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Abstract Fast axis ajustable photoelastic modulator (FaaPEM) not only has the advantages of high modulation
frequency, large aperture, and good seismic performance, but also makes up for the shortcomings of traditional elastic
optical modulator, such as phase delay and fast axis azimuth. It plays an important role in polarization modulation and
polarization measurement. FaaPEM is a resonant optomechanical device composed of two piezoelectric drivers and elastic
optical crystals. In the high voltage resonant state, due to its own temperature rise, the resonant frequency of elastic
optical crystals does not match the frequency of driving voltage, which greatly affects the modulation efficiency of incident
light. In order to ensure the optimal modulation capability and stability of FaaPEM at work, this paper carries out the
research on the stable closed-loop control of FaaPEM, proposes a closed-loop drive control method based on modulation
signal tracking and phase regulation, and tests the stability of FaaPEM. The test results show that the stability of the
system reaches 4. 18% under half wave state and 3. 43 % under quarter wave state after loading feedback control.
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Fig. 6 Sweep result diagram. (a) First piezoelectric actuator; (b) second piezoelectric actuator
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Fig. 7 Amplitude of the phase delay varies with the driving voltage. (a) First piezoelectric actuator voltage regulation diagram;

(b) second piezoelectric actuator voltage regulation diagram
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Fig. 9 Half wave state. (a) Driven by single piezoelectric actuator; (b) driven by dual piezoelectric actuators; (c) FaaPEM phase delay as

a function of time; (d) curve of phase delay of FaaPEM without feedback as a function of time
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Fig. 10 Quarter wave state. (a) Driven by single piezoelectric actuator; (b) driven by dual piezoelectric actuators; (¢) FaaPEM phase

delay as a function of time

FH A 1O T, 78 B0 L DK Bl 38 BK 8l 28 D0 49 2 — %
AR, R B R 29 9 400 V, #0284 5 I R R A —
2, Y XU H K 2% 1R IF TAE  SR I g A S R e 2
TEBZPOIRZS , IR 10(e) AT W2 21 H 7 48 318 ik 5 9 [
R 1. 544~1. 598, Bzt e a2 1 3. 43%

ML O AR M 2 B, N2 PH 3 5 S G R S R
BT P AR E LA B BT, A K i E) s
TS AP RE PR R A iR e ORI A i 2K ]
IRFE I 0 R G, M7 2 3R o S i A H Bk AR Bk . A
BT T R AR A O R BUR S L R E A T
AR . K, 55 G0 G TR R R A Ty vk AR
Ll fofi AR B fL R g L 25 1) 5 FHRAG , O %
FE 2k 2 1 TR AR AT G R S D R R, L JC T A A S

Al WA, 5 B TR] AF, AR Sl T FaaPEM 5 22
R FXUIR S L Bt &y, ELAAS 22 R0 F s e (3% 75 11 2
TR XE AR 0, EL e 2T BE 5 3R 38 4 ) AR 0 3 s il ik
I [A) — RS P K, A e R P il R

4 425 e

PR Al RT3 55 R A B AT U R n] R R Y
U N ER RS SR e I ¢ R T RS N TR R =R N
LA (B A7 A3 A7 RS P 7 T B 8RB . O T A5 5
S A E A R R A 28 R AR SO A DR b T 9 1
] i 4 2H S AR DR A3 AT T R AT I R o A
ARSI OCHE S 1, X Nl AT T BCE AL O X B e PR
b e 38 5 A ) e AR AN AR E 09 N R AR AT 0 B, 2

0726003-7



FE605%E TH/2023 F£4 A/BENREBEFEHE

T TR RO BOR B AR 22 L BRI O 1 . A4
RIS A PORE TRE LA T 418,
2 —PORE TR E A F 3.43% o AWFIE N Pl
AT O IR 8% B9 A8 AE dB AT B A TR R Y SR X AR
o 208 33 4 47 o) AR 8 A A E M AR T R E R R

(1]

(3]

(4]

(7]

(8]

[9]

Z % X #

BE SR . LLAMI iR AR AR 5 5 5D, R AT R AL
BT R, 2014.

Yu W J. Research on infrared polarization imaging
technology and method[D]. Nanjing: Nanjing University
of Science and Technology, 2014.

B, skicde, PR, AR SO R g IR S AR B HT
Ve AT FE[T]. RS, 2013, 35(2): 185-188.
Wei H C, Zhang J L., Chen Y H, et al. Research on
impedance matching features of piezoelectric crystal for
photoelastic modulated interfermeter[J]. Piezoelectrics &
Acoustooptics, 2013, 35(2): 185-188.

PRI, 220, ERER, SR T IR S A R [ IS R
g BOLIRHIT] T EEOE, 2021, 48(11): 1104001.

Liang Z K, Li X, Wang Z B, et al. Photo-elastic
modulation based on adaptive regulation of driving voltage
[J]. Chinese Journal of Lasers, 2021, 48(11): 1104001.
MR 2s, Emal, AR, S n iR ] A 7E O I 1
JAH bR T]. B EOE , 2005, 32(8): 1063-1067.
Zeng A'J, Wang X Z, Dong Z R, et al. Application of
photoelastic modulator in modulation of polarization
direction[J]. 2005, 32(8):
1063-1067.

