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The effects of reflection phase shift on filtering performance of a
tunable Fabry-Perot filter with a small cavity length

CONG Rui’, ZHOU Sheng, CHEN Gang, CAI Qing-Yuan, JIANG Lin, LIU Ding-Quan
(Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: In order to obtain the widest wavelength tuning range, the cavity length of the tunable Fabry-Perot filter ( TF-
PF) must be very small when used as a spectroscopic device in hyperspectral remote sensing. Differently from conven-
tional Fabry — Perot interferometer, phase change occurring on reflection at each mirror can not be neglected when the
cavity length is comparable with the resonant wavelength. In this paper, numerical calculations were carried out for the
reflection phase shift on dielectric mirrors and filtering performance of TFPF in wide spectral range based on the Trans-
fer-Matrix Method. Results show that TFPF exhibits higher spectral resolution and compressed wavelength tuning range
after considering reflection phase shift. These research achievements can provide guidance for structure design and
wavelength calibration of TFPF for hyperspectral remote sensing applications.

Key words: wavelength tuning range, tunable Fabry-Perot filter, hyperspectral remote sensing, reflection phase shift,

spectral resolution
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n(4) and k(1) of SiO,

Dispersion curves of refractive index and extinction
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Fig. 2 Reflection characteristics of dielectric mirrors for TF-
PF (a) The reflectance spectrum, (b) The reflection phase

shift dispersion curve
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Fig. 4 The relationship between peak position of passband
and cavity length for TFPF (a) d: 850~1 200 nm, Ad=25
nm; (b) d: 1 700~2 400 nm, Ad=50 nm
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o AR A D R AR R 2L R A
X 2 K R Fabry—Perot &1 /2 X (9) 7R A A 67 1 i
AAEmE, D A IESZ I F- 5 WU % TRPF (14U 1%
o 23RS P PN S ST T ) 5 B SR R () LR
BHFRRT (V) PJE o R T8 A 0T S S ik i, 1E
ASHEL T R AT (A) RS PR Hitt, B
S AL S A R Y I8 A AN R S 2 I8 S S AR
¥, TEPF (14 I B0 ik A AT AT A5

K6 i 1 7% I8 S A RS 1 TFPF A i 5 i
U G I AT A SR I e THRAR R, B

&SRS L BLAR TFPF B35 K R TS 4 4 T,
R U8 I A 1 I SEADBH S/ . M K7 0. 85~
1.2 wm 78 Bl 28 46 I, TFPF Ay 2F 04 58 1 8. 36~
18.03 nm [ & 5.76~7.71 nm; 4 K 7E 1.7~2. 4
wm 70 il A fE I, TFPF ()2 1658 i 4. 18~8. 95 nm
25 3. 41~5. 06 nm.,

3

—=—no considering phase shift '\ —=—no considering phase shift

" —e— considering phase shift e considering phase shift

i3

12t Thmn2
10 p-

\s\
I
FWHM /nm
> o~

FWHM /nm

\_N s
! e RN g ey
T~ =
6r \"Nw’/' i \“—pr/
1600 1700 15'00 19‘00 2000 21‘00 2200 23»‘00 24'00 2500 3500 17‘00 1800 ‘9‘00 2000 2““0 2200 23‘0“ 2400 2500
Jp/nm Jylnm
(a) (b)

516  TFPF Y f 0 i b 06 (5 0 1 AR fb i i 48 (a) d: 850~
1200 nm, Ad=25 nm, (b) d: 1 700~2 400 nm, Ad=50 nm

Fig. 6 Curves of FWHM versus peak position for TFPF (a)
d: 850~1 200 nm, Ad=25 nm, (b) d: 1 700~2 400 nm, Ad=

