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New type Variable compensator

Student : Kai-Chun Tai Advisor : Dr. Yu-Faye Chao

Institute of Display

National Chiao Tung University

Abstract

In stead of using the thickness of wave plate to vary the
phase retardation in compensator, such as conventional Berek
and Soleil- Babinet compensator, we propose to combine three
fixed wave plates to form a variable compensator by rotating the
middle half wave plate. In this work, we derive the linear
relationship between the phase retardation and azimuth angle of
the half wave plate. This model is designed by Poincare sphere
first. The phase retardation and the azimuth angle of the wave
plates are measured by the three intensity measurement
technique of polarimetry. The linear relation is confirmed by
this experimental measurement.
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kpheficp * ¥ 4 G H kb RGN 4 (quartz) i H kb
B kS H4cZ2 2 (mica) &0 ¥ quartz £ mica &_F * et
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W kP IR G R B R iRk AT 4t 2§ £ 8 F Erasmus
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1. F &38Rl ik % it (Reflection or Surface Ellipsometry)
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2. 7R ks (Transmission Ellipsometry)
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Christian Huygens 1345k &S fp @3 3 7 A4p k125
- B¥HE 2% Newton e3> k3 “2 o’ o % R A GuE R AR
oo dek Ryp e LG 0 RRE T G A BRAE T BT G - ARG
7% > fe i 1818 # > d Fresnel & Arago - i P 7 e ¥icdy > & AL
BT - BEH RALKAE T A A Maxwell JI* #5023
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opEFE X "‘vr&l;*i’ Y 2 o g3l bl &

E{z.)=Egcos(t £5,) (2-1a)
E (zt)=E, cos(t+3) (2-2b)
H o oh
T = wt—kz

E, 2 E, s AR 5,28 Sdpizsd (2-1a) 2 (2-1b) 7 3

E.zD _ cos Tcos & — sintTsin§, (2-2a)

E_ (zt .

E@Y) _ cosTcosd, — sinTsing, (2-2b)
Tt w iF

Ex (Z,t) sin§  — Ey(Z,t)

0x Oy

sind =costsin(d, - ) (2-3a)



E (zt
EL®Y (o5, - 2 coes —sintsinG - 5)  (2-3b)

y

cos (8) =sin’ (§) (2-4)

0x Oy
) H(——)
#e 5 =060,

# (2-3a) 2 (2-3b) ;T2 4pe
(EX(Z,t) , E (zt), _ s E (zt) E, (zt)
EOx Eoy EOx Oy
FRE- BRI AS  ERSORKFKRETS (2-4) &7 R
E, » E, & 807 o (2-4) #7301 43 5 Frakaa)

1. E,=0>E, #0: - pF5dE Rk
2. E,=0>E, #0 L KTRGE o
3. =0 E,=E, 45" &% -
4. d=rm » E,=E, 1 45" Rk -
5. En=E, »0=7/28=3x12" (2-4) ;* €31 %
(E (zt)) +(E( t)) |
= | B

PP S iR

Ew3 (2-4) 0 BT RFEBHEGHEE SR HIRE SRR v o
WS & By crdlic8 B thodo) 2-10 A 5 Bl - B % cheR) 0 ox &2
oy = EdkchdtRdh ox & oy A ATHVRE S PARE A w5 oX

B ox Bed & o py

E'=E cos v +E sin i (2-ba)
E'=E cosy — Esiny (2-5b)
v @
E'Z E'Z
(=) +(—=)yY =1 (2-6)
a b

g (2-1) &0 (@2-5) &0 (@26) #*FF
a’ =E,"cos’w +E, “sin’y +2E E cosysinysind
b> = E,’sin’w + E*cos’w —2E E, cosysinysind

0x —0y
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2.2. ¥ F 5 #7%%c (Stokes parameters) ¥ #%
¥ s (Mueller Matrix)

¥ (2-4) NP-pFF LT 3
(E;) . (E, ()> , (E.OE,®) o i
( B )+ ( ) — T cos (8) = sin” (8) (2-10)

<Ei<t>Ej<t>>=yn;%TEi<t> o ijexy
(2-10) k¥ 3% 4EE > ¥ #3|
4E,’ (E (1) +4E,(E (1)) -8B, E, (E_(DE,(t))cos (8) = 2E, E, sin’(3)

(2-11)
1
E:(t)==E ’
(ELO)=5E,
1
HAHE b
< ()> 2 OY
(E. (OF, @)= 5 4605 ©)
e (2-11) 7 B =
(E,’ +E,’) —(E,’ —E,’)’ - (2E,,E, cos (5))° = (2E, E, sin(5))
(2-12)
O (2-12) 5% ¥ #3973 e0 Stokes vector w B S8 LR &
S,=E, +E,’ (2-13a)
S,=E,’ -E,, (2-13b)
S, =2E,, 0Xcos(§) (2-13c)
S, =2E,,E,, sin(9) (2-13d)

S, % ks B 0 S f5 ik hE kT R L L E PRIER > S, 5 it eh D
A 45 hipdRik 0 @ S fp i end L A A FlahikdR o
B (2713) SR B AT RECR AT e SRR S LA R AT

