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Abstract— Chiral nematic liquid crystals (LCs) are very interesting
materials to infiltrate photonic crystal fibers since they are characterized
by unique optical properties such as selective Bragg reflection, circular
dichroism and optical activity. In this letter first experimental results of
chiral nematic LCs-infiltrated photonic crystal fibers are presented.

Photonic crystal fibers (PCFs) are a new class of optical
fibers which have attracted significant attention for the
last few years [1,2]. The propagation of light in these
structures can be guided by two different mechanisms:
index guiding and the photonic bandgap effect (PBG).
One of the ways to modify the properties of PCFs is to fill
their holes with various materials. LCs are very
interesting materials to infiltrate PCFs [3-9] and
especially chiral nematic liquid crystals due to their
spatial periodicity are characterized by unique optical
properties such as selective Bragg reflection, circular
dichroism, and optical activity. This phase exhibits
helicoidal structure, i.e. spatial twisting of molecules
perpendicular to the director. The helical pitch p is a very
important parameter that characterizes chiral nematic LCs
and is defined as a distance it takes for the director to
rotate one full turn in the helix. The helix can be right-
handed or left-handed and this property can be used to
construct chiral nematic LCs-based circular polarizers.

In this letter preliminary experimental results of
photonic crystal fibers filled with chiral nematic liquid
crystals are presented. The PW500 chiral nematic liquid
crystal mixture used in the experiment was composed of
alkylcyclohexyl and bicyclohexylbenzene nitryles and
isothiocyanates and an optically active dopant (OAD)
(10% weight content). The chemical structure of the
OAD is shown in Fig. 1. The PW500 is characterized by
significantly reduced temperature sensitivity of the
selective Bragg reflection, see Fig.2. Investigations of
other physical parameters of the PWS500 chiral nematic
mixture are still in progress.
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Fig. 1. Chemical structure of the OAD of the PW500 mixture
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Fig. 2. The selective Bragg reflection for the PW500 chiral nematic
LC

As a host two PCFs were used. PCFs with 3 and 5
rings of holes were manufactured at the Maria Curie
Sklodowska University (UMCS, Lublin, Poland) (Fig 3.).
The 070124 PCF with 3 rings has a 3.9 um core diameter,
whereas the LMA 081120 PCF with 5 rings has the fiber
and core diameters of ~130 um and 3.2 pm, respectively.

Fig. 3. Cross-sections of the photonic crystal fibers with a) 3 rings
(070124) and b) 5 rings (LMA 081120) of holes.
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The experimental setup consists of a halogen lamp as a
light source, a Peltier module to control temperature in
the range from -10°C to 100°C and a HR4000 Ocean
Optics spectrometer used as a detector.

PBGs tuning in the PCFs filled with a chiral nematic
LC was observed. Initially, the photonic crystal fiber with
3 rings of holes was filled with the PW500 mixture in a
2.5 cm PCF section. We noticed that photonic band gaps
were moving into shorter wavelengths when the
temperature was increasing. The temperature was
changed from 20°C to 72°C and from -10°C to 20°C
(Fig. 4, 5). As it can be seen from Fig. 6, the power of
light for the PCF with 3 rings of holes filled with the
PW500 was relatively high in a wide temperature range.
The highest peak in Fig. 6 (at 72°C) was obtained in the
isotropic phase of the PW500 chiral nematic LC.
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Fig. 4. PBGs are moving into shorter wavelengths under the influence
of temperature from -10°C to 20°C
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Fig. 5. PBGs are moving into shorter wavelengths under the influence
of increasing temperature from 20°C to 72°C.
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Fig. 6. The power of light under the influence of temperature for the

PCF with 3 rings of holes filled with the PWS500, for the halogen lamp
spectrum.

Similar experimental results were observed for the PCF
with 5 rings of holes filled with the PW500 mixture.
PBGs tuning under the influence of temperature was
observed. The section of LC infiltration was about 6.4cm
long. The PCF with the PW500 mixture was cut to
smaller sections up to 0.5cm to calculate the attenuation
of light (Fig.7). For the 6.4cm long section with the
PWS500 filling light attenuation was relatively high and in
particular for the wavelengths 435nm and 630nm,
residual propagation was observed. The longer infiltration
lengths of the chiral nematic LC caused attenuation in
the LC-infiltrated PCF to be higher (Fig.8). Attenuation
was calculated by using the formula (1):

P(x)

)
P, (1)

A=L1010g(
X

Where A4 — attenuation, x - length of the PCF section filled
with the LC, P(x) — output power, P; — input power.

Fig. 9 presents the attenuation of a PCF with 5 rings of
holes with the PW500 chiral nematic LC for different
filling lengths. We estimated the averaged attenuation of
the fiber at the level ~5.5 dB/cm. This value is about 1000
times higher than the attenuation of an empty PCF,
which was measured as ~0.005 dB/cm. The experimental
values were measured at room temperature.
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Fig. 7. Spectrum of the light propagating in the PCF with 5 rings of
holes with PW500 for different filling lengths.
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Fig. 8. Spectrum of the light propagating in the PCF with 5 rings of
holes with the PW500 for different filling lengths.
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Fig. 9. Power of light of the PCF with 5 rings of the holes with the
PWS500 chiral nematic LC for different filling lengths.
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In comparison to Fig. 4, 5 in Fig. 7, 8§ we used a
different PCF sample (host structure and its length) and
also different coupling conditions.

It was observed that there is no direct relation between
the reduced thermal sensitivity of the PW500 mixture and
spectral properties of the infiltrated PCF.

The configuration of a PCF with 3 rings of holes
filled with the PWS500 mixture demonstrates the
possibility of optical filtering by temperature-induced
tuning of the photonic band gaps. The attenuation in the
temperature range from -10°C to 60°C is very low.
Consequently, this property may be used to propose a
new idea of a fiber-optic filter.
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