50 nm

DL 6 Hit A SR RH B 1 il 2 v 2 16 58 A /)N
L 27, T T 288 7 A ity 5T 1 D A B A R R AR S
2 5, 6 e TR R AR S WSS TFPF £ AH [] 1) 3 7
{67 A3 A e SE AR AL 0, 24 06 T ) BB (i an
T2 R . BE BN AEAR R R Ab 25 i s G A
FE I TFPF B f2 06 5 B /0N, 2 30 Hh B 08 1) S 35 49 F
R, AT RS A R EGEAR A
S AL S U A iR e TE PR E . AT
S AR I B T3 R ECh 1, % S S A RS S g
P A0 2 0 B8 R BRI AN /N T 31% 5 AN TR A
FEIT TP 8l 2 i, 25 T8 S SR AR RS IS BB U A% 1Y
AT FEIE EEA /N T 18%

WA T B A B4 S, S B A T A 2% TS
e VB AT B] (%) A7 BE 52 W) TFPF B Y63 40 9%, i

X2 REBEBSEM TFPF FIEEETH

Table 2 Changes of FWHM for TFPF resulting
from ¢ (A)
FWHM FWHM THEE Y

m(p(A)=0) A, /nm

(p(A)=0)  ($(1)20) /%

1 1812.89 10. 77 6.94 35.56

1 2015.56 8.39 5.76 31.34

1 2288.5 11.58 7.71 33.42

2 1768. 88 6.34 4. 80 24.29

2 2 009. 22 4.18 3.41 18. 42

2 2332.97 6.42 5.06 21.18




11 M B A RS ARS X/ N AT I3 Fabry—Perot B 3 BB R 452 e 49

AR SCIFIE VG173 B R R A A Jo S S e Dy AR,
S, LA 1A 2 T A D 2 Y AR DL

4 £iE

WEFE TR T3 BRI R A I R 82 Y
S5 AR RS A 5 G Y L X TFPF () 3 71 1 457 6
T3 R DA B P R Y R A S e ARG T 2
AR 1) 22 B 0, 25 R R AR ) BT I
J2 55 K4 22 1) TRPE 1) 15 1 8185 51 161 e 1 4, (2
IR T @ peigk PR, i H, AR
BF (%) 1 95 SR, B S5 A B X TFPF 8 I8 4 1 1 5%
Wi i 3 . TR M EE T 0. 85~1. 2 pm B IR K
TR YK AE 1. 7~2. 4 pm JEE 286, TFPF H
2 T P B VRS T PRI g O o . R,
SEBRIH B TFPEF B AR AR BB TE 1. 7~2. 4 um
TR I L, B RE E i o oK .

References

[1] WANG Li-Guo, ZHAO Chun—Hui. Hyperspectral Image
Processing [ M ]. Beijing: National Defense Industry Press,
2016: 283-308

[2] WANG Xin, YANG Bo, DING Xue—Zhuan, et al. The Op-
tical Design of Shortwave Infrared Imaging Spectrometer in
Space [1]. Infrared Technology( Ik, Bk, T4, &,
23 [l R I 2L MR BO LA B e R GE it . DMK
&), 2009, 31(12): 687-690

[3] XUE Qing—Sheng, LIN Guan-Yu, SONG Ke-Fei. Optical
Design of Spaceborne Shortwave Infrared Imaging Spectrom-
eter with Wide Field of View [J] Acta Photonica Sinica ( B
PRA:=, MO, RycdE . B EORM I M LA ROt
OB SEFZEH) , 2011, 40(5): 673-678

[4] Saari H, Pellikka I, Pesonen L., et al. Unmanned Aerial
Vehicle (UAV) operated spectral camera system for forest
and agriculture applications [C]. SPIE, 2011, 8174:
81740H-1/15

[5] Praks J, Kestildi A, Hallikainen M, et al, Aalto— 1-An ex-
perimental nanosatellite for hyperspectral remote sensing
[C]. 2011 IEEE International Geoscience and Remote
Sensing Symposium, 2011: 4367-4370.

