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ABSTRACT

In this study the Ku- band microwave with a frequencies of (12- 18) GHz
propagation in dielectric materials InGaAsP (refractiveindex n1=3.39) with two
different claddings, air(n2=1) and polyacrylate (n2=1.5), wasinvestigated. Using
the cladding polyacrylate gives better results. The graphical and numerical results of
the behavior of electromagnetic wave propagation along Z - direction in dielectric
slab waveguide in the two cases of cladding were investigated with the aid of
MATLAB program. The graphical and numerical results coincide. The modes of
propagation have been analyzed and all parameters have been given. The values of
different parameters as cutoff wave number, cutoff frequency, cutoff thickness,
propagation constant, and transmission of electromagnetic wave have been
calculated. The transmission of the microwave depends on the slab thickness and
the frequenciesapplied and it has been foundto varied from 75% to 100%. The
reflection amplitude inside the slab is not effected when the angle of the incident
wave is less than the critical angle, while it increased rapidly asthe angle increased

higher than the critical angle.

Introduction

The study of

electromagnetic

There are two major, and very distinct, types

Waves of waveguides ( metallic and dielectric) that are

properties of dielectric materials is an important
element in which electromagnetic waves are used to
transport energy from place to another, such as
Television or broad casting station.The efficient
transfer of information or energy from one point to
another in a chosen direction is performed by
specially designed electromagnetic structures or
media called, electromagnetic waveguides.
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used in two separate regimes of the electromagnetic
spectrum [1,2]. The waveguide is a structure which
confines and guides the wave beam by the process
of (TIR).  These

electromagnetic waveguides are very important

total internal reflection
devices as regards carrying electromagnetic energy
or signals in a certain direction, and as a basic part
of the microwave since waveguides allow the

waves from optoelectronic devices to travel for a
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large distance without being obstructed and to be
directed in small areas of the microwave integrated
circuit(MIC), where the (MIC) is a thin-film type of
microwave circuit designed to perform a certain
function. Waves in waveguides propagate only at a
discrete set of states, which are called modes. The
mode is the mathematical concept of describing the
nature of propagation of electromagnetic waves in a
waveguide[3]. The modes are characterized by their
propagation constant, which is a measure for the
speed at which the phase fronts propagate along the
structure [4]. It is possible to have more than one
mode of electromagnetic wave propagation within a
waveguide. Each mode has a cut-off frequency at
which the wave number in the direction of

propagation is zero. There are two general
categories of waveguides in use today, single mode
and multi-mode waveguides [5-7]. Single-mode
waveguides are known to have very low wave
dispersion and high bandwidth by allowing only the
zero-order mode to propagate[8]. The second
general type of waveguide modes is the multimode
which has a larger core than the single-mode fiber.
It gets its name from the fact that numerous modes,
or light rays, can be carried simultaneously through

the waveguide [9].

The mathematical plane electromagnetic
electric(TE)

magnetic(TM) components that are perpendicular to

waves have  transverse and

each other and aimed in a propagation direction also
perpendicular to their transverse electric and

magnetic components where for the transverse
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electromagnetic waves TEM: (Ez=0 & Hz=0),
Transverse magnetic waves TM: (Ez20 & Hz=0)

and Transverse electric waves TE: (Ez = 0 &

Hz+#0).

The number of the guided modes that can be
supported by a three layer slab waveguide depends
on the thickness, 2a, of the wave guiding layer and
the frequency of the wave and refractive indices.
The thickness of the film can be determined by
calculating the cutoff thickness for certain modes to
ensure that the waveguide is able to support the
fundamental mode and to control the thickness
when designing the single mode waveguides. The
single mode cutoff thickness can be one of the

criteria to determine the thickness of a slab.

A study of slab waveguide often leads to
graphical and analytical solutions and thus provides
the

understanding of transmission of electromagnetic

a much clearer physical insight into

waves in these materials.

