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Abstract

Sudy on Twisted Retarder and ItsApplication to Cholesteric
Liquid Crystal Polarizers

By Hao Cui
Advisor : Prof. Jong Rak Park, Ph.D.
Department of Photonic Engineering

Graduate School of Chosun University

In this thesis, we have performed theoretical irfgatbns using Jones matrix
formulation on structural parameters of twistecm¢r (TR) with which circular polarization
states can be converted into linear polarizatiatest Especially, it was theoretically predicted
that x-axis andy-axis polarization states can be obtained withghtfhanded TR film and a
left-handed TR film, respectively, when the incidigitt into the TR films has the left-handed
circular polarization (LCP) state. Theaxis indicates the alignment direction of the clioes
for nematic liquid crystals (LCs) just on the swbt film of TR and they-axis the
perpendicular direction to theaxis.

Also, we have fabricated TR films using LCs supplied by Mertd., RMM522 (nematic
LC) and RMM498 (nematic LC blended with right-haddghiral component). Twist rate and
total retardation value could be controlled by atiig the relative content of RMM498 in the
mixture with RMM522 and the thickness of TR filmgspectively. Precise control of the

thickness of TR films, however, has been found veffjcdlt with the current fabrication



process employing bar-coating method. Now, process imprvieisiactively in progress.
Mueller matrices for a cholesteric liquid cryst&@LC) film (CLC900, Samsung Fine
Chem., Ltd.), a TR film and a laminated sample of tixe films were measured, and optical
characteristics and output polarization stateh@fsamples were discussed. For the case of the
CLC film, degree of polarization of the output light an unpolarized input was 0.82, which
implies that about 18% of the output light is dlifipolarized even after transmitting the CLC
film, and most of the output light is in the LCPtetaDne can expect that extraction efficiency
of useful linear polarization state would be only®(ising the CLC film reported in this study
compared with that using an ideal left-handed ¢arcpolarizer. The structural parameters of
the retardation film fabricated in this study witte mixture of RMM522 and RMM498 didn’t
match with any theoretically predicted parameteits which circular polarization states can
be converted into linear polarization states. Weehfaund that, however, the retardation film
could be theoretically modeled nicely as a twigktdrdation film and from the experimental

point of view the retardation film acted as a twisted retanddilm quite very well.

vi
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Transmittance of X-Polarization

1.00 T T T T 1.00 T T T T
c

099 1 S o9 1
g
k<
o

098 | 1 & osesf R
X
k]
8

097 |- 1 § o R
=
2

096 [ 4 S 096 4
=

085 L L L L L 085 L L L L L

00 01 02 03 04 05 06 07 00 01 02 03 04 05 06 07
arr A0/
XE LEZO SUS0| 1% ZAE O XE MEZO EWNB0| 106 2AE If
rel siE2xt £13% P2 I EL2XHIt £13% .

-23-



12 14 1.6 1.8 2.0

1.0
I [units of g

0.80
1
0.4

216 |
18 |-
0.0

1 1 1 1 1 1 1
O o ¥ © ® o o <
o o o o o - - —

-2.0

fu jo syun] &

N

]t
il

-24-



fit Jo spun] o

0.7 0.8 0.9 1.0 11 1.2 13 14 15

0.6

I [units of

o
N
Y
B
N

-25.



=0.7I

— [®=-035]

140

130

120

110

1
o o
(<] [ee]

100

[seaibaple

|
o
~

o
©

50

40

06 07 08 09 10 11 12 13 14 15
I [units of T

0.5

(L
it

oo

B

B

o
N

]t
el

H3} ol 7w

A o] X

b

w, Z 23elxe A

-26-



o
S =
\ i
= o-
1 ﬁo
m ol
o
=
|M I 1#
— M
|M = 0 Wi
kS o gl
1o @ B
- =
5 G w@
4% L
S ‘_,IAW ET
T~
- 13 s Wo
M |M ﬁa ‘ﬁﬂ
° |M WMI *
»AO N
1 1 1 1 1 1 M Mﬂ >
ERE I 7
bt jo spun] o %
!
)
N~
—
TH

-27-



Transmittance of Y-Polarization

9 18, FA v EH

Transmittance of Y-Polarization

1o

\yly

AL

o

0.6

SIS0l 1% A M
SIELXIH £13% &.

