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Optical antireflection of a medium by nanocrystal layers

A.S. Shalin

Abstract.  Optical properties of a semi-infinite dielectric
medium comprising a monolayer quasi-crystal of nano-
particles are considered. It is shown that imbedding a single
layer of nano-objects regularly distributed in space under
certain conditions may provide close to 100 % transmission
of the medium in a wide spectral range.

Keywords: metamaterial, nanoparticle monolayer, light scattering
by small particles, antireflection.

1. Introduction

Need in materials and media with a light transmission close
to 100 % in a wide spectral range often arises in modern
optics. Greater light transmission of a dielectric medium is
usually achieved by depositing thin-film single- or multi-
layer interference coatings. This approach is applicable for
a sufficiently wide spectral range; however, it has sub-
stantial limitations related to necessity of depositing a great
number of films of various materials with a strictly specified
thickness [1] and to optical properties of the latter [2, 3].
These factors limit the transparency to at most 99.8 % —
99.85% [1]. A greater part of presently employed
antireflection coatings has not so high transparency and
exhibits dichroism as well [4]. In the infrared and micro-
wave ranges, ferroelectrics and semiconductors have a
sufficiently high refractive index, which hinders creation of
antireflection coatings for them. Hence, a search for
alternative antireflection methods capable of obtaining
higher transmission in the visible spectral range becomes
a necessity.

There is a series of works devoted to antireflection of
materials due to a gradual variation in the refractive index at
the medium-—vacuum interface by creating an artificial
roughness [5, 6]. However, practical employment of such
structures is often impossible because of these irregularities.
Interesting are antireflection coatings of artificial materials
with adjusted properties [7—9]. The authors of [7] suggested
a coating obtained by the sol gel method, which possesses
enhanced optical properties. In [8, 9], a possible employ-
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ment of such coatings was studied in applications with high-
intensity laser radiation. However, it worth noting that most
coatings obtained by the sol gel technology are distinguished
by a weak attrition resistance, brittleness, and sufficiently
high cost. For antireflection coating the authors of [10]
suggested using the polymer film with imbedded metal oxide
nanoparticles, whose refractive index may be varied in a
wide range by changing the particle concentration. In this
case, the antireflection spectrum has a pronounced peak
character similarly to the case of an ordinary homogeneous
coating.

Currently, a controlled growth and allocation of objects
of nanometer dimensions on a surface of a substrate became
possible, and the investigations aimed at creation of
antireflection coatings in the form of a nanostructure
deposited on a substrate surface are extensively developing
[11-16]. In [17], it is shown that the reflective capability of
the substrate with a ‘nap’ of SiO,- and TiO,-nanotubes
deposited on it may be reduced to 0.05% at certain
wavelengths. A similar effect was also observed in arrays
of carbon nanotubes [18] and is related to light ‘trapping’ in
a sparse chaotic nanostructured material. Recently, sub-
wavelength antireflection structures have been used for
increasing the efficiency of such semiconductor optoelec-
tronic devices as solar cells, light emitting devices,
photodetectors, and for enhancing brightness of displays
[15, 19—22]. In [23], the damping of reflection by an ordered
nanocrystal was experimentally studied by the example of a
periodical layer of nanocones placed on a lens surface. In
[24], we theoretically predicted a possibility of obtaining
total antireflection of a substrate at a prescribed wavelength
by depositing on it an ordered layer of spherical nano-
clusters. However, this effect was only obtained for some
exotic weakly reflecting media.

In the present study, we investigate optical properties of
the dielectric medium with a single-layer ordered nano-
crystal imbedded into its near-surface region. Basing on our
theoretical approach we show that the system exhibits an
enhanced (up to 100 %) transparency, which may be
selective (at a wavelength given a priori) or broadband
without increasing the number of layers in the nanocrystal
and using no coatings. The optical density of the medium is
not a limiting factor and antireflection can be obtained for
weakly or strongly refracting materials.