A dielectric slab waveguide is a planar
dielectric sheet or thin film of some thickness, say
2a, as shown in figure 1. Wave propagation in the z-
direction is by total internal reflection from the left
and right walls of the slab. Such waveguides
provide simple models for the confining mechanism

of waves propagating in optical fibers [4].

In this work the number of modes and the
transmission coefficient are measured. Also the

effect of the different cladding materials, the
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thickness of dielectric material and the modes in the
slab, on the propagation loss of the TE mode of a
microwave slab waveguide have been studied. For
this purpose, InGaAsP ( € = 11.4921) as dielectric
materials waveguide with different surrounding
media, air and polyacrylate, has been selected.

Theory:

For TE solution that depends only the

X- coordinate, the cutoff wave number k.

takes different values inside and outside the guide,

SO

k2= k?n2— B2 outside ........ 1)

k. = —a.2 = k?n? — p* inside... (2)

C

Where B is the propagation constant. Thus,

the electric field E}, (x) will have the form:

E,coskxif —a<x<a
E,e **if x>a (even
Eje%* if x < —a

E,(x) =

TE modes)......(3)

Eisink x,if —a<x<a
E, sink.a e %3 if x > qa
—E sink.a e®*** if x < —qa

E,(x) =

(odd TE modes)...... 4)

The boundary conditions state that the
tangential components of the electric field

E,(x),are continuous across the dielectric
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interfaces at x= - a and x= a. This continuity leads
to the conditions;

For even TE mode

a. =k tank_.a... ... .........(5)

and, for odd TE mode

a. =—k.cotk.a..........(6)

The cutoff frequency as defined by

mc
f. = ,
4aNA

m=0,1,M...(7)

Where NA =./n? —n3 is the numerical

aperture of the slab, c is the speed of light in free
space and m is the number of mode.

The value of cutoff thickness for m=0 mode
can be calculated by using equation[10]:

t

A
=———|mn
“ 2m\/n? — n3 [

nz — n2
+ tan™! (%)] ..(8)
ny —ns

In order to confine the wave in the slab

waveguide, the incident angle (0),

6 = asin (5) BN )

1

should be greater than the critical angle
(Ocr),
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In this case, the total internal reflections will
increase as the incident angle (0) increases. The
transmission coefficients from a slab of a dielectric
material have been calculated by using equation
[11].

T=1/{{1+

)
e (Ol
—e [@—]%] }o (1)
Results and Discussion:

In this work, a MATLAB program has been
developed to calculate most of the parameters
representing the wave propagations in dielectric
11.4921) with

different surrounding media, air and polyacrylate.

materials such as InGaAsP ( ¢ =

For graphical solutions, equations(5&6) have been
used.

Only one example for this solution has been

given at 12 GHz for InGaAsP with n1=3.39, ny=1
(air) as shown in figure (2).

This figure shows the number of modes one
can get in different frequencies, thickness and
consequently radius. Hence, for 2a=0.38 cm, there
is only one intersection between the circle and the
tank_a curve which means there is only one even

mode (m=0). For 2a=0.76cm, there are two

intersections points, one gives even mode (m=0)
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and one odd mode(m=1) , and so on. The number of
modes found from this method should be consistent

with that for analytical solutions.

To obtain the TE field distribution by
the the
waveguides, a numerical analysis has been used.
The
frequencies (12-18 GHz). A dielectric sample,

analyzing propagation constant of

results are presented using the Ky-band

InGaAsP, and two different cladding refractive
indices, one with air and the other with polyacrylate
material have been used. A MATLAB code has
been used for this purpose to calculate modes, circle
radius of mode, cutoff frequencies, cutoff thickness,
propagation constant, cutoff wave number of each

mode, attenuation, transmission and total internal
reflection coefficients.

