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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 OM unit; 10 ¥ m? « N'!
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Table 2 Parameters of piezoelectric quartz crystal

with target frequency of 50 kHz unit: mm

Parameter of

Length (/,) Width (w,) Thickness (¢;)

piezoelectric

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 (/,)

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

PFE. 24 R, =0 i, PEM BHLBIRAE N E, XA,

HAERCHL AN TEL 7 PR

El 6 PEM [y LC #iRY
Fig. 6 LC model of PEM

L

L

1

AC

K7 R, =0 . PEM f LC K%
Fig. 7 LC model of PEM with R, =0

R, =0 I LB BB X 8 | Z | 5 0% f

(Y]
1

27 fC,
1 1
2nfC, 2nfC,

onfL, —

| Z |= . (5)

2 fC, (27 fL, —

i (5) R AT S BHA T /NS A AR, Y BH3 /N
| Z. | =0,B0

. 1
| Z \—ZTrleszch]—O, (6)

HT A 2 /NPT R
fm:1/(27t«/ 141C1 )o (7)

HRAE AE I F S, AN IR AT R £ = (2r X
VLA Co) I LC s BB IR, Rt £
PR BB PR . AT LA Y, LC SR80 I 7E 3h
BHB R, =0 1 77 fu="1F..

BT AU FEI A I FE, HERT, 5530
HL BT Z R

Z=R.+jX., (8
=R,
R
Re:* 11 2 )
[1—wco(w1,1—wc )} 4 w!CER?
1
(9
wl | — 1 —wC, l:R% +(a)L1 —L) “:[
X o (Ucl CUCl
e 2 ’
l:lfwc()(cul,l*f)} +w?CiR?
1
(10)

L,C\R, HRIRSCESHI AT X

X, =wlL; —1/wCy, (1D
Xhvo=2ns, B 84 T BHITLXNEIZ ]
BHAM & R RS X AR IR S B ML T X, Bl AR

1523002-5



RAACHI L. Horb 7 R/ NEBUIR, £ O
IR £ IEIRIR . £, 9 RS IRIR. f,
NFHHAEIRIR  f, A EREGIR . | Z,, |
BEGCAL | Z, | e KRBT AR (R, [ A I8 IR I ) A B
R, S PRm e B

HIP 8 Wl AL FE AR TS [, 7 f s
FE—ZEERLUT AR [/ fo= 1, B SR 8 (L2 11]
MERZEN — (1/2M%y) . S BT NECM SEi &
y(r=Co/C)) . Q HZIEMKRN

Q 1
M=—= s (12
Y wiCoRy
7(1)1L1 o 1 o I;] 1
Q_ R1 _wlclRl N Cl Rl’ a4

@i, My =Q*/y = 1000 ) PEM, & — %% it ol
Fo=r FIGEMIRZE R —5X107", FrLL, —f4s
SR — G R, RIS RLA O E | Z | (8 B /B
PEM K234 . AR 40 b IO, 1 5, i o BH AT /0 B
A5 T AR BRI 3 54 20 kHz Fi 23 kHz
() BR HEPEM ., H il Fi HE A7 0 5 (R A i B 5 PEM

41 % £ 15 H1/2021 £ 8 B/FHHR

K8 LCHIBIBHPTAXIE [ Z | P R RPTM X
HIR BT X, SR L R
Fig. 8 Relationships between absolute impedance | Z |,
resistance component R,, reactance component
X., series branch reactance X, and frequency
f in LC model™”
AR BELPORAE L A B R IR AR . R0 L B
(1) LC HL A ARUAALL LS iE DB 5B 0% TE 4 1 L O
TR Q fH. B 9 J& K dh PEM Bl R-FH $T 52
M

# 9 FEih PEM #5i2-FH 3 52 [

Fig. 9 Frequency-impedance measurement chart of sample PEM
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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
(Zl) (wl) (tl) (lz) (fz) to vertex (dz)
50. 69 19. 16 6. 48 52.2 16. 05 16. 05

F AT BEER B 1 AR A IR 2% 2 s
T 2R -BEL B P B LC R A DL A5 81 A 45 - B 4 1]
WE 11 Fiw., B 112 EBEAAIGERS 1 %
P, B 11(b) S R LA JEi iR 2y 2 n9 %8s . HOE 4R

@
52F
0.6
% 39 R=359kQ 041" (49,610, 0.037)
L=22428 H 0.2
8 C=4.5881 X - T
526F ' 10vur (49.618,0.034)
'qz C,=T7.0378X 4956 49.63 49.70
102 F
£ 13f
L ——quartz resonator 1
0 . X ——LC module )
48.0 49.2 504 51.6  52.8
Frequency /kHz

B39k 49. 618 kHz F1 49. 680 kHz, % & 3|
FE R I T 25, mT LUK kg S 25 1 2 55 3 A
RRUTHUIN SEAS — B0, RIS PSR i LC A5 7 s D i
PR,

b
4.8 -( ) o
R=248 kQ -
% L=22382H | %4[ (49.680,0.048)
e 3.6 CII:4.5881>< g;
g WHF g
g 24 [ GO [0 (49.664,0.025)
g' 495 49.6 49.7 49.8
=12
ot —— quartz resonator 2
) . I——LC qlodule ]
486 495 504 513 522
Frequency /kHz

B SE g LC BRI MR- BT . () i AT SR & 15 (b) JRHL A SEIE RES 2

Fig. 11 Frequency-impedance diagrams of measured and LC model simulated. (a) Piezoelectric quartz resonator 1;

(b) piezoelectric quartz resonator 2
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