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Abstract

CrossMark

We investigated the transmittance properties of the one dimensional quasiperiodic photonic
crystals that contains an n doped semiconductor material. Our study is mainly based on the
theoretical framework of the plasma model and the characteristic matrix method. Here, Fibonacci
sequence represents the core axis in the design of our structure. Therefore, this design could be
named as Fibonacci based structure. The numerical results are mainly based on the variation of
the doping concentration. This parameter could be crucial in the tunability of the photonic band
gaps. The effect of many parameters such as the thickness of the semiconductor material, the
sequence number and the type of the sequence are demonstrated. The designed structure is

prepared to act as a multichannel filter for THz applications.
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1. Introduction

Among the four past decades, the interaction of the electro-
magnetic radiations with the artificial periodic structures was
significantly increased due to its role in many physical,
optical and medical applications. These periodic structures are
known later in the literature as photonic crystals (PCs). PCs
are interested in the confining and guiding of the incident
electromagnetic waves because of the appearance of the
photonic band gaps (PBGs) and the photon localization [1-5].
The PBGs offer the ability of prohibiting the incident
electromagnetic waves of specified frequencies from propa-
gating through them [6-8]. The interference of Bragg scat-
tering at the interfaces of the PCs constituent materials
describes the physical interpretation of the appearance of
these PBGs [9, 10]. Whilst, the periodic modulation of the
refractive indices of PCs constituent materials could lead to
such scattering [9, 10]. On the other side, the guiding of the
incident electromagnetic waves or the photon localization is
produced due to the broken periodicity of PCs by adding
or removing a layer from the periodic structure. Here, the
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disordered PCs grants the opportunity of the presence of one
or more of the discontinuous electromagnetic waves inside
the PBG [4]. The previous characteristics of PCs could be
crucial in the design and fabrications of many optical, phy-
sical and medical applications such as filters [11], optical
reflectors [12], switches [13], gas sensing [14], integrated
circuits [15], light harvesting for solar applications [16, 17]
and biomedical sensors [18, 19]. Moreover, PCs are topping
the scene in many promising application such as structural
color applications [20], clinical analysis and food poisoning
[21] and cancer diagnosis [22].

In recent time, quasicrystals received a considerable
attention in the field of PCs owing to their inherent char-
acteristics. Quasiperiodic PCs presents the intermediate state
between the ordered and disordered PCs [23]. In addition,
quasiperiodic PCs have the advantage over the traditional PCs
on controlling the number and the width of the PBGs due to the
appearance of more than one form of periodicity through these
structures [23-27]. Whereas, quasiperiodic structures could
be designed in many different sequences such as Fibonacci,
Thue—Morse, period doubling and Rudin—Shapiro [28].

© 2020 IOP Publishing Ltd  Printed in the UK
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Moreover, quasicrystals are preferred in photon localization
because of its weakness decay and rich self-similar
structure [29].

In this paper, we theoretically study the transmittance
characteristics of the one dimensional quasiperiodic PCs that
containing an extrinsic semiconductor of n type (n InSb).
Here, we aim to use the Fibonacci sequence to design our
quasiperiodic PCs. The cornerstone of our study is basically
depending on the effect of the doping concentration on the
transmittance properties. Wherein, the doped semiconductor
materials are widely used in the design of PCs because of
their peculiar optical properties [30, 31]. Such materials could
investigate the tunability of the PBGs at high values of the
doping level [32].

Actually, the idea of using traditional and quasiperiodic
PCs for filtering purposes is widely discussed [3, 33]. The
results investigated in (3) discuss the ability of using tradi-
tional PCs for filtering applications in the visible light regions.
In addition, Elsayed et al [33] demonstrated the transmittance
properties of quasiperiodic PCs in the optical wavelengths
using nanocomposite and plasma layers. However, the present
work studies the same idea in a different wavelength regions.
Our idea is mainly based on the role of quasiperiodic PCs in
the tunability of the PBGs as investigated in ref. (3, 33). Thus,
we intend to drive this advantage within the THz regions due
to the huge number of applications through it. Whilst, this
region represents the cornerstone of many medical, engi-
neering and telecommunications applications [34, 35].