R o



BdRfE |k TS| LB M|+ 457|457 M| L R | =
Iré')JO I,E’y')JG ],é,')JO f[g’b,lc I,ﬁ/{',vlo I,ﬁ/ﬁvlc
# R, E, | |[2E’] |[2E> || [2E/ 2E,
et E0X2 _Eoy2 0 0 0 0
0 0 2E —2E} 0 0
o] (Lo Lo ] |l o ||[2E}] ||-2E]
R
Bl «—> I

1

S| cos(2a)
- sin(2)coso:

| sin(2a)sino
b - & BRIIPAF &y o fITRRAR T R (

B Y - BA N gl N

1
cos(2y)cosQy)
cos(2y)sinQy)
| sin2y)
(2-15) AP B E & A AR [ A AR o 3 B 03t

S=S

X=rsinfcos¢
y =rsinfsing
Z=rcost

v b -
ER IR

(2-14)

2-14)

(2-15)

(2-16)



2 (2-15) vt F 0=90"-2x > g=2¢ FF> (2-15) %S > S, >
S, ¥ (2-16) e x, y, z A58 g — o FpAPT ufIFS S, o
S, % E & Bihez B AT g - BLES S Ik o b W5 SRR
(Poincaré sphere) o d ¥ s (2-15) F&E T E T - hiri o
Btk b enS i A 1Y Mhesp o APT UAGEL Rt ER- B
R ik o
AL wAE- T (2-12) o Mz e - BhenBE RS G
S, 2S5 +S, +S;

FHPELHBRE S PIEES >d 2V rTke PR - BI5GB ihIE
% (pure polarized light) ; F i I"A RIEE > B xR H X2 > &
Bt izko penizie- B g AR F I 270 B2 - > F Y
* k4 o7 RA IR % (partiallypolarized light) ’%%’%révfé_ r¥
L7 A ihgR R o Itk by G e A TR S e (T gozka XS 1
Fairigpir o PP IR T RESZ P(0 <P < 1) c#HkFxP
4

P=1 larized light
o /Slz 1S2+82 o pure. polarize ' ig |
s partially polarized light
0

P=0 unpolarized light

mARE Y E e £ A Kk aiE- BiIRE 0 Mueller
Matrix B|E_* k&7 & faikmk ~ it aud 5 22 (Operator) > Hi ¥
5 4 x4 FFeniEiL o



Wl 2-2 RAeTho QR T mIH LG ]
i

F kR &R Pk 4 i P s e Mueller Matrix &

1 cos2P sin 2P 0]

cos2P cos’ 2P cos2Psin2P 0
M(P)=| . . : (2-17)

sin2P  cos2Psin2P sin- 2P 0

0 0 0 0]

Furlt (A Y) o e 5 CodpnutBE S A B Mueller

Matrix % :

1 0 0 0
: ., A : :
0 m,, sin(4C)sin”"—  sin(2C)sinA
M (C)= N 2 (2-18)
0 sin(4C)sin’ B m,, —cos(2C)sin A
|0 —sin(2C)sinA  cos(2C)sin A cosA |

m,, =cos’(2C) + cos Asin’(2C)
m,, =cos’(2C)cosA +sin’(2C)
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2.3. B 2w £ (Jones vectors)E? 3 Braptd
(Jones Matrix)

Fe (21) RBE 2 x | Faued s PIET - Rk R TS o 2
2 x 1 Fpense e 5 R Clark Jones #7i¢ * czf 7w £ - pt %;é_%«fr;é

RGE > BRI THF DL F AT RNBRLE > AR LT

,.L’“ 5"
E § o ( 2 1 9 )

FREE A REAT o FEEY UL RIEE (Right-hand Circularly
Polarized Light) ¥ = ik &0 (Lkeft-hand Circularly Polarized
Light) % 2 & (basis) :Half] B 4Essm2 o

F ik ATk Bk & JP B adEagdraEtt Lo
cos*(2P) sin P.cosP
sin Pcos P'" "sin” (2P)

PRy (RFAAT) > s L CoppiatEE LA B BraptL

Y
ﬁ. .

(2-20)

e%coszﬁ + e%wsinzﬁ isin26sinﬁ
_ig (2-21)
isin26’sin§ e cos 9"‘8281119

d iR APT LA PR L) B iR
1. Jones matrix € FI&#&% > @ 3 7 A% > & Mueller matrix
R AP H T % -

2.Mueller matrix 2 B~%2 % 5 F 8> > {ELZFRfF L&
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3. fic & Stokes vector ¥ > { ¥ & 7 WA IR o

4. Mueller matrix £ Stokes vector #p 2 {4 » #

2 BT L kRpRE -

S12-

H 5



2. 4 g %%BHB %ﬁ ':’ﬁ«‘fi"]ﬁ'.

