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Lasing in cholesteric liquid crystals is an exciting new phenomenon. Cholesteric liquid crystals
(CLC) are inherently periodic. In their ground state, they form a structure where the optic axis of
the uniaxial material twists to form a helix and leads to one dimensional photonic band-gap behavior.
If a fluorescent dye with emission matching the reflection band is added to these materials, the
distributed feedback properties of the structure can result in laser emission when optically pumped.
In this work, we show lasing in a CLC directly coupled to an optical fiber. The laser emission of this
device was characterized by pumping the input end of the optical fiber with a nanosecond Nd:YAG

(532 nm) laser.

I Introduction

Cholesteric liquid crystals (CLC) are chiral nematics
which show a periodic helical structure where the direc-
tor is perpendicular to the helix axis. The orientation of
the director varies linearly with position along the helix
axis[1]. The periodic helical structure of cholesteric lig-
uid crystal results in a selective reflection band. In this
band, circularly polarized light whose handedness is the
same as that of the CLC is totally reflected by a semi-
infinite sample. The reflected light has the same hand-
edness as the CLC. The edges of the reflection band are
at the free space wavelengths A_ = n.p and Ay = n,p,
where n. and n, are the extraordinary and ordinary
refractive indices respectively and p is the pitch of the
helical structure [2].

If a fluorescent dye, whose fluorescence spectrum
overlaps the cholesteric reflection band, is dissolved in
the CLC, its fluorescence is suppressed in the reflection
band but is enhanced at the band edges. The fluores-
cence is suppressed due to band gap structure of the
CLC. When appropriately chosen CLC-dye mixtures
are optically pumped, extremely low threshold lasing
can occur at the band edges [3]. The lasing wavelength
is determined by the pitch and the refractive index, for

example, the wavelength for lasing at the low energy
band edge is A_ = np.

Goldberg and Schnur [4] first proposed lasing in
CLC systems in 1973. Lasing in dye-doped cholesteric
liquid crystal was first demonstrated unambiguously by
Kopp et al. [5], and subsequently by Taheri et al. [6]
in the visible range. More recently, UV-lasing in pure
CLC without the use of dyes was reported by Mufioz
et al. [7].

The lasing CLC has opened potential applications
as optical sensors and, as we report here, can be directly
coupled to optical fibers. Since the wavelength of lasing
depends on the material properties of the cholesteric,
and since these material properties depend on external
factors, the system may be used as a sensor, where the
lasing wavelength provides information about the ex-
ternal factors. For example, since the cholesteric pitch
p and the refractive indices depend on temperature [2],
the lasing frequency can be used as an accurate probe
of local temperature. The spectral encoding of infor-
mation and the possibility of use in conjunction with
optical fibers, make this new scheme very attractive.

In this work, we describe the experiment in which

the CLC laser is placed on the tip of an optical fiber and
pumped by a laser through the fiber. Laser emission
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was observed from the CLC through the fiber, demon-
strating the feasibility of using the CLC laser as a fiber
sensor.

The use of optical fibers is very advantageous, since
it allows the position of the CLC laser, which can be
used as a sensor element, to be at distances greater than
10 km from the reading site. A new configuration for
the laser assembly is proposed to efficiently couple the
CLC laser to optical fibers.

IT Experimental Setup

The schematic of the setup used to couple the CLC laser
into the fiber is shown in Fig. 1. The multimode fiber
used in this experiment has a 100um core diameter and
a 140pm cladding diameter. The fiber ends were pushed
into a Norland UVC Optical Splice connector contain-
ing the CLC-dye mixture. The connector consists of
a precision alignment guide capable of coupling light
from one fiber to the other one. While positioning the
fiber ends, we used an optical microscope to adjust the
thickness of the cholesteric mixture to approximately
25pum.
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Figure 1. Schematic of the setup used to couple the CLC
laser between two multimode fibers.

The sample was a mixture of the CLC BLO61 and
the nematic liquid crystal mixture E7. The composition
of the sample was 87.2 wt.% BLO61 and 12.8wt.% E7.
The laser dye DCM (4-(dicyanomethylene)-2-methyl-6-
(4-dimethylamino styryl)-4H-pyran) was then dissolved
in the liquid crystal mixture. The dye showed good sol-
ubility in the liquid crystal and the dye concentration
used was 1.5 wt.%. The final mixture was placed inside
of the fiber connector.

The output of a frequency doubled Q-switched
Nd:YAG laser with 7 ns pulses at wavelength of A = 532
nm was used as the pump beam in the experiment. The
experimental setup is shown in Fig. 2. Two polarizers
and a half-wave plate were placed in the optical path of
the pump beam to control the pulse energy. This radi-
ation was then coupled to the fiber entrance through a
lens (f =1 cm) and guided through the fiber-CLC-fiber
system. Another lens (f = 1 cm) was used to collect the
emitted laser light (A2) and the pump light (A1) at the
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output end of the fiber. The output was focused onto
the entrance aperture of the TRIAX 550 spectrometer
for characterization of the emission.
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Figure 2. Experimental setup for testing the fiber coupled
CLC laser.

IIT Results

The reflection band for the dye doped CLC was first
measured outside the fiber setup using a 23pum cell fab-
ricated using glass coated with ITO and polyimide. The
reflection spectrum is shown in Fig. 3. The peak of the
fluorescence spectrum (~ 580 nm) coincides with the
low energy edge of the reflection band of the CLC.
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Figure 3. The reflection spectrum of the cholesteric-dye
mixture.

The emission spectrum of the CLC laser was mea-
sured for pump pulse frequencies of 2, 5 and 10Hz as
shown in Fig. 4. The spectrum presents two emission
modes of the CLC laser, characteristic of multi-mode
lasing. The bandwidths of first (582.01 nm) and sec-
ond (582.65 nm) emission peaks are 1.1 A and 0.9 A,
respectively.
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Figure 4. Emission spectrum for the mixture using cells for
different laser pump frequencies (a) 2 Hz; (b) 5 Hz and (c)
10 Hz.

After the characterization of the CLC laser using the
cells the sample was placed inside the fiber connector
as described above.

Laser emission was detected when the pump pulse
from a frequency doubled Nd:YAG laser was launched
into the input end of the optical fiber. A typical laser
emission spectrum is shown in Fig. 5. The CLC laser
emission was at 578.67 nm with a bandwidth of 1.1
A. Up to now it had not been possible to stabilize the
wavelength of the emission; the fiber CLC laser showed
single mode operation, with mode position varying in
the 570 — 600 nm range with the same bandwidth.
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Figure 5. Fiber coupled CLC laser emission.
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IV Conclusion

We have demonstrated that it is possible to generate
laser emission in a CLC laser directly coupled to an op-
tical fiber. The laser emission was unstable, likely due
to the lack of well defined liquid crystal alignment at the
fiber ends located inside the connector. Achieving such
alignment is a difficult task because the fiber is very
fragile under the procedures commonly used for glass
cells. Other alignment techniques are currently under
development. Although the work is at a preliminary
stage, the above results strongly suggests the viability
of new optical fiber sensors based on the CLC laser.
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