Therefore, the inclusion of quasiperiodic sequences in the
one dimensional PCs through THz frequencies received a
considerable attention. Many researchers devoted the atten-
tion towards the tunability of the PBGs within these fre-
quencies using many different materials such as dielectrics,
negative index materials, graphene and superconductors
[36—39]. Moreover, Vyunishev et al demonstrated theoreti-
cally and experimentally the tunability of the PBGs in the
visible light based on the one dimensional quasiperiodic PCs
[40]. Such work investigated the formation of only two PBGs
within the wavelengths of interest. In addition, the parameters
of the constituent materials are not almost effecting on the
tunability of the PBGs. Thus, we intend to design a structure
that could provide the advantages over the previous work in
controlling the width, number and the positions of the PBGs.
Moreover, the need for special conditions of some materials
particularly superconductors could increase the difficulty of
the experimental verifications of these structures.

The theoretical model used to investigate the numerical
results is prepared based on the fundamentals of the char-
acteristic matrix method and the plasma model. The numer-
ical results indicates the appearance of a multichannel filter
within a broad band of the THz frequencies. Moreover, the
doping concentration, the thickness of the semiconductor
layer, the sequence number and the sequence type play an
important role on the number and the positions of the bands of
this filter.

This paper is organized according to the following pat-
tern. In section 2, we investigate a brief description of the
theoretical model. In section 3, we discuss the numerical
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Figure 1. Schematic diagram of the designed one dimensional
quasiperiodic PCs of Fs in which the dielectric layer is labeled as A
with thickness d; and refractive index n;. The n InSb is set as layer B
of thickness d, and refractive index n,.

results. Finally, section 4 recapitulates the conclusions of our
paper.

2. Theoretical model

In this section, we present a brief description to the char-
acteristic matrix method and the plasma by which the num-
erical results are investigated. Such method is used to express
the interaction between the incident electromagnetic waves
and the macroscopic media [33]. The one dimensional qua-
siperiodic PCs is composed of a layers of the n doped
semiconductor material (n InSb) that stacked with dielectric
ones (Si0,) in such manner according to the Fibonacci
sequence. Here, the semiconductor layer is defined with the
symbol (S) while the dielectric one is named as (D). Then,
the whole structure is immersed within the air. Wherefore, the
Fibonacci sequence used to build up our design can be
obtained as, Fj,; = F; F;_; for j > 1 with F, = {B} and
F] = {A} thus F2 :F] F() = {AB}, F3 :FQ F] = {ABA}
and so on [23].

Figure 1 describes the schematic diagram of the one
dimensional quasiperiodic PCs based on Fibonacci type of Fs.
This figure was drawn to clarify the nature of the interaction
between our designed quasiperiodic PCs and the incident
electromagnetic waves. Such type of interactions was
explained using the characteristic matrix method [41-43].

In what follow, we present some of the basic details that
are considered the core axis of the characteristic matrix
method. Here, the z direction is set to be the direction of the
propagating electromagnetic waves through our design. In
other words, the electric and the magnetic field of the incident
electromagnetic waves are propagating through the (x—z)
plane.

For TE polarization in which the electric field is along x
direction, the electric and magnetic fields through a given
layer j of Fibonacci based structure can be described based on
Maxwell’s equations as,

E; (x, 2) = Ej(explitk, x — w)] £
Hi(y, 2) = Hi(@exp [itky x — w1y (D
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Where, E; (z) and H; (z) are the electric and magnetic field incident electromagnetic waves [30-32], as:-
components through the layer j and can be written as, 5 5
Whe w
Ej(z) = Ujexp(—ikjz) + V;exp(ik;z) e(w) = 530[1 - = p. - — p}_l
ki W — iTw Wt — imw
Hj(z) = —~[—U;exp(—ik;z) + V;exp(ik; 2)] 2 o
k() _ wr Wi (9)
kj = konj = 27w/ \)n; 2) wi — W+ iw

Where, U; and V; are the electric and magnetic field ampli-
tudes in the layer j, respectively, k; is the wave vector in layer
j and n; describes the refractive index of layer j. Equation (2)
can be simplified using a matrix form as,

Ei(2) exp(—i kjz) exp(i k;z) \(U; 3)
Hj(@)] \—njexp(—ik;z) njexp(i k) )\ V;

Taking the inverse of equation (3), the field amplitudes in
layer j could be calculated. Then, by applying the previous
form, at the boundaries between two consecutive layers j and
(G + D, E; (y) and H; (y) take the form,

E;(2)

)

Using the expressions of sine and cosine functions, equation (4)
can be written as,

1| [exp(—i k/fj) + exp(i klgj)]