-28-

AP/
B2 ENUE0 1% 24

SIEL2XIF £13% .

A gt B




A2 B FEHS ol§

1852 0] F8¥ AEIA(G G Stokesy) <

A

B

B

o

(2-11)

o}

T

R

}o] ~E I~ #E{(Stokes Vetodtil F-2t}, AEIA HE
@A 3]

R ERIE)

s

I<]

1.

sttt 1% v 7)9

gl

o

i

(-11014 S

7ol A

Al
&

o

e

[mt
=

BojF 3 Qe

W AR 9EHE

)

g}

B

g
-

=
-

o}
(2-12)

=
=

B 5%
o QA AEas WET} S

2l PN oA

)

p=l
=

Gkl

b eHe]
-29-

I<]

<k
— Muller
Soutput =M |:Slnput

al

[e)

=

R

19

p=2
=

4x43HQ 2] FHE %

o

19434 MITS &E2gr} w49d #He(Hans Muellerl ~E A HEH

et 2



Fa 750 e yg MM 4x 4 PPolmg AWtFor gg o] %F
e},
My My My My
MMueHer: mlo mu I’an rnlS (2_13)

My My My, My
My My My, My

OY 7 ge 2o MEY 93N B O3 e gy MET e g

1 9 0 0
1 0 0 0)o 1—26L23in2 X Esin(2X) ¢(r/2) sin? X | (2-14)
M M — 0 cosR®d) -sin@2P) 0O q)x X (r /2)
™ 0 sin@®) cospp) 00 —;sin(ZX) cos@X) sin(2X)
0 0 0 ! 0 —Z%éz)sinz X (r/2) sin@X) 1- 2(r/2) sin® X

2l (2-14P14 Do} T = A2 ArdelA =909 T vled 243 T A8AA @
& 7}k 9ulatn], X =0 +(/2)° o]t
% 8ol AAEel Q= HE

T,
do

2
)
i)
allf
Ao
-
BN
rlr
HS
>
1
of,
e
Ml
o
&

d 79 F2E f=n-0 Aivts s Rgolg mebd 19 8o HEd 9
AR AE yxel e "l PP MRS e o A4S olgste AN &
ATk,

MM = M (71— P)M M (1 - D) (2-15)

71 Mg 3d ddolH, vy go] s

-30 -



1 0 0 0
0 cos@pB) -sinp) O

M = . 2-16
A= sinRB) cosRB) O (e-18)
0 0 0 1
2(2-15)= 2l(2-16)= ©l&3tH tha¥ o] AikE
1 0 0 0

0 122 siex  Psinex) 2q’(r/2)sm x[t 0O 0 0} (2-17)

VMol = X X (r/g 0 cos@®d) -sin(®d) 0

™ |0 —Ysin(ZX) cos@X) sin@2X) |0 sin@E®d) cosRd) O

0 2¢(r/2)sn X (r/z)sn(ZX) 1- 2(r/ )zsm X 0 0 0 L

AEAS HMEREE FO HFEe] U JRE do] & 5 JdeH, o

Yy

TE
(DOP, Degree of Polarization)d 33 % (DOLP, Degree of Linear Polarization}d 3%

= (DOCP, Degree of Circular Polarization< th&-2] 2] o] &3to] & 5= gl

DOP = —VSHS?*%

(2-18)

2 2
DOLP = ﬁ (2-19)
DOCP == (2-20)

N



o AYPYUE 2EAS e A 4R S, S, S FY T F AeS
A IS, Fe RPFE o) A e BelFE HH(S, S, S A
g3tol 3k I3 4O Fom AT & Atk 94 AR P S

o

S+ S +SE=1g WSS, ol 33 TN Wl FHel @k ol

33 w9 7= wedvhd ypeolzta vl (19 19 Fx)

-32-



2.9 7bx \BG Ao st # el U AEg s gl

Polarization Ellips Stokes Vectc Polarization Ellips Stokes Vectc
1 y 1
1 -35
e R S
; 0 ‘ 4/5
1 ] 1
—_—x -1 3/5
> 1
> A
4/5

y 1

)
o r O Fr OFr OO
1

,
o |

=

) 2
1
HOOI—‘I—‘OO

-33-



1% 19, wekbe Al

.S,
.S,
.S,
.S,
.S,
.S,

5

LY

5

»

kil

»

kel

»

