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The appearance of the defect mode in the band gap of the one-dimensional photonic crystal with dielectric

filling, caused by the volumetric defect of the periodicity of the structure in the presence of conducting

nanolayers deposited on insulating substrates, has been studied. Experimental data confirm the results of

calculations of amplitude-frequency characteristics performed using the transfer matrix method and demonstrate

the appearance of a defect mode in the bandgap in the X-band at certain values of the thickness 100−140 nm

and electrical conductivity of conducting nanolayers 7−200�/sq. The distribution of the electric field strength

of an electromagnetic wave inside a photonic crystal with introduced conducting nanolayer into a defect has

been calculated at the defect mode frequency for different ratios between the longitudinal size of the defect

and the wavelength. Taking into account the field strength distribution in the defect layer of a photonic crystal

makes it possible to provide both the transparency effect of a photonic crystal with a conducting nanolayer at

the defect mode frequency and the effect of the defect mode suppression. The effects of nonreciprocal wave

propagation in a photonic crystal associated with changes in the absorption coefficient have been described.

It has been established that the degree of the nonreciprocity effect is determined by the level of interaction

of the electromagnetic wave with the structure under study. The possibility of achieving high sensitivity

to measure conducting structures based on the analysis of the defect mode of a photonic crystal has been

noted.

Keywords: photonic crystal, conducting nanolayer, defect mode, nonreciprocity.

DOI: 10.61011/TP.2025.01.60519.102-24

Introduction

The unique properties of Bragg structures, often called

photonic crystals (PC), are attributable to interference

effects that occur when electromagnetic radiation interacts

with them [1–4]. The occurrence of resonant effects in

Bragg structures of the microwave and subterahertz ranges

makes it possible to create various types of microwave

devices based on them, for example, resonators with semi-

conductor detectors, directional couplers, miniature resonant

antennas, matched loads, various types of microwave filters,

including those with controlled characteristics, microwave

sensors [5–12].

A number of resonant effects can be caused by both

volumetric disturbances of the periodicity of the Bragg

structure (the appearance of defective modes) and the

peculiarities of its interface.

The ability to calculate the characteristics of defective

modes of microwave Bragg structures with an accuracy

that allows for a good match with the experiment is

used for non-destructive testing of dielectrics, polar liquids,

composites, structures with semiconductor layers [4,13].

The studied item (dielectric, semiconductor, polar liquid

layer, etc.) in this case is inserted into the PC structure,

most often into its central layer. A change of the frequency,

amplitude, and quality of the defective mode is recorded

depending on the properties of the item. However, when

studying highly conductive semiconductor and metallic

nanolayers and materials with high dielectric losses, limi-

tations occur due to the almost complete disappearance of

the defective mode in the band gap.

The occurrence of surface Tamm states in the PC of the

optical and microwave ranges can be considered as interface

states [14–20]. The authors of Ref. [18] theoretically

substantiated and experimentally confirmed the possibility

of Tamm resonances occurring at the edge of both the

first and second forbidden bands of a one-dimensional

microwave PC bordering a metal nanolayer or a nanolayer

made in the form of parallel metal strips, at a certain range

of thicknesses and electrical conductivity of the nanolayer.

Since pronounced Tamm resonance was observed upon

contact of PC with a metal nanolayer only at certain thick-

nesses and specific electrical conductivities of the nanolayer,

in order to expand the ranges of electrical conductivity

and thickness of the conductive layer at which pronounced

Tamm resonances are observed, it was proposed in Ref. [21]

to control the frequency of the Tamm resonance by changing

the thickness the outermost layer of the photonic crystal

bordering the conductive layer.
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Figure 1. The distribution of the amplitude of the standing wave along the photonic crystal with a disturbance of d6 = 22mm and the

longitudinal section of the photonic crystal: 1 — a layer of polycor, 1.0mm thick, 2 — a layer of Teflon, 9.0mm thick, 3 — disturbance,

4 — the structure under study is at a distance of L from the edge of the disturbance, 5 — the amplitude of the standing wave.

