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Design of Phase-Shifted Rugate Thin Film Spatial Filter
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Abstract The basic structure and principles of phase-shift Rugate thin spatial filter is presented. The phase-shifted
Rugate film filter is designed and the error analysis is prepared in accordance with the actual conditions. The
corresponding loss and extinction coefficient and the preparation of technical precision are discussed to achieve
excellent performance for the preparation of the thin film. The corresponding loss and internal electric field of the
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phase-shift Rugate film filter is calculated.
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Fig. 1 Schematic diagram phase-shifted Rugate spatial filter of the transmission and reflection of monochromatic plane wave
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Table 1 Values of simulation phase-shift Rugate
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Fig. 2 Refractive index distribution of phase-shift rugate filter
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Fig.3 (a) Transmittance spectra and (b) angular spectrum of phase-shift Rugate spatial filter
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Fig. 4 (a) Transmittance spectra and (b) angular spectrum of phase-shift rugate filter in different thicknesses
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Fig. 5 (a) Transmittance spectra and (b) angular spectrum of phase-shift rugate filter in different equivalent optical pathes
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Fig. 6 (a) Transmittance spectra and (b) angular spectrum of phase-shift rugate filter in 0. 01 random error
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Fig. 7 (a) Transmittance spectra and (b) angular spectrum of phase-shift rugate filter in 0. 001 random error
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Fig. 8 (a) Transmittance spectra and (b) angular spectrum of phase-shift rugate filter in 0. 0001 random error
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in different extinction coefficients

B9 RWIZIAT] 99. 50 L BB SRR 3.3 HRANAERBSN

BT IR 10 A BE il & W 2R AH B B Rugate TR JIBS A 8 B 38 37 2 2 M) 9 R4 RE /N RO 4R
TS R AR A5 o (L 5 ARG ) B B2 TR 25, IR UL, X i 3 B A % Rugate
1800 5000
2l FEiy
S 1400 | S 40001
5 1200 = 3000(
E 1000 2
800 ¢ 3 2000
£ 600 | £
g 400} S 1000
B 200 f =]
09 10000 20000 % 10000 20000
Depth /nm Depth /nm
12000
_ 700,
£ 10000} (©) WL oool@ 07,30, o (@ 40T, 5L,
= : E 600}
< 8000} 3 i
5 € 1500} < 500
< 6000} < = 400]
o) | i) [
£ 4000} = g 20
< £ 5000 g 200
= 2000} é & 100}
% 0000 20000 0 10000 20000 % 10000 20000
Depth /nm Depth /nm Depth /nm

K10 AHES T Rugate 15 =5 [H] R I 4% P9 &6 09 350
Fig. 10 Electric field distribution of phase-shift Rugate spatial filter

1007001-5



H |

# ot

RS B PR I T R RS . [ 10 2
Matlab BAFAEAY L F o AR R BE D 37

B 10 Fpoa] LUFE M X 20 A ) 2 )5 J3E A
SRS Rugate W =3 [A) 98 D &% . B3 Rugate SO
B T B A o 9 N S A B D8 3 B R A e T
BE Lo ARSI JRE P9 30 04 B O 17 i B A A A2 L (H 2
i P9 SR XA R H 2 5

4 4 e

B 55 5 7T DL MBS Rugate T (1) £
LA E 1AL L % BT FAR MBS Rugate
TR 0 2 P B L LA AT AT AL S A 5 s ]
0 U 8 1 = D e T S L 2 S T B
Pk BRI R E T TR M A 4 LT B S
TR T8 2 SRS B B o 46 AR X G SR T AR 2 4
BE 2 05« 32 B0 AT 9 1 45 4 R 75 3555 8] 0. 0001 [ $s
WU . BT B A B R Y Ot BB R
Rugate 7[5 28 10 7 54 56 [ T 92 [ 32, 43 2 1
B F] 99. 5% AL B 5 2 BRI T 08 B KT
BE 100 A BE R FEOR . WA B T MR
Rugate 5% 6] 0% 6 25 P9 365 0 9 0k 450 150 45 R 26
W), Rugate JZSH405 B 16 40T . 51 R 4% 19 2% 50Ok
TR Lo 25 [0 28 PO 306 1 B S 0 /18

& F X

1J T Hunt, J A Glaze, W W Simmons, et al.. Suppression of self-
focusing through low-pass spatial filtering and relay imaging[ ] ].
Appl Opt. 1978, 17(13); 2053—2057.

2B M V Wonterghem, ] R Murray, ] H Campbell, e al..
Performance of a prototype for a large-aperture multipass Nd:
glass laser for inertial confinement fusion[J]. Appl Opt, 1997,
21(20): 4932—4953.