2. Principal equations

Let us consider a nanoaggregate shown in Fig. 1, which
represents the quasi-crystalline single layer of nanoparticles
with lattice parameters a; and a, imbedded into a dielectric
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medium in the field of external plane wave E;, =
Ey;, exp (ikgr — iwt), where k, is the wave vector. Extent
of the layer and medium in the plane xy is assumed infinite
and the origin of coordinates is taken, for convenience, on
the surface of the medium-matrix so that the centre of
certain particle has the radius vector 4= (0,0, —A4). In the
general case, the fields reflected and passed through a
system can be presented as a vector sum of the external field
E,,, the field of medium atoms Ep, and the fields scattered
by nanoclusters Ej,, whose wave structure, in turn, is
determined by the material, shape, and size of particles and
by the incident local field:

E(l’, t) :Ein(r: t)+EP(r7 t)+ Z Z E@'jsca(ra [)' (1)
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Figure 1. System geometry. External wave with the wave vector k, passes
from vacuum onto the surface of a semi-infinite medium inside which an
ordered layer of nanoparticles parallel to the interface is placed; 4 is the
depth of the nanocrystal layer position (the distance from the surface to
the plane of nanoparticle centres).

Indices i and j determine the coordinate of a considered
particle expressed in terms of lattice constants for the layer,
the particle with the radius vector 4 being zeroth. In the
frameworks of the integral equation method that we have
previously successfully used in investigating various nano-
structure aggregates [24—27], the parameters Ep and Ej; g,
can be written in the form
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where r is the observation point; the medium-matrix is
characterised by the polarisation P, permittivity &,, and
refractive index 7i,, = v/&m; R = |r — r’'| is the distance from
an integration point r’ inside the medium to the observa-
tion point; ¥ is the volume of the medium; c is the speed of

light in vacuum; the argument (¢r— R/c) determines
retardation of the corresponding parameter. Nanoparticles
of the ensemble considered are characterised by the
complex permittivities ¢;(r) and volumes Vj; here
R; = |r—rj|, rj; is an integration point inside the nano-
particle with the coordinates i and j. The effective field Ej;
in (2) differs from the incident plane wave E;, and is the
wave acting on each point inside ijth nanoparticle with the
allowance made for fields reradiated by other elements of
the system. Here, we have ¢’ = /7, for wave propagation
inside the medium and ¢’ =c¢ on the distance from the
medium surface to the observation point if the latter resides
in vacuum outside the system.

It worth noting that if the observation point is inside a
nanoparticle, the effective field Ej.q splits into two compo-
nents: the external component E ;je[‘[ (acting on the
considered object from outside) and internal E f}eff, which
determines the interaction between atoms and conduction
electrons from the nanocluster and is responsible for
formation of permittivity. Taking into account the internal
field leads to separation of expression (2) into local and
nonlocal parts, which is thoroughly described in [28]; in this
case, the local part reduces to the known Lorentz— Lorenz
formula (for conducting nanoclusters, to its modification
[29]) determining a relationship between the refractive index,
polarisability, and concentration of constituting atoms. The
boundary problem posed, thus, reduces to the solution of
nonlocal equations comprising E Qjeff.

For simplicity, we will assume that the monolayer
consists of similar homogeneous spherical nanoclusters
(with a nanoparticle radius a; = a, permittivity Eij(rg,-):
£). In [24, 27], we considered light reflection from a
monolayer of nanoparticles disposed on a substrate medium
surface and suggested the method for solving analytically
the system of integral equations (1), (2) with a high accuracy
relative to a numerical ab initio solution [25, 26]. In the
frameworks of that approach, placing the observation point
at the centre of the zeroth particle (i,j = 0) we obtain from
(1), (2) the following expression for the effective optical field
incident on the particle:

Eé)Oeff(Aa t) = O‘p"ipEé)Oeff(Av t) + []AQZIEm((L t)

+ T12Ein (0, 0)lics0m 3)
2

where the first summand characterises the field of the layer
itself and second summand in square brackets is the
external field falling onto the layer. Here, we have

E,(0,1) = o,C, (—A)E g ene(4, 1). 4)

This is the field produced by the monolayer and passing to
the interface from inside the medium. The polarisability of
nanoparticles o, in (3), (4) is calculated by the known
formula for a small sphere with a prescribed local dielectric
constant [30]:

3 5_Em
_ , 5
T )

Expressions (3), (4) allow for the fact that, since all
clusters in the layer are in similar conditions we have
|Eoetr] = |Ejjerr] = |E e Describing an interaction of the
complicated field emitted by the layer of nanoparticles with
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the medium —vacuum interface we used tensors of Fresnel
transmission and reflection coefficients 7" and R [24, 27]; in
this case, the order of indices indicates the direction of the
passing wave (‘12° — from vacuum to medium, 21’ — from
medium to vacuum). The argument ¢ — (ky4)7,, /(koc) char-
acterises the lag due to wave passing from the medium-
matrix surface to the plane of nanoparticle centres. In the
frameworks of this study we will assume that there is no
intermediate layer near the surface, and the incident wave at
the mathematical interface is substituted with passed one
propagating at the speed ¢/7i,,, which corresponds to the
cancellation theorem [28].