However, the electric field of the electromagnetic wave

is concentrated in the PC layer bordering the conductive

layer in case of implementation of the Tamm resonance,

for this reason a change of the parameters of this PC layer

is not sufficiently effective, although it leads to a change

in the characteristics of the photonic Tamm resonance.

At the same time, the location of the test sample in the

area of concentration of the electromagnetic wave field

can increase the efficiency of controlling resonant features

on the frequency response of the PC. Since the area of

concentration of the electric field is located inside the PC,

when the sample is located in this area, a resonant feature

is realized on the frequency response of the PC, which is

usually called the defective mode [23–25].
The authors of [26] found that a small-sized conductive

element in a disturbance leads to a slight decrease of

the frequency of the defective mode, the magnitude of

which depends on the location of this element and the

size of the disturbance. The authors of Ref. [14] used the

measured dielectric sample as a disturbance in the coaxial

PC, implemented an frequency response with two forbidden

bands, in each of which a defective mode appeared. The

mode for which the defect appeared to be located in the

antinode of the standing wave was used to measure the

dielectric permittivity.

We consider in this paper the features of the amplitude-

frequency characteristics of the reflection and transmission

coefficients of a one-dimensional microwave waveguide

photonic crystal in the presence of a defective mode caused

by the creation of a periodicity disturbance, inside which a

structure with a conductive nanolayer is located. Cases are

considered when the size of the disturbance is significantly

larger than the longitudinal size of the structure with a

conductive nanolayer, and commensurate with it. The

characteristics of the defective mode are analyzed when

the electrical conductivity of the conductive layer changes

over a wide range of values, based on taking into account

the distribution of the electric field inside the disturbance

of the PC, depending on the direction of propagation of the

electromagnetic wave.

1. Simulation of a microwave photonic
crystal with a disturbed layer

The microwave PC was a segment of a rectangular

waveguide filled with two types of dielectric layers with

different permittivity and thickness. The number of layers,

equal to eleven, was selected from the sufficiency condition

to obtain a pronounced band structure in the X-range of the

amplitude-frequency characteristics of the photonic crystal.

The disturbance was the central layer, made in the form of

a segment of a waveguide with air filling.

The dielectric permittivity of the odd layers of the

photonic crystal was chosen to be equal to ε = 9.6 (Al2O3)
for simulation, thickness was −1.0mm, even layers ε = 2.0

(Teflon), thickness 9.0mm.

The studied structure, which is a nanometer-thick metal

layer deposited on a ceramic substrate (Al2O3) with a

thickness of 0.5mm, was placed inside a disturbance of a

photonic crystal, completely filling the cross section of the

waveguide (Fig. 1).

2. Computer simulation of the
characteristics of the defective mode
of a microwave photonic crystal

To calculate the frequency dependences of the reflection

coefficients S11(ω) and the transmission coefficient S21(ω)
of an electromagnetic wave, a matrix of transmission of

a layered structure with different values γi and γi+1 of the

propagation constants of electromagnetic waves for H10 type
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was used [4,6,27,28]:

T (z j, j+1) =





γ j+1+γ j

2γ j+1
exp

(

(γ j+1 − γ j)z j, j+1

)

γ j+1−γ j

2γ j+1
exp

(

(γ( j + 1) + γ j)z j, j+1

)

γ j+1−γ j

2γ j+1
exp

(

−(γ j+1 + γ j)z j, j+1

)

γ j+1+γ j

2γ j+1
exp

(

−(γ j+1 − γ j)z j, j+1

)



 , (1)

which relates the coefficients A j , B j and A j+1, B j+1, which

determine the amplitudes of incident and reflected waves on

both sides of the boundary z j, j+1, by the ratio

(

A j+1

B j+1

)

= T (z j, j+1) ·

(

A j

B j

)

. (2)

The coefficients of reflection S11 and transmission S21 of

an electromagnetic wave interacting with a layered structure

were determined through the elements of the transmission

matrix TN using the relations

S11 = −

TN [2, 1]

TN [2, 2]
,

S21 =
TN [1, 1]TN [2, 2] − TN [1, 2]TN [2, 1]

