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Acoustic Realignment of Nematic Liquid Crystals

by Guided Waves

Student: Yu-Wei Su Advisor: Dr. Ching-Chung Yin

Department of Mechanical Engineering

National Chiao Tung University

ABSTARCT

Nematic liquid crystals (NLC) are optically uniaxial materials. Their alignments
are easily disturbed by applied external fields such as electric, magnetic, acoustic
fields. A change in the refractive index of NLC tesults from the realignment of liquid
crystal molecules. The influence of -acoustic, waves on the optical transmission
through the liquid crystal cell is called the acousto-optical effect of NLC. The liquid
crystal molecules do not be directly:peérturbed by obliquely incident acoustic beam.
Instead, they are influenced by the acoustic guided waves which are induced by the
refracted ultrasound into the sandwiched liquid crystal cell. This thesis investigates
the acousto-optical effect on vertically aligned NLC due to acoustic guided waves in
liquid crystal cells based on experiments and theories of ultrasound.

In experiments, the liquid crystal cells are placed in a holder within a water tank
and are obliquely insonified by an immersion ultrasonic transducer in a broad
frequency range from 0.2 to 7 MHz. The acousto-optical effect was observed by a
variation of optical transmission through the cell. The optical transmission was
measured as a function of the gap of liquid crystal cell, acoustic intensity, incident
angle, and so on. Experimental evidence indicates that optical transmission becomes
significant at the occurrence of acoustic guided waves in the cell. The optical
transmission not only reaches saturation with the increase of acoustic intensity and
duration but also collapses and followed by becoming saturated again. It seems that
realignment occurs once the molecules rotate over an extreme tilt angle.

The comparison of experimental results and the simulated dispersion curves of

iii



acoustic guided waves in liquid crystal cells done by Shih shows that Sy, S; modes
have strong effect on the realignment of liquid crystal molecules. The A, mode has
only sight influence. In addition, liquid crystal apparently has faster response in high
frequency range than at low frequencies. Even though the response time does not
reach the required commercial standard, it is worth further investigation on acoustic

realignment of liquid crystals using guided waves.

Keywords: nematic liquid crystals, acousto-optic effect, acoustic guided waves,

realignment of molecules.
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EX
J { } (2.5)

Bk - BiRE w a2l Eamb T RE s gtk E K
TR H BB doB) 24 9T o B 5 AU ki Jw},—ﬁ =
il

YN

v 32 3% (principle of superposition) © § » ST FA & L E

@%%nm?

EERE AR RTHARLEE, 0 A FH T AT A

A

E, =T E, +T,E

. b (2.6)
E, =T,E, +T,E,,

LLL/%@’Yh‘]Iz‘Tzl‘TzzA’\ B A e it 4;%‘;‘" «um#&’(z-@i‘ﬁ"ﬁﬁi

AT A RBEIMEET R AR R IR, F

sz :{Tn le} Elx (2.7)
E2y T21 Tzz Ely
dek J g LA n] R A o skt 8 5 35 ks 21 B o R

J2:TJ1 (28)
ST 52 #raprd > % gt R E Lo

222 R B EHA T

TR MR BEEAICR 2.5 %77 0 K kid 3 B RhI 4P
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AR L 5 AeB 2.6 AT o d BRI F D LT R TR

E, cos siny \ E, E.
s ale )]
f —siny  cosy \ E, E,

VBE AU R LTS R E G el a B o el

&

FE o FHE e HME2Z o WiEES Bk R G A B TR S o i
A 5 E47 5 (doubly refracting 2 birefringent) - %] & 4p:# K& 9%
BoRE-phinA B EELT - B dp B R R L DiRiRRk

Eongfen, A S & B gh{o bk 3T 5 S 0 G R M sf ARk oD

nit kT B R R S

. @
E. | ol £ (2.10)
f 0 exp(— in, —l ) !
c

&ﬁd?%?ﬁﬁﬁ‘wé%%%%ﬁiﬁﬁoﬁ#h_%km‘%,

QI0)R T rie— H 4 7 5

E'\ . (exp(-il'/2) 0 E,
1
(E}J e [ 0 exp(iF/Z)J(E f] (2.11)