A% $r84 5 rrk (index ellipsoid) Rp B w4 Sk &
o etk eV 3 [6]4eT

;(—;+z—;+rzl—;=1 (2-22)
Bk &M ek b (Optical axis) # Z $h:
L% n#n=#n ot R#s Fdd i (biaxial crystal) @ 42
2+ (Mica)
no=n#n, Bt &MWL H ks (uniaxial crystal) » @

2. %
# no=n=n % & ¥ 74 F (Ordinary index of refraction) - @
n =

n, =2t& ¥ 374+ % (Extraordinary index of refraction) -

mHEREE N & on SR A

1. H ks &Ht o n >n e 253 (quartz)

2. F HEdhBH 1 n <n 4o g e (Calcite)

g kv P e ® (Quartz) i bl B ELF X dhw g
plkenT AR E, 8 E, MR L5 RS on 8 on e st E
g OE wmENRET AR > F AT LAY - BEEY d
6> #-¢ A4 - 4pi= 4 (phase shift) & f 5 4p = 2£ & (phase
retardation) - ' 5 EATHE TR E & R G oo o 03 TR
J, R4 F-EBER 5 d HH LKW R

exp(—in, Qd) 0
J = ¢

0 exp(—in, %d)

ESTS Y CX TR
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exp(—in, Qd) 0 E
E) =J]E) = ¢ { “}
out in . ) E
0 exp(—in,—d) °y
¢ (2-23)
E,, exp(-in, d)
_ c
..
E,, exp(—in, ?d)
Ariid (2-23) N F F4p aEiE A
A:@—@:%m,qudz%ﬁm—mm (2-24)

LB SRR (A B eE 1 ek A SR A hE T st o 1
3 EIEH'E_%"}-%‘EZd °

-14-



2.5, @iavpiv BuE P (variable
compensator)

VIAEp T SR Y ARV AL AR ¥ - AT 5
Berek compensator ° % = 48 % Soleil-Babinet compensator - % =

#8 % Liquid crystal variable compensator -

(a) Berek compensator : #1913 #+d Max Berek % P & Berek
compensator > H *%ﬁﬁrl%] 2-4

@ - . (0) -
KAy Ly

IR A

o ()

B 2-3 Berek: compensator ¥l

- BApkph? e 2 skt e T 7 (23 w) o deBl(a) 0 o Ek

EX ZY3 e R qIdtis noEEX e e Y S eskd §] uk

PR Mk iR GE r bk Ko EH A L0 0 I8
1 cos (6?) sin*(6)

N 2 n nz (2_25)
PIBY S o or bk g 5 2] N, 0 It E X g Y pheus 8§
Retardation =2—7Z( - 1 — -, Xthlc.kﬂ (2-26)
\/(cos 0, sin? sing
no ne

d ** Berek compensator E fl* M & O kA 2 HrFuBE o oyt fhat
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B Al AR ek B RIE S BATE AL AR > ARD K

B:“‘_’_? ﬁ‘; g i”IFLFFa%°

m

(b) Soleil-Babinet compensator

BHACE 0 d 3 BERAY kbR - 2 e I H Y - BAED
2B BRI AL E Rt s AR SER L K] 0B
AR OER X2 o HREPEITEHSF S An o RId (2-24) 30 &

BE L
Retardation = Anx (X2 — X1)/ 14 (2-27)
— =
Linear polarized light
‘v y
X1 ® Optical axes
S

Xe I
* —_— OM'

il i

B 2-4 Soleil-Babinet compensator %1l o X1 - X2 & & & sk fhd

BMRGHT EN G L E R

(c) Liquid crystal variable compensator[10] :

R AR =T BT E R % Nematic Ak de > g fEuEE R B
WA R 7 A SRt B Y TR R TR kSR 0
i ER TR RE o BRI 260 AANTRF R HAF LT
P FlaR A F R E R H AT DR T T Tt
B FHAT R R AFTRE SR AR R BAE D o

1«”‘%@.@5@ i ST AR ﬁ_?@igﬁf%ffqﬁx"‘ PFo BT T A f#’]‘);rh
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AR R 2L A g R B SRR R T
¥

;2 FAZ R rms wRERD 0 ATILT R enfE RS

| Fused Silica
ITQ
e Alignment Layer LE Moleoules
- Spacer tipped with

applied voltage
LC Molecules

{a) Maximum Retardance (V = 0) (b) Minimum Retardance (V > 0)

B 2-5 RHhipv RUEBT SR - (a)s AT RE P FEEE S

-~

)

X (DA TRI A BB R LA T R
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2.6. = Wailk Y maengn T el

W 3-1 50 i it e BB R B gl = Al
B RS G T LT Rl g ”
TLREFNTL AR

AR 3Rk A

o1 ®2 @3
01 02 03

B 2-6. = P P ire e FUE AT Y T LB #&F 1,2,3

F PR RS h -l s QRNRERT AN LS 24

W 2-6 GvE A o = Bk 2 eh Jones Matrix &7 3¢ 5

(ml mz}
a2l a22
all= ;(— cos(2(01—602)) +i(cos(202) +icos(2(62 — 83)) — cos(2(01 — 92 + 63)))
al2 = %(sin(2(6’1 —62))+1sin(202) + sin(2(62 — 03)) —isin(2(01 — 92 + 63)))
a2l= ;(— sin(2(01 - 62)) +i(sin(262) + isin(2(62 — 63)) —sin(2(61 — 2 + 3))))

a22 = ;i(i(cos(2(6?l —62))+icos(262) + cos(2(82 — 83)) + cos(2(61 — 82 + 63)))

- 18-



(2-28)

M — 45 zE B 2 e Jones Matrix % o1 35 &

2 g, . .
e2cos?+ez2sin? Isin26sin—
_ _ (2-29)
. . @ o, L
Ism2931n5 e2cos@+e25in

d 2-29 387 doo JI* Lt & Mfe (trace) 0 F 8 2%cos(D/2) ;

