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Low-pass spatial filter for laser beam based on cutoff filters

Zheng Guangwei, Zheng Qiurong, Chu Xingchun
(Information and Navigation College, Air Force Engineering University, Xi’an 710077, China)

Abstract: Due to the fine optical characteristics of cutoff filter, the configurations based on two pieces of
long-pass cutoff filter or two pieces of short-pass cutoff filter were put forward respectively. Based on
the geometrical optics, the performances of these two configurations were analyzed. The results show that
the angular spectrum bandwidths of these two configurations depend on both the intersection angle
between the cutoff filters and the angular bandwidth of transition zone. For the long-wave-pass cutoff
filter, the intersection angle must be no less than two times of its cutoff angle. While for the short-wave-
pass cutoff filter, the intersection angle must be no more than two times of its cutoff angle. Theoretically,
its minimum bandwidth is equal to the angular bandwidth of transition zone, when the intersection angle
is two times of the cutoff angle.
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Fig.1 Spatial filtering configuration based on long-wave-pass

cutoff filters
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Fig.2 Spectrum transmission coefficient (a) and angular transmission

coefficient (b) of ideal long-wave-pass cutoff filter
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Fig.3 Angular transmission coefficients of this configuration
when C1 is reflecting coating with high efficiency (a)
and when Cl and C2 are the same long-wave-pass

cutoff filters (b)
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Fig.4 Angular transmission coefficients of long-wave-pass

cutoff filter C1 (a) and that of the configuration (b)
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Fig.5 Spatial filtering configuration based on short-wave-pass

cutoff filters
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Fig.6 Angular transmission coefficients of short-wave-pass

cutoff filter C1 (a) and that of the configuration (b)

K6 ane 5K 4 MIE ., i e6(b)r]
LY B<20n, HAGA 0e [B—0n, 0n10F, R A%
BB AR 100%, 4 0 [B—0wn, B~01]1 U0,
O] IF, JEHTR AT T, 24 0<B— 0, B 0> 0, I, JEH
B B e (200,200 0, YR IE A E] 100% 2 5t 14 4%
5324 B>26, I, S RSB S N L AE SE BRI
W, R ARG 40 A Ik B 1% e B f K RS Rk
R OERIUE B<26,, BLHT, 1%23% B A A i v 2
IR Ot 0—B CE LG F T BN 5 KA — e it
RIS 58D, b MR B2, Rt FEBR AR Pl A
TN B i ROR R IZ A B TR Y, IR E N
NG EPEER SN Op— Ou (ML B2ET 260) . 5
KU AR U6 — B e PR A P, TR B

P X3 ) R K Ik 3 R e I8 3 A Lk 8% A
TS ()P 8 O 2% B A T LA SO IR i, nTLLE
e bR RN T2 R M FHEEUT =8 —
SV R R R B bR TR AR O, B
M e R T 0, RAVS/INZE R B A ok B M A
i P e B e /ML 5 AR T PN A O R A I
UFREFE IR T 100% , TR Lk A1 A9 B 3 3R 22 A, DA
A PR AR DR R A 35 A RGBS, A A R oy
YR RBCR ST R PUE S R 1 e A B A R 1Y
et At TR OE RO R, BEE A e AR
PR AR 2 A5 e T B B R, IOk
I N TS TR AW 2 £ SEBR B AT
XF RS B AT, B R A AR B 2 T 0 8
F, HBAT LR T 228 B L — G G R AT 25 ]
W, T LUF PR R 38 08 % R, SR FAS 5] 19 BE i 721
W, SR 1 SR 5 R E A G S IGE 8
PRI TIRE, PRI S rb ARt H A 08 2 1 1 S R
I JR B 0 2 Al AR R Ok A RE A A

SCHRA HAA 3 A e S B0 B IE Ui 32 0 T
1R U8 A, 5 AT A S i T 00 SR — R, X 4 N A
AT LR FH L AT S . — R R A Ak v
BV XoF — f 4548 ) Uk 8O i AT R A, LA
R SRR T2 5 — Rl R A /AR Ak i 7
5, B3E 2o A G O G S ok R IB IR 1 A, H
(R B ARBAE A, BLAN A T I A I N Y65k 43 A
(0 e RAB S BRI % IR

B N R 22 BE 1 kG 25 LRI 5% Pr 7 Bt
A5 T R L D8 R R S B R ) 3R TR S [RIK
U e, (HI% e R SR K D A Rk O
R BN 450, HLBUEE B i3k /1 k 90° ik
PN N L BT BUR Y R e e NI K K =3/ i A
(14 56 1 1) e R (L 205 7o 10 DB O o W B T AE TR — S ),
A V5 08 6 B A5 5 ko i B E A s,
M8 2R Rugate SRR, HT G045 B (A mT o —
HARE L, SOTE LR E T R LA
LD B AN E SN RN =

S$106004—4



aoh gk T2

% S1 2 www.irla.cn % A5 B
EI7, MR, B, F AENREORR R EOL RS
S STk - IR I]. EBOL SR, 2009, 21(8): 1183-1186.