T2
§ilexp(—i ki€)) — expi k;¢))]

Ej(Z) _ COS( kjfj) —1i sin(kjfj)/éj
Hi(2)) |\ —ib;sin(k;€)  cos(k;E))
Ej1(2) Ei 1(2)
= . 5
g (Hi+1(z)) i [H,-H(z)] ®)

Where, §; = djcosb;, 6; = ({Jeo/ o) njcos 0; for the
case of TE polarization, 6; defines the incident angle within layer
J and m; presents the characteristic matrix that relates E; (z) and
H; (7) at the boundaries between two adjacent layers j and j + 1.
Therefore, the whole interaction within Fibonacci based
structure is described by:-

(M M) A
= (le Mzz) = 1‘1;[1 m; 6)
Wherefore, the transmittance coefficient is given as:-
r = 2% @)
My + Mi260)60 + (My + My d0)
Then, the transmittance can be given as:-
T = |3 (3

For the case of TM polarization, we can use equations (5)—(8)
but with 6; = (y/eo/11y) cos 0;/n;

The other side of our theoretical model is specialized for
the plasma model to investigate the permittivity of the n
doped semiconductor material. This model describes the
variation of the permittivity with the frequencies of the

Where, ¢, is the high limit of the relative permittivity, w is
the frequency of the incident electromagnetic waves, wp, ;) is
the electrons (holes) plasma frequency, 7, is the damping
frequency due to electrons (holes), wy(,) is the transverse
(longitudinal) optical phonon frequency and ~ is the damping
frequency due to phonons. The damping frequency due to
electrons (holes) could be expressed as a function of electrons
(holes) mobilities 1, () AS'

¢ (10)

Tethy = ——
Me(n) He ()

Here, the carrier mobilities are strongly depending on the

[exp(—i ki€;) — exp(i k,-f,-)] D

o (H"H(z)) @
[exp(—i ki€,) + exp(i k1|
temperature by:-
—1.66

p, =177 x 10* (%) (11a)

~1.8
w, = 850 (%) (11b)

Then, the electrons (holes) plasma frequency can be obtained
as a function of the carrier concentrations and the effective

mass as:-
2
o ne(h)e
Wpethy = |~
Me(h)E0E€x0

Where, m,, is the electrons (holes) effective mass, e is
electronic charge, ¢ is the permittivity of vacuum and 7, is
the electrons (holes) concentration in the conduction (valence)
band that could be described in terms of the doping impurity
concentration as:-

(12)

Ni

4

4 Na

5 13)

Mgy = 1 +

Where, n; is the concentration of the intrinsic electrons and N
is the concentration of the doping impurity. Here, the con-
centration of the intrinsic electrons is temperature dependent
and could be written as:-

ni =576 x 102 T"Sexp (—0.13/ksT) (14)
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Figure 2. The response of the n InSb permittivity with the frequency of the incident electromagnetic waves at different values of the doping

concentration for, (a) real part and (b) imaginary part.
3. Results ad discussions

Now, we present here the numerical results of our design reliance
on the theoretical model described in the previous section. Here,
we demonstrate the transmittance properties of the one dimen-
sional quasiperiodic PCs through a broad band of the frequencies
of the incident electromagnetic waves at normal incidence. This
band is expanded from 6 THz to 20 THz and our results are
investigated for the case of Fo. The cornerstone of our results is
mainly based on the effect of the characteristics of the doped
semiconductor material on the transmittance characteristics of
Fibonacci based structure. Thus, we set the n doped semi-
conductor material to be (n InSb) of thickness equals 100 nm,
€so = 156, wr = 35 THz, wy= 37 THz, v = 0.0539 Hz,
my, = 0.3827 my, m, = 0.014 m, and the value of the intrinsic
electrons concentration is equivalent to 1.98 x 10%* m ™ at room
temperature [31]. Then, the dielectric material is chosen to be
SiO, of thickness = 20 um and refractive index is obtained
based on the wavelength dependent Sellmeier equation as [44],

2 2
2 = 131552 + 0.788404 X 0.91316 X
X — 00110199 = X — 100

15)

