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Abstract Photoelastic modulator (PEM) is a kind of light modulator widely used in optical detection, which uses
inverse piezoelectric effect of piezoelectric crystal to periodically change refractive index inside photoelastic crystal to
realize phase modulation of optical signal passing through photoelastic crystal. PEM has the highest modulation
efficiency when the system is in a resonant state. Therefore, resonant frequency and quality factor representing its
working efficiency, are two important parameters of PEM. To study the resonance characteristics of PEM, we
design a two-dimensional octagonal symmetric structure PEM with target frequency near 50 kHz and verify it
theoretically and experimentally. At the same time, we propose a PEM resonance characteristic measurement
method based on impedance analysis. In this paper, the theoretical parameters of the target PEM are obtained by
establishing a frequency model for analysis, and then theoretical verification is carried out by numerical simulation
software. Finally, two groups of PEM samples are prepared. In addition, the resonance characteristics of the
samples are experimentally verified based on the impedance analysis method. The measured resonant frequencies of
the sample PEMs are 52.363 kHz and 52.353 kHz, and the quality factors are 5071.2 and 6096.7, respectively.
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Table 1  Elastic compliance constants of piezoelectric quartz crystal s,; (20 CHM™ unit: 107 m?® « N7!
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Table 2 Parameters of piezoelectric quartz crystal

with target frequency of 50 kHz unit: mm

Parameter of

piezoelectric  Length (/,) Width (w,) Thickness (¢,)

quartz crystal
Value 50. 69 19.16 6.48
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Fig. 4 Simulation diagrams of piezoelectric quartz crystal at target frequency of 50 kHz. (a) Frequency-displacement

point diagram; (b) surface displacement diagram at 50 kHz; (c¢) surface stress diagram at 50 kHz
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Table 3 Parameters of fused quartz material in PEM with target frequency of 50 kHz

unit: mm

Parameter of fused quartz crystal Length (Z,)

Thickness (z,)

Distance from chamfer to vertex (d,)

Value 52.2
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Fig. 5 Simulation diagrams of PEM at target frequency of 50 kHz. (a) Frequency-displacement point diagram;

(b) surface displacement diagram at 50 kHz; (c) surface stress diagram at 50 kHz
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Table 4 Parameters of PEM with a target frequency of 50 kHz

unit; mm

Piezoelectric quartz crystal

Fused quartz crystal

Length Width Thickness Length Thickness Distance from chamfer
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Fig. 11 Frequency-impedance diagrams of measured and LC model simulated. (a) Piezoelectric quartz resonator 1;

(b) piezoelectric quartz resonator 2

W A BB IR A 55 0 L A AR R S KRS E —
A A B RE & PEM 1 BEdh PEM 2, FREA7 BT
P SRR R 12 i, B 12 Ca) SRR S
PEM 1 #4503, 18 12(b) 2 RE 5y PEM 2 (]

(@)
2.0F
032 W"
0.24
1.5} (52.363,0.095)
R =78 kQ L
L,-120155 H 0.08} (52:370,0.097)<

L C,=7.6874% 10" F
C,=738X 102 F

52.1 522 523 524

Impedance /MQ
5

Q=5071.2
05F
s —— quartz PEM 1
ot —— LC module
51.56 52.0 52.5 53.0 53.5

Frequency /kHz

BE. HETHL,PEM 1 1R S F 52. 363 kHz,
PEM2 935 ¥E 550 52. 353 kHz, & 1 Q {EH 4> 3 2
5071. 2 #1 6096. 7,

)
L6y 0.4
G 0.3
=12} TS 0.2} (52.352, 0.071)
=66
% L,=12244 H 0.1} (52,353, 0.068)e
C,=75475x10F  [lo.0
; 5222 5229 5236
g 08F ¢=69707x102F
g‘ Q=6097.7
=
0.4 ~|
—— quartz PEM 2
0 —— LC module

50.6 51.7 52.8 53.9
Frequency /kHz

Bl 12 Se A LC RLARLEIL A S = -FEAT IR . () FEh PEM 15 (D) FE i PEM 2
Fig. 12 Frequency-impedance diagrams of measured and LC model simulated. (a) Sample PEM 1; (b) sample PEM 2

1523002-7



HRiIEX

F 415 F15H/2021 £8 B/ ¥R

4 e H4E

MEER K F G PEM 1 FIEE 5 PEM 2 (3%
PR G R A2 2 kHz B9 2%, I 22 /9 Al
RES VR A W R U5 18 - D5 B B % 8 L
AT B R 1) 3 422 1) I) JE 0 0 9 3 A T — A
MIPERGZS . TSEPR . PEM 2 kg BE 9 % 27 2 Y
%L P 2208 1Y 42 AR X PEM (9 1 B %5 R T
ZAA PR FH 5 2) 4 32 18 BRAR A5 1F (GRS G S L ]
SELTCAMNART P T AT Y IS BRI R, [
2L P A T 2R 2 S B S PR o 2 R 5 R (E
A — A 22 5 3) e fh R A A ORI B RS
45 5L 10 O 22 W] e J2 R LA 0 A RO B R AR S B Y
T R AR A i 22 5 B0 AN T TC 3 Y 5 4 R R
PEAL A R S BOUE — A Ge T E L B 5 A SE PR S 0T
fig 5 AN F AR HE A S HCA P 25 . 28 BT iR, AT LA
N RS 45 AT A T .

