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Liquid crystal variable retarder development and
electric-control retardation measurement

JIANG Ji-jun, ZHANG Da-yong, LI Jian-feng
(Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: In order to get linearly-controlled variable retarder, a liquid crystal variable retarder (LCVR) was developed
based on SLC-7607A parallel nematic liquid crystal. Iis operating principle and technology was deseribed. New method
measuring retardation of the variable retarder based on Stokes parameters was put forward, and the characteristic curve describing
relationship of retardation and voliage was well reproducibly drawn. Experimental result indicates that retardation is inversely

proportional to the applied voltage ranging from 1V to 2.7V, and the fitted linear relation is achieved. The obtained result

attributes to the development, measurement and application of LCVRs.

Key words: optical devices; liquid erystal; variable retarder; Stokes parameter; linearity

5l

il

AR B RS m RS YR, T
HIHEFIA B S RS AR A2 18, 5 32 R 5 RES S R
ZAFAE RN B BT HES , 3 5 B0K b R A B BT 9 4
P, JCIHR M S AW, XA R AU AR . R
FHRXFIREPE AT LA W SR i a5 s A HE R B B 0t 2 88
1o HH AL AR A AT AR SE R 4% (liquid crystal variable
retarder, LCVR) = ) HH 07 JE 3R 52 B3 TR Il , TC AL
ML Sl T EL e LA )R, TR R =R R S, [l 5
5 I e G R R B4 A LU , Y 0 P AR D2 AR AV SE R 4%
A TAEHEMR TIFE/D AR BT 5T HR R T AL
RN THSEAS SR . AR SBR . fH

R H FEITEYDHEMRR EBARLERHIAE
(2009A0401024)

YEERIT LK E(1979-) B M09 & BI B R i,
FEMNER R B A TR,

* HIREK R A, E-mail;jianfeng816@ sohu. com

WeRE H #1:2010- 10-21 ; W B E 24K H 3. 2011-01-05

BACFE OGBS EAEA T Z A, HlanhvE s
U miri et RS EeE  ,

AT f# LCVR AT LAXT A ST GRS S 470 54 14 9
il , 7T LCVR TERFE T =4 R I FE AR
JE Xt IO B R EAEL0R AT o , BV B £ |, Y6 A
2o MANLIERRFNIER BRIKE I B — HZ 362
TAERREHE . 400 E P AN A 2R B £
SR AMEE SRS EET WG T R %,
1B bRk 26 0y A7 AE A OGS A 0 8 18 R PR (7 S AR
5 X I X VR P R AR A R

YEZ R T LCVR ) TAEJE R, Bl b T3 F 1o
FAH A B FR AR W AR SE R 25, 45 Y T3 T Stokes
SR e[ AR A R B 5, BAL T LCVR ML
BRHEN B R, 3T T AR 55017,

1 BRAERMERR

1.1 RRKEENSEES
) FUAH I R 2 AR IR, AL R A e 2 R A B
AR Y U 2 [ RS, B A WA A 1 AR



358 HSH

TLAKTE R T E S SR ST o A o S ) 653

{55 F 5 50 B S 07 e AR o — B 7 A — B 6, A
] ¥y rL S 50 9 20 T BRI JEAN TR, KRR -

Oy(VS Vlh)
0 = {Tr V-V,
X —Zarctan{exp[ - (T)]},(V > V)

(1)
K
R, Vo BHBBEERE, V=7 [ ————,}
80(8// 8)_)

B, K, SRR AR TR S '], o0 REZ PRI
HE R, e, , e, 02 FATHIEE BB ST 307 Y
AR Vo WS TIREE B — 1 A I g
o WARSE/DTZ B, 18 RAR LN 2 $5
BiA, A R T BE IR V,, B, B Ao T R A A
W, X R AR K, B =R B AEA 6., =
w2,

B 0 FIZEAL, LT 2 BRI i R & kA
A4

nOnE‘

= 2
neff(o) (nozcoszﬂ + nezsinzﬂ)m (2)

AT E R EERY LA, W AR A T HES R A0 A S -
oK, G ARRe R EBON R ok , I (2) SABUA B Sy 55
RIS 0, {EARER LU 2 ANROBFSCAT 162008 |
EFEE BT, LRR MR 0 B 0,1
SR LABUS HEm IR 2 R

AR AAHDLIER AT AR R A

8 =2w(ngy —n,)d/A (3)

1.2 EBAFTERCERZFAIHME

W AT AR AL EE R B S I 1 R, R TH
B 1 VL T A A G S SR A8 B B RO AR SE R, o
ANERERIRSENE R ERE, KR E TR EHE
R‘J’Eﬁﬁﬁﬁﬁk%ﬂﬂﬁ%ﬁfﬁﬂﬁﬂﬁ%ﬁﬁkﬁéﬁ
10pm &7 W] AR A 2 R 48 75 B — NI 38 06 Jy 1) |
R IR B Y L, (VB 43 1 IR 4 1) R A e , A
MBS AA AL SE IR B, Dy SE BRI, T8 A7 SR B
R B A S (indium tin oxide, ITO) S &,
R, FLTT L BEL R 50000/ em” o b T 3 R LA A AA AL
TR, T WS TP B S TR A
75 T HEF «l%’“ PI b‘f’%ﬁfh ITO '?F%ﬁ}:ﬁ: KRG &Mk

fused silica

SLC-7607A
Fig. 1 Structural pattemn of LCVR

fluid sealant ~ polyimide

¥ BEERE L ZALBRS  BT LAME S TR RE T
o HE 5, A SR AT HES o B 7 DU R O
5 0 HE B FORE W RDRE, BRI SE /R — 1~ LCVR # i
YEo Wt b1 R P K A 42 35 WA A R Rl B A3 1Y
950910700 A5 ¥ &, 15 == S TR BE A 63°C , 7E 21 C it
BERAET , ilad 2 B KB DL 47 5 AU & A 632. 8nm
A B B KBTS 525 An =0. 152,

2 AR

W E B 2 o, MOL&S R HBEKHN
632. 8nm I # 4 10mW f¥) He-Ne 3 6G85, RS HY
HEEE A 5 x 10°, 3856 4% 20mm, F5 o] 48 Y62 A
A ZE 3R 8% 5% A7 I 5 R W A1 KL AR, TR N
10pm, {55 U8t AT BB R BUK A= 8% 77 A o Stokes
SR A TAE B T % :400nm ~ 1700nm, TAEH
# KT 30Hz,

function generator

Stokes meter

polarlzer LCVR =

Fig. 2 Schematic of the measurement setup

W 3 FroR, H et i A i Mk i ikt ELA

o X

>

n,

Fig.3 Schematic plan of LCVR Jones matrix derivation
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Fig. 4 Voltage-dependent Stokes parameters of LCVR
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Fig. 5 Voltage-dependent retardation of LCVR
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Fig. 6 Linearly voliage-dependent retardation of LCVR
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