Development of Ellipsometer
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Abstract

Polarization refers to the property of transverse waves oscillating in different directions.
The electric field of polarized light can be divided into two mutually perpendicular
components, Ex and Ey. Based on the phase difference between these two components,
polarization can be categorized into linear, circular, or elliptical polarization, , further
differentiated into right-handed or left-handed polarization according to the chirality. These
polarization properties can be represented by a 4x1 matrix called Stokes parameters. A 4x4
Mueller matrix can be used to represent the effect of optical elements on the properties of
polarized light, including amplitude modulation 3 and phase modulation A.The
ellipsometer is a technology that can measure the polarization state of the incident light and
the characteristic of the element.

In this experiment, the light source passes through the polarizer, sample, and analyzer in
sequence, and then enters the detector. By rotating the sample and the analyzer, a set of
different data can be obtained. After these data are numerically retrieved by genetic
algorithm, the polarization properties of the incident light and the @ and A of the sample to
can be obtained. The final measured A of the sample is roughly consistent with the A obtained

by theoretical calculation.
&

%%hmmﬁﬁmﬁwflkv?%fmﬁ?’%%%m FV e anipI ki
EﬂfrE ?uzﬁ{;r‘b AReip A A L RGIE S FBE - R GIE > 7L kL

ﬁ e G P RE 2RO ER KRR T U - BAXIEL S L S BR AT o @ -
1134x4m7f§§*4?"i TR R AT RF A BHIREEETORE BT 70 kg
ARYE AP EARA FF IR R A - T R SRR R S g

o

BAR &Y 0 RREAGEALHE RS RIEEITEL L R RE -
BEER R R BIRE Bhd B {7 F DT kool 0 S0 B 5B A T
FEZREEL S TF ED] N Sk DR TR FRE ST s A A BN B RIT
FRHR A BRAEEF I AL RAPE o



- \ﬁﬂiﬁgﬁg\

1EF] 4% &k (ellipsometry) & — #& % 7 ic frig < e FHgw > H g+ o 7 w7 73
HALE AT~ EE AR E A P FEREY X ARATER T B 5 SRR IR
& Tt KRR r Bk g o 5L Sl B OFIRIE SR~ Bk R T e odp i
A

(—) 2 F 5 %-#(Stokes parameters)

So
Q#iéﬁﬁ%m%%&ﬂ—%wmﬁ$=g;%%ﬁ’ﬁém%%ﬁﬁiiw
Ss
o
Sy =1

S, = Ipcos(2y)cos (2¢)
S, = Ipsin(2y) cos(2¢)
S; = Ipsin(2¢)
He v IR LR pRrABEFOLSpSD yi: kit y<m i #F

F(EE<e<DH TEY TS EF LR

4S3 \y

S2
»
S
Bl— A% Bt B4 7 BiE A Bl= efysh@T &Zn LW xs & x
Lo
i ’ = -1_ = o
#h¥r & 2. & > £ = tan Tie

Bl- 5 R4 93k 0 F IR B H0 s o Rt A T 6 o B A LA
o oE e A EE 0 RIA S 2 et e AR 0 2 6 R R o T 0

1



R BhCPBEAE A 3T0~12 F 0 (A IR R KGR R ot i o
(=) ¥ EL(Mueller matrix)
KE A EHBELNPEET D PPE s Bl kA
So Moo Mo1 Moz Mo37 [So
Sl s o g

S} Mgzo M3y Mgz Mgzl |S,

Foft BALE F BB e e

1 0 0 0
.~ 0 cos280 sin260 0
— )V dE - =
CREERO= () G020 cos26 0
0 0 0 1
(= )i ¥ (wave plate) ~ ¥ 5 (polarizer):
1 cos2y 0 0
_ |cos2y 1 0 0
M®,4) = 0 0 sin2ypcosA —sin2isinA
0 0 sin2ysinA  sin2ycosA

1 ¢ P=ARCTAN () > t, 81,2 5 4 p pist s phk cn 5 % 2 A= 5, — 6, » 6,

” S
Y18 B] R & R T i 18 de i 45 (phase shift) o & BERET S E S T J Bl =

3 = .
E VI

Py 5,
LT
\.\\ ‘,*

e T

M(y,41)

Fl=: %45 H > % F4Z > w iz PL~ P25 ¥
AR a5 Pl P2ATEHE & B

Tl PR RSB A TN ES =K *R(=B) *M(¥, - Ay) *R(B) *
R(—a) *M(ip; *A;)*R(a)*S» B¢ K3 sstificed 9 %7 R EFXBE - 55
WP R T AR AR R R DA TG