5

»

5

S,)7F (0,0, 1p1% € AF(5 )
S)7H (0,0, -1p19 #el BH(d)
S,)7F (1,0,0p1W X A AF
S,)7F (-1,0,0p1d Y= A @F
S,)7k (01,0919 45 A A%

S,)7t (0,-1, 0p19 135 A B

-34-



AE A 3
A HER A3AD BF AR

& AelM e e A 2

R4

ol
lo,

Az g el el MEstes vt 7]

5O F TAC(Tri-Acetyl Cellulose) Z &S AFE3llaL, BlE Q4AA 5 A%

S 9% THEAZ Merckhe] RMM522(dImHE]l 47)2k RMMA98(HI vHE]l 7 o]
S Fold ARol xgE)S AMEEIY ZEHA AXE T SR

MEK(Methyl Ethyl Ketonep} &F<ll& AFE-315 T}
HE™ SdAd 259 A A4S ded 2o A VEeR A
TAC 5ol digt oW FdS 3Pttt Yoshikawa Chemicalde] FINE FUFF(YA-

181-Ryz HW = AMESIth AW 7|9 A5 utZ 9o ZEd AYEAt

_:raz

b ooz TR NS A xdh Merckil] RMM52291 RMM498S A48t ZAJH)
2 Eg3ste] MEKS EF4ol 7] A #l(Photo Initiatork! CIBAALS] 1G1849} $H7)
S A1 TE RMM52291 RMM4982] xAH| S xdsto] & HlEd 235 WA

T Sk A A= AL S 2 FE oy A 3to] % & (Polymerization)t-&-

il
ool
4

A& sk Bt thge® I ITHS st IH |2 vl FE(Bar
CoaterR! Han Jik}2] Film Coate& AM&-sldlth. IZ®WF7+= I®W S Fdst= IH
vke] Mg (Bar Numberyl] uhe} o] 7hsatrt. 39 & A P02 A% ¥4

¥} UV(Ultra-Violet)d 3t +7d & < 333lth JISICOMNE] J-300M & Az FHE At

V73 ¥4 JEIUVALS] uv

oX,
i
i)
ol
1o
oo ofy
i)
rE
oo
o
Jo
kit
ol
N
1o
%
™
o%
ol
rlr
(-

st sttt A2 Az ¢gm To= Axometricl2] AxoScan



kel A

ARE welz,

il

A

+c}. Lab Scale:

=)
er

s

Al 2ol 8

hvaA
ar

1Yo A Lab Scalé:

O e DVIER LR B

A

gl

A

Mo

Mo

il
el

Bl

el

<0
oF

=
W

elz}el(In-Line) &

AN

PN
T

1 AeR

9]

_?4

7] 9 2 FE|(Roll Coaterp] AHRE g7 A A= o] Q).

e, o

Pilot Scalez

-36 -



® 3 HEF AE 259 A% 34
Sl =74 A F-ALE
< 718 25 (TAC 25
71 #1) | . 84
[B1W 3 : FINE FUFF(YA-181-R), Al A} : Yoshikawa Chemicals]
« 78 E3Z : RMM5229} RMM498 Z 3ol
[&m : MEK, 741,
2 A FWA A 1IG184(CIBAN]
« 7% WX : Bar Coating
[Model ™ : Film Coater ,#| ZA} : Han Jin Co.]
e A% :60°C,5 %
g 5 [Model & : J-300M, #| ZA} : JISICO]
3
A 2] < UV XA}
[Model ¥ : UV A&7, AZAF : JEILUV]
- Ay IY, F HEY 7, F H4AA #
4 =2
e [Model ™ :AxoScan, #| A} : Axometrics, Inc.]

