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a b s t r a c t
The effect of anisotropy on defect mode features in cholesteric liquid crystals was investigated. The problem is solved by Ambartsumian’s layer addition modiﬁed method. Two cases
are considered. In the ﬁrst case, it is assumed that the defect layer is not absorbing and the
effect of the refractive index anisotropy on the reﬂection, the polarization plane rotation,
polarization ellipticity, eigen polarizations, and the total ﬁeld intensity in the defect layer
is investigated. In the second case, it is considered that the defect layer has the properties
of the isotropy of refraction and absorption anisotropy, and the inﬂuence of the anisotropy
of the absorption of the defect layer on the polarization plane rotation, the polarization
ellipticity, and the eigen polarizations is investigated.
© 2017 Elsevier GmbH. All rights reserved.

1. Introduction
Micro-Nano-structuring continues to be in the center of attention of researchers in connection with the possibility of
obtaining optical materials with predeﬁned properties. This method reﬂects a new approach of modern optics, in which
optical properties are mainly determined not only by electronic or magnetic resonances, but by geometric ones, too. An
example of the successful implementation of this approach are photonic crystals (PCs) and metamaterials. PCs are one of the
most interesting structures in optics, which make it possible to form the forbidden and transmission zones of electromagnetic
radiation. In addition, one of the main tasks in this area is to ﬁnd ways to adjust the width of the photonic band gap (PBG) and
its frequency location. PCs have many applications, and devices based on them have a number of advantages. However, the
presence of a defect in the structure of the PC makes them more useful, like doped semiconductors. Introducing a defect into
the PC structure leads to additional resonance modes inside the PBG. Such defect modes are localized in the defect positions
and can be used for constructing narrowband ﬁlters and mirrors, low threshold lasers, optical diodes, and etc. Recently PCs
with easy tunable parameters are of great interest. The well-known representatives of soft PCs are cholesteric liquid crystals
(CLCs), blue phases of liquid crystals, magneto-photonic crystals and etc. CLC layers as PCs have polarization peculiarities
and their defect modes possess polarization peculiarities, too [1–13]. CLCs with different types of defects have been studied
in the last decades to gain insight into the speciﬁc features of lasing on defect modes, characteristics of absorption/emission
on these modes, diode properties and etc. (see [1–13] and references therein).
In this paper, we will investigate the effect of optical anisotropy of a defect layer on the features of defect modes and the
polarization properties of a CLC with a defect inside (Fig. 1). A CLC layer with a controlled anisotropy defect inside can be
created by introducing a layer of a nematic liquid crystal with the possibility of electrically controlling the orientation of its
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Fig. 1. A sketch diagram of a modeled CLC cell with a defect layer inside.

Fig. 2. Spectra of (a) the polarization plane rotation ϕ and (b) the polarization ellipticity e at different values of anisotropy  ( = 0.1 (i-1), where i is the
number of the curve). The light incident on the layer has a linear polarization.
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Fig. 3. Spectra of ellipticities e1 and e2 and azimuths
curve).
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of two EPs at different values of anisotropy  ( = 0.1(i-1), where i is the number of the

