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Microsecond ultra-high speed ellipsometry measurement technology
based on differential evolutionary algorithm
WANG Saifei'?, ZHANG Rui*’, XUE Peng**, XU Chengyu™, WANG Zhibin"*
(1. School of Instrument and Electronics, North University of China, Taiyuan 030051, China; 2. Technology
Innovation Center of Shanxi Provincial for Intelligent Microwave Photoelectric, North University of China, Taiyuan

030051, China; 3. School of Information and Communication Engineering, North University of China, Taiyuan 030051,
China; 4. School of Electrical and Control Engineering, North University of China, Taiyuan 030051, China)

Abstract: Aiming at the problems of low time resolution and poor stability of traditional mechanical rotary
compensator ellipsometry, a system model for solving Muller matrix based on differential evolution algorithm
was proposed. On this basis, the microsecond-level measurement of full Mueller matrix was achieved by
combining ultra-high speed photoelastic modulation. Firstly, by studying the working mode of the double
driven photoelastic modulator (PEM), it was proved that in the pure traveling wave mode, fast and periodic
rotation in the fast axis direction could be achieved. Then, the PEMs with driving frequencies of 60 kHz and
100 kHz were designed and fabricated, and a ultra-high speed ellipsometry model based on dual driving PEM
was constructed. The light intensity was fitted through differential evolution algorithm, and a system model for
solving Muller matrix was established. The optical period was found to be in microseconds, and the mean

square error of fitting all elements of the sample Muller matrix was less than 0.001.
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Table 1 Piezoelectric crystal parameters

e J@ &
) P kgm 2684
Sy Fellit 4 ym* N 14.4 544x10™"

Ko Rl A1 SR SRR E , B ek S v, Pk
AR BOL AR B R, R IR £,

1 E
£= 50\ vire (7)

X2 AL IR M ES B, GIHE, BiR
J 60 kHz [ 3% fb AR 10 AR d 20 4.42 mm, SR
4 100 kHz 356 SRR B A% d 294 26.05 mm.,

F2 WEARESH
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Fig.2 Simulation diagram of 60 kHz elastic light modulator
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Table 3 Geometric dimension parameters of PEM

1% /K Hz FOGRMR UG AR RS R R
> Htmm JBEEmMm KE/mm 5CE/mm 5E/mm

60 47.71 15.20 42.88 19.20 6.5
100 26.88 13.80 28.40 14.80 4.0

2 ENHUEE

7E AR G0, ST 64 56 58 15 3 o 52 B i
I H— R OGRS S W) & AR, H T
Z AR ZE R BT, Ansiot i A s 28 (AR RS
JEE PR LA B U AR B i1 i A (B B2 55, 7 BOE I
SRR SR 5 2 D 58 22 1] AN T At i B T AR
25 o AR SR AR R ol R I Y S SR AE T fe /X
S e 2 ) R, DT 5 300 X ASE AR 5 1Y e A 8
B XY ERER-ADRERN R R, §
SR BB T R OR A

TERMARAE L, 38 5 R /N —IRIEAE A LA
TR, %5 kG TSR R A RS
KON R AR RS (9 16 NIk Sz FE R T, LAEEAS H b eR
H0—— RIVEE I T A DI B8R 15 S B ' iR L 1) 9
22 VI FI(RSS) Ik 2l /Iy, ECEA A KRN

X2 = min |:Z (Il,i _Iout,i)2:| ( 8 )
i=1

K mxn A REBICTRANEG L L, WA § D
AR S S PR (.

K (8) in iy B AR sRER L5 % i T T A REA S,
R TIN 5R 2E , B A A A A R R R, S IR AR gy
55 520 LI 22 18] Y e A DE L o 3 e de /NE iR 25O
J7 I, FRATT AT LA B AT 2 B 5 B ST B O Y
2 8y B il o A% 8 0 A0 B8 A A 18 A 1Y SR PR
P, B0 2 R SRE MO H AR sR B0 — B 805 2, 1

A gk B R S RO A S, A A7 PR T
MR R S IE e PR R o X 28 Ty VA 3 X )
LR AR RO, ME AW 2 2 e AR R A 2 it Ak
oK, B o AR AL

224y 3k AL B 1 (differential evolution, DE) /E 4
— PR ATLAE R A, O Rl S R R A
HEAR 0 22 S AR TE LR, S AR R Ak Tn) Y
2 JR RN R AR AR S kAT
0 I g N 7 N T R A~ N N S | 3 A1 K A )
T AR, I e R L ] 2 D TSRO B
AL R T 22 5 a AR LS, A AR
AT AR, A TAEL M E 2tk m &, B
Ae) Z IR R i 25 8], XREZE SRSt B 4 R i L

HIEARLAEWT:

1) FHERI G 1E

A AT R R X, s R

o= xddy, |i= 12,8 (9)
Ao N IR g AR BRGSO B
KR ke DEAR A MR RSSO BE M 1 5L
iy ok, R kRN R A SO0 A6 g
M AR XORRIARAME, W A i, = (10)
FioR:

X0 = M + rand (0, 1)(Max — Min) (10)
s My B Moo 530 1 % 0 55 KAE 5 e /ME
rand(0,1) 4 0~ 1 Z [i] B BEPLEL, 1E &, Bk
ZBEAILECER N B A

2) AR SRR

BRI RERNE LA Z—, EEHR®
TERRE R B A . 56 kAR A R VR

V=X + FOA -5 (11)

A5 S SR v BEAILIE B R X A 3 S [
Rt X X T 22 EIE . (1D T F R
ST, Y FAEB/N, B2 S BinMMEZ
] 719 22 S 8/, i TR A TR A 1) SR A R, 4 v i
ARG B, AR SRR S St 18 5 2 FAERCRAT, B 5
MRS BHis MR Z R 22 80K, BAY RiE &R
Y0 [, kAo A S R R e AR A, R SR AR S
To SE AR E W8, BRIt AR SR Y 728 S B
F 23 W6 5 A B0 B 1 3 0 A7 50 T AN 0 ol 2 1),
xb xR 3 AN BEALAS AR, XA A AE N an .y an Al
as, W Has > an>an. H i (VEFKHT F, o8

Ay — Ay

Fi=F+(F,-F)—=——2 (12)
ags —dy



NG 2025, 46(4)  TFEK, A5 BT 22400 AR A vk ) SR G R v A i ) e . 863

X AL F O TS
3) & R
PL— 7 B RE AR A2 78 5 R, AR BE Al B AR

LM HFRBAN:

. _{ vi’j,rand(O,l)<PCr

(Y

SRS, F=0.1, F,=0.9,

(13)
x’.‘,else

KHr: rand(0,1) I BEFLIERE RO EL; P2 G W AE X
BE, AT LA A AR R R, A T 0~1 Z1H)

Sy T B G b3S N R, Pt R FH Bl A R
Tl , BEAR SRR R, L& R — AR S B,
BUSSOT B Bk R, ik 2 e mmiie Poh:

f;'_fmin F
Pcr Pcru_Pcr s Ji Z
Pcr,i_[ 1+( l)fmax_fmin f>f (14)
Pcrl f <f

2 AR o RS BB 5 f R X R 1) 3T 358
IOLPEE 5 e P froin 0 FREE TR AN AR 35 0 B8 119 o KR AEL
/MBS Po v P 7390 R RHE 8 N A8 SR T
PR 1 B, 38 5 0.1 #1 0.6,
4) PEPEIRAE
TLPRAE R AZ O 2 PR 08 H R v i
A, BV At . BARF IR AR
x;ﬁ]:{ R, f(h) < f(x) (15)
Xk else
by R B AR T B
R, 17 S iz 20 S e

JO7 JEE 5 /N 14

3 XWEHESHF
SEFLL LIRSS, AN S BRHIE R 5
SO T A R % RSO, JHE ST

lﬂJr'%%l LJ"’]%'«%Z
0Eg é| ’ 3

/‘@5

Bs5 RXFERGFEEE

Fig. 5 Schematic diagram of optical system
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Fig. 9 Measurement values of Mueller matrix elements
Tk XU Meng, High-temperature dielectric functions of semi-

ARSCHE T — B 2 o E AR SRR LA O R
P4 0 A DU 3, SR T 4 R O I 1 R
P I SR H R T R Y XUEK B [ JE PEM, 1
FLIF IR 1 % g A Dl 75 o Biti 5K 3y i, ey e
AYREPE . T & T P39 (60 kHz A1 100 kHz)
(1) PEM, $& S AH N (1524 22 56, R H vl (0 78 880 S e
K R SR AR R AT B S B, TE O R O A T 4
KRR, i FH 25 53 E AL B R R G SR E AT U
B, A9 BN [F) R i B2 80 R P T 3R 09 38 07 iR 25 /1
F0.001. HATEA B 4 A T B 7] 2 9
RAZRR, SR AR B T AR, IR 25 SR Y
WG o ASHE SRR LA ) R T R O 5
T 1R AV O 0 0 R B T R A T S5
Wl o YA HFsE T 0E 35 54 b e e 0 O
F2 R R A 5% H SOR e 1] S I E

&% k-
[1] ARWIN H. Application of ellipsometry techniques to bio-
logical materials[J]. Thin Solid Films, 2011, 519(9):
2589-2592.

TR S A B s v T A v B A i 00 % 25—
PEFERIAEL D). M /REE: M /REE Tk K%, 2019.

[2]

[3]

[4]

(5]

(6]

conductors and metals from ellipsometry measurements
and first principles simulations[D]. Harbin: Harbin Insti-
tute of Technology, 2019.

SRR, X, HAEAE, SF . SRAMEEIO L B 22 A
R R (7], J6H T2, 2015, 42(9): 89-94.

WU Huili, TANG Yi, BAI Tingzhu, et al. Measurement
of optical constants for UV coating based on multilayer
film model by spectroscopic ellipsometry[J]. Opto-Elec-
tronic Engineering, 2015, 42(9): 89-94.