[6] WANG Jian-Yu, HE Zhi—Ping, and SHU Rong. Design
and applications of spaceborne imaging spectrometer based
on acousto—optic tunable filter (AOTF) [C]. SPIE, 2010,
7857:78570N-1/6

[7] HE Zhi-Ping, SHU Rong, WANG Jian—Yu. Imaging Spec-
trometer based on AOTF and its prospects in deep—space
exploration application [C]. SPIE, 2011, 8196: 819625-
1/7

[8] LIU Ji-Fan, MA Yan—Hua, ZHANG Lei, et al. An AOTF

hyperspectral imager: The multi-scale remote sensing of Ti-
betan Plateau[ ] ]. J. Infrared Millim. Waves (XUBFIN, e
8, 5K, S AOTF ARG AR AR T R I 22 ]
PR N SNSRI FR), 2013, 32(1):
86~90.

[9] ZHANG Dong-Ying, HONG Jin, TANG Wei-Ping, et al.
Design of Hyperspectral Imaging System Based on LCTF
[J1. Spectroscopy and Spectral Analysis (5K 4-T%, L@, 7
i, & R T LCTF S8 R =G g R gt . feig
S 5T, 2008, 28(10) : 2455-2458.

[10] WANG Wei, SHEN Zhi-Xue. Optical System Design of

LCTF-Based Airborne High Spectral Resolution Camera
[J]. Acta Photonica Sinica AT, L. LCTF HL#E &
T ML RGBT K FF|), 2015, 44(7) -
139-143

[11] CHANG Ling-Ying, ZHAO Bao—-Chang, QIU Yue-
Hong, et al. Optimal scheme of AOTF imaging spectrome-
ter optical system [J] Journal of Applied Optics (% ¥ 71,
AR, EREREE, % . AOTF BUEOLIE (OGS R 5E M 5
LTSk . BEAE), 2012, 33(1): 5-8

[12] Aharon O, Abdulhalim I. Liquid crystal Lyot tunable filter
with extended free spectral range [J]. Optics Express,
2009, 17(14): 11426-11433

[13] Saari H, Aallos V V, Holmlund C, et al. Novel hyper-
spectral imager for lightweight UAVs [C]. SPIE, 2010,
7668: 766805-1/9

[14] Leppinen H, Kestild A, Tikka T, et al. The Aalto—1 nano-
satellite navigation subsystem: Development results and
planned operations [ C] 2016 European Navigation Confer-
ence (ENC), Helsinki, 2016:1-8.

[15] CONG Rui, WANG Yi-Kun, CHEN Gang, et al. Sup-
pressing Multi—order Transmission Peaks of Tunable Fab-
ry—Perot Filter[ J]. Acta Optica Sinica (AEE, £ X3, B
NI, %5 . Fabry—Perot N & 15 & I 5% 22 9 155 ) 068 1 410 ol
Jrid REFFER), 2019, 39(3): 0323003-1/8.

[16] Xiang M, Cai MY, Wu Y M, et al. Experimental study of
the free spectral range (FSR) in FPI with a small plate gap
[Jl. Optics Express, 2003, 11(23): 3147-3152

[17] SHEN Wei—-Dong, LIU Xu, HUANG Bi-Qin, et al. The
effects of reflection phase shift on the optical properties of
a micro—opto—electro—mechanical system Fabry—Perot tun-
able filter[J]. Journal of Optics A: Pure and Applied Op-
tics, 2004, 6: 853-858

[18] YIN Xue—Hui, LI Cheng—Fang, WU Xiao-Ping, et al.
Analysis of Reflection Phase Shift's Effect on MEMS
Based Filter's Full Width of Maximum Height [J]. Acta
Photonica Sinica (BE#4%, Z20K75 , RIGF-, 55 . AR
X MEMS U8 ¢ & 2 I 42 58 52 W0 73 47, S FF3R)
2006, 35(3): 352-356

[19] TANG Jin-Fa, Gu Pei~-Fu, LIU Xu, et al. Modern optical
thin film technology [M]. Hangzhou: Zhejiang University
Press (FE U J2, WG R, XITE , 25 MR FZHRE
AR BUM : WA RRAL) , 2006: 17, 26-29, 141.