[11] Liu Hongjie, Jing Feng, Li Qiang, et al. The effect of spatial

[1] John T Hunt. National ignition facility performance review
filter pinhole on output beams quality in high power laser

1999 [R]. California: University of California Livermore,
2000 [J1. Journal of Yunnan University, 2005, 27(5A): 184—189.

. (in Chinese)
[2] Haynam C. Wegner A P J, Auerbach J M, et al. National B )
o - . . XIELGE, Foig, 2ok, 45, & DR AROL R B 25 0 I8 I 2%
ignition facility laser performance status [J]. Applied Optics, L6 T OB 9], 25 2224, 2005, 27
JINFL X i H pigN:p-An . n AR, 5,
2007, 46(16): 3276-3303. o ”
(5A): 184-189.
[3] John Caird, Vivek Agrawal, Andy Bayramian, et al. Nd:
[12] Gao Yanqi, Zhu Baoqgiang, Liu Daizhong, et al.
glass laser design for laser ICF fission energy (LIFE) [J].
Characteristics of beam alignment in high power four-pass
Fusion Science and Technology, 2009, 56: 607—617.
laser amplifier[J]. Applied Optics, 2009, 48(8): 1591-1597.
[4] Burkhart S C, Bliss E, Nicola P Di, et al. National ignition
[13] Gao Yanqi, Zhu Baogiang, Liu Daizhong, et al. Influences of
facility system alignment [J]. Applied Optics, 2011, 50 (8):
the alignment and misalignment spatial filters on the beam
1136-1157.
quality in high power laser systems [J]. Journal of Optics,
[5] Liu Daizhong, Lu Fengnian, Cao Jinzhou, et al. Design and 2010, 12: 095704—1-095704—9
, 12: 095704-1— -9.
application of a laser beam alignment system based on the
PP & Y [14] Peter M Celliers, Kent G Estabrook, Russell J Wallace, et al.
imaging properties of a multi-pass amplifier [J]. Chinese Spatial filter pinhole for high-eneray pulsed lasers [J]
Optics Letters, 2006, 4(10): 601-604.
phies Letters (10 Applied Optics, 1998, 37(12): 2371-2378.

6] Potemkin A K, B h T V, Ki A V, et al.

61 otemin » barmashova ’ rsanov c et a [15] James E Murray, David Milam, Charles D Boley, et al.
Spatial filters for high-peak-power multistage laser amplifiers Spatial filter pinhole development for the national ignition
[J]. Applied Optics, 2007, 46(20): 4423-4430. facility [J]. Applied Optics, 2000, 39(9): 1405-1419.

[7] Bonghoon Kang, Joo Gi-Tae, Bum Ku Rhee. Optimization of [16] Lawrence Domash, Ming Wu, Nikolay Nemchuk, et al.
the input fundamental beam by using a spatial filter Tunable and switchable multiple-cavity thin film filters [J].
consisting of two apertures [J]. Journal of the Korean Journal of Lightwave Technology, 2004, 22(1): 126-135.
Physical Society, 2010, 56(1): 325-328. [17] Sahoo N K. New Generation optical nanometric multilayer

[8] Chen Huaixin, Peng Yaochang, Cheng Jin. Propagation of interference coatings: the emerging dimensions [C]//AIP
laser beam with amplitude modulations and phase aberrations Conference Proceedings, 2010, 1313: 65—69.
through spatial filter—image relaying system [J]. Journal of [18] Quarrie L. Theoretical simulations of protective thin film
Sichuan University, 2001, 38(6): 848-851. (in Chinese) Fabry —Perot filters for integrated optical elements of diode
WRORHr, 2R B, Rk, R R R -5 07 AR B 722 56 RO i 23 pumped alkali lasers (DPAL)[J]. AIP Advances, 2014, 4:
(R —1R 18 RGN LAl (01, DUJIIR-Z2#4%, 2001, 38(6): 097107.

848-851. [19] Ivan Moreno, J Jesus Araiza, Maximino Avendano-Alejo.

[9]1 Zhang Xin, Yuan Qiang, Zhao Junpu, et al. Characteristics of Thin-film spatial filters [J]. Optics Letters, 2005, 30 (8):
plasma in spatial filter pinhole of high power laser system 914—-916.
[J1. High Power Laser and Particle Beams, 2010, 22 (12): [20] Zheng Guangwei. Research on the non-focusing low-pass
2921-2924. (in Chinese) spatial filter for high power laser beam [D]. Changsha:
REE, 2oR, ML, . SUIRBOCR G A Mk BN L National University of Defense Technology, 2011. (in Chinese)
BT AR I SO SR T, 2010, 22 (12): 2921 - OGP RO AR 5% #5245 (8] IRl I8 £ AR BF5E D).
2924. Kb ERR AR RS, 2011.

[10] Wang Fang, Su Jingqin, Wang Wenyi, et al. Parasitic [21] Zhang Ying, Qi Hongji, Yi Kui, et al. Analysis of the

oscillation in high power laser facility with multi-pass-cavity
amplification [J]. High Power Laser and Particle Beams,

2009, 21(8): 1183-1186. (in Chinese)

S106004—-5

spatial filter of a dielectric multilayer film reflective cutoff
filter—combination device [J]. Chinese Physics B, 2015, 24
(10): 104216.