First, we demonstrate the effect of the doping impurity
concentration on the permittivity of doped semiconductor mat-
erial through the frequency of interest. Figure 2 indicates the
variations of both the real and imaginary parts of n InSb
permittivity. Figure 2(a) describes the response of the real values
of the permittivity with the increase of the doping concentration.
The figure indicates that the doping concentration has a sig-
nificant effect on the real values of the permittivity especially at
low values of the frequencies of interest. At Ny =1 X
10% m 3, the values of the permittivity are varying from zero to
19.89 through a band of frequencies from 11.81 to 20 THz. For
frequencies smaller than 11.81 THz, the response of the
permittivity begins to take another pattern towards the negative
values to reach 51 at 6 THz. As the value of the doping con-
centration increased to 4 x 107 m73, the values of the
permittivity are almost negative along all of the frequencies of
the incident electromagnetic waves. For further increase of Ny to
7% 10 m> and 1 x 10* m73, the real values of the

permittivity take very large values in the negative side particu-
larly at low frequencies as observed in figure 2(a). For the case
of the imaginary part of the permittivity, its values are almost
negative with the variation of the doping concentration as shown
in figure 2(b). Moreover, its values increase with the increments
of Ny values. However, these values are very small in com-
parable with the values of the real part of the permittivity.
Wherefore, figure 2 demonstrates the role of the doping con-
centration on the values of the n InSb permittivity along the
frequencies of interest. Such role leads the permittivity towards
large negative values which could be of interest in prohibiting
the propagation of the incident electromagnetic waves [32].
Then, figure 3 investigates the comparison between the
transmittance characteristics of the one dimensional traditional
PCs and those of the one dimensional quasiperiodic PCs. The
one dimensional PCs is composed of a layer of n InSb staked
together with a layer SiO, for 30 number of periods that is
equivalent to 60 layers equally between SiO, and n InSb mate-
rials. On the other side, the one dimensional quasiperiodic PCs is
designed from the same materials for the case of Fy which can be
designed using 55 layers of SiO, and n InSb materials but with
not equal number. Moreover, the doping concentration value of n
InSb is the same for the two structures and its equivalent to
4 x 10® m™>. Figure 3(a) shows the transmittance properties of
the perfect PCs. As shown in the figure, there are two PBGs are
formed along the frequencies region of the incident electro-
magnetic waves. The first one has a width of 1.3 THz because it
extends from 10.21 to 11.51 THz. The second PBG appears
between 15.33 and 16.03 THz with width 0.7 THz. For the case
of the quasiperiodic PCs, the number of the PBGs formed within
the frequency of interest is six PBGs with varied widths as shown
in figure 3(b). Here, the number of the PBGs in the case quasi-
periodic is greater than the case of the perfect PCs. This pattern
clarifies the role of the quasiperiodic in controlling the number
and the width of the PBGs due to the different forms of peri-
odicity through the same structure. Therefore, the large number
of the PBGs gives the advantage for the quasiperiodic PCs over
the perfect PCs and could grant more facilities in the design of
the proposed multichannel filter. In particular, the number of
layers used to design the quasiperiodic PCs of Fy is smaller than
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Figure 3. The transmittance properties versus the frequency of the incident electromagnetic waves at Ng = 4 x 10?° m™ for, (a) perfect one
dimensional PCs and (b) one dimensional quasiperiodic PCs.
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Figure 4. A detailed description of the transmittance characteristics of both perfect one dimensional PCs of periodicity = 30 (solid black line)
and one dimensional quasiperiodic PCs of Fq at different values of the doping concentration, (a) Ny = 4 x 10 m™3, (b) Ny = 6 x
10°m 3, ) Ng=8 x 10 m 2 and (d) Ny = 1 x 10*° m3.

that used to design the traditional PCs by 5 layers. Furthermore, these PBGs because of the high refractive index contrast between
all of these gaps appear at frequencies smaller than 16 THz  SiO, and n InSb within this frequencies region.