-37-



— )

i Top View

TAC Film

Rubbing/Coating Direction

a9 20 39 2 F Al vEd A AEe] IYEE By

-38 -



Rubbing Coating Roll T
(Die, Roll) on Type

TR Film
Rubbing Bar Coating Sheet Type(A4dsize)
2% 21 HEY AN AE ARFY D BA A

(TR Film : Twisted Retarder Film)

-39-



A2A S 4D B2 B 4D 27 ° ALTA
steulg %3

A EA

Sk Aol Medh vkl o] AzE HE™ J

o

A Bge B

J‘l‘
Jim
M

215 9)&to] Axometricstte] AxoScan RS AFgEF% tHY AxoScar> wlE] ZTE 7
B ool e o7 HRALH FS G AEol Ak E9E Fe H3H
= SAska, olE wAsH Fet AEe de dHe FE2L 5 Sle Aotk
A2gelx Mzstalze] A8 BFe AEAA WEHE g AE "y yH

AR AES AER ARGl S de PS4 (2-17p HeolE StE(Fitting)

sl HE™ S3AA A5 T2 dAvEe F HEd 4 o9 F A @

MerckAl2] RMM4982] dHFH| S 0%Y-E] 100%7FA] 20% (+Z 02 wH3IA| 7] v
AFESE M SR YAAIA BES AZSESI T
B

3 4= RMM498°] dafu]o mwE HIEH BlE A w(And) SEAE

fijo

RMM5229 RMM4982] 23 s¥] ol

T-r
ofj
R
i
o
N
o
iz}
allf
1o
N
i
i
e
>-|-4
O
it
a0
do
<
N
oft
R
i
uic)

H] & (Twist Rate)l®
ZVo] & et

19 225 RMM498°] Eafu|e whE HIE¥ v &

o

Bol Fa 3lrh. o]

il
i

-40 -



o o
S
ﬂoﬂ g = wr o %0
U ) L oy X S <
- — _ \q *
g R § & ° 5 & sz s
ol o R o o : : E :
a x ¥ 8§ 9 zﬂ > ¥ % 2 e :
o @ Ty Col LU
-o U < 6
7 o rE on M T o 5 = i ﬂ
= - 2 @ | ; _
5 W F £ 0 g X i = <
- 2 = 5 S _ <° HH 3 N
. G TR "
—_ A+ 2w w o
T [y T = N 5 - :
z S = s o = T o M &
o= % o o~ E N e sz
= F 3 bl ®on R
~ Hr Tz .
S EFES XN 3
S ) T H = . X o T
I oop W MM ooz g 5 * o .
= 1S 0 e ] = o] 8o 7 W oI
= 55 B SR S B NS
ol 5% 0 o F T " w_ro - :
OWE d zl w w o \mﬂ _Z.m =3 J@.L N = ()
= °F < ©° ™ B2y 5 1 b
v S O ! I Ly -
» 21 of T - T o o M og T
w g @  Wro> M B R 5
= = @ S EE o A :
Lo 0 = # Ev
o 2 o W piL r = :
= R 3 W w3 A — mo
Eu E]E iy M\ o X]_; E E._ 1 a o i _1@.1_
5 B . N w9 oF o o b
L 5082 % i :
Pt %%%%W%%Mﬂ
. y Z N = I =
& L M % g 3
-0 2 Lo o}
_i TM ;OL OTU ,OI
o T %
IS

41 -

34 Aol A Fol
a9 Folth

Fod

¢}

B



X 4. RMM498°] grefulo] wh& HlE3 Hl& 3 AAAA 3k S A

(Measured @550 nm)

RMM498 | Total Twist Angle Twist Rate )
Retardation Value [nm] Thickness [|un]

[%] [degrees] [deg./pun]