TN [2, 2]
, (3)

where

TN =

(

TN [1, 1] TN [1, 2]
TN [2, 1] TN [2, 2]

)

= 50
j=NTj,( j+1)

=T (z N,N+1) · T (z N−1,N) . . . T (z 1,2) · T (z 0,1) (4)

the transmission matrix of a layered structure consisting of

N layers. The propagation constants of the electromagnetic

wave γ0, γd, γm , respectively, in an empty waveguide, in

dielectric layers, and in a conductive layer completely filling

the waveguide in cross-section, were calculated using the

expressions:

γ0 =

√

π2

a2
− ω2ε0µ0, (5)

γd =

√

π2

a2
− ω2εdε0µ0, (6)

γm =

√

π2

a2
− ω2ε∗mε0µ0, (7)

where ε∗m = ε′m − jε′′m is the complex permittivity of the

conductive layer; ε′m = εm −
σ 2

mm∗

m
ε0e2nm

, ε′′m = σm
ε0ω

; εm, σm, m∗

m,

nm — relative permittivity of the lattice, the specific

electrical conductivity of the conductive layer, the effective

mass and concentration of electrons in the conductive

layer, respectively; a — the size of the wide wall of

the waveguide; ω = 2π f – the circular frequency of the

electromagnetic wave; ε0 and σ0 — electric and magnetic

constants; εd — relative permittivity of the dielectric layer.

A wave equation of the form was used to describe the

distribution of the electric field E(z ) in a one-dimensional

photonic crystal:

∂2E(z )

∂z 2
+ γ2(z )E(z ) = 0, (8)

where γ(z ) — electromagnetic wave propagation constant.

The solution of the wave equation inside each of

the regions of a one-dimensional photonic crystal with

an electromagnetic wave propagation constant γ j can be

represented as a superposition of incident and reflected

waves and calculated using the following relation:

E j =(Tj [1, 1]A0 + Tj [1, 2]B0) · exp(γ j(z j+1 − z j))

+(Tj [2, 1]A0 + Tj [2, 2]B0) · exp(−γ j(z j+1 − z j)), (9)

where Tj [1, 1], Tj [1, 2], Tj [2, 1], Tj [2, 2] are the elements of

the transmission matrix of a layered structure consisting of

j layers arranged sequentially.

The longitudinal dimensions of d6 disturbances were

3.0 and 22.0mm. In the first case, at the frequency of

the defective mode, half the length of the electromagnetic

wave λ/2 exceeds the electrical length of the disturbance

ε1/2d6, and a standing wave node is observed in the center

of the disturbance. In the second case, the size of the

inhomogeneity along the direction of wave propagation is

commensurate with half the wavelength λ at the frequency

of the defective mode. The antinode of the standing wave is

observed in the area of disturbance at the frequency of the

defective mode [14,26]. In this case, the specific parameters

of the photonic crystal and the disturbances were selected

from the condition that a band gap was realized in a wide

frequency band of the X band, and a defective mode

occurred at a frequency close to the middle of the band

gap.

The antinode of the standing wave was observed in the

center of the disturbance with the size of the disturbance of

d6 = 22mm, and nodes of the standing wave appeared near

its boundaries inside the disturbance (Fig. 1).

It is possible to achieve a different level of interaction

of the electromagnetic wave with it by moving the studied

structure inside the disturbance.

Samples with a conducting layer thickness of l = 20 nm

and a specific electrical conductivity of σ in the range from

100 to 107 �−1
·m−1 were considered. As follows from the

calculation results, when the metal film is located in the

node of the standing wave (at a distance of L = 1.35mm

from the boundary of the disturbance), the transmission

coefficient S21 at the frequency of the defective mode with

a change in the electrical conductivity of the sample from

100 to 107 �−1
·m−1 decreases from −0.01 to −4.5 dB.

Such a slight decrease of the coefficient of passage S21

through a sample with high electrical conductivity can

be interpreted as the realization of the effect of resonant

tunneling through a conductive medium at frequencies

lower than the frequency of plasma resonance [29].
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Figure 2. Frequency response of PC with a conductive nanolayer

20 nm thick at the boundary of the disturbance and different

electrical conductivity of the nanolayer σ , [�−1
· m−1]: 1 —

without film, 2 — 105, 3 — 2 · 106, 4 — 107 . The thickness

of the nanolayer is 20 nm.