The number of modes presented in the
waveguide and the parameters for each slab
according to different frequencies and thickness
was calculated and compared with cutoff thickness
condition results. The number of modes that can
propagate through the waveguide for different
thickness is shown in figures (3-6). The TE, mode
is the fundamental mode of dielectric slab
waveguide. It has been found that for InGaAsP
waveguide, there are one, two, three and four
modes for thickness of 0.38, 0.76, 1.14, 1.54 cm
respectively. It should be mentioned that the above
values have represented the maximum thickness
which gives the number of modes. For instance,

there will be two modes for thickness in the range



P- ISSN 1991-8941 E-ISSN 2706-6703
2013,(7), (1 ):107-120

between 0.39 — 0.76 cm. The mode propagation
results for TE mode results found at 12 GHz with
n1=3.39, n2=1 have been shown in table 1. . For
thickness 0.38 cm no higher TE modes were found
and this can be attributed to the boundary condition
of the cutoff thickness curve for this case. If the
slab thickness increases, then a higher mode can be
in figures(4-6) with
propagation loss. Moreover, the number of modes

found, as shown lower
found in this method for each thickness is consistent
with the results of the graphical method shown in
figure(1).The TE mode propagation results when
different cladding materials are used ( n2= 1.5) for
frequency 12 GHz has been shown in table 2.The
results of the InGaAsP sample with different
cladding, one air(n2=1) and the other with
polyacrylate (n2=1.5), with different frequencies
and thicknesses are presented in tables 3 and 4. The
results show that the lower thickness gives fewer
modes. Moreover, the attenuation is depend on the
mode order. Also it has been noticed that as the
mode number m increases , the propagation
constant 8 and attenuation coefficient a decreases,
while k. increases causing the fields outside the
slab to be less confined. The cutoff frequency f, is
related with the mode order which increases with
the No. of modes and operating frequency. The
propagation constant increases with the increase in
refractive index (n). Furthermore, the analysis with
n2=1.5 cladding gives better results, as shown in

tables(2&4) above.
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The values of the cutoff thickness, for m=0
mode, at the Ky — band frequency, have been

calculated by using equation(8).

The TE modes are in the conventional
dielectric slab, where the single mode cutoff
thickness can be one of the criteria to determine the
thickness of slab as the waveguide allows guided
wave propagation only if the thickness is greater
than a critical cutoff thickness for each waveguide
mode. The cutoff thickness calculated is shown in
figures(7 and 8). Hence, it is important to say that,
in order to get a single mode waveguide operating
with high preferable requirements with specific
frequencies( as those applied in this work), the slab

thickness must not exceed the cut-off thickness
deduced.

No significant variation is found in the
reflection amplitude when the incident wave angle
is less than the critical angle, which as a result, will
also have no effect on the propagation constant (j3)
inside the waveguide slab. This case can be shown
in figure (11). As the incident angle (0) increases
greater than the critical angle (Ocr), the reflection
amplitude will increase and also the propagation

constant(P) inside the waveguide slab will increase.

Figures (10&11),

between the reflection amplitude and the wave

show the relationship

incident angle, where the reflection amplitude
values depend on the refractive index and on the

propagation constant (). The transmission
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coefficients from a slab of a dielectric material at
the Ky-band have been calculated by using equation
(12).

It should be mentioned that the normal-

incident transmission coefficients have been

calculated in this work.

In figure (12), the transmissions are
measured for a slab with a thickness from 0.1 to
0.19 cm for different frequencies(12-18 GHz) in
InGaAsP sample with refractive index n1=3.39. It
can be seen that the transmission decreases as the
slab thickness increases and the transmission
increases as the frequency increases for the same
thickness since the thickness will cause more modes
to appear. The transmission varies from 0.75 % to
0.98 %. This

applications,

in a number of
Full

is desirable
such as filter applications.
transmission 100 % can be obtained when the
thickness of the slab is reduced as shown in figure

(13).