5T PEM WYREA TAEH, @57 7 PEM (Wi
PRAHL, AR P LA AL BT F A T — P R R A
50 kHz T AY X AR A PEM,  [5] Bf, 32 1 — Fp 3 T
RELHT 43 BT 7 5 Sk M F8 PEM 1Y 368 9% 451 % LA Rz & o A1
T T5 v o SRR BHBT A BT 5k 32 T A A g 3k
i 4 RE s H B 45 45 218 2% 1 00 BEL BT 4R M L T
B N SCHR ARG ¥ 0 77 76 7 F 31 PEM 38 4R 45 7
M gE b H AT R 25 I R AR T
PEM (1658 AR 3% ) 167 78 15 5 28 4k DLl 8 08 Ik
A, AR 228 IR X s I AR AN A
LA AR A e N o 25 AR 45 5 32 B Ah B i i AN fig
Wi PEM B0 BT, 32 A9 258 7 BT 40 A 7 1%
() PEM I8 4i F5PE0 i J7 vk o b 1 4% g8 I iy =X ik
B D R 2R, HORRR T B 5 T B 0 5, X
PEM (tEREMHA B A EZE X,

& & X #

[1] ChengJ C, Nafie L A, Allen S D, et al. Photoelastic
modulator for the 0.55— 13-pm range[J]. Applied
Optics, 1976, 15(8): 1960-1965.

[2] Wang S, Han X, Wang Y N, et al. Dispersion of the
retardation of a photoelastic modulator [J]. Applied
Sciences, 2019, 9(2): 341.

[3] Zeng AJ, Wang X Z, Dong Z R, et al. Application
of photoelastic modulator in  modulation of

polarization direction[J]. Chinese Journal of Lasers,

2005, 32(8): 1063-1067.
VR, Ty, RN, S LR 8 1 i Ik 07

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

1523002-8

teg 9 il T g R (D] A O, 2005, 32(8) ¢ 1063~
1067.

Li KW, Wang L M, Wang Z B, et al. Polarization
characteristic of a photo-elastic modulator with static
birefringence and circular dichroism[J]. Acta Optica
Sinica, 2016, 36(3): 0326001.

Zwak, ERW, EdR, . %5 B ST 5 AR
T PR SO PR AR (T OBaESE i, 2016,
36(3): 0326001.

Meng Z J, Li S K, Wang X Z, et al. Simplified
analytical method for error sources in mueller matrix
imaging polarimeter [J]. Acta Optica Sinica, 2019,
39(9): 0911002.

FEL, R, e, SE . R B AR A A
BRI A A 2 A 07 i [T b2 2E i, 2019, 39
(9): 0911002.

Xing B Z, Ding M, Lu J X, et al. Calibration for
phase retardation of photoelastic modulator based on
compound Bessel function [J]. Optik, 2020, 206:
164322.

Kemp J C. Piezo-optical birefringence modulators:
new use for a long-known effect [J]. Journal of the
Optical Society of America, 1969, 59(8): 950-953.
Wang B L,

properties of the photoelastic modulator part II:

Hinds E, Krivoy E. Basic optical

residual birefringence in the optical element []J].
Proceedings of SPIE, 2009, 7461: 746110.

Canit ] C, Badoz J. New design for a photoelastic
modulator[J]. Applied Optics, 1983, 22(4): 592-
594.

Wang B L, List J. Basic optical properties of the
photoelastic modulator part I: useful aperture and
acceptance angle [J]. Proceedings of SPIE, 2005,
5888: 588811.

Zhou J.
modulator [J]. Journal of Changshu College, 2001,
15(4): 19-22.

JEE L TR 5 N A9 Mueller 46 (40 #r [J]. %
R R AEH, 2001, 15(4): 19-22.

Wang L F. The reaearch about matching frequency of

Mueller matrix analysis of photoelastic

photoelastic modulation interference [D]. Taiyuan:
North University of China, 2014: 25-27.

Far R HOG RS TR R WA TR AT S (D). K
Ji oAb KaE, 2014 25-27.

Zhang R, Chen Y Y, Jing N, et al. High-precision
measurement of mid-infrared waveplate phase
retardation based on dual photoelastic difference
frequency modulation[J]. Acta Optica Sinica, 2019,
39(3): 0312002.

TR, BREEGE, BT, S AT XUHOE 2 0 Ry
ZLAMBE AR AL SE R RS I [T OB2E 2Rk, 2019,



HRiIEX

F 415 F15H/2021 £8 B/ ¥R

[14]

[15]

[16]

39(3): 0312002.

Wang W H. Application of photoelastic scanning
method in defect detection of existing curtain wall
glass[J]. Guangdong Architecture Civil Engineering,
2019, 26(7): 90-93.

FICU. JEERIA A 2 T WA R HE I T e A T
M. TR RS H#I, 2019, 26(7): 90-93.
White N T H, Cole L J. Methods of improving the
retardation accuracy and stability of photoelastic
modulator devices: US20190243166[P]. 2019-08-08.
Wei H C, Zhang ] L, Wang Z B, et al. Design of

[17]

1523002-9

piezoelectric crystal driving power based on the
photoelastic modulator[J]. Application of Electronic
Technique, 2012, 38(6): 68-71.

Wi, skide, EAOR, . WORIR S E KK
el dr it L. BT EORH, 2012, 38(6):
68-71.

Qin Z K. Piezoelectric quartz crystal [M]. Beijing:

National Defense Industry Press, 1980: 113-117,
185-193, 279.
ZAM. ERAEHEIM]. dbat: B Tk bR

#t, 1980: 113-117, 185-193, 279.