Bk BT s - R R Pl (2-28) SRR R AR 0 T
L
=2

712 all 38 88 @22 3 AR 4 0 T {F
all+a22=
le—%i(q:,+q>2+q>3)
4

H(1+ YA+ )1+ ) + (1 +8™ ) (=1 +8%) cos(26,.— 26,)))

(—1+ €™ ) (=1+e2)(1 +8 %) cos(26,226, ) + (=1 + 1 )(1 + &' )(=1+ &' ) cos(26, —26,)

(2-30)
F0=0,=0>7# (2-30) ;aE—H I 5

2 cos(%) cos(@) — 2 cos(26;) sin(%) sin(@) (2-31)

FHAPH B AR R IR Y 2 b e R Mo
T . P
ch:;z’ch:q)}:EF%’ (2-31) ¥ it @5

—2cos(26,) (2-32)

-t b OESK g i

mor (2-28) 0V

[—005(2492) iSin(Zez)j (2-33)

Isin(26,) —cos(26,)

2
\

it
E/\
il
ES
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(a&mﬂ@>-ﬂmmﬂﬁq (9-34)

—isin(z +26,) cos(x +26,)
Gt w3 (2-29) Ve s B0 =-A45"1 ~ (2-29) o T F
COS9 —isin2
2 2
¢

. ()
—Ism— COS—
2 2

4 (2-35) 0 FE (2-34) vEM AL 45 wiEE
O =27+46, (2-36)
TREEAT A ik G 467 ik
O =27-46,
VDB OL R A

S B R 02 5 A o

(2-35)

9
&
;
=k

4 d B 2-7

ETINS

s
bEiG
7\
R
o
(@p)
—
.
=
&

half retarder C angle V.3 cormpensator retardation
200 T T T T T T T

s - A =4
1ot
sf
of

A0

cornpensator retardation

-100

-180 1

20 I 1 I 1 ! 1 1 1 1
S0 40 30 200 -0 0 10 20 30 40 a0
half retarder C angle
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FEHARKE 4o

T &kih ¢ He-Ne Laser : Melles Griot laser 10mw
Tk 247k 5 0 Melles Griot 03FPG sheet polarizer
%k 18 jpl % : Thorlabs PDA55 silicon pin diode
Spectral Range : 400-1100 nm
sk LT R R IER Y R TR T AT EE A2 - R

-1

= — T N
| T
L=y 5 b =
N

: uF ;_ Analyzer Detector
Sample <

Polarizer

He - Ne Laser

BI3-1 &Rk S
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3.2. Bk PFaIrk P2 A kg

SIS SR o BB RBR R B AP A e L
(Polarizer) % ¥ * % (Analyzer) crip ¥ A1 » 2 % ¥ o = 4
(a=0) & kel fho RR B GHIR T Eek P b L & RT U x AR
T BEiBmEy (P) ehf bk 2 M himsk > 7 X ghad b po
e X #hdt oao

1 cos(2a) sin(2a) 0 1
| | cos(2a) cos’(2a) cos(2a)sin(2a) 0 || cos(2p)
2| sin(2a) sin(2a)cos(2a)  sin*(2a) 0[] sin(2p)
0 0 0 0

KRBT R FLEAE > WE Stokes'Vector ch% -3 > ¥d § %

S = 3-1)

O

-
S:= f(a)=1,cos’a~ p) (3-2)
d
z 2z, 3 ~
21(0) - TV = 1 cos(2p) (3-3)
f<f>— f(z—”>=§ | ,sin(2p) (3-4)

i (3-3) ;& (34 w7V H

BEE) - 13y
P=Etan-l( 3 - 32ﬂ ) (3-5)
260)- 1) - 1)
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3.3, #mEL2 i BEE R RpRE

ol 3-1 #rF oK~ Bk k kpo £ E ~ M FERIEEE Y (sample) -
- HRTRIEAE RS A A 07 607 01200 PFen A E 0 - fRiE
T BRA TSR WIS ma(0)EERE(H)

H kB Mueller matrix % 5t 4™

1 cos(2a) sin(2a) 0Y)(1 0 0 0
s _ 1,| cos(2a) cos’(2a) cos(2a)sin(2a) 0|0 cos(d) -sin(@) 0
2 | sin(2a) sin(2a)cos(2a) sin’(2a) 010 sin(@ cos(d) O]
0 0 0 0){0 0 0 1
1 0 0 0 1 0 0 0 1
0 1 0 0 0 " cos(d) sin(@) 0] cos(2p)
0 0 cos(S) —=sin(o) (|0 =sin(d) cos(d) 0[] sin(2p)
0 0 sin(o) p.cos(o) /|0 0 0 1 0
(3-6)

BI-la i - R o d RWRErE kR Td Stokes

Vector % — 38 514 77 ¢
S,=f(@= %[l +cos(2a —26) cos(260 — 2 p) — cos(d)sin(2a — 26)sin(20 — 2 p)]
(3-7)

1)
2 T 2
L =2TF )+ £+ 1D (3-8)
L =2fO-1C)- f(%”)]/(f(on )+ f(%’”)) (3-9)

L= f(%”)]/[f(m f)+ f(%”)] (3-10)
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|,—sin2p
cos5— Lo~ 1,tan(20)
sin(2p) —cos(2 p)tan(26)

d (3-11) & (3-12) ¥ #

cos2p—|,

6 =tan"'( .
|,—sin2p

S= COSfl( : I b I atan(2¢9)
sin(2p) —cos(2 p)tan(26)

-4 .-

(3-11)

(3-12)

(3-13)

(3-14)
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4.1.1

N

iE

R T

7 N

e a2 - Y L Mica 0 2 @ 5 Knight Optical

Ltd.

