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 In this study the Ku ــ  band microwave with a frequencies of (12- 18) GHz 

propagation in dielectric materials InGaAsP (refractive index n1=3.39) with two 

different claddings, air(n2=1) and polyacrylate (n2=1.5), was investigated. 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 frequencies applied and it has been found to 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 as the angle increased 

higher than the critical angle.  
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Introduction 

The study of electromagnetic waves 

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. 

 
* Corresponding author at: University of Anbar - College of 

Science; 
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There are two major, and very distinct, types 

of waveguides ( metallic and dielectric) that are 

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 total internal reflection (TIR). These 

electromagnetic waveguides are very important 

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 

waves have transverse electric(TE) and 

magnetic(TM) components that are perpendicular to 

each other and aimed in a propagation direction also 

perpendicular to their transverse electric and 

magnetic components where for the transverse 

electromagnetic waves TEM: (Ez=0 & Hz=0), 

Transverse magnetic waves TM: (Ez≠0 & 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 

a much clearer physical insight into the 

understanding of transmission of electromagnetic 

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 ( ε = 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 kc 

takes different values inside and outside the guide, 

so 

kc
2= k2n2

2− β2 outside …….. (1) 

 

kc = −αc
2 = k2n1

2 − β2 inside. . . (2) 

Where β is the propagation constant. Thus, 

the electric field 𝐸𝑦(𝑥) will have the form:  

𝐸𝑦(𝑥) = {

𝐸1 𝑐𝑜𝑠𝑘𝑐𝑥 𝑖𝑓 − 𝑎 ≤ 𝑥 ≤ 𝑎

𝐸2 𝑒−𝛼𝑐 𝑥 𝑖𝑓 𝑥 ≥ 𝑎
𝐸3 𝑒𝛼𝑐 𝑥  𝑖𝑓 𝑥 ≤ −𝑎

 (even 

TE modes)……(3) 

𝐸𝑦(𝑥) = {

𝐸1𝑠𝑖𝑛𝑘𝑐𝑥, 𝑖𝑓 − 𝑎 ≤ 𝑥 ≤ 𝑎

𝐸1 𝑠𝑖𝑛𝑘𝑐𝑎 𝑒−𝛼𝑐 (𝑥−𝑎) , 𝑖𝑓 𝑥 ≥ 𝑎

−𝐸1 sin 𝑘𝑐𝑎 𝑒𝛼𝑐 (𝑥+𝑎)  , 𝑖𝑓 𝑥 ≤ −𝑎

 

(odd TE modes)……(4) 

The boundary conditions state that the 

tangential components of the electric field 

𝐸𝑦(𝑥), are continuous across the dielectric 

interfaces at x= - a and x= a. This continuity leads 

to the conditions; 

For even TE mode 

 𝛼𝑐 = 𝑘𝑐𝑡𝑎𝑛𝑘𝑐𝑎 … … … … … (5) 

and, for odd TE mode 

𝛼𝑐 = −𝑘𝑐𝑐𝑜𝑡𝑘𝑐𝑎 … … . … … (6) 

The cutoff frequency as defined by 

 fc =  
mc

4aNA
 , 𝑚 = 0 ,1 ,M … . . (7) 

Where 𝑁𝐴 = √𝑛1
2 − 𝑛2

2  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]:  

𝑡𝑐𝑜 =
𝜆

2𝜋√𝑛1
2 − 𝑛3

2
[𝑚𝜋

+ 𝑡𝑎𝑛−1 (
√𝑛3

2 − 𝑛2
2

√𝑛1
2 − 𝑛3

2
)] . . (8) 

 

In order to confine the wave in the slab 

waveguide, the incident angle (θ),  

𝜃 = asin (
𝛽

𝑘1

) … … … . . (9) 

should be greater than the critical angle 

(θcr),  

𝜃𝑐𝑟 = asin (
𝑛2

𝑛1

) … … … (10) 
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In this case, the total internal reflections will 

increase as the incident angle (θ) increases. The 

transmission coefficients from a slab of a dielectric 

material have been calculated by using equation 

[11].  

