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Optically controlled orientation of lithium niobate micro crystal particle
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Abstract: In this work, the experimental system for optically controlled capturing and orientating is designed. U-

sing the system, we demonstrate optically capturing of lithium niobate micro crystal particle. Moreover, the cap-

tured particle becomes aligned with the direction of linear polarization. Finally, we present optically controlled ori-

entation theory of lithium niobate crystal particle. The work illustrates that the alignment of lithium niobate micro

crystal particles can be optically orientation by the linear polarization’ s direction of laser light. These results can be

further used in micro sensors, photonics, MEMS, light-induced micro motor, and micro manipulation fields.

Key words: lithium niobate, crystal particle, optically controlled orientation

PACS: 42.70. Mp, 81.07. Bc

RIS S AT AT 5

1
A, R

B, RFE, EEE, KRR

(L R TR HHRALIIE 5 R R B A WP E T S0 s R B BT SR MR HoR B S080 % , R 300384
2. RAEME RS YRS EOR R 222 B, KHE 300387)

WE - ETHENESEEBHRE T R LR T RBREM R BB F R AL BB mwE &N
M. o TR AEM R EA TS W RS, I UE SRk WD BOL B4 T, B7 4 0k 09 40 BR 42 0% R A Bk %
AR B R AR 77 1) ARk o SEIL 42 R B A . AT T 4R R AR R UK B SO 1 R B LR, LU T SRR A R
b B T DA BOR o St 3R 7 ) #EAT OB BB e, R 2 MR T A Ok T 2% (MEMS b 3 A B 3k A

R 1 % B 5 TR
X8 I PLASMRRRE R B LB A

HE 5SS TN249; 0436.3 X ERFRIRAD : A

Introduction

Optically controlled orientation of micro parti-
cle'"™)| whose application mainly related photonics, mi-
cro electro mechanical system (MEMS) , micro sensors,
and light-induced micro motor, is one of the most signifi-
cant phenomena in micro-manipulation field. It is widely
studied in both theories and experiments. Achieving opti-
cally controlled orientation of various advanced optoelec-
tronic materials and explain the corresponding mechanism
are quite important works. Friese et al. studied circularly
polarized light induced orientation of CaCO, particle and

[2]

explained its theoretical mechanism Using linearly
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polarized near-infrared laser light beam, the optical a-
lignment and rotation of individual plasmonic nanostruc-
tures ( silver nano rods and gold nano particles) were
demonstrated. This phenomenon was caused by the high
polarizability of long-axis dipole*’. Based on optical
tweezers technology, researchers studied the rotational
dynamics of solid chiral and birefringent micro particles
controlled by the laser light with elliptical polarization'®’.
Lithium niobate (LN) materials'"*"*" | which have effi-
cient nonlinear optical properties, have played an impor-
tant role in various applications, such as laser materials,
optical storage, light localization, display technology,
sensors,  optically  controlled  modulator,  optical
waveguide, photonic crystals and so on. Achieving opti-

Y75 B HA.2017- 02- 14, #&[E HEJ:2017- 09- 05

Foundation items : Supported by the National Natural Science Foundation of China (U1509207, 61325019)
Biography : SHI Fan (1984-) , male, Tianjin, Associate professor, Ph. D. , Research area involves nonlinear optics. E-mail;shifan_chinese@ sina. com

* Corresponding author : E-mail: csy@ tjut. edu. cn



1 SHI Fan et al:Optically controlled orientation of lithium niobate micro crystal particle 9

cally controlled orientation of LN can extend the materials
which can be used in optical micro sensors and micro-ma-
nipulation. Moreover, X. Zhang et. al. has studied opti-
cally controllable weak localization of photons in a suspen-
sion of LN particles'"*'*". This phenomenon was attributed
to the reorientation of particles in the optical field. How-
ever, optically controlled orientation of Lithium niobate
crystal particle has not been observed directly by now.

In this work, the optically controlled orientation of
LN micro crystal particle was observed directly for the
first time using optical tweezers. The optically controlled
orientation system was constructed experimentally. Based
on this system, we demonstrated optical capturing of LN
micro crystal particle, and the captured particle became
aligned with the direction of linear polarization. Then,
the optically controlled orientation theory of LN micro
crystal particle was discussed. These results illustrated
that the alignment of LN micro crystal particles can be
optically orientated by the linearly polarized direction of
laser light.

1 Experimental setups

Figure 1 shows the experimental setups of optically
controlled system of LN micro crystal particle. The ma-
nipulation light beam was generated by a femtosecond la-
ser at 800 nm central wavelength with linear polarization
(pulse duration; 120 fs, repetition rate: 1 KHz, laser
energy: 0.3 m]J). This femtosecond laser was a mode-
locked Ti: Sapphire laser system ( Spectra Physics,
USA) that includes the MaiTai seed source, the pump
source Empower 30 and the Spitfire regenerative ampli-
fier. The light beam emitted by the laser was collimated
by the lens 1 (L1) and lens 2 (1.2). Using Glan-Taylor
prism and half wave plate, the linearly polarized direc-
tion of light beam could be adjusted continuously, and
the degree of linear polarization was larger than 10000 :
1. Then the laser light beam was reflected by the reflec-
tion mirror and beam splitter, and was focused on the
sample by a microscope objective lens (NA = 1.45).
The sample was fixed on the cover glass of a 3D transla-
tion stage. The illumination light which passed through
the sample was collected by the objective lens and was
imaged to the charge-coupled device ( CCD) through
lens 3 (L3). A computer was connected to the 3D trans-
lation stage and CCD for sample movement and real-time
monitoring.