)

&
b=

=

Bk

g

%

L+
3

» A 5L RYM2506 -
Bdr ke FAsdn = B ARG X dh (BRAREE) iRk P> nd
45°

“IB\L\

L)

T

ig
E
e

BRI ITAT R P enut & Y Q2 Rk 4rB] 4-1

C2{near analyzer)

120
o
o

100 é@ 5

80 o ) 4 B
1
k4 B0 o =
e o &

wp © o 1

20F o} i

o
0 1 I I 1 1 I I
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Fi
Bl4-1 Q2en> =& (C%) V.S & & b} %
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4.1.2 = mz—wt B P ERE%

o L2 - kPR s Mica 0 A 2 F - i Knight
Optical Ltd. - A%.4_ RQM2506 -

Bdr ok PAedn = BALL Xt (BRE) > RS = EAHAE 157,30
607, 757 BRlF Tk Y eat B 2 h % 4cR 4-2

SLELER TR Half retarder J5{i7 88 in different P
40 T T T T T T T T T
%\\ —o— PE=E
g PHE=15FE
ok % —&— PE=R0E H
— PR=TSE
or _
ook
Pl e J
“Efﬁxaaﬁﬂg
-B0 0 "§§

_BD 1 1 1 1 1 1 1 1 1
o0 110 120 130 140 150 160 170 180 190 200
half retarded@E A& 7| B

FA2 % P b Ll s R e wRpI S b M4
®]

d 258 (3-14) e A v it

—sec(20)sin(20 -2 p) (4-1)
% 0-p=0°90° 180° 270° =3¢ (3-14) cha® € L Fospit * =
Bog R ERZ SRR T ot B EF > B R D & B R kR
ok B IR E IR & B PE B RN % € IIR$ B (Singular point) -
B39, (3-13) fea s T g
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2c0s(26) sinz[g]sin(w ~2p) (4-2)

R O-pEIEEHFTERM SN (3-13) e R €L E o it =
BowmERNZERUERE T P b AR TP T EERER S
AMGENGREERF ) RSB d NI T AP Lt EHT
ERPF O ERIER G NI AL o RRARFET VP P ARE
R B E R R gl -

EE RN IR R T AR

160 H
140 -
120 -

100

80 -

BO —&— PA=30E
PA=15E
Ak —&— PRA=60E
PR=TEE

2D 1 1 1 1 1 1 1 1 1
o0 110 120 130 140 150 180 170 180 190 200
Y

Bl4-3 2% P 4 LR Bl Gy A e g wE R auEdn k
)
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4.2. VHEEAEFEET T RES

)

4,21 vRuBERHEAEY LA P R REE

-~

“ariable Campensatar CE (in different F)

40t

30r

A

B4-4 P=15"~30 "~ g 2uf 1 AR s 3

180
180
140
1200
w 'O
kY
= oan-
BO0F
——PR=0E
Ay P =156
—5— PR=EIRE
20k PRE=75EE
.
a0 &0

B4-5 P=15"~30 "~ 60" -
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41,2 &3> 8T P=15"-30 "~ 60"~ 75" - Ep| LA
B hiEAms - BERSELRITRER o BFS At B F Ao

4.2.2 vRuBEZHET AR P AR PR EEG

— i@ % PSA AALiTBBGPEE BRF R TSP &L 457 R p
AL E R 5 FlaRIp2 m R PSR L 0 01=603 = 0°
PEo g X O =457 0 FIpFE P o= 45T B A F Rl ok sk
e —ih > S cph o R AP —E R 0 TR i P = o+ 457
MBRIER o

Bl 4-4 ¥ # R RR o EeE S e A B i) > 2 P AchER
AW BT RAPNBEES s B R FE ]S

BeH A aREL Arig e e

R kAT A 4 e

g R ki kgtsm o - ki@ % Mathematic REH - @ *
Mueller Matrix iz ¥ P-Q1-H2-Q3-A g & 4p 3k - # ¥ ¥ Stokes
Vector % - 7 %

S,=f@= h[cos(2 p)cos(46,)cos(2a) + 2cos’(p)(1 + sin(2a)sin(2 p))]

& 3-2 apk e IED £(0) ~f(x/3) ~ 1Q2r/3) &R (3-8)
I @-1D o mErE

|, —sin2p=2cos’ psin p —sin(2p) (4-3)
d (4-3) #7&=&F p=0"-~290"~ 180" > 43 Vi ImA
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Y- wal % 3. 929
- wal & 3. 931
¥ = Al 3. 936
T w Al % 3. 938
I 3. 934
iy 0.004

200
150 B
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E a0t .
T
® 5
5 Of § o st .
3 ; 2nd
z
2 =0l & 3rd N
S 4th
o Aok theory |
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half retarder C angle
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“ariable Compensator C angle(in P=75 degree)

