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Performances of Reflection Spectrum of
Stacking Cholesteric Liquid Crystal Cell
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Abstract: Based on the Bragg reflection of cholesteric liquid crystal,a structure is designed, which is
formed by opposite charities of cholesteric liquid crystal of red, green and blue to enhance the reflec-
tivity. This thesis reports the reflective spectra of LLCD cells by the 4 X4 matrix method. With the
comparison of reflective spectra between solo RBG three-element-colors stack (three-layers) and the
opposite RBG three-element-colors stack (six-layers), the calculated reflectivity is given by chan-
ging the parameters of liquid crystal. In the best condition, the reflectivity of a six-layers LCD stack
reach the maximum of 98. 91% while the reflectivity of a three-layers LCD stack reach the maxi-
mum of 64. 95%. This thesis also reports the result of chromaticity analogy of the LCD stack,
which ranging from 5 240. 9 K to 7 029. 8 K. Overall, in the best condition, the chromaticity of
a six-layers LCD stack is 6 285. 7 K.

Key words: cholesteric liquid crystal; stack; spectrum; 4X4 matrix

1 7 = UK 1 ST R PR IS e T4
1991 42, D K Yang K¥ T FHBKHEAZE
FUEB A L AR A IR S5 M, o E T H A BT E2REMSSMM L IR TRAYRE
FA AR & Bragg O FEME . FHEWR S 3 Fl 3 1 F-PE W R BT, S . John L West'™
FELUE CF TSR B HE U R B HESD i XX R IEAT T RN A 5T, O DA R A i i

B HI: 2011-04-02; 1&iTHHA: 2011-06-11

ESIA: H1R RS 863 141 %8 85 H (No. 2009AA8042018) ; |1 5 K 5% A B3 3 45 (No. 091061423)
EE B : BEE1988—), 5B, DI BUAR A, K F AR, 35 20 A= o' e O T 1 TF 52

* 30 TIE & A . E-mail : zqhuang @ uestc. edu. cn



% 5

Z o BRLAFBR G TR O B0 Y S 593

To1) Y i I ACAS (] R B 0 TP S ) A T
B G5 I B S 5 W 0T R AT 1AL Bk
WRIT 5 RVGB R 3 f R o6, %
LR e SRR S L AR AT B R R D RE Y WA
R BT0, I 38 o 8 R GO AR 1S T dR s Y
b L P 7S i R SR IR B L A H
WD 2 B2 M SN SR e LR R g
R T Horb 1 R A B — i ), AR DL 3R
W R S R AR 2 G AT B R R A
TR 6O F RS o s 1 5 B R A
SR B R A A — ER A RN . R
ZAET RS EANE, = A& 245 Ek
WREEI G R AE 30% LN, B R A T
PV i S5 7 e A B D' A JE i 41k D R 3 S T
XU 78 S 7 BRI 7 1) PR 5 WA AT J2 W A 5 A 2RA
J S5 A T A 4R O DU 0 TE A AR R . RO L I R
TR T ERKRRSHRNT 50% ., N1 H e G5,
FRATTHR ol FH 2 e A0 A TR W e 2 R A 4
A RO B 0 ik 4 2 T 45 A T D I D't S 2 g
S AR 1T 25 5 DT $i e S R A 8

20 tH4t 70 4FE4% ,Berreman $2 1 T FIH 4 X4
HH R A DO AW Th A A R R A L i
T5 1 B HOR R s s O B IR R S
1R BT AT Ao 17 AL 580 3T 0 ] 2% 0 T
DI 375 5 S S B4 L BT 2 A Y R R R RE
F AL AR . KW RIK . Berreman’s 4 X4 FE 4 1
TS R T 52 A i AR A R S AR b A X
FoAdy 3 oL v 55 05 i e AT IE SV G AR
Berreman’s 4 X 4 5 [F % 2E 4l b LB sl 4 X4 JEFE
VRN R B AR P T AR T k. b
FE /e Berreman’s 4 X 4 i [ 1y 3 6y 1.
Matlab Py BB D T 50 T8 R 353, TR Ak
TRATERE G RY X O AT BT SR A TR
. Berreman’s 4 X4 B[ vE R T ol e 4 25 2R
B Al A5 S T T IE 5 09 B A i S 0 R 23 A 4 2R
B EE

AICHE John L. West T 5T By FEat I . 7] B A
T W R 22 A PR E )R RE PR R
Berreman’s 4 X 4 46 [ 2 WF 98 6 Fh B (6 F L WM
HIT(R A JE R A E.G A E.G A E.B AJE.B
A 8D F A [R) SR 78 245 2 s BT
AR B B0 Y S RO AR X I AT T IgE . O
PATHS G5 Ok SRAE L3R 250 1 615 R