We conclude that a good correspondence
was seen between the number of modes and the
cutoff thickness. The propagation constant in
various slab waveguides depends on the declaration
value of refractive index of the slab. The full
transmission 100% of various slab waveguides
depends on the value of refractive index of the slab

and its thickness.
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P- ISSN 1991-8941 E-ISSN 2706-6703
2013,(7), (1 ) :107-120

16
v-f12GHz -+ f=14 GHz -+ =16 GHz o =18 GHz|
~ 14+
=
T
w v
A
1]
'a 1 o
Q i ’
é 08k v“‘.‘ o
4l t
B il
- 0
-~
Voot v
t
§
02k
w1 w1 s 3 B
Number ot mode

Figure (7): Critical cutoff thickness as function to the

number of modes for InGaAsP with n2=1.

18 ‘ T
i |V FA2GH + EHGHL + 160K o FI8GH ¢
E 14+ +
0
7 v !
q/)' 12+ 4
- v ]
g v '
L ¥
L
g o oy
-~
v v
e
02+
| 1 |
08 | 15 1 28 3 38 4
Number of mode

Figure (8) : Critical cutoff thickness as function to
the number of modes for InGaAsP with n2=1.5.

Journal of University of Anbar for Pure Science (JUAPS)

118

Open Access

08+
ot
onk
06+
05

0dr

P.eflecthion amplituade

il I L L I L
0 H 4 g B 0 12 1 18

0 (degrees)

Figure (9): Reflection amplitude when incident
angle(8;) less than critical angle for InGaAsP and
n2=1.

|
09 —Rint=3.39=1

Reflection amplitude

Al L | | | | |
v

0 bl L] 8 80 10 80 9

6; (degrees)
Figure (10): Reflection amplitude when incident

angle(0;) is greater than critical angle for InGaAsp
and n2=1.



P- ISSN 1991-8941 E-ISSN 2706-6703

201

3,(7), (1 ):107-120

Reflection amplitude

—Rt=3.39n2z15]

09r

=

2 ) « ) ) 0 0 )

Figure (11): Reflection amplitude when incident
angle(0;) is greater than critical angle for InGaAsP

and n2=1.5.

I T T

TSN OO 257 .. =0 SOROE WO :

08- 4

g

| : R i
3 [ M X 0 il
g 05- X 4
k i [+ f=12 GHz o-f=14 GHz +f=16 GHz -=-f=18 GHZnt=3.39 |

03r 1

02- 4

04r 4

| |

| | !
0 04 042 013 014 015 016 01 018 019
Thickness (ctm)

Figure (12): Transmission as function to the
thickness of the slab for InGaAsP sample with
different frequencies.
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Figure (13): Transmission as function to the
thickness of slab for Inga Asp with different
frequencies




P- ISSN 1991-8941 E-ISSN 2706-6703 Journal of University of Anbar for Pure Science (JUAPS) Open Access
2013,(7), (1 ):107-120

Cuidliae ol Uslae JJlal asll) dagall (il b dagall LSS
AIPERRPEY J® asdld Jas

s daDIAl

LS Jales) INGAASP djlall salall o8 oyiiially (12-18)  GHZ clagyall b an g Sl Ku- dajs dahall o2a o
Joall il cadae) agli€) Jsad) Al ol L Lgbkas a5 (N2=1.5)cuali ) Jally (N2=1) el ,4dbidn cpiia ae (N1=3.39
o Gllall LS 8 Jlall asll ansall by AZ- sas olad) Jsda o Bpslaline g oS0 gl JUl o b Aglaally Al il
aea b ellae) Qg Llian o5 jLiany) Jalai) L AUaie il duluadly ulal) =5l . MATLAB zalin A (e lgad Sl 5 claal)
Sl sall 43355 Jaai JST ool 518 Chaty HLEEY) sy dlad) ang 3350 ang (agal) a3l an e i) cDlalad) aid L ilaled)
D T5% iy aals ang 285 4l dnsall 2358 ey dnydl) dla e adind 40 Sl cilasall L0l L Lgplas & Localinag S
055 Loie Aoy 2335 LeiSly dajnll Aghl (e J31 dagaedl Logly 03555 Lavie SLmY Lot aag syl Jals 3 (S dews . 100%
o al gl e S) Jagaad) Aol

120