20

A0k

A0k

A0 F

C angle

B0 F

JOF

B0 F

a0k

7]
I

_1 DD 1 1 1 1 1 1 1 1
S50 -40 -300 20 -10 1] 10 20 30 40 a0

half retarder C angle

Bl 4-7 > b e@m @ e 2§ R EF
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Plige PRt BT RBEFRUEBLEHATOERTSE T Pt
st B S R i 4ot T BT e AR B RANTE 4.3 %
Mo S VR E AR g R g -
BV RuBgull P autEg s O >34 L 0,0 b B
B ERL D, G EL 6,000, =0,+— -
2
P BlzE & P 4p 3k fs e Jones Matrix &
i(Dy-Dy) —i(®,-0y) .. (D, —-D
e » cosb +e > sinb, isin26, sm( W)
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4.3, 2337 BB TR RE
4.3.1 Berek Compensator

pw? e+ 5 & New Focus #74) & > 3150 5540 [9] > ¢ *
indicatorz} &k fheti & > 23847
Wakgr g (R) b %

0. =sin"(0.2844/2R) (4-4)
Indicator £ # & «ff f2 5% ¢

|:50.22—71sin(%— 0.) (4-5)

B 4-12 % New Focus #t2 ZguBerek compensator i 4 %] &
(indicator) & x££ % R 0Bl GRlodl® (4-4) (4-5) ;o7 dens
W R P BT PLAE ke (EE E IR B it o P AT S o ) e
% & (indicator) kec %4t & F > 2 % 13 B T R ILF_F M & it
BRH A RE K ERAL REEEY A AR BEE

degree indicator . S ilt angle ; indicator Y. 5 retardation
ELL R R TR indicatar V' S tilt angle

: indicator V.3 retardation
Aok @ ..... En. ; ........... é. .é ..... ;.” ; ........... é .é ..... ?..f ..........
1] SR

a0k

100k .é ..... ;.” ; ..... I ;. .E.”.?..é ..... ey ; @ ..... ;”. ; ..... i

100 i | I i 1 i | I i 1 i | I i
o1 2 3 4 5 B 7 8 9 10 11 12 13 14 15
indicatar

B 4-12 New Focus ¢ Berek Compensator i indicator £ &
(F&)m 2 & ()i R4 632.8 nm & 517 &)
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4.3.2 Soleil-Babinet Compensator

PHRT R G RAFEGAA

; A ENiEHE Melles Griot =@ 2 &

* Labview #ic#8 ¥ 7 "o &

» 4o Thorlab % © 3| #- % 5d|

A & AR R L Quartz 0 B 4-13 A 2R £
4-3 5 2 b b A 2 R o

Wavelength Range 250 - 3500 nm

Materials quartz

Retardation Range

0 to 4A482% at A= 300 nm

0 to 2A1481% at A= 546 nm

0 to 1 A480.5% at A= 1000 nm
0 to 0.5A480.5% at A= 2000 nm

Retardation Resolution

Wavefront Distortion

Clear Aperture

Temperature Limits

% 4-2 Melles Griot -

B] 4-13 Melles Griot b’L'ré‘_ Soll—Babiet Compensator

52

g1 nfe i 0 ~ 360°

BTl > RO EBET IR G PR T 0.36 & 0 at
V% ek AT R iR A i R
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4.3.3 Liquid crystal variable compensator

= R VR AUl e R E B oF ‘FK"P 4 A > 345 meadowlark

optics #A & iFik & o
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7 oso [l
2 Lo
) 8 1
a S \
B : \
3 0.25 -
= -\
e T e e e e
a a 10 15 20
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0.75
.'3 0.50
z i
b) g 028
AN
0.00 e e
0 5 10 15 20
Woltage fecks rms)

@4 14 ni’aa\:}%%ﬁi‘}iﬁﬁ‘ﬂu"h’;&@ﬁg s }gl(/ﬁ»-r\ 6328 nm ,‘/E.Ei
21°C ) a)& cid i Mib)sgde— SAr S

2R BB Y T B A T RA S TR P BT T

BRF RS A T AT R AEE A R BB Y )
TaRZIETERDEET > 4oB 4-14 “75+ (B 4-14 5 meadowlark

optics =P F F #BanFAl) @ ¥ ZEEH - FAHET A WA

FIRTFRDEEE P FILTE s RBES > U TROFET
fe ¢ BRI OREIN > Hofietpn 5 0 BB E DfRiT R d R
AT TR G o BT e A A O R B E Y

v3 30nm > MR E
17.07° o
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[GV]
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=
=
kN
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-39 -



[1]

\\\?{r

3o

R. M. A.Azzam and N. M. Bashara, “ Ellipsometry and Polarized Light”,
North-Holland, 1987,pp.153-156

HEE,” FEfe s R ERR P P R il A R
AL~ , 1996

Y. F. Chao, W. C. Lee, C. S. Hung and J. J. Lin, “A three-intensity technique for

polarizer-sample-analyzer photometric ellipsometry and polarimetry,”
J.Phys.D.Appl.Phys.31, 1968-1974, 1998

E. Collett, “Polarized Light : Fundamentals and Applications,” Marcel Dekker,
1993, pp.1-2, pp.21-52, pp.67-89, pp.187-221

E. Hecht, “Optics” , 4™, pp.356-357

Amnon Yariv and Pochi Yeli; “Optical Waves in‘Crystals”, John Wiley, 1984,
pp.77-pp.78, pp-82-pp.89