The phase shift of the field passing to other particles
(nonzero particles with i,j# 0) can be found from the
principle of parallel translation symmetry [24, 27]:

Ejjeir = Eoerrexp(igry), (6)
where r; is the radius vector to the centre of jjth
nanoparticle and g = (koy, kg, 0).

As we and other authors [25, 26, 31-33] repeatedly
mentioned earlier, the lattice sums 4, and Cpi introduced
in (3), (4) (which characterise the fields emitted by the
monolayer of nanoparticles to an observation point resid-
ing, correspondingly, inside or outside the layer; the sign ‘+’
means that the wave propagates in the positive direction of
the z axis) actually do not converge in real space. This fact is
explained by presence of weakly decaying terms propor-
tional to 1/R in the expansion of a field scattered by a
nanoparticle. Nevertheless, calculation of these parameters
in the Fourier representation has no difficulties and is given,
for example, in [32, 33]. In this case, the final expressions
determining decomposition of the field scattered by the
monolayer into a plane (zeroth) and other evanescent
harmonics are rather awkward [24—27]. Note that this
approach provides good agreement between the simulated
spectra and results of accurate numerical calculations. In the
present study, we will limit ourselves to the relationships for
the zero non-evanescent terms, which will be needed in
further analysis:
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and a;, a, are the lattice constants for the layer.

H = (kofip)’|a) % ay;

©)

By solving system (3), (4) we obtain the following
expression for the field:

le expliriy, (ko4)]
1 - OCpAp — RZIOCPC;(—Q,A)

E6Oeff(Aat) = Ein(ovt)7 (10)

where C‘; (=24) makes allowance for the wave lagging on
passing from the surface to the plane of nanoparticle
centres and back.

Thus, in view of (4), the expression for the amplitude of
the total wave reflected from the composite medium at the
observation point x takes the form:

E.n(x,t) = | Ry exp(ikox) + T5,0,C, (x — 4)

Tz expliin (ko A) Ei(0,1),
I — 0,4, — Ry, (—24)

(11

where the first summand in parenthesis is responsible for
the reflection from the surface of a clear medium without
imbedded nanoparticle layer, and the second summand is
the contribution of the layer into the total reflected field.

3. Imaginary boundary method

Expression (11) in some cases can be substantially
simplified. In [27], we have shown that for the considered
system in the optical spectral range one may retain only the
first non-evanescent harmonics in the lattice sum C‘,f and,
hence, employ approximate expressions (7)—(9) instead of
the complete expansion [24—27,29]. Then, assuming
normal incidence for the external wave we may write the
following expression:

Een(0,0) _ Ry + Ry exp[2iriy, (ko4)]
Ein(07 t) 1 — RZIRL eXp[2lﬁm(k0A)]7

(12)

=

which exactly corresponds to the Airy reflection coefficient
for the film on a surface of the substrate medium, where

,C,

R =
a4,

(13)
is the tensor of non-Fresnel reflection coefficients for the
monolayer. Similarly, we can write the transmission

coefficient for a system, which describes the total field
passed into the medium-matrix:

P Eian (Aa t) _ T]ZTL eXp[iﬁm (kOA)]

Ein(oa t) a 1 - RZIRL exp[ziﬁm(kOA]7

(14)

where the tensor of non-Fresnel transmission coefficients
for the monolayer is

e (15)

Tensors (13) and (15) are similar because the field of the
nanoparticle layer is symmetrical with respect to the plane
in which it is arranged [see (7)].

Thus, the considered two-dimensional nanocrystal
presents an imaginary infinitely thin (despite the fact that
the particles have a finite dimension) interface between two
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media, which crosses the centres of the clusters and
possesses complicated reflection and transmission coeffi-
cients.

In Fig. 2, calculated reflection coefficients of the system
R = |f]* x 100 % are shown for two cases: 7 > i, and
n < ny; the reflective capability of a pure medium is
4%. The distance 4 from the surface to the plane crossing
the centres of nanoparticles is constant and equal to the
radius of the latter. For comparison, the results of exact ab
initio calculations performed for the considered structures
by the finite element approach [34, 35] are also presented in
the figures. Obviously, the numerical and analytical
[obtained from (12)] dependences well agree, and the
difference does not exceed 1 %.