When the sample is located far from the node, for

example, at the very edge of the disturbance (L = 0.0mm),
the transmission coefficient S21 at the frequency of the

defective mode with a change in electrical conductivity σ

of the sample is from 1 to 107 �−1
·m−1 decreases from

−0.3 to −25 dB (fig. 2)

It should be noted that dielectric layers with a higher

dielectric permittivity can be used in the structure of a pho-

tonic crystal, for example, layers of semi-insulating GaAs to

increase the transmission coefficient of an electromagnetic

wave at the frequency of the defective mode, when a sample

with high electrical conductivity is located near the node of

the standing wave.

As follows from the calculation results, an increase of the

dielectric permittivity of odd layers from 9.6 (Al2O3) to 12.5

(GaAs) leads to an increase of the transmission coefficient

in the presence of a conductive film with a conductivity of

107 �−1
·m−1 from −1.4 to −0.8 dB. This corresponds to

a change of the transmission ratio from 72 to 83%.

The authors of Ref. [26] used small inclusions com-

pared to the cross section of the waveguide to realize a

pronounced defective mode in the frequency response of

the PC when a conductive inclusion was introduced in

disturbance. However, the sensitivity of the defective mode

to the parameters of such an inclusion sharply decreases in

this case.

The presented results make it possible to solve in many

ways the problem of achieving high sensitivity in the charac-

terization of conductive structures by introducing large-area

conductive structures (completely filling the cross-section

of the waveguide) into the disturbance. Since taking into

account the field distribution in a photonic crystal makes it

possible to choose the structure of the disturbed layer, which

makes it possible to implement a pronounced defective

mode even with the introduction of a large-area conductive

structure.

The analysis of the obtained results also allows making a

conclusion that a frequency shift of the defective mode can

be observed with an increase of the electrical conductivity

of the structure. In this case, the magnitude and sign of this

displacement are determined by the location of the structure

inside the disturbance. When the metal film is located

inside, there is no disturbance in the node of the standing

wave of the frequency shift of the defective mode. When

the sample is located near the boundary of the disturbance,

at a distance less than L = 1.35mm, a frequency shift of

the defective mode to the low frequency region is observed,

and when located at a distance greater than 1.35mm, a

frequency shift of the defective mode to the high frequency

region is observed. The greater the magnitude of the shift,

the further the sample is located from the node of the

electric field. It should be noted that since two nodes of

the electric field are observed inside the disturbance near

opposite boundaries of the disturbance, when the sample is

moved from one node to the second at a distance at which

the sample becomes closer to the second node than to the

first, the magnitude of the frequency shift will decrease.

It should be noted that, depending on the direction of

propagation of the wave through the photonic crystal, the

value of the absorption coefficient of the electromagnetic

wave in the nanolayer changes (Fig. 3), depending on the

position of the sample inside the disturbance, especially

with high conductivity of the nanolayer, which is associated

with a change in its reflection coefficient, while the

transmission coefficient remains unchanged.

When the metal nanolayer is located near the node

of the standing wave, the resonant frequencies of the

defective mode of reflection coefficients S11 and S22 for

both directions of wave propagation in a photonic crystal

coincide with the resonant frequency f 0 = 10.132GHz of

the defective mode of transmission coefficient S21, the

resonant frequency of which remains constant for both

directions of wave propagation (Fig. 3, a). However, the

Q-factor of the resonances S11 and S22 differs by more than

5 times. In this case, the Q-factor of the resonance of the

reflection coefficient S11 (curve 3 in Fig. 3, a) in the forward

direction of wave propagation coincides with the Q-factor of

the resonance of the transmission coefficient S21 (curve 5 in

Fig. 3, a).

When the metal nanolayer is located far from the node

of the standing wave, for example, at the boundary of

the disturbance L = 0.0mm, the resonant frequency of the

defective mode of the reflection coefficient (curve 2 in

Fig. 3, b) for the reverse direction of wave propagation in

the photonic crystal does not match the resonant frequency

of the defective mode of the transmission ratio (curve 5 in

Fig. 3, b).