Wi G, 7 e AR £ AR A 2 Eor,” Rl AT
TR Lwm e, 2002

RARE, T AT R RERGAE L P L mEx A, T R F
kLA LS, 1994

New Focus, model 5540 user’s manual
http://www.newfocus.com/products/documents/manuals/5540 Manual RevA.pdf

Meadowlark Optics, catalog, Liquid Crystals
http://www.meadowlark.com/catalog/Liquid Crystals.pdf

FITK, CREARSRHERHEE LR L ORR, ML A T
FH ALk, 2005

-40 -



Hdg—- @ % Mueller Matrix &35+ ®ur b g
N LN W BT
PR PR LIA Y e a2 - AERMEBES - P LR RS AR

A2 — R} h - R Bk ﬁﬂ.&%ﬁ*—%%ﬂﬁvMueller Matrix

1 0 0 0
0 a. —sin*(2(6, — 6,))sin(46,) —cos26,sin(4(6, - 6,))
0 —sin’(2(6, — 6,))sin(46,) as; —sin 26, sin(4(6, - 0,))
0  cos20,sin(4(0,-0,)) sin 26, sin(4(6, - 6,)) cos(4(6, - 6,))

(D

H ¢

—

a, = i(2 + c0s(406,) + cos(4(0, = 20,)) + 2c05(4(0, — 0,)) — 2cos(40,))

a, = 5(2 —cos(46,) — cos(4(6,—26,)) +2cos(4(6, — 6,)) + 2cos(46,))

@ H B2 & P e Mueller Matrix's

1 0 0 0

0 cos’(260) +sin’(20)cos® —sin’(2(6, —6,))sin(46,)  sin26sin® (2)

0 —sin’(2(6, — 6,))sin(46,) cos’(20)cos® +sin’(20) —cos20sin®

0 —sin26sin ® cos260sind cos®

(D& @)F BrgarF ot Bar (1) sl s plpt~ i
it &g
¢:4(H2 _03) (3)

3 (DN B ()N e24542534 > 3457 od S =4 20 4 K >
VHNERGD h G

9:@_% (4)
DA DN aigd > (D)8 (DN ¢ - - o st A EF ARG -
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2. L4
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3]
S )

Compensator

Singlets

Doublets & Triplets

Prisms & Mimors Cylindrical Optics
Retrorefiectors

nd
Optical Hats

§8
i
28
o E
28

Filters

High Ener:
Laser Optics

Diode Laser
Optics

—

Melles Griot #

;}':l
Y\

==

P

# 1 Soleil-Babinet

The Soleil-Babinet compensator is a continuously adjustable
retardation plate.

W Retardation is wavelength dependent, and varies from zero
up to two full wavelengths (at 546.1 nm) from 250 nm to
3500 nm.

W Relative retardation is adjusted by turning a micrometer screw.

W The selected retardation value is constant over the entire
working aperture of the compensator.

W The compensator comes with a certificate of the retardation
vs wavelength.

The Soleil-Babinet compensator is constructed from a pair of
crystalline quartz wedges stacked one on top of the other. The
lower wedge, separated from the first by a small air space, is moved
by a micrometer screw that varies the effective plate thickness, The
retardation exhibited by the emergent beam is proportional to the
total thickness of the fixed and effective plates.

Melles Griot also offers a nonmagnetic-metal divided-circle
rotating mount, 04 SBM 001, which is ideal for orienting the
compensator about its optic axis.

SPECIFICATIONS: SOLEIL-BABINET COMPENSATORS

Wavelength Range: 250-3500 nm
Materials:

Schlieren-free crystalline quartz and non-magnetic metals
Retardation Range:

0to 4k £2% at A= 300 nm

Oto2h+1% at A= 346 nm

Oto A £0.5% at A = 1000 nm

0 to 0.55 £0.5% at A = 2000 nm
Retardation Resolution: 0.001A at A = 632.8 nm
Wavefront Distortion: =<h4or less at 632.8 nm
Clear Aperture: 10-mm diameter
Temperature Limits: —20°C to +80°C

SPECIFICATIONS: DIVIDED-CIRCLE ROTATING MOUNTS

Diameter: 140 mm

Calibration: +90°(from zero at top) in 1° steps
Vernier Precision: =+ 3 arc minutes

Post Diameter: 12 mm

12.28 MELLES GmOT

Soleil-Babinet
Compensator

and Divided-Circle
Rotating Mount

dimensions in mm

04 SBC 001 Soleil-Babinet compensator

zero retardation:

fixed and

effective plate

of equal thickness l

maximum retardation:
effective plate
thickness exceeds

that of fixed plate

Soleil-Babinet compensator

Soleil-Babinet Compensator and

Divided Cirde Rotating Mount
PRODUCT NUMBER
Soleil-Babinet Compensator 04 SBC 00
Divided-Circle Rotating Mount 045BM 001

Visit Us OnLine! www.mellesgriot.com
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1= Three 1nten51ty€ BPIE D T SR

N

WYkt g R e =4 (Matlab 35 #25%)