R (%)
47
4.6
45
44
43

42

400 500 600 700 A / nm

R(%) [

3.70

3.65 1 1 1 1
400 500 600 700 2/nm

Figure 2. Spectral dependence of the reflection coefficient for the glass
(n, = 1.5) comprising a layer of nanoparticles. A solid line is the
calculation in the frameworks of the considered theory, points show
results of the exact electrodynamic calculation by the finite element
approach. Geometrical parameters of the structure are: the layer lattice is
square in all cases |a; 5| = 4a, the depth of layer position is 4 = 10 nm, a
particle radius is ¢ = 10 nm, the external field hereinafter is polarised
along the y axis and falls to the system normally. The refractive index of
nanoparticles is n = 2.5 (a) and n = 1 (b).

Note that in the considered system, either constructive
(Fig. 2a) or destructive (Fig. 2b) interference may occur for
the waves reflected from the real and imaginary interfaces,
which makes it possible to vary the resulting transmission of
the system in a wide range. This follows from the general
physical reasons: imbedding a layer of nanoparticles having
a greater real part of the refractive index than the medium-
matrix has, makes the medium in that place more optically
dense. Hence, the reflection from the imaginary interface
occurs with the phase shifted by m [28] (as in the case of
reflecting from a real interface) and, as is seen from (12), the
reflected waves enhance each other. In the opposite case, the
phase is not shifted and the amplitude of the wave reflected
from the monolayer of nanoparticles is a positive value.
Here one should make allowance for the depth of the
nanoparticle layer position because it determines the phase
shift 27, x(ky4), which in the considered cases is well below
unity.

4. Condition for medium antireflection by an
embedded nanocrystal layer

Expression (12), in an explicit form known from the
classical theory for antireflection coatings, determines the
conditions in which the embedded quasi-crystal layer
completely cancels the wave reflected from the system
making the latter absolutely transparent. Assuming 7 = 0 in
(12) we may write

Ry = —Ry exp|2ifiy, (ko4)], (16)
where the left-hand side characterises the medium-carrier,
and the right-hand side refers to the nanocrystal. Note that
earlier we studied the phenomenon of total optical
antireflection for a substrate medium due to depositing
on its surface a monolayer of nanoparticles [24]. The effect
could only be realised in the narrow range of the substrate
refractive index values close to unity, which is explained by
low reflecting capability of the monolayer in vacuum [27]
and by the small value of the parameter 2a (the path
difference for the waves reflected from the monolayer and
from substrate in the case where the particles reside on the
surface) as compared to A/2 (1 is the wavelength of the
incident radiation). If such a monolayer with similar
material and geometrical parameters is embedded into a
medium, its reflective capability falls because the polar-
isability of nanoparticles o, falls (5) (obviously, the
reflecting capability is less at smaller difference between
the refractive indices of the medium and particles). Never-
theless, the possibility to vary the depth of layer position
gives a chance to exactly satisfy the interference minimum
condition imposed on the path difference for the waves
reflected from the real and imaginary interfaces. The non-
Fresnel reflective index R; is a complex value even in the
case of dielectric nanoparticles [see (7)—(9)] and relation-
ship (16) can tentatively be divided into two components:

|Ris| = [Ry |, (17a)

exp(2iriy, (kod) +i(py — p12) +in] = —1, (17b)

where p,, and p; are the arguments of Ry, and Ry,
respectively. Since the medium we work with is a dielectric
with the refractive index 71, > 1 it is obvious that p, = m.
Thus, the interference is destructive in the two cases (with
the accuracy of up to 2nN, where N is an integer):

3
A>3 < 2y (kod) + pp < 5 (18a)
- - s - T
n<nm, —E <2I’lm(k0A)+pL< E (18b)

Note that employment of metal nanoparticles whose real
part of the refractive index is less than unity might
substantially increase the parameter |R; | and, respectively,
antireflect optically more dense media. However, absorption
of radiation in such a quasi-crystal may reach several
percent, which makes its employment unreasonable.