 

𝑇 = 1/{{1 +
(𝑘𝑎)2

8
(

𝜆

𝑎
)

2

+
𝑗(𝑘𝑎)2

[ 2(𝑘𝑐𝑎)]
[[1 −

1

2
(

𝜆

𝑎
)

2
]}

− 𝜀 [
(𝑘𝑎)2

2
− 𝑗

(𝑘𝑎)2

2(𝑘𝑐 𝑎)
] } … … (11) 

Results and Discussion: 

 In this work, a MATLAB program has been 

developed to calculate most of the parameters 

representing the wave propagations in dielectric 

materials such as InGaAsP ( ε = 11.4921) with 

different surrounding media, air and polyacrylate. 

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, n2=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 

𝑡𝑎𝑛𝑘𝑐𝑎 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) 

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 

analyzing the propagation constant of the 

waveguides, a numerical analysis has been used. 

The results are presented using the Ku-band 

frequencies (12-18 GHz). A dielectric sample, 

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 𝑇𝐸0 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 
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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 

found, as shown in figures(4-6) with lower 

propagation loss. Moreover, the number of modes 

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 𝛽 and attenuation coefficient 𝛼 decreases, 

while 𝑘𝑐  increases causing the fields outside the 

slab to be less confined . The cutoff frequency 𝑓𝑐 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. 

The values of the cutoff thickness, for m=0 

mode, at the Ku – 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 (β) 

inside the waveguide slab. This case can be shown 

in figure (11). As the incident angle (θ) increases 

greater than the critical angle (θcr), the reflection 

amplitude will increase and also the propagation 

constant(β) inside the waveguide slab will increase. 

Figures (10&11), show the relationship 

between the reflection amplitude and the wave 

incident angle, where the reflection amplitude 

values depend on the refractive index and on the 

propagation constant (β). The transmission 
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coefficients from a slab of a dielectric material at 

the Ku-band have been calculated by using equation 

(11).  

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 is desirable in a number of 

applications, such as filter applications. Full 

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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Table (1): Parameters of the waveguide at three 

lower order modes at(12) GHz for InGaAsP. With 

n1=3.39 ,n2=1(air) 

2
a

 (
cm

) 

m
 

β
(𝒄

𝒎
−

𝟏
) 

𝒌
𝒄

(𝒄
𝒎

−
𝟏
) 

α
 (

d
B

/c
m

) 

𝒇
𝒄
(G

H
z)

 

0
.3

8
 

0
 

6
.9

8
2
4

 

4
.8

8
2
3

 

0
.5

6
6
1

 

0
 

0
.7

6
 

0
 

7
.9

3
4
4

 

3
.1

0
4
2

 

0
.6

5
4
0

 

0
 

1
 

5
.9

9
0
4

 

6
.0

5
8
5

 

0
.4

7
2
5

 

6
.0

9
3
2

 

1
.1

4
 

0
 

8
.2

1
4
3

 

2
.2

6
1
8

 

0
.6

7
9
6

 

0
 

1
 

7
.2

4
2
5

 

4
.4

8
7
3

 

0
.5

9
0
3

 

4
.0

6
2
1

 

2
 

5
.3

8
0
1

 

6
.6

0
6
4

 

0
.4

1
3
4

 

8
.1

2
4
3

 

1
.5

4
 

0
 

8
.3

3
6
8

 

1
.7

5
7
4

 

0
.6

9
0
8

 

0
 

1
 

7
.7

6
6
8

 

3
.5

0
2
4

 

0
.6

3
8
6

 

3
.0

0
7
0

 

2
 

6
.7

3
6
2

 

5
.2

1
6
7

 

0
.5

4
3
1

 

6
.0

1
4
1

 

3
 

5
.0

5
4
5
 

6
.8

5
8
8
 

0
.3

8
1
1
 

9
.0

2
1
1
 

 

Table (2): Parameters of the waveguide at three 

lower order modes at 12 GHz for InGaAsP with 

n1=3.39, n2=1.5 

2
a
 (

cm
) 

m
 

β
(𝒄

𝒎
−

𝟏
) 

𝒌
𝒄
(𝒄

𝒎
−

𝟏
) 

α
 (

d
B

/c
m

) 

(G
H

z)
 𝒇

𝒄 

0
.4

 

0
 

7
.1

6
1
3

 

4
.6

1
3
0

 

0
.5

2
9
3

 

0
 

0
.8

2
 

0
 

8
.0

1
6
2

 

2
.8

8
6
4

 

0
.6

1
4
8

 

0
 

1
 

6
.3

8
7
7

 

5
.6

3
8
1

 

0
.4

4
8
1

 

6
.0

1
7
2

 