Sk, BRIERE , St A5 TR 28 050U il i v 4T
B R AR A S R R RS BE M RE[T . JesEcE AR, 2019, 39(3):
0312002.

Zhang R, Chen Y Y, Jing N, et al. High-precision

measurement of mid-infrared waveplate phase retardation

Chinese Journal of Lasers,

based on dual photoelastic difference frequency modulation
[J]. Acta Optica Sinica, 2019, 39(3): 0312002.

XFER, Edoet, A, 45 —Fh oL G 85 6
PR GEBRETT] e ok 2022, 48(1): 8-13.

LiuZ L, Wang Z B, Li K W, et al. A precise calibration
microsystem for photoelastic modulator[J]. Optical
Technique, 2022, 48(1): 8-13.

PRl sikicde, EHOE, 5 . 5T R MR 41 L 5 o i
ARACNE B B A RO IR R g (0], D E AR i, 2012, 32(11):
1116002.

Chen Y H, Zhang J L., Wang Y C, et al. Single crystal
photo-elastic

lithium niobate

Acta Optica

modulator based on
piezoelectric and photo-elastic effect[J].
Sinica, 2012, 32(11): 1116002.

Zypa, A F RS G B B B IR ) A AR SRR
FEHILT]. B HDE, 2022, 43(5): 935-942.

Lt K W, Wang S. Calibration and stability control for
photoelastic modulator using feedback optical path[J].
Journal of Applied Optics, 2022, 43(5): 935-942.
JEILE, B8, RO7, & WAz P Oy 6L A R
L JEE 3B A5k 73 A B I A 2R A D7 3 - CN112326201A
[P]. 2021-02-05.

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

0726003-8

Tang F C, BuY, WuF, et al. Quarter-wave plate fast

axis azimuth angle and phase retardation distribution
measuring device and method: CN112326201A[P]. 2021-
02-05.

B, TKiC e, EEOek, A SO IR ) H A B Sl
Pl ds 9 B T). LT EOR AT, 2012, 38(6): 68-71.
Wei H C, Zhang J L, Wang Z B, et al. Design of
piezoelectric crystal driving power based on the photoelastic
modulator[J]. Application of Electronic
2012, 38(6): 68-71.

25 g i R TR T 9 S5O 9 S A O D0 R A Y
[D]. K bk, 2018.

Li K W. The research of ellipsometry based on fast axis

Technique,

adjustable photoelastic modulation[D]. Taiyuan: North
University of China, 2018.

TR, BRE LR, ST, AR AR T XU O 22 U R ) 1 v £
S A7 S 3R R IR (T ). S22l 2019, 39(3):
0312002.

Zhang R, Chen Y Y, Jing N, et al. High-precision
measurement of mid-infrared waveplate phase retardation
dual photoelastic ~ difference  frequency
modulation[J]. Acta Optica Sinica, 2019, 39(3): 0312002.
B, A, B EAE, S BT A LR R G 13 8
A 1/4 30 AL SR OB a0 O E T] T RSO, 2011,
38(2): 0208003.

LiF Y, Han J, Zeng A J, et al. Method for measuring
retardation by swinging quarter-wave plate with phase
modulator[J]. Chinese Journal of Lasers, 2011, 38(2):
0208003.

REUE, M, EAE, & ORFEHERRE T 6 R
i it o RO A (). EBOE, 2015, 42(4): 0415002,
Zhang M J, Wang Y C, Wang Z B, et al. Quality factor
of photoelastic

based on

analysis modulation with different
resonant state[J]. Chinese Journal of Lasers, 2015, 42
(4): 0415002.

T . e R HR 58RO A A 1 R — IR R AT E (D] K
Ji: bR, 2012,

Ma J. Study on frequency and temperature characteristics
of elastic-optic crystal lithium niobate[D]. Taiyuan: North
University of China, 2012.

WROG L, 27Kk R, ik, % . sfOb Il s R B R
FARDI] Jed TH, 2015, 42(10): 21-26, 32.

Chen G W, An Y Q, Wang Z B, et al. Self tracking
technology of photoelastic modulation frequency[J]. Opto-
Electronic Engineering, 2015, 42(10): 21-26, 32.
e, LR, L, A5 5o IR A e ot IR i B
B WA R BT LT]. O, 2016, 43(5): 0508003.
LiK W, Wang L M, Wang Z B, et al. Measurement of
residual birefringence combined photo-elastic modulation
with electro-optic modulation[J]. Chinese Journal of
Lasers, 2016, 43(5): 0508003.

olehs RBAT, B, A5 O 5 AR I IR A A AT
5 MRAELT]. S22 4, 2021, 41(15): 1523002.

Wu Y T, Xiong W, Li C B, et al. Research and
verification on resonance characteristics of photoelastic
modulator[J]. Acta Optica Sinica, 2021, 41(15): 1523002.



	1　引言
	2　基本原理
	2.1　快轴可调弹光调制器工作原理
	2.2　系统稳定性分析
	2.3　闭环控制系统设计

	3　实验验证与数据分析
	4　结论