Employment of dielectric (or weakly conducting) nano-
particles with the refractive index greater than that of the
medium to be antireflected (18a) provides, in some cases,
higher reflecting capability of the monolayer, because in a
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transparent dielectric media (such as glass, optical polymers
etc.) polarisability for the particles with 7 > 71, may be
several times greater than for particles of the same
dimension with 7 <,,. As was already mentioned the
polarisability o is proportional to the difference 7% — iz,
(5) and takes the greatest absolute values at 77 =1 (which
corresponds to the layer of nanocavities and is the minimal
refractive index for non-metallic nanoinclusions) and at

7l = M., Which corresponds to the maximal possible

refractive  index for  existing nonmetals.  Since
|&max — &m| > |1 — &n,| it is obvious that
o, (&
| p( mdx)| > 1. (19)
oty (1)

For example, for a nanocavity and silicon nanoparticle of
the same dimension imbedded into a glass (77,, = 1.5), ratio
(19) is approximately three over the total visible range.
In Fig. 3, the reflection coefficient R of a glass matrix
with an imbedded quasi-crystal layer of silicon nanoparticles
is shown. The dispersion dependence of the complex
refractive index of particles 7(1) we take equal to that of
a bulk material [36] neglecting the size effect. By trans-
mission here and in what follows is meant a percent fraction
of the light wave energy passed into the medium less the
energy absorbed by the layer. In the considered case the
transmission coefficient is J = 100% — R because the
absorption is rather small (since both the layer width
and imaginary part of the refractive index for silicon are
small) and does not exceed 107> %, so we can neglect it.

R (%) [

400 500 600 700

2/nm

Figure 3. Reflection coefficient of glass (77, = 1.5) with an imbedded
layer of silicon nanoparticles of radius ¢ = 17 nm. The lattice constants
are similar and equal to 3a, the depth of the layer position is
4 =110 nm; experimental data on the refraction index for silicon are
taken from [36].

The reflection coefficient in the minimum observed at the
wavelength of 457 nm (the refractive index for silicon is
nig; = 4.6 +10.1) equals 0.02 % and, respectively, the trans-
mission coefficient is J = 99.98 % with an accuracy of 107>.
The spectral dependence in this case has a pronounced peak
and the reflection outside the minimum noticeably exceeds
that of a pure medium. This fact is not surprising if we recall
that a quasi-crystal layer of the nanoparticles with 72 > 7,
embedded into the matrix increases the optical density of the
system. Moreover, in the considered spectral range under
certain conditions (for example, at large nanoparticle
dimensions), an interference maximum of reflection may
be observed, which also impedes a wide-band antireflection
of the medium-matrix. Thus, employment of nanoparticles

with the refractive index greater than that of the medium-
carrier is only reasonable if we need a high transmission for
radiation at a prescribed wavelength, for example, in
creating light filters or in optical devices for monochromatic
radiation.

From (17) we may determine conditions, under which a
wideband antireflection of the medium is achieved. Note
that in the case of a film interference coating, conditions
(17a) and (17b) can be simultaneously satisfied only at a
certain wavelength. This is caused by the fact that keeping
the phase factor constant (17b) and satisfying the condition
for an interference minimum of reflection in a wavelength
interval is only possible at the presence of the dispersion of
the refractive index of the antireflection film or of the
medium to be antireflected. This, in turn, breaks equality
(17a) in the considered spectral range. Hence, multilayer
coatings are used for wideband antireflection.

One may get over this difficulty by taking a nanocrystal
as an antireflection agent. In that case, it is required that the
phase shift p; of the field reflected from the layer of
nanoparticles be greater at longer wavelengths, thus,
compensate a reduction of 27,(kgd4). The explicit form
of the dependence of p; on A cannot be determined because
the wavelength is comprised in relationships (7)—(9), (13) in
a complicated form including terms containing the addi-
tional probability integral erfc. Nevertheless, basing on the
mentioned formulae one can determine principal physical
factors affecting behaviour of function p; (4).

By substituting expressions (7)—(9) into (13) and
expanding the result to the second infinitesimal term at
H — 1 (because at nanoparticle dimension and separation
between them of several tens of nanometers this parameter
varies in the visible range approximately from 0.15 to 1.9)
we arrive at the following expression:

|a1 X a2|3/2 1
20,1

= arctan|—0.155 + ( 0.683 —
o { ( VA

—0.191VH — O.ISSH} + sgnl[it — fiy 7. (20)

From (20) it follows that p; rises only if the factor at
H™'? is positive and ||a; x a2|*/2/(2apn)| > 1 even at the
minimal values of lattice constants |a;| = |a,| = 2a, because
o,/ a* is always less than unity [see (5)]. Thus, for increasing
pL at greater wavelengths it is necessary that the polar-
isability of nanoparticles be negative, which is the case, for
example, of 71 < 7. A similar result may be obtained from
investigating the sign of the derivative of p; (20) with
respect to wavelength.