The resonant frequency f 1 = 9.84GHz of the defective

mode S11 (curve 1 in Fig. 3, b), at which S11 is minimal,

coincides with the resonant frequency of the defective

Technical Physics, 2025, Vol. 70, No. 1



142 A.V. Skripal, D.V. Ponomarev, V.E. Sharonov

9 11 129.750 10.125 10.500
–30

–20

0

–10

1

2

3

4

5

6

a

8 10 13
–50

–40

0

–10

1

2

3

4

5

6

b

Frequency, GHzFrequency, GHz

–20

–30

9 11 128 10

–40

0

–10
1

2

3

4

5
6

c

Frequency, GHz

–20

–30

T
ra

n
sm

is
si

o
n
 S
; 
re

fl
ec

ti
o
n
 S

, S
; 
a
b
so

rp
ti

o
n
, 
d
B

2
1

1
1

2
2

T
ra

n
sm

is
si

o
n
 S
; 
re

fl
ec

ti
o
n
 S

, S
; 
a
b
so

rp
ti

o
n
, 
d
B

2
1

1
1

2
2

T
ra

n
sm

is
si

o
n
 S
; 
re

fl
ec

ti
o
n
 S

, S
; 
a
b
so

rp
ti

o
n
, 
d
B

2
1

1
1

2
2

Figure 3. Calculated frequency response of reflection coefficients S11( f ) (curves 1) and S22( f ) (curves 2), absorption (curves 3, 4) and

transmission S21( f ) (curves 5) PC at different positions of the sample inside the disturbance, L, mm: a — 1.35, b — 0.0, c — 2.5, for

two opposite directions of wave propagation (curves 1, 3 — straight direction, curves 2, 4 — reverse direction), frequency response of the

photonic crystal transmission coefficient without violating the periodicity (curve 6). σ = 2.5 · 106 �−1
·m−1, l = 20 nm, d6 = 22mm.

modes S21 (curve 5 in Fig. 3, b), and the absorption

coefficient at this frequency is maximal (curve 3 in Fig. 3, b).
On the contrary, S22 reaches a value of −0.05 dB at

a frequency of 9.84GHz, and the absorption coefficient

is minimal. This ensures that the transmission coefficient

remains at the same level regardless of the direction of wave

propagation.

The frequency dependence of the reflection coefficient

S22 is characterized by resonance at a frequency of

f 2 = 11.83GHz (S22 = −16.9 dB). At this frequency, a

weakly pronounced local maximum of S21 at the level of

−27.5 dB is due to the maximum absorption coefficient,

and S22 is minimal and weakly affects S21.

Fig. 3, c shows the frequency response of the PC when

the sample is located at a distance of L = 2.5mm, at which

a frequency shift of the maximum transmission coefficient

of the defective mode to the high frequency range of

f 3 = 10.7GHz is observed.

Considering the effect of the dependence of the absorp-

tion coefficient of an electromagnetic wave in a conductive

nanolayer on the direction of wave propagation through a

photonic crystal, it can be concluded that the degree of

manifestation of the effect is determined by the level of

interaction of the electromagnetic wave with the structure

under study, which depends on the electric field strength at

the location of the nanolayer.

Since changing the parameters of the periodicity distur-

bance leads to a change in the frequency of the defective

mode, reducing the size of the disturbance to d6 = 3mm

allows the defective mode to be realized at a frequency close

to the middle of the band gap, as well as at d6 = 22mm.

E/A0
4

1

3

Direct
direction

Inverse
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1 2 3 4

5

L
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Ptran
Pinc

Pref

2

Figure 4. The distribution of the amplitude of the standing wave

along the photonic crystal with a disturbance of d6 = 3mm and

the longitudinal section of the photonic crystal: 1 — a layer of

polycor, 1.0mm thick, 2 — a layer of Teflon, 9.0mm thickmm,

3 — disturbance, 4 — the structure under study is at a distance

of L from the edge of the disturbance, 5 — the amplitude of the

standing wave.

