and ZYGO
interferometer, respectively. In comparison with experimental results, the deposition technology of the film is
optimized to improve the film growth process and reduce external absorption. Experimental results show that the
transmittance of films is 98.82% at 278 nm and reflectance is 99.80% at 556 nm when the incident angle is 45°. In
the wide incident angle range of 40°-50°, spectral performance can meet the requirements of the target. The laser-
induced damage threshold is 12.53 J/cm?, which meets the needs of use.
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Fig. 1 Optical path diagram of frequency doubling modulation of 278 nm all-solid-state laser system

1112 nm FESFHEOL L LBO =M . /2% X
R LiB; Os) iR A% 45 5 i th 556 nm BOL, R E 4
Iy PREE M1 Ay e BB 11 M F i M2 RS e
M 12 REE AR5, R BHOL L CBO &k,
77 A DA AT s B o A RUBE M3 B AT AL O R
VU5 O 20 B L 345 278 nm BOGH 1. A SOK
X g M3 JEIF IR gE . H AR RSk 1
JIER .

®1 SRBEHASH

Table 1 Technical parameters of beam splitter

Parameter Specification
Substrate JGS1
Incident angle /(°) 45£5
Wavelength /nm 278 556
Transmittance /% =98.5 <0.5
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Table 2 Scheme for oxygen distribution
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Fig. 2 X-ray photoelectron spectroscopy of hafnium
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Fig. 4 Three-dimensional morphologies of UV-SiO; films at different deposition rates.

(a) 0.5 nm/s; (b) 0.7 nm/s; (¢) 0.9 nm/s

PNEERIEDE g NGRS N I DI
SORES & AR E R TR VRN i e A S N T BT 2B
R 45 B UV-Si0, W B E BEHLIC S i P08 1
(2 THRLEE (S, .S\ S, » USRS 33 (B O £
LRI EER Wk 3 PR .

M 3 nf LU, Bl DO RUE AR K, 55 RS
LEPSISE S SRR RNV ER DN U] <K IR 8t YL
B4R BORDRL T 3R 45 T R S RE L 3 OR T AR S
Fi T AL B A W AR A OB , T B2 7 T
VI 5 (LT AR AR R, 2 3 B0 R AR I R B
JEE 0 o A 9 A o AR L O T DR R A

R Y 0 T NN ML JE L B UV-SIO, YL

B AK 0.7 nm/s.

%3 ARUURE AR T 6 4 8 UV-Si0, i 5 i 2% mH RS
Table 3 Surface roughness of UV-SiO, film at

different deposition rates

Deposition

S./pm S,/pm S,/pm
rate /(nmes ')
0.5 0.0022 0.0024 0.0582
0.7 0.0012 0.0012 0.0266
0.9 0.0018 0.0020 0.1364
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Table 4 Process parameters of deposition of Hf and UV-SiO, films

] Substrate Degree of Deposition Flow rate of O,/(mLe*min™")
Materials
temperature /°C vacuum /(107* Pa) rate /(nmes ') APS HPE
Hf 180 1 0.25 35 15
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Table 5 Ion source process parameters of Hf and UV-SiO,

Bias Coil Disch Disch Ar flow 1 / Ar flow 2 /
Materials
voltage /V current /A voltage /V current /mA (mLemin ') (mLemin ')
Hf 95 1.45 83 50 5.3 6.5
UVv-Sio, 160 1.80 130 55 5.0 7.0
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