P el & 4P =2 & (phase retardation)

I’:(ns——nf)gl£ 2.12)
c
¥ ¢t » F_& T 3594p = X (mean absolute phase change) ¢ =

¢=%@;Hgﬁi (2.13)
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y
# ¢ R(y) & # # 4£ L (transformation matrix) - W, 5 2t B 5 fsf B

1 ke Braprd o & B[4e T Aron

R(t//){co.sw Smwj (2.16)
—siny  cosy

fr’

W, = it exp(—il'/2) 0 2.17)
=e .
’ 0 exp(il'/2)

hode B H R Al o 4B TS eI K Lvk A3 o B B
B A R 4 xy duf SR MO B2 T bRy it 0 G 4o
Tz LR A
W=R(-v)W,R(v) (2.18)
af B B enrf fraprd G H N4 (unitary matrix) 0 =¢
W7W =1 (2.19)
MR WP LA #4erE (Hermitian matrix) © § 37 2 2 H M 4 H
g T I g 2P pfdre Ean A ) .
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2.5);% Z 1 > Pk E L] 5
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Bk - BIRE S p R B RN EE Y - kS By b

Wiy B e & 4

1 (0, 2.23
2\ )7 —

4 (2.18) 220) Bard F kEHE P RT 147 5

, (1 OYcosy —siny)e™2 0 ) cosy siny )1 (0
E= . iT/2 . Nz E,
0 OAsiny cosy 0 e =siny  cosy V21

(1 0Y cos?we™'2 +sindye™ 2 Sinl//COSl//(eir/ze’T/z)j
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1 0
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_ —1 0 r
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T A NRHRT AT S
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\\\xr
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v
*
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k* - q* cos(ph+a)

u, =qA {cos(qx2 +a)- cos(px2 +a) (2.30a)

2pq cos(qh+a sm(px +a) (2.30b)

)
k* —q* cos(ph+a)
4
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AR 0 AR BRE B AT AT

14



(2.31)
p2
u, :lkqA(1+ 5 zsz
Aot &
k2+ 2 k2+ 2
u =q°A 5 q2 x, =—k’A 5 q2 )
k™ —q —q
] e (2.32)
~ t4q
u, = ikgA— pe
SZn-l ﬁ:@ ;‘;
2m+1
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SZn 7}3‘:\; "
X
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An—l ﬁ):ﬁ* f’a
2m+1
" =—quin[M—2} 1, =0 (2.35)
2 h
A2n *‘Btl‘é ;“':"
X
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Frequency Element Diameter Near field distances
(MHz) (inches) (inches)
1.0 0.50 1.043
2.25 0.50 2.374
5 0.50 5.287
% 3ok [R5k

Certified refractive index liquids
series A .np, 25c=1.5£0.0002
N 1.4967+ 0.0010
ng 1.5086+ 0.0010
np —ng 0.0119
abbe v, 42.0
n, temp. coef. -0.000401/ +°C
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# 4 kK FE T ® New Focus 1801 w4

Description Specification

Wavelength Range 300-1050 nm
Coupling DC or AC
3-dB Bandwith

(DC versions)

3-dB Bandwith

(AC versions)

DC Bisa Monitor Bandwidth

DC-125 MHz (typical)
25 kHz-125MHz (typical)

DC-50 kHz (typical)

(AC versions only)

Risetime 3 ns (typical)
Transimpedance Gain 40 V/mA (AC)
(AC-coupled version) 1°'V/mA (DC)
Transimpedance Gain

(DC-coupled version) T e

Output Impedance 50 Q

Minimum NEP* 3.3 pW/VHz

CW Saturation Power 120 uW @ 950 nm
Maximum Pulse Power S mW

Detector Material/Type Silicon / PIN
Detector Diameter 0.8 mm

Power Requirements +15V DC; 250 mA
Optical Input Free space (FS)
RF Output SMA

DC Bias Monitor output SMB

(AC-coupled units only)
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