optical axis or simply making it possible to control the direction of the optical axis of the CLC locally (Fig. 1). A change in the
ε −ε
angle  by means of an external static electric ﬁeld leads to a change in the anisotropy  = x 2 y of the defect layer.
2. Results and discussion
The problem is solved by Ambartsumian’s modiﬁed layer addition method adjusted to the solution of such problems (see
[7]). A CLC layer with a defect layer inside (with a DL) can be treated as a multilayer system: CLC(1)–(DL)– CLC(2) (Fig. 1). The
√
√
ordinary and extraordinary refractive indices of the CLC layers are taken to be no = ε2 = 1.4639 and ne = ε1 = 1.5133;
ε1 , ε2 are the principal values of the CLC local dielectric tensor. The CLC layer helix is right handed and its pitch is: p = 420 nm.
These are the parameters of the CLC cholesteryl-nonanoate–cholesteryl-chloride–cholesterylacetate (20: 15: 6) composition
at the temperature t = 25 ◦ C. Hence, the light normally incident onto a single CLC layer – with right circular polarization (RCP)
−has a PBG (which is in the range of  ∼ (614.8–635.6) nm), and the light with left circular polarization (LCP) does not have
by the media with the reﬂection index ns on its both sides, which
any. We consider the case when our system is surrounded
√
ε1+ ε2
. CLC layer thickness is d2 = 60p and defect layer thickness
is equal to the CLC average reﬂection index nm = εm =
2
is d1 = 150 nm. Representing the principal values of the dielectric permittivity tensor of the defect layer in the form of
εd1,2 = εm ± , we will investigate the effect of the anisotropy  on the polarization plane rotation and the polarization
ellipticity e.
Fig. 2 shows the spectra of the polarization plane rotation ϕ (a) and the polarization ellipticity e (b) at different values
of anisotropy  ( = 0.1 (i-1), where i is the number of the curve). The light incident on the layer has a linear polarization.
With an increase in the anisotropy , the wavelength of the defect mode changes (at these parameters it shifts toward short
waves). Near the wavelength of the defect mode, sharp changes in the rotation ϕ and ellipticity e occur. If, in the absence of
anisotropy at the wavelength of the defect mode, the transmitted light has linear polarization (e = 0), then as  increases, at
this wavelength the ellipticity ﬁrst increases, and then begins to decrease.
Let us now pass to the eigen polarizations (EPs) and the eigenvalues. The EPs are the two polarizations of the incident light,
which do not change when light transmits through the system [14]. The EPs and eigenvalues (of the amplitude transmission
and reﬂection coefﬁcients for the incident light with the EPs) deliver much information about the peculiarities of light
interaction with the system. Therefore, the calculation of EPs and eigenvalues of every optical device is important. It follows
from the deﬁnition of EPs that they must be connected with the polarizations of the excited internal waves (the eigen-modes)
aroused in the medium. The EPs automatically take into account the inﬂuence of the dielectric borders. As it is known (in
particular, for the normal incidence case) the EPs of either CLC or gyrotropic media practically coincide with the orthogonal
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Fig. 4. The evolution of the (a, b) reﬂection R, (c, d) total ﬁeld intensity I = |E|2 and (e,f) ellipticity e spectra when the optical anisotropy of defect layer 
changes in more large intervals are presented for the (left column) diffracting and (right column) non-diffracting EPs.

circular polarizations; meanwhile, they coincide with the orthogonal linear polarizations for the non-gyrotropic media. It
follows from the above-said, that the investigation of EPs peculiarities is especially important for inhomogeneous media for
which the exact solution of the problem is unknown.
The presence of a defect layer leads to a change in the EP; these changes are signiﬁcant for the defect mode wavelength,
being determined by the dependence of the reﬂectance on polarization at the defect layer boundaries. One limiting case is
of great interest. Speciﬁcally, it corresponds to the case when refractive index n of the isotropic defect layer and coefﬁcients
ns for the media adjacent to the system from both sides coincide with the average refractive index of the CLC layer nm ,
i.e., when ndo = nde = ns = nm . Under these conditions, the EPs of the system coincide with both circular polarizations, i.e.,
coincide with the EP of the CLC layer, adjacent from both sides with the media having refractive indices coinciding with the
average refractive index of the CLC layer.
Fig. 3 shows the spectra of ellipticities e1 and e2 and azimuths 1 and 2 of two EPs at different values of anisotropy
 ( = 0.1(i-1), where i is the number of the curve). As can be seen from these graphs, on a defect mode the EPs undergo
drastic changes and begin to differ substantially from the orthogonal circular polarizations when anisotropy of refraction
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Fig. 5. Spectra of (a) the polarization plane rotation ϕ and (b) the polarization ellipticity e at different values of Imεd1 = 0.002(i − 1), where i is the number
of curve. The light incident on the layer has a linear polarization.

Fig. 6. Spectra of ellipticities e1 and e2 and azimuths
Imεd2 = 0.