because the permittivity of the n InSb material begins to take very Then, we clarified in details the novelty of the quasiperiodic
large negative values at frequencies smaller than this frequency  PCs over the perfect PCs on the tunability of the PBG as shown
as investigated in figure 2. This response leads to the formation of ~ in figure 4. Here, our comparison is summarized through the
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frequency regions from 8 to 12 THz. Moreover, the number of
periods for the perfect PCs is set to be 30 and the sequence
number of the quasiperiodic PCs is Fo. At Ny = 4 x 10*° m >,
only one PBG can be formed within the perfect PCs of fre-
quency limits of 10.21 and 11.52 THz as shown in figure 4(a).
On the other side, the quasiperiodic PCs show the appearance of
two PBGs within the frequencies of interest of frequency limits
(8.68-9.01 THz) and (10.21-11.07 THz). As the doping con-
centration value increased to Ny = 6 X 10® m™3, Ng =8 x
10° m > and Ny =1 x 10°® m 3, the central PBG of the
perfect PCs is shifted towards the high frequencies with the
increasing in its width as shown in figures 4(b)—(d), respectively.
In addition, a new PBG begins to appear at frequencies smaller
than 8.23 THz. This new PBG is shifted towards the high fre-
quencies with the increase of the doping concentration. More-
over, the transmission dips (oscillations) of frequencies below
the lower edge of the central PBG begins to shrink with the
increase of the doping concentration as shown in figures 4(c)
and (d), respectively. Furthermore, the amplitudes of these
oscillations are providing a significant decrements. This response
could be due to the change in the permittivity of InSb layer with
the variation of its doping concentration. For the case of qua-
siperiodic PCs, the number and the widths begins to increase
with the doping concentration. Such response could be of

interest in the design of our multichannel filter particularly
through small frequency regions.

Now, we demonstrate the effect of the doping con-
centration on the transmittance characteristics of our one
dimensional quasiperiodic PCs as shown in figure (5). The
figure clarifies the significant effect of the doping con-
centration on the number and the width of the formed PBGs.
This effect appears as a power result of the variation of n InSb
permittivity with the doping concentration as investigated in
figure 2. At Ng =1 X 10% m*3, no PBGs are formed as
shown in figure 5(a). Here, the absence of the PBGs is due to
the small value of n InSb permittivity at this value of the
doping concentration especially at high frequencies as
investigated in figure 2. This response weakens the possibility
of the PBGs formation because of the small contrast between
n InSb and SiO, materials. As the value of Ny increased to
4 x 10 m and 7 x 10* m~>, the PBGs begin to appear
along the frequencies region of the incident electromagnetic
waves as shown in figures 5(b) and (c), respectively. For
Ng=1 x 10%° m73, the number of the PBGs increased
beside the presence of the resonant peaks at low frequencies
as shown in figure 5(d). Accordingly, the doping impurity
concentration could be of interest in controlling the width and
the number of the PBGs that formed through the frequencies
of the incident electromagnetic waves.
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In what follows, we present the effect of some parameters on
the transmittance characteristics of Fibonacci based structure at
constant value of the doping concentration. Wherein, Ny is set to
equal 4 x 10* m>. Figure 6 describes the transmittance prop-
erties at different values of the thickness of n InSb material. As
the thickness increased from 100 to 200, 300 and 400 nm, the
number and the width of the PBGs are significantly affected
particularly in the high frequencies region as shown in

figures 6(b)—(d), respectively. Therefore, the thickness of the n
InSb material could investigate the role of the doping impurity
concentration in controlling the number and the width of the
PBGs. In other words, the increase of thickness of the doped
semiconductor offers the possibility to overcome the high values
of the doping concentration.

Furthermore, the resonant peaks appear frequently with
varying transmittance values as shown in figure 7. Figure 7
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indicates the appearance of resonant peaks when the thickness
of n InSb material equals 400 nm at two specified frequencies
regions. In the case of the perfect PCs, the appearance of these
resonant peaks needs for the breaking of the structure peri-
odicity by adding a new layer with different values of
refractive index or thickness or both of them. However,
figure 7 clarifies that the appearance of this peaks is not
subject with the breaking of the structure periodicity
[4, 14, 18, 19]. In other words, the quasiperiodic PCs provide
the presence of the resonant peaks that could be of interest in
many applications especially in optical and medical sensing.
Moreover, the number and positions of the resonant peaks
within the perfect PCs require some conditions to obtain them
unlike the quasiperiodic PCs [4]. This response could be due
to the nature of the quasiperiodic structures as an intermediate
state between the ordered and disordered structures. Thus, this
response could offer another advantage in the design of our
multichannel filter.

Then, we discuss the effect of the number of sequence on
the transmittance response of our design as shown in figure 8.
Figure 8(a) investigates the transmittance properties for the
case of F,. The figure shows the appearance of only two
PBGs in the low frequencies region. As the sequence number
increased to Fg and F;;, the number of the PBGs begins to
increase especially through the high frequencies region as
shown in figures 8(b) and (c), respectively. Moreover, the

edges of the PBGs begin to be sharper as comparable with the
case of F;. Here, the increment of the sequence number leads
to due to more forms of periodicity that could be effective in
the tunability of the PBGs.