However, in this case, a standing wave node is observed in

the center of the disturbance (Fig. 4).

The results of calculating the frequency response of PC

with a disturbance of d6 = 3mm, shown in Fig. 5, for

the case of the location of a conductive nanolayer in the

middle of the disturbance indicate the realization of the

transparency effect of a photonic crystal with a conductive

nanolayer, in which the resonant frequency of the defective

Technical Physics, 2025, Vol. 70, No. 1
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Figure 5. Calculated frequency response S11( f ) (curves 1), S22( f ) (curves 2), absorption (curves 3, 4) and passage S21( f ) (curves 5),
PC at different positions of the sample inside the disturbance, L, mm: a — 1.5, b — 0.0, for two directions of wave propagation

(curves 1, 3 — straight lines, curves 2, 4 — the opposite), frequency response S21( f ) PC without disturbance of periodicity (curve 6).
σ = 2.5 · 106 �−1

·m−1, l = 20 nm, d6 = 3.0mm.

mode of the reflection coefficient for both directions of

wave propagation in the photonic crystal coincides with the

resonant frequency of the defective transmission coefficient

mode (Fig. 5, a), which remained unchanged compared to

the frequency of the defective mode in the case of the

absence of a conductive nanolayer. When the conductive

nanolayer is located at the boundary of the disturbance, the

effect of the dependence of the absorption coefficient of an

electromagnetic wave in the conductive nanolayer on the

direction of wave propagation through the photonic crystal

is manifested (Fig. 5, b).

3. Experimental study of the resonance
characteristics of microwave photonic
crystals

A one-dimensional photonic crystal created in accordance

with the model described above was experimentally studied

in the frequency range of 7−13GHz.

The experimental model of the PC is made from a set

of alternating plane-parallel plates, which were placed in

a section of the waveguide with a section 23× 10mm.

The dielectric permittivity ε of the plates forming eleven

odd and even photonic crystal layers with a thickness of

1.0 and 9.0mm was measured using the AgilentPNA-X

Network Analyzer N5242A vector circuit analyzer and

determined using Agilent 85071E Materials Measurement

Software [30] and amounted to ε = 9.6 (Al2O3) and 2.0

(Teflon), respectively. A periodicity disturbance was created

in the photonic crystal in the form of replacing the central

layer of Teflon with an air segment 22mm long.

The studied samples in the form of a plate (Al2O3)
0.5mm thick with a TaAlN resistive layer were inserted

into the disturbed PC layer. The TaAlN layer was applied

by thermal evaporation in a vacuum. The studied samples

were characterized by the surface resistance ρl in the range

of 7−200�/sq and thicknesses of l = 100 − 140 nm.

The thickness of the conductive nanolayer was measured

using the
”
step“ method with Agilent 5600 atomic force

microscope. The specific surface resistance was measured

using a four-probe method using the Jandel RMS-EL-Z

probe station.

The frequency dependences S11( f ), S22( f ), S21( f ) of

a photonic crystal at different positions of structures with

a nanolayer with different surface resistance and thickness

inside the disturbance were studied using the AgilentPNA-X

Network Analyzer N5242A vector circuit analyzer.

In accordance with the results of the theoretical analysis,

it was experimentally possible to observe changes in the

frequency and amplitude of the defective PC mode with a

decrease of ρl nanolayer when placed at the boundary of the

PC disturbance (Fig. 6). The frequency shift of the defective

mode was about −200MHz with a change in the surface

resistance of ρl nanolayer from 200 to 7�/sq.

It has also been experimentally determined that when a

conductive film with a surface resistance of ρl is located

Technical Physics, 2025, Vol. 70, No. 1
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Figure 6. Experimental frequency response of PC with a

conductive nanolayer at the boundary of the disturbance and

various surface resistances of the nanolayer ρl , �/sq: 1 — without

film, 2 — 210, 3 — 20.0, 4 — 7.0. d6 = 22mm.

in the range of values of 7−200�/sq at a distance of

∼ 1.6mm from the boundary of the disturbance corre-

sponding to the node for a standing wave, the decrease in

the transmission coefficient S21 did not exceed −5.0 dB, and

the frequency shift of the defective mode was not observed.