EIT, B MR R IR RO 0 R R AN (1], AR
BT R2A2 4 (A ARBRAMR), 1996(1): 48-53.

WANG Hui, MO Dang. Development and application of
elliptical polarization measurement techniques[J]. Journ-
al of South China University of Technology (Natural Sci-
ence), 1996(1): 48-53.

AT RO RE ' A R A O (S o -5 1z P AT
FE[D]. s AR R, 2016.

LI Weiqi. Researcch on development and application of a
high-precision broadband mueller matrix ellipsometer [D].
Wuhan: Huazhong University of Science and Technology,
2016.

TRABCR, XUSCHL, S, 45, FOGTRH 8 R R R
e e HAG B AR oG R E BT ST D). 2140 5306


https://doi.org/10.1016/j.tsf.2010.11.082

NG 2025, 46(4)

FEIEK, S5 H T 2200 HEALSA Bk A TORD 2 e

o s 000 2 T 9% . 867 -

(7]

[8]

(9]

[10]

[11]

TFE, 2020, 49(10): 219-226.

ZHANG Minjuan, LIU Wenjing, WANG Zhibin, et al.
Study on frequeney-drifting characteristies of photo-elas-
tie modulatorand stability of Fourier transform spectra[J].
Infrared and Laser Engineering, 2020, 49(10): 219-226.
R, TG, H/NL, 5 R FEAS AT P28
FFE D). O SOER T2 3R, 2021, 58(17): 409-415.
HE Siyuan, ZHOU Zhiyin, TIAN Xiaofan, et al. Investi-
gating the mueller matrix of objects at different incident
angles[J]. 2021,
58(17): 409-415.

HE, TR, R, & TS R P
AR W B A B 3BT (). B4R, 2018, 67(10):
105-113.

CAO Qizhi, YUAN Changan, HU Baoqing, et al. Prin-

Laser & Optoelectronics Progress,

ciple analysis of snapshot mueller matrix imagingpolari-
meter using birefringent crystal[J]. Acta Physica Sinica,
2018, 67(10): 105-113.

BEE L. He TG I TR) L (1 DR 2 5 4 A )
WD) 7 R, 2023.

HUANG Jianwen. A fast muller matrix measurement

EHOAR

technology based on optical time-stretch[D]. Guangzhou:
Jinan University, 2023.

B, XUFHERR, WHAHE, 4. 45° XRS5 G Il
753 (0], WOEIRIE, 2024, 45(1): 65-69.
XUE Peng, LIU Yanlin, XIE Dayang, et al. Fast ellipso-

A i

metric measurements based on 45° dual-drive photoelas-
tic modulation[J]. Laser Journal, 2024, 45(1): 65-69.

ko G H , RS, A% R e DR A R 5T i
BARWISE [T]. JeT741, 2024, 53(3): 0323001.

X FHEFR

[12]

[13]

[14]

[15] %

[16]

LIU Yanlin, ZHANG Rui, XUE Peng, et al. Research on
ultra-high-speed fast-axis rotating circular photoelastic
modulation technology[J]. Acta Photonica Sinica, 2024,
53(3): 0323001.
2y g LT b mT 9 55 ' 9 o AR i D0 e B R F
FE[D]. KI5 ks, 2018.
LI Kewu. The research of ellipsometry based on fast axis
adjustablephotoelastic modulation[D].
University of China, 2018.

XUFERR, TKH, BRI, 25 100 kHz #OGTHH) 85 2 2 g
HIPFELLI]. DR, 2024, 45(1): 63-69.
LIU Yanlin, ZHANG Rui, XUE Peng, et al. Multi-func-

Taiyuan: North

tion modulation simulation of 100 kHz photoelastic modu-
lator[J]. Journal of Applied Optics, 2024, 45(1): 63-69.
KAROL C, MARIUSZ O. Attraction—repulsion optimiza-
tion algorithm for global optimization problems[J].
Swarm and Evolutionary Computation, 2024, 84: 101459.
A, TANER. JE TR0 B B IS 28 > A
K HHLRRE, 2020, 47(2): 180-185.
LI Zhangwei, WANG Liujing. Population distribution-
based self-adaptive differential evolution algorithm [J].
Computer Science, 2020, 47(2): 180-185.
RN, I, AR SCH, . — P T B R 22 T AL
SR M S BORAE IS (], 408 S O TR,
2022, 51(1): 403-412.
GUAN Yugqing, FU Yunxia, ZOU Wenzhe, et al. A chara-
cterization method of thin film parameters based on adap-
tive differential evolution algorithm[J]. Infrared and

Laser Engineering, 2022, 51(1): 403-412.


https://doi.org/10.11896/jsjkx.181202356
https://doi.org/10.11896/jsjkx.181202356

	引言
	1 双驱动PEM基本原理
	2 差分进化算法
	3 实验与数据分析
	4 结论
	参考文献

