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Fig. 1. Schematic illustration of the experimental

setup. The inset is profile of the capillary tube filled
by CLCs with PI.
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Fig. 2. The POM images of capillary tube filled by
NLCs with and without PI under the orthogonal po-
larized light microscope: (a) Angle 0°; (b) angle 45°.
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Fig. 3. Emission spectrum at different diameter dye-doped liquid crystal packed capillary of without PI:

(a) Dye-doped NLCs; (b) dye-doped CLCs.
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Abstract

The dye doped liquid crystal filling tunable laser has been widely adopted in many areas, such as optical communi-
cation, sensor and medical imaging with a low cost. The temperature-sensitive refractive indice of liquid crystal makes
it a filling material suitable for being used in the capillary. The existing studies have introduced the liquid crystal filled
with capillary, which has the complicated craft and big cost. As is well known, the capillary has the advantages of the
easy preparation and low cost, but the liquid crystal filled capillary based dye doped liquid crystal filling tunable laser
is rarely studied.

Dye-doped cholesteric liquid crystal (CLC) based tunable laser has many advantages such as small-size, low-
threshold, high-efficiency, wide-tunability with wavelength varying from ultraviolet to infrared. So It shows great promise
in applications of single-chip experiment, biological identification and sensor. To develop high-efficiency dye-doped CLC
tunable lasers for different potential applications, it is crucial to explore their emission performances in three laser emis-
sion modes: distributed feedback (DFB), whispering gallery modes (WGMs) and random laser (RL). We theoretically
propose and experimentally demonstrate the characteristics of laser emission based on dye-doped CLC in capillary tubes
which are treated with the photo-alignment PI films. Firstly, we prepare capillary tubes filled with dye-doped CLC with
three inner diameters of 100 pm, 200 um and 300 pm. By using a double-frequency Nd:YAG 532 nm laser as a pump
source, the emission spectra, energy thresholds and temperature dependent tunabilities in the cases with and without
PI films are analyzed, respectively. It is clearly shown that dye-doped CLC in the capillary with the PI films generate
DFB-mode lasing and WGMs lasing. Experimental results show that the capillaries with thinner-inner diameters and
PI films have lower emission threshold energies than without PI films, the former threshold can be reduced to as low

as 4.5 pJ-mm~2.

Meanwhile, with temperature increasing, the DFB wavelength is blue-shifted, resulting in a central
wavelength tuning range of 5.9 nm. Then high performance WGM with an FSR of 1.05 nm is created when the temper-
ature is increased up to as high as 43 °C. It can be found that the laser emission with photo-alignment PI films shows
an optimum RL mode with less laser emission peaks than the laser emission without photo-alignment PI films. In this
work we propose and demonstrate that a capillary based dye-doped CLC tunable laser with photo-alignment PI films
can easily work with three emissions: DFB-mode, WGMs or RL by changing optical field and the applied temperature.
The above research results provide valuable clues and methods to develop high-quality dye-doped CLC based tunable

laser, filter, optical switch and sensor.

Keywords: capillary, dye doped liquid crystal, photo-alignment polyimide films, whispering gallery modes
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