When the conductive film (ρl = 7�/sq) was positioned at

a distance of ∼ 3.0mm, a frequency shift was observed and

amounted to about 400MHz.

Experimentally, several types of resonances on the fre-

quency response of the reflection coefficient in the band

gap PC were observed, depending on the location of the

nanolayer inside the disturbance, the magnitude of the

nanolayer’s conductivity, and the direction of propagation

of the electromagnetic wave (Fig. 7).

When the conductive nanolayer is located near the node

of the standing wave at all values of its surface resistance

in the range from 200 to 7�/sq, the resonant frequencies

of the defective mode of the reflection coefficient for

the straight line (curve 1 in Fig. 7, a) and the reverse

(curve 2 in Fig. 7, a) directions of wave propagation in

a photonic crystal coincide with the resonant frequency

of the defective mode of the transmission coefficient

(curve 3 in Fig. 7, a). At the same time, as follows

from the results of computer modeling, resonances are

characterized by different Q-factor values (curves 1 and 2

in Fig. 7, a).

When a structure with a conductive nanolayer with low

surface resistance (high surface conductivity) is located

inside the disturbance both to the left and to the right of the

standing wave node, the resonant frequency of the defective

mode of the reflection coefficient is S11( f ) (curves 1 in

Fig. 7, b and c) coincides with the resonant frequency of

the defective mode S21( f ) (curves 3 in Fig. 7, b and c),
and the resonant frequency of the defective mode of the

reflection coefficient S22( f ) (curves 2 in Fig. 7, b and c)
does not match the resonant frequency of the defective

mode S21( f ). The resonant frequency of the defective

mode S22( f ) is greater than the resonant frequency of the

defective mode S21( f ) at L = 0.0mm, and the resonant

frequency of the defective mode S22( f ) at L = 2.5mm

is less than the resonant frequency of the defective mode

S21( f ). This behavior of the frequency response confirms

the results of computer modeling performed by the transfer

matrix method.

Conclusion

The frequency response of the reflection and transmission

coefficients of a one-dimensional microwave waveguide

photonic crystal in the presence of a defective mode caused

by the creation of a periodicity disturbance, inside which

a metal dielectric structure with a conductive nanolayer is

located.

The characteristics of the defective mode are analyzed

when the electrical conductivity of a conductive nanolayer

changes over a wide range of values, based on taking

into account the distribution of the electric field inside a

disrupted photonic crystal depending on its size.

It is shown that, depending on the ratio between

the longitudinal size of the disturbance and the standing

wavelength inside a photonic crystal, both the transparency

effect of a photonic crystal with a conductive nanolayer at

the frequency of the defective mode and the suppression

effect of the defective mode are realized with different

structures of the disturbed layer.

It was found that the frequency position of the defective

mode of the transmission coefficient at a fixed position of

the sample inside the disturbance changes with a decrease

in the surface resistance of the conductive nanolayer. In this

case, the magnitude and sign of this change are determined

by the location of the structure inside the disturbance.

It is shown that, depending on the direction of wave

propagation through a photonic crystal, the absorption of

an electromagnetic wave in a conductive nanolayer changes,

determined by the level of interaction of the electromagnetic

wave with the structure under study, which depends on the

electric field strength at the location of the nanolayer.

The results obtained can be used to achieve high sensitiv-

ity to thickness and specific electrical conductivity when

characterizing highly alloyed semiconductor and metallic

nanolayers, graphene structures, and metal-dielectric meta-

surfaces by introducing large-area conductive structures into

the breach.
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Figure 7. Experimental frequency response S11( f ) (curves 1), S22( f ) (curves 2), and S21( f ) (curves 3) PC at various positions the

sample inside the disturbance, L, mm: a — 1.6, b — 0.0, c — 2.5. Frequency response S21( f ) of a photonic crystal without periodicity

disturbance (curve 4). l = 140 nm, ρl = 19.5�/sq, d6 = 22mm.
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