2 Sample

The sample in our experiments was congruent LN
micro crystal particles in water suspension. LN single
crystal is a quite versatile birefringent photonic material.
In our work, a LN single crystal was grown by the Czo-
chralski method. We prepared LN micro crystal particles
using a planetary ball mill, and then the LN particles
were filtrated through a membrane filter. The suspension
which consisted of LN micro particles and deionized wa-
ter was the sample under studying here. The diameter of
the LN particle which was optically controlled was about
1.8 um measured by microscopy system as shown in
Fig. 2 and Fig. 3. To observe optically capturing and
orientating obviously, some LN macro crystal particles,

Fig.1 The experimental setups of optically controlled
system of LN micro crystal particle. L1, lens 1; L2,
lens 2; L3, lens 3; M, mirror; HW, half wave plate;
GTP, Glan-Taylor prism; BS, beam splitter; MO, mi-
croscope objective; CCD, charge-coupled device; C,
computer
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which played a role as marking objects in the experi-
ments, were put in the suspension.

3 Experimental results

We achieved the stable optical trapping of LN micro
crystal particle using linearly polarized laser light, as
shown in Fig. 2.

In our experiments, the position of the focused spot
of the laser light was fixed and the sample on the 3D
translation stage was moved by computer controlling.
When the LN micro crystal particle approached the fo-
cused spot of laser light, it was pulled to the center of fo-
cused spot rapidly. Then, if the sample on the stage was
moved, the trapped LN micro crystal particle would not
move with the sample. It proved that the LN micro crys-
tal particle was stably captured by laser light. With the
removing of laser irradiation, the trapped LN micro crys-
tal particle quickly returned to its original free motion
state.

In order to orientate the LN micro crystal particle,
the linearly polarized direction of the laser light was ad-
justed by Glan-Taylor prism and half wave plate. In our
work, a LN micro crystal particle which was trapped in
linearly polarized laser light field was aligned in a parti-
cular orientation. If the direction of the laser light polari-
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zation was changed using a half-wave plate, the align-
ment of LN micro crystal particle would follow the orien-
tation of the direction of laser light polarization exactly.
As shown in Fig. 3, when the direction of the laser light
polarization was rotated 90°, the orientation of the LN
micro crystal particle was changed consistently. This il-
lustrated the alignment of LN particles were optically
controlled by the linear polarization’ s direction of laser
light successfully. In our experiments, the lithium nio-
bate microcrystalline with large size can not be captured.
Only the lithium niobate microcrystalline whose size was
smaller than 5pm can be controlled successfully.

Fig.2 The optical trapping of LN micro crystal particle: the
laser beams can capture LN micro crystal particles and
change its position in the sample
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Fig.3 The photographs of a captured LN micro crystal par-
ticle, showing the alignment with the direction of laser light
polarization. When the direction of the laser light polarization
was rotated 90°, the orientation of the LN micro crystal par-
ticle was also rotated 90°
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4 Discusions

Because LN is anisotropic optical material, when a
LN micro crystal particle is irradiated by linearly polar-
ized laser light filed, the induced electric polarization of
the micro particle is

P=¢g(e,-1)E+egAe(n-E)n , (1)

in which E is the electric field of the laser light beam, n

is the unit vector of the optical axis of the micro crystal

particle, g, is the dielectric constant of vacuum and Ag

=g, — ¢, is the dielectric anisotropy of the micro crys-

tal particle for the laser light beam. Therefore, the
torque can be described as:

I' =< PxE >=gAe(nxE)(n-E,)
, (2)

where E; is the amplitude of the light. Moreover, the

]

free energy''”) supplied by laser light electric field can be

described as:
_ﬁ) cdE =—g,[e, B + Ae(n - E)*]72 . (3)

According to the minimum energy principle, the op-
tical axis of LN micro crystal particle illuminated by line-
arly polarized laser light would be parallel to the light e-
lectric field n//E for Ae > 0, while n LE for Ae < 0.
Because LN crystal is a negative uniaxial crystal (Ae <
0), the optical axis of LN micro crystal particle is in-
clined perpendicular to the polarized direction of laser
light. This implies that LN micro crystal particle can be
orientated by linearly polarized laser light. The main fac-
tors affecting the controlling and orientation of microcrys-
talline in this system were the energy and polarization
state of femtosecond laser. The optically controlling of
lithium niobate microcrystalline depended on the laser
energy. If the light energy was less than 0. 1 m], this
phenomenon can not be demonstrated. Moreover, to a-
chieve stable orientation controlling of the microcrystal-
line, linearly polarized light should be used. When cir-
cular polarized light was used, the microcrystalline was
not be orientated stably and was rotated with constant fre-
quency and angular speed.

5 Conclusions

In conclusion, based on the discussion of optically
controlled orientation theory of LN micro crystal particle,
the optically trapping and orientating system was con-
structed experimentally. The LN micro crystal particle
which was captured by the laser light field was orientated
with the linearly polarized direction of the laser light.
These results proved that LN micro crystal particle is ori-
entated successfully in the linearly polarized laser light
field. Our work also can be further used in fields of mi-
cro sensors, photonics, MEMS, light-induced micro mo-
tor, and micro manipulation.
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Fig. 5 The contrast of the designed spectra by the
formula and the measured spectra at (a) 80 K (b)
300 K
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cial for the manufacturing of optical devices with high
temperature stability.
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