0 3.0£0.5 1.8£0.3 169.6 £4.9 170

20 18.6£1.2 124£0.8 1447+ 7.5 1.50

40 35.0+£0.7 22.7+0.5 142.1+1.2 1.54

60 499+1.7 304+1.0 134.5+2.7 1.64

80 64.1£0.6 42.2+04 125.6 £ 1.0 1.52
100 77.6£1.7 64.7+14 1155+£1.9 1.20

RMM522(MerckAl, Nematic LC)
RMM498(MerckAt, Nematic+ Chiral LC, Right-Handed)
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3% 5 %% A5 AEe sk e 3E 44
Optical
Symbol Mueller Matrix
Component
0.47863 0.10534 —0.13656 —0.38635
0.05457 0.16176 0.12649 —-0.06622
Cholesteric Film M-
0.03151 -0.13134 0.12076 —-0.11220
—0.38792 -0.09339 0.15820 0.40108
0.86227 —0.00568 —-0.00941 0.01104
—0.00607 0.36798 0.37420 —0.67996
Twisted Retarder J\Y
—0.00668 —0.27837 0.76811 0.27004
—-0.00693 0.72129 0.10667 0.45263
0.46841 0.00134 —0.00082 —-0.38213
Cholesteric Film
0.34831 0.00303 0.11190 —0.36345
Laminated with NICLC TR
—0.11872 —-0.17159 0.10020 0.14098
Twisted Retarder
-0.16811 0.11822 0.14235 0.18953
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— N o= - o
3 6. 9% A5 AEel digt #FE AL Ay
Input Degree of Degree of
. o Degree of ] .
Optical Component | Polarization Symbol o Linear Circular
Polarization
State Polarization | Polarization
Unpolarized
Cholesteric Film Mo S, 0 0.821 0.132 -0.811
State
Left-Handed
Twisted Retarder Circular N[TR . SLCP 1.000 0.846 -0.534
Polarization
Cholesteric Film
Unpolarized
Laminated with Mpoirm S 0.864 0.786 -0.359
State
Twisted Retarder
Cholesteric Film | d | MM S
Unpolarize . .
and T Tl | 820 0.751 -0.331
State
Twisted Retarder
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%7 9% AE AZe OF FYF) ALY A A
Input
Normalized Stokes Vector
Optical Component Polarization Symbol
for OQutput Polarization
State
Cholesteric Film 1.0000
Laminated with Unpolarized M g S 0.7436
Twisted Retarder State CRER IR el 41 -0.2535
(Experimental) \—0.3589
Cholesteric Film 1.0000
(Experimental) and Unpolarized ! } 0.7110
. Me Mg - Sunpoz Sp= A
Twisted Retarder State —0.2403
(Experimental) \~ 0.3308
Cholesteric Film 1.0000
(Ideal) and Twisted | Unpolarized idecd 0.7825
Mpe-Mee Sunpoz S.= a
Retarder State -0.3213
(Experimental) \—0.5330
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E 8 A%l AHeF FulauY Ay AE oldH FexHY oY 2

P oAgel QA A YT AYYH AN A3}

Input .
Optical Component Polarization Symbol Normalized Stokes Vector
State for Output Polarization
1.0000
Cholesteric Film Unpolarized M-S, . 0.1140
(Experimental) State we P 0.0658
—-0.8105
1
Cholesteric Film Unpolarized M g; (g S S - 0
(1deal) State unpol 00
-1
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0.5, S, S.o 7 AEIs WME) gA A AR e £
E,, E,, E,
Input Polarization Jones Vector [Assumed To Be
Optical Component Stokes Vector
State Perfectly-Polarized ]
Cholesteric Film 1.0000
Laminated with 0.7436 0.9646
Unpolarized State S,= E,= .
Twisted Retarder —0.2535 0.2637exp(-2.18581)
(Experimental) —0.3589
Cholesteric Film 1.0000
(Experimental) and 0.7110 0.9661
Unpolarized State SB = EB = .
Twisted Retarder —0.2403 0.2580exp(-2.19901)
(Experimental) —0.3308
Cholesteric Film 1.0000
(Ideal) and Twisted 0.7825 0.9440
Unpolarized State | S, = E.= ]
Retarder -0.3213 0.3299exp(-2.1128i)
(Experimental) —0.5336
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¥ 10.S,, S & 7

= WE E,, E,

AEAS WE Y 9

Hgd of thgt

oX
M

Optical Component

Input Polarization

Stokes Vector

Jones Vector [Assumed To Be

State Perfectly-Polarized ]
1.0000
Cholesteric Film 0.1140 0.7546
] Unpolarized State = E,= ]
(Experimental) 0.0658 0.6562exp(-1.48981)
-0.8105
1
Cholesteric Film 0 0.7071
Unpolarized State S, = E;= .
(Ideal) 0 0.707 Llexp(-1.57081)
-1
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