In Fig. 4, dependences of p; (1) are shown obtained by a
numerical simulation from formula (13) for the cases 77 > 7y,
(Fig. 4,a) and 7 < i, (Fig. 4,b). As was mentioned the
character of the spectrum p; (1) is determined by the sign
of nanoparticle polarisability, in this case the dependence of
tan[p; (4)] on the wavelength (Fig. 4,c) is almost linear,
which follows from (20) as well.

Let us consider optical properties of a glass with an
embedded layer of the spherical nanoinclusions satisfying
condition (18b). For increasing the reflecting capability of
the nanocrystal we assume it consisting of nanocavities with
7 =1 having an increased radius of 50 nm with the lattice
constants reduced to the minimal value corresponding to
fully contacting cavities. The depth of the layer position we
approximately determine from condition (17b) at the wave-
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tanfarg(R, )]
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- 30

1.72 —1.61
| 25

1.68 —1.62 | %

1.64 1 1 1 _ 1 .63 1 1 1 ]5 1 1 1

400 500 600 700 i/ nm 400 500 600 700 A / nm 400 500 600 700 2 / nm

Figure 4. Spectral dependence of the wave phase shift (a, b) and tangent of it (c) in reflecting from a layer of nanoparticles. The layer is inside glass
(1, = 1.5). The lattice parameters are |a; 5| = 4a, the parameters of nanoparticles are: silicon, 7 = (1) [36], a = 15 nm (a); air, 7 = 1, @ = 15 nm (b, ¢).

length of 550 nm. The reflection coefficient will be calculated
by using the exact finite element method [35] because, as we
have shown in [27], for the given geometrical parameters of
the nanoaggregate the theoretical approach described in the
present paper can only be applied to estimation purposes.

As is seen from Fig. 5, medium antireflection in this case
is actually wideband and the transmission coefficient is
above 99 % in the interval 400—750 nm. The spectral range
of transmission in which it weakly depends on a wavelength
and is close to the maximal value (100 % at the wavelength
of 527 nm) is also sufficiently wide (J > 99.8 % in the range
470—-600 nm), which is explained by the mutual compensa-
tion of the phase shifts 27i,,(ky4) and p;. Note that in the
blue range the transmission rapidly falls because the
reflecting capability of the nanocavity layer rising at smaller
wavelengths becomes too large. Hence, nanocavities of large
size are suitable in more dense optical media than glass,
because |Ry | in this case additionally rises.

RICONS

O
(o]
T

1 96 1 1 1 1 1 1 1 1
o fao s00 600 700 4/nm

95 I

Figure 5. Transmission coefficient for glass (7, = 1.5) with an imbedded
layer of nanocavities of radius ¢ = 50 nm. The lattice constants are
similar and equal to 2a (the cavities are arranged tightly to each other),
the depth of the layer position is 4 =51 nm. The calculation is
performed by the finite element approach.

5. Conclusions

In this work, we study optical properties of the nano-
composite structure that is presented by a quasicrystal layer
of nanoparticles imbedded into a semi-infinite medium-
carrier. A theoretical approach is suggested, which inter-
prets the ordered nanocrystal as an imaginary, infinitely
thin interface possessing non-Fresnel reflection and trans-
mission coefficients and allows one to use the known Airy
formalism developed for a system ‘film on a substrate’.

Here, a transfer to the classical Airy description does not
necessitate additional approximations or averaging of the
parameters and fields over the volume of film, but allows
one to deal with microscopic fields. For the first time, the
conditions for total wideband antireflection of a system
have been obtained and studied. It is shown, that a single
monolayer of particles imbedded into a medium-carrier
increases the transmission coefficient of the system to the
values close to 100 % in a wide range of wavelengths. This
is explained by the fact that the phase shift due to reflection
from the nanocrystal may partially compensate the phase
shift due to the wave path difference 27,,(ky4) at a changed
wavelength, which, in turn, allows one to approximately
satisfy the condition of reflection interference minimum in a
certain spectral interval.

The results obtained may have wide application impor-
tance in developing materials with enhanced transparency
(‘invisible’ materials), optical antireflection of systems, and
for creating highly-transparent narrow-band light filters.
Antireflection of existing artificial media with the refractive
index close to unity is one more possible application of the
phenomenon discovered [37]. According to the general
theory of constructing antireflection coatings [28], the
refractive index of an antireflection film in this case should
be even closer to that of vacuum, which obviously prevents
employment of natural materials for these purposes.
Employment of a sparse nanostructure with controlled
optical properties, which is just the case of a monolayer
of nanoparticles or nanocavities substantially reduces and
even eliminates reflection from such a material.
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