So=K*((1+cos(2*1,))*cos(2*1h, ) *cos(2*(a-f))+Sy *(cos(2*11 ) *cos(2* )
+0.5*%(1+sin(2*P4)*cos(A;))*cos(2*1, ) *cos(2* B)

+0.5%(1-sin(2*1)1 ) *cos(A1))*cos(2*Y, ) *cos(d*a-2* B))+S; *(cos(2*YP4 ) *sin(2*a)
+0.5*%(1+sin(2*P4 ) *cos(A,))*cos(2*1h, ) *sin(2* )
+0.5*%(1-sin(2*1)1 ) *cos(A1))*cos(2*Y, ) *sin(4*a-2*))
+S3*(sin(2*Y4 ) *cos(2*1,) *sin(A; ) *sin(2*a-2*3)))

(D
BB 85 0,4590,135% > { ¥ B F16Sy > ezt F @ 4)3 K~S1-S2-
S3 Yy P, A ETR Al KB AFIRE 2 HEE

Fote o Qv b dfz-
= ~ MATLAB #-#t
%7 Eé;;%_IE’_mmJ_ Fi0 2 R FIR B R nfamka 4 0 @ % MATLAB % BB 5 B
F o AR

B A - BRI AT HEIRB N SRS licn KRR

100
=100 » xg;,jyéﬁ—.——’ ﬁ"’f]}?’]“‘——’ d gt e e s on ke 3 5L 48 S= 98.(4)1-80 ==
17.36
EHEESHEIOE T R ERGE T UE BiRT > 7 FI16BS M E Sy A Rt HEE
LRI S

S dic % 3R 1 %= ARCTAN (&) s AR RA=pI/2 0 L - B 2 E P

B ¥ gl L JR1E S = ARCTAN (ﬁ) » 30 BA=pI/36 0 - B R

GiBEY 0 L0 R BRTER R WY A R E Mk E AR F b LT
Fugiid o T A - ety Slcip ke 0§ FS% LA sl 0 KREA
FIw B infkac 40 2 & iy B Rle o
250 Data calculate by MATLAB forward simulation
with 5% random error
— — — — without random error
200 | f
j /
\
iy X !
g 150 / \\ !
< /\ 2 |
o e ). \ ol |
c & 4 = |
2 100 \'\ / \ // \ vf
- g 4 =7 1 §
= ! \ {
A i \ §
\ § \ /
i N \ /
] \ /
4 1 \ /
\/ v}
al o {
SN N \ SN
S 8 S ,;»33 S S B S S P
g g - 533 g* @
N NN W

@Q @Q @q \”—’ Q@@ ({bﬁ&é .
Angle combination(a®,3°)
Bz : MATLAB fifz @ 3 2% 16 B S{#cy




Intensity{a.u.)

0.8

Data with errorbar

—I— forward

= = = = backward

8

?n\

@.

b?;\ qb\\é\@ Q\ bﬂ\ I b\g Q“\ (on\ Q\ 43\ Q\ b?’ Oﬁ\,{b";\
ST W 6 0: F L0 P 5 5
\Q\@Q‘@\QJ@@Q\&&Q@@

Angle combination(a®,3°)

-Iﬂl“\
by
F_k
¥

T b
oy
Ras
-n v
p

&
3
=

i
-

5 2 Bdy B

do

v IR TR

3

Bk Rk

0.8

=
>}

&
'S

Intensity(a.u.)

0.2

Data with errorbar

—I— forward

= = = = backward

QAN A DD DA DA DA DA D
<® @@Q%Qb@q"b& RPN
e ¢ N TS S &P P

e T of

Angle combination(a®,°)

Bl HoHRR e 37 7 5% R G 2 B




DERE S EE SRR LR FIE SRS S G S
i

7
» BB RS B BRI Pl R 2 RE L o

attenuatar 2
& L
4 3

z,

. \' //
“reflector
o

-
»
polraizer on

polarizer 5 rotzie detector

sample on
a rotator

W= F %3 %%

=

\ r
R
)
B
*
‘Sg
'

‘31
E
|
=
kil

&=
R
=
-F

B kB SRR
S R S i S R L



B %

Average of 5 measured data sets with errorbar
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- Average of 5 measured data sets with errorbar
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quartz(um) quartz(um)
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