2 FEpEA

2.1 FHREK Bragg &5
TR AR AR MR R A e B TE LR )
SRR HES . 2SO0 A MR a1 gy 5
1Ll HEZ B8 o A A R B 1 AN 6] 25 R A 3 Aol
2ERON S X B TS TR ) Bragg OB RN .
JGTE A &R 7 A Bragg K A6 250 R
Bragg 758, BV A0 RO B A0 55980 4 R B S
P47 58 58 e JIRIR p BUIE FE
Ao = Nage P (D
T3 —J7 T Wl BN B OGS R Aax 5
VAR R EE p AT SR An BUE HET
A = Anp (2)
2.2 Berreman’s 4 X4 45 [
Berreman g Maxwell J7FEHES H 4 X4 4[4 .

N _ v (3)
oz

ke NS R . W=LE, pH, E,
I" % Berreman % 457
XF TR ALz, = T Az JEHIN
Y(z+ Az) = exp(ik IT2)W(2) (4)
R A oy AR Z2 2 g AT A5 G TR
F i) Q, = exp(iky I2) UL (DT E N W, (2 +A2) =
OV, (),
M RS RN Y () =
YV (zHOMY, (ztAz )=V (z+Az"), 0
e AR TR IN TR TR = 1R AL I
2oty vl T AE
Y =00,.1000:0Y (5)
20:r=0.0, 10000, M.
Y, = 0¥, (6)
Y, =V +VY )
Krf v BB SHEE . W A6 e
f 38 0 s XA T I R R A B X @ BT
R, XH Q, = exp (ko T'Az) T 5 5k 4 B8 5k
fi#% .72 MATLAB ¥5 55 REAR 47 4 52 81
WA b3 T7 1% R I P ) A T R R R
3 I B B AR 2 1R] 2H B0 & H TR A 1 AT S
SRR IR [ E 20 b A RB AR E I B O R
N Ao PR AE— &L BN RO, By ¥ =
Q,0:Q, (¥, + W), Hh @, = exp (kI Az) Jy
TEHENAY Q FEIE Ty AT 5 30 n 145 1) [ P A

*V]OHJJT’



594

i) ZN 5 26 &

JH B Berreman %6 [, [l 3 % EE A [B] HE 7] A
(7] W B3 LA B AN (] LA S5F 58 1 TP VR J22 4 ] AR R
e 7 VR TR R R
2.3 REHW

15 62 0 E WO 1Lk 2 AR AR R 2Oy, I
PROCHR AT A B KR 0 AR

E, E, e
E= [E)J_ |:E7€32i|

ﬁﬁj‘ﬁ%i{n o IR IE D Eo 1 2 A IR0t

(8)

OGRS IR E 2R TG

-
e

B o B M A TAGI B AN 0 A

SPOLTE IZ%EW e K
K=/[kysing, 0 kycosl,]"
SURGYAE /3 1N iR Re)
w=[E, pH, E, —pH]

R Y=LE., rE. E  rnE/]J].
PAZDEENT o D5 T iR 637 il L3S ioh «

y=[E. rE, 0 o]
ML v T YR eI SR
v=[0 0 E, rE,]".

2.4 REERTEIREE
HT FASSC I B TE BB AN ) B A [ e 1]
ARty G e A [) 7 3R LA AT 38 d A ) B 28R
PRI 1B 1) 4 SR A 20 17 L B 33 3 1 U o W
W, 1156 7 3R U B 1Y LU, MEPEELIRL 6 500 K
AR HE BRI D65/ A S L B TR 1 em® 43X
PERIAT 3 A S TR A BT AR ] 243 7 1A AL 3
AT B P B At AR . AE WA E 2R R NHR XS
AN R PR A ' ) BRI PR AN T] L o A SR 6 B 24 5 L
— U AR BT B O L B
D= Dw ck, V) 2T (D

o ke, S EALSE 5 F S A=555 nm B AEHY
A3 TR AA L V (O 35 AR BREL A
R B ] B T QO Sk X6 LA S 6 1R R R
HH U AT A58 RS O i AR Z L X S L
(B AR J2 FR AT BB 5 5 23 3 IR AR AR 40
2.5 Berreman’s 4 X4 & & MATLAB dA gy it
A&
FIH Z AT 48 1Y J7 6 8 Se T H 0 B U
AW )Z 0 QR HETAS B & &R

21 Qr R, BLJE R RN Qr K S B
(14 Qo i B i HE G B0 0T 4 3Fe , B A5 1) 48 AN (2
INHLICHY Q HiFE LRI
0 =0,0:0,0r0Q, (10)

M e PR A — PR AR X
CTAT, 78 BT A 5 v [ B 77 7 A 56 s 5k
R VSCHE S B A R ST WO, b T
it TR 33 A [ J0, B e Ao 3 S AR B 5 ) JR
SR 2 PR B 25 B O Y08 DA BR T 95 X
TR R . AR 7RI A BT Y
ey RN