3 A K Potemkin, T V Barmashova, A V Kirsanov, et al.. Spatial
filters for high-peak-power multistage laser amplifiers[J]. Appl
Opt, 2007, 46(20): 4423 —4430.

4 Wang Fang, Zhu Qihua, Jiang Dongbin, e al.. The analysis and
control of self-excitation oscillation in multi-pass systems [ ] ].
Laser Journal, 2005, 26(3): 19— 20.

FoOr. KRR BARE. . ZBRBCRRG D ARG T
FIHILT]. #oeseds, 2005, 26(3): 19—20.

5 Zhang Xin, Yuan Qiang, Zhao Junpu, et al.. Characteristics of
plasma in spatial filter pinhole of high power laser system[]].
High Power Laser and Particle Beams, 2010, 22(12): 2921 —
2924,

&R M. BER, . S REOLR G W IR L A

B ELT]. SREOL SR F . 2010, 22(12): 2921 —2924.

6 Zhang Xin, Liu Hongjie, Zhao Junpu, et al.. Pinhole design of
spatial filter in high energy solid-state laser system[]J]. Laser &
Optoelectronics Progress, 2010, 47(11): 111402.
ik XVLLBE, BT, SE. AR R OE R S8 S E] I8 B/
FLRAF BT #ot 5o 724k . 2010, 47(11) ¢ 111402.

7 Liu Hongjie, Jing Feng, Li Qiang, e al.. The effect of spatial
filter pinhole on output beams qualityin high power laser[]].
Journal of Yunnan University, 2005, 27(5A): 184—189.
XNLLGE, 5 Ve, 28R, AE. R MR MO A ) U AR
ANFL i O RS SR R [T ). = K 2B AR, 2005, 27(5A) .
184—189.

8 Yanqi Gao., Baogiang Zhu, Daizhong Liu, et al.. Characteristics
of beam alignment in high power four-pass laser amplifier[]].
Appl Opt. 2009, 48(8): 1591—1597.

9 Yanqi Gao, Baogiang Zhu, Daizhong Liu, et al.. Influences of
the alignment and misalignment spatial filters on the beam quality
in high power laser systems[J]. J Opt, 2010, 12(9): 095704.

10 Thomas D Rahmlow. Rugate Filter Having Suppressed
Harmonics[ P]. United States Patent; 5523882, [1996-6-4].

11 T D Rahmlow, A Turner. Broadband Rugate Filter: United
States Patent, 5475531[P]. 1995-12-12.

12 W J Gunning. Rugate Filter Incorporating Parallel and Series
Addition: United States Patent, 4952025[ P]. 1990-8-28.

13 N P Murarka, K J Kogler, C S Bartholomew, et al.. Rugate
Optical Filter Systems [ P]. United States Patent: 4837044,
[1989-6-67.

14 A C V Popta, M M Hawkeye, J C Sit, et al.. Gradient-index
narrow-bandpass filter fabricated with glancing-angle deposition
[J]. Opt Lett, 2004, 29(21): 2545—2547.

15 K Robbie, G Beydaghyan, T Brown, e al.. Ultrahigh vacuum
glancing angle deposition system for thin films with controlled
three-dimensional nanoscale structure[ J]. Review of Scientific
Instruments, 2004, 75(4): 1089—1097.

16 R Leitel, O Stenzel, S Wilbrandt, e al.. Fabrication and
characterization of rugatestructures composed of SiO; and Nb,Os
[J]. Optics and Precision Engineering, 2005, 13(4); 505—511.

17 T K L Wong, L Brzozowski, E H Sargent. Analysis of non-
quarter-wave grating by a modified Fourier-transform method[ J].
Appl Opt, 2002, 41(32); 6763 —6767.

18 F A Rios, F V Villa, J] A G Armenta. Dichroic Rugate filters
[J]. Appl Opt, 2006, 45(3): 495—500.

19 K Robbie, G Beydaghyan, T Brown, e al.. Ultrahigh vacuum
glancing angle deposition system for thin films with controlled
three-dimensional nanoscale structure[ ]J]. Review of Scientific
Instruments, 2004, 75(4): 1089—1097.

20 Zheng Guangwei. Study on Non-Focusing Low-Pass Spatial
Filtering Technology for High-Power Laser Beam [ D J.
Changsha: National University of Defense Technology., 2011.
144 —147.

FOGREL. T O AR B A A a3 RUIE I B AR B (D). K
v E BB KAE, 2011, 144—147,

21 M G Moharam, T K Gaylord. Chain-matrix analysis of arbitrary-
thickness dielectric reflection gratings[J]. ] Opt Soc Am, 1982,
72(2) . 187—190.

=ERE REE

1007001-6