1

and

2

of two EPs at different values of Imεd1 = 0.002(i − 1), where i is the number of curve.
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appears in the defect layer, even if the condition ndm = ns = nm takes place, where ndm is the average reﬂection index of the
defect layer.
For the sake of completeness, in Fig. 4 the evolution of the (a, b) reﬂection R, (c, d) total ﬁeld intensity and (e, f) ellipticity e
spectra (when the optical anisotropy of the defect layer changes in more large intervals) are presented for the (left column)
diffracting and (right column) non-diffracting EPs.
As it is seen in Fig. 4, if the defect layer anisotropy is changed, the defect mode bandwidth of incident light of nondiffracting EP is changed too, and at certain intervals of the defect layer anisotropy the PBG becomes forbidden for any
polarization of incident light (Fig. 4b). There is a unique effect here: the system loses its basic optical property, namely, the
selectivity in respect to the polarization of the diffraction reﬂection. In these anisotropy intervals of the defect layer the
CLCs’ polarization dependence of diffraction reﬂection vanishes and light with every polarization undergoes a diffraction
reﬂection, i.e., becomes independent of the polarization. A similar effect was described in [7] when studying the singularities
of defect modes with a change in the thickness of the defect layer. As was shown in [7], at the corresponding values of the
thickness (anisotropy in our case) of the defect layer, the defect layer becomes a half-wave plate.
To get full idea on the effect of each of factors on the properties of the defect modes in CLCs, we will consider here a
limiting case, viz., the defect layer has the property, Reεd1 = Reεd2 = Reεm but Imεd1 =
/ Imεd2 , where εd1,2 are the principal values
of the complex dielectric constant tensor of the defect layer.
Representing the imaginary parts of the principal values of the dielectric constant tensor of the defect layer in the
form Imεd2 = 0, Imεd2 = 0.002(i − 1), where i = 1,2, . . . 10, we will investigate the effect of anisotropy of absorption on the
polarization plane rotation ϕ and the polarization ellipticity e.
Fig. 5 shows (a) the polarization plane rotation ϕ and (b) the polarization ellipticity e at different values of Imεd1 =
0.002(i − 1), where i is the number of curve. The light incident on the layer has a linear polarization.
Fig. 6 shows the spectra of ellipticities e1 and e2 and azimuths 1 and 2 of two EPs at different values of Imεd1 =
0.002(i − 1), (where i is the number of the curve). As can be seen from these graphs, on a defect mode the EPs undergo sharp
changes and begin to differ substantially from the orthogonal circular polarizations when absorption anisotropy appears in
the defect layer. With increasing of Imεd1 = 0.002(i − 1), the interval for changing of EPs increase.
In conclusion, we investigated the effect of anisotropy on defect mode peculiarities in cholesteric liquid crystals. Two
cases are considered. In the ﬁrst case, it is considered that the defect layer is not absorbing and has the property of anisotropy
of refraction. In the second case, it is considered that the defect layer has the properties of isotropy of refraction and absorption anisotropy. The inﬂuence of the corresponding parameters on the polarization plane rotation and on the polarization
ellipticity, on the EPs, and on the total ﬁeld intensity in the defect layer are investigated.
References
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]

P.G. de Gennes, J. Prost, The Physics of Liquid Crystals, Clarendon Press, Oxford, 1993.
V.A. Belyakov, Diffraction Optics of Complex Structured Periodic Media, Springer-Verlag, New York, 1992.
Y.-C. Yang, C.-S. Kee, J.-E. Kim, et al., Photonic defect modes of cholesteric liquid crystals, Phys. Rev. E 60 (1999) 6852–6854.
A. Lakhtakia, et al., Spectral holes in Bragg reﬂection from chiral sculptured thin ﬁlms: circular polarization ﬁlters, Opt. Commun. 177 (2000) 57–68.
V.I. Kopp, A.Z. Genack, Twist defect in chiral photonic structures, Phys. Rev. Lett. 89 (2003) 033901–033904.
J. Schmidtke, W. Stille, H. Finkelmann, Defect mode emission of a dye doped cholesteric polymer network, Phys. Rev. Lett. 90 (2003) 083902–083904.
A.H. Gevorgyan, M.Z. Harutyunyan, Chiral photonic crystals with anisotropic defect layer, Phys. Rev. E 76 (2007) 031701–031709.
A.H. Gevorgyan, M.Z. Harutyunyan, Tuning of lasing wavelength in chiral photonic crystals with an anisotropic defect layer, J. Mod. Opt. 56 (2009)
1163–1173.
A.H. Gevorgyan, Chiral photonic crystals with anisotropic defect layer. Oblique incidence, Opt. Commun. 281 (2008) 5097–5103.
A.H. Gevorgyan, Speciﬁc features of the emission of chiral photonic crystals with an anisotropic defect: I thickness effects, Opt. Spectrosc. 106 (2009)
43–49.
A.H. Gevorgyan, Speciﬁc features of emission of chiral photonic crystals with an anisotropic defect: II. speciﬁc features of emission, Opt. Spectrosc.
108 (2010) 86–90.
A.H. Gevorgyan, M.Z. Harutyunyan, et al., Absorption and emission in defective cholesteric liquid crystal cells, Laser Phys. Lett. 13 (2016) 046002.
A.H. Gevorgyan, K.B. Oganesyan, Absorption and emission in defective cholesteric liquid crystal cells, Laser Phys.Lett. 12 (2015) 125805.
R.M.A. Azzam, N.M. Bashara, Ellipsometry and Polarized Light, 1977, North-Holland, N.Y.