DRl Sy 5 230 2o 11 545 B R s PR T A R
A UG Y L PN A B S O S R 2k FJTUL?MBZ
K 360~760 nm B AGE I 2 T AE i E R K
AR 2 T A RS Ol A X iR B L B )i A B A A T
WG N Y R e Rt 2. B’ 1k Bk
PSR RH N A TS R

A

LR

‘ TR ST . ASDEIE K H 0.36~0.76 pm, 25 0.000 5 pm ‘<_

-

LRI 34

E’JQAEIKZF“T

WA )2 TR e 7

£35S

B4 W R B B 0 Q A
R RA BT Q HilG RS

T 512 T L B ) 2 95

B 1 Ry
Fig.1 Program flow diagram



% 5

Z o BRLAFBR G TR O B0 Y S 595

3 WHHERKAMN

TEAT B P RE Wb o AR WO R R R IR 2.3
T RTIA DL B IE 38 19 2R I 4k SR AL A SRk
BT e 2 R 2S5 T - 3% eI 4t
o, =152 AR AT 0. =1.79; NG 6=
0°, 2 FiF B ) 1155 225 SOk k0 A A
JEHC 10 A~ 98 R ], 525 6 1% BE 08 AR 4 b B e
Bragg U REPESY . 454 1E S b T TS L O
PRFR A WA & A AR A 0 &5 BB 4 pm R
T F
3.1 3ERBERHET

23 AR FL s R BLAE A AL B P X O [
0L Y 3 T I R A I iy A B S O T A 22
)5 I AU AR G 55T R T A TR A T T
[i1) 80 A SOTRE ) 45 SR A 2 AR R Y . o st 2 106, 3
SR v T2 PEOAN () € YR i 6 P E 1) o) A BT IR
ST R

1.0

Blue-R
Green-R
0.8F Red-R

a
1'=0.503 6 @

0.61

Reflectance
<
<

0.4r

0.2F

1 1 1 1
(?.3 0.4 0.5 0.6 0.7 0.8
A/ pm

1.0

0.8

0.61

0.4r

Reflectance

| | 1 1
(?.3 0.4 0.5 0.6 0.7 0.8
A/ pm

A RS R LLZR G I 2 i 4 Sl 4,
Horp D 3R BSCHR W R TR R O O
HHASREZ . B 20 FF 2. 4 0 W
$53 g A [ JE ) CTR) Ay 2 W€ 8 A T8 ) » 1T DA 3 L
S RALAE 50 %0 BE . U SR G op 20 € 1 3 ek
55 55 A1 O € 1 VB R S T T TR I 2
(b) & 5] H 2 B RAE L1 4 0 638 Ak A5 W i
P o TFAREIG NG DL T o 5 U0 W5 6 % b 1 TP A
BB 2(e) WSS S A0 ko s FHAb e
MLk A TP 5 5 R TR A R B AR 2
(D A] AR s B 2 0 32 =5 5 i T P R B0
B MZEAL B R CE E A HE T 0. 50 £ 4
KR 2420k 0. 65,

J 5 3 4 e 1 D DR Sk A R O TR R R RS I
3 LAY — 5 43 S 5 2R bl R e A X3 2 A i
AT T 19 TR G B A — 2 3 [ 2 S IF S A e
I] 1) VL o J 25 25 B A — 8 4 T et 1 L Al 25 2 ) T
i B e o

1.0

Blue-R (b)
0.8k Green-R 1'=0.606 7
°| Red-L
g
E 0.6r
5
T o4l
= .
0.2+
1 | | L
(?3 0.4 0.5 0.6 0.7 0.8
A/ pm
v
g
=
L5
a1

1 | | |
(9.3 0.4 0.5 0.6 0.7 0.8
A/ pm

B2 AN[E T (A -R R e .- L RN 72 8) M 2L 6% 5 = 2 W0 & 10 RCAOGIE . (0 Z R WA Z TEAME; (b) 20
@ E B MR T (o WOBNZEEAHRETME: (D SEWMNEEA M T,

Fig. 2 Reflection spectra of the red green blue stack with different chirality(R represents right-lateral, L. represents left-

lateral).

(a) All three CHLC films have the same chirality; (b) The red film has the opposite chirality; (c¢) The

blue film has the opposite chirality; (d) The green film has the opposite chirality.
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Fig. 3 Reflection spectra of a stack with six films. (a) Thickness of each film is 4 pm; (b) Thickness of each

film is 10P,.
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