Now, we demonstrate the effect of the different sequen-
ces as shown in figure 9. The figure describes the transmit-
tance in the cases of Fibonacci of sequence number 9, Thue
Morse of sequence number 6 and the period doubling of
sequence number 6. The sequence number of Thue Morse
could be configured as Tj; = T;inv (T)) for j > 1 with
To = {A} and inv (Tp) = {B} and inv (Tjy,) = inv (T)) T;
[44, 45]. Whilst, the double period sequence is obtained
using, Py = P inv (P) for j > 1 with Py = {A} and inv
(Po) = {B} and inv (Py1) = P, P; [45, 46]. In the case of
Thue Morse, the transmittance takes a different manner in
comparable with the case of Fibonacci as shown in
figure 9(b). Here, the edges of the PBGs become sharper and
their widths are larger. Furthermore, we observe the appear-
ance of the resonant peaks through these PBGs. For the
period doubling case, it almost takes a similar pattern as
Thue Morse as shown in figure 9(c). However, the widths of
the PBGs and the transmittance values of the resonant peaks
are smaller than the case of Thue Morse sequence.

NHere, we demonstrate the effect of temperature on the
transmittance characteristics of Fibonacci based structure.
Figure 10 discusses the transmittance response at different
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Figure 9. The dependence of the transmittance on the sequence type for, (a) Fibonacci sequence, (b) Thue Morse sequence and (c) The period

doubling sequence.
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Figure 10. The dependence of the transmittance on the temperature
of Fibonacci based structure at, 300 K (dashed blue), 400 K (dashed
red) and 500 K (dashed black) for F; sequence.

values of the temperature. We set the sequence number F;
and the value of Ng = 4 x 10*° m~>. The figure shows a
distinct effect to the temperature on the transmittance char-
acteristics of Fibonacci based structure. This effect appears
in the form of the decrements of the transmissio values with

temperature and the expanding of the PBGs towards the high
frequencies as well. This response of the transmittance
spectrum can be simply understood from the strong
dependence of the n InSb layer on the temperature. On the
other side, the refractive index of SiO, is slightly effected
with temperature in comparison with n InSb layer because of
the small thermo-optic coefficient of SiO,. Thus, the change
in the permittivity of n InSb layer could change the width of
the PBGs. As the temperature increased from 300 K (blue)
to 400 K (red) and 500 K (black), the width of the PBGs
begins to increase due to the shift of the upper edges towards
the high frequencies. In comparing with equation (14)
through the theoretical analysis, the concentration of the
intrinsic electrons increase with the temperature. Such effect
leads to the increase of the electrons concentrations and their
plasma frequency as well. Thus, a significant changes in the
permittivity of InSb layer is expected. Wherefore, the
transmission characteristics of the PBGs are affected as
shown in the figure. Thus, the sensitivity of the proposed
structure could be affected with the change of the temper-
ature. Here, Fibonacci based structure provides a sensitivity
of 0.0021 THz/K. Therefore, this property could make our
design of valuable interest in the temperature sensing
applications.
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4. Conclusion

In summary, we investigated theoretically the transmittance
properties of the one dimensional quasiperiodic PCs in THz
regime. The proposed structure is composed of a dielectric
material (SiO,) and an n doped semiconductor material (n In
Sb) that designed based on Fibonacci sequence. Therefore,
the numerical results are obtained based on the plasma model
and the characteristic matrix model. The cornerstone of our
study is mainly depending on the doping impurity con-
centration of the semiconductor material. Wherefore, the
permittivity of n InSb is strongly affected with the doping
concentration variations. The numerical results show that the
quasiperiodic PCs is more promising in the tunability of the
PBGs than the perfect PCs. Moreover, the doping impurity
concentration could be of interest in controlling the width and
the number of the PBGs that formed through the frequencies
of interest. In addition, the increase of thickness of the doped
semiconductor has the same effect on the properties of our
design as the increase of the doping concentration. Thus, it
could offer the possibility to overcome the high values of the
doping concentration. Furthermore, the number and the type
of sequence offer the advantage of controlling the width,
position and number of the PBGs beside the appearance of the
resonant peaks. Finally, Fibonacci based structure could be of
interesting to act as a multichannel filter for THz applications
ranging from 6 to 16 THz.
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