%'T?ﬁiéfﬁﬁ-ﬁiﬁéfgﬂﬂnﬁﬁﬁfﬂj m FEFTN 0 AZF Three intensitySrERH[E(UL S84

% i+ FO =
subs(Ssi,{a,p,yl,y2,y3,x1,x3},{0,75*pi1/180,87*pi/180,171*pi/180,93*pi1/18
0,0,01)

60 =
subs(Si,{a,p,yl,y2,y3,x1,x3},{pi/3,75*pi/180,87*pi/180,171*pi/180,93*pi
/180,0,0})

120 =
subs(si,{a,p,yl,y2,y3,x1,x3},{2*pi/3,75*pi/180,87*pi/180,171*pi/180,93*
pi/180,0,0})

NEERt R

% ﬁﬁ:ﬂpj[ mﬂ-
L < 15130001

%Polarizer
p = sym("p") ;

pl = [1 cos(2*p) sin(2*p) 0];

p2 = [cos(2*p) (cos(2*p))"2,cosC2*p)*sin(2*p) 0];

p3 = [sin(2*p) cos(2*p)-*sin(2*p) (Csin(2*p))22 0;0 0 0 0];
pp = [p1l;p2;p3];

% BT g

% X £y Hm‘rJ y L‘T;J;LL"%HP‘.',

sym("x1%);

sym("y1l®) ;

ril [100O0 O];

r21 [0 (cos(2-*x1))."2+cos(yl).*(sin(2.*x1))."2
sin(4.*x1).*(sin(y1/2)) .~2 sin(2.*x1).*sin(yl)];

r31 = [O sin(4.*x1) .*(sin(yl/2)) .72

cos(yl) .*(cos(2.*x1))."2+(sin(2.*x1))."2 -cos(2.*x1).*sin(yl)];
r4l = [O -sin(2.*x1).*sin(yl) cos(2.*x1).*sin(yl) cos(yl)];
r1=[r11;r21;r31;r41];

y1

% LTI‘ Pl

= sym("x2%);
y = sym("y27);
rli2 = [1 0 0 0];
r22 = [0 (cos(2.-*x2)).M2+cos(y2).*(sin(2.*x2))."2
sin(4.*x2).*(sin(y2/2)) .~2 sin(2.*x2).*sin(y2)];
r32 = [0 sin(4.*x2) .*(sin(y2/2)) .72
cos(y2) .*(cos(2.*x2)) ."2+(sin(2.*x2)) ."2 -cos(2.*x2).*sin(y2)];
r42 = [0 -sin(2.*x2).*sin(y2) cos(2.*x2).*sin(y2) cos(y2)];
r2=[r12;r22;r32;r42];

% Y= IR
X3 sym("x3%);
y3 = sym("y37);
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rl3 = [1 0 O O];

r23 = [0 (cos(2.*x3))."2+cos(y3)-*(sin(2.*x3))."2
sin(4.*x3).*(sin(y3/2)) .72 sin(2.*x3).*sin(y3)]1;

r33 = [0 sin(4.*x3).*(sin(y3/2)) .72

cos(y3).*(cos(2.*x3)) ."2+(sin(2.*%x3)) .2 -cos(2.*x3).*sin(y3)];
r4a3 = [0 -sin(2.*x3).*sin(y3) cos(2.*x3).*sin(y3) cos(y3)];
r3=[r13;r23;r33;r43];

%Analyzer

a = sym("a’);

al = [1 cos(2.-*a) sin(2.*a) 0];

a2 = [cos(2.*a) (cos(2.-*a))"2 cos(2.*a)*sin(2.*a) 0];

a3 = [sin(2.*a) cos(2-*a)*sin(2.-*a) (sin(2.*a))”™2 0;0 0 0 0];
aa = [al;a2;a3];

S = aa*r3*r2*rl*pp*L;
= S(1);

% Three intnesity ?ffﬁgﬂﬂ
% Tt EL[ AR AR SR pjip%zJ rr S AR R, fUgT i
% ttt #Q,’[’%ﬁﬁ:&‘f,ﬂé% FI Uy Rb ([ [ %=); rrr 1:v,||’%§3£:r

= HT"

% gﬂ, gl ()R A )
O =
subs(Ssi,{a,p,yl,y2,y3,x1,x3},{0,75*pi1/180,87*pi/180,171*pi/180,93*pi/18
0,0,0});

60 =
subs(S1,{a,p,yl,y2,y3,x1,x3%},{pi/3,75*p1/180;87*pi/180,171*pi/180,93*pi
/180,0,0});

120 =
subs(Si,{a,p,yl,y2,y3,x1,x3},{2*pi/3,;75*pi/180,87*pi/180,171*pi/180,93*
pi/180,0,0});

10 = FO+F60+F120;
la = (2*F0 - 60 - F120)/(FO+F60+F120);
Ib = (3"(1/2))*(F60 - F120)/(FO+F60+F120);

tl (cos(2*p)-1a)/(1b-sin(2*p));
subs(atan((cos(2*p)-1a)/(1b-sin(2*p))),p,75*pi/180);
subs(acos((1b-la*tl)/(sin(2*p)-cos(2*p)*tl)),p,75*pi/180);

r

1:1:91;
-pi/4:pi/180:pi/4;
xx(u);
subs(t,x2,xx2);
subs(r,x2,xx2);

for u
XX
XX2 =

tt(uw)
)

rr(u

end

tt;

rr;
ttt=tt*90/pi;
rrr=rr*180/pi;
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