1
.2

2
 

0
 

8
.2

5
3
3

 

2
.1

1
5
2

 

0
.6

3
8
0

 

0
 

1
 

7
.4

1
4
6

 

4
.1

9
6
9

 

0
.5

5
4
8

 

4
.0

4
4
3

 

2
 

5
.8

6
4
5

 

6
.1

8
0
5

 

0
.3

9
0
4

 

8
.0

8
8
7

 

 

1
.6

4
 

0
 

8
.3

5
8
7

 

1
.6

5
0
1

 

0
.6

4
8
3

 

0
 

1
 

7
.8

5
9
7

 

3
.2

8
8
6

 

0
.5

9
9
3

 

3
.0

0
8
6

 

2
 

6
.9

7
1
3

 

4
.8

9
8
2

 

0
.5

0
9
6

 

6
.0

1
7
2
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3
 

5
.5

7
8
5

 

6
.4

3
9
8

 

0
.3

5
7
3

 

9
.0

2
5
8

 

 

Table(3): Mode numbers, propagation constant, 

modes loss at different frequencies and thickness for 

InGaAsP TE polarization for n1=3.39, n2=1 

f 
(G

H
z)

 

2
a
(c

m
) 

m
 

β
(𝒄

𝒎
−

𝟏
) 

𝒌
𝒄

(𝒄
𝒎

−
𝟏
) 

α
 (

d
B

/c
m

) 

𝒇
𝒄
 (

G
H

z)
 

1
4
 

 

0
.3

2
 

0
 

8
.1

0
6
8

 

5
.7

5
1
8

 

0
.6

5
6
8

 

0
 

0
.6

6
 

0
 

9
.2

7
0
4

 

3
.5

8
6
6

 

0
.7

6
4
2

 

0
 

1
 

7
.0

5
1
2

 

7
.0

0
6
1

 

0
.5

5
7
3

 

7
.0

1
6
4

 

0
.9

8
 

0
 

9
.5

8
5
1

 

2
.6

3
2
5

 

0
.7

9
3
0

 

0
 

1
 

8
.4

5
7
1

 

5
.2

2
3
1

 

0
.6

8
9
3

 

4
.7

2
5
3

 

2
 

6
.2

9
6
9

 

7
.6

9
1
0

 

0
.4

8
4
3

 

9
.4

5
0
7

 

1
.3

2
 

0
 

9
.7

2
6
2

 

2
.0

5
0
3

 

0
.8

0
5
9

 

0
 

1
 

9
.0

6
1
3

 

4
.0

8
6
1

 

0
.7

4
5
1

 

3
.5

0
8
2

 

2
 

7
.8

5
8
9

 

6
.0

8
6
1

 

0
.6

3
3
6

 

7
.0

1
6
4

 

3
 

5
.8

9
6
9

 

8
.0

0
1
9

 

0
.4

4
4
6

 

1
0
.5

2
4
6

 

1
6
 

0
.2

8
 

0
 

9
.2

6
5
0

 

6
.5

7
3
4

 

0
.7

5
0
6

 

0
 

0
.5

6
 

0
 

1
0
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5
7
7

 

4
.1

9
3
4

 

0
.8

7
0
0

 

0
 

1
 

7
.8

8
8
5

 

8
.1

7
4
4

 

0
.6

2
0
6

 

8
.2

6
9
4

 

0
.8

6
 

0
 

1
0
.9

5
6

3
 

3
.0

0
1
5

 

0
.9

0
6
5

 

0
 

1
 

9
.6

7
3
8
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Table(4): Mode numbers, propagation constant, 

modes loss at different frequencies and thickness for 

InGaAsP TE polarization for n1=3.39,n2=1.5 
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Figure(1):Dielectric slab waveguide[3]. 

 

Figure(2): Number of modes for different values of 

thickness in graphical solution. 
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Figure (3): TE(m=0) mode in InGaAsP waveguide 
with thickness 0.38cm at 12 GHz for n1=3.39, n2=1. 

Figure (4): TE(m=0,1) mode InGaAsP waveguide 

with thickness 0.76 cm at 12 GHz for n1=3.39, n2=1. 

Figure (5): TE(m=0,1,2) mode in InGaAsP waveguide 
with thickness 1.14 cm at 12 GHz n1=3.39for , n2=1 . 

Figure (6): TE(m=0,1,2,3) mode in InGaAsP 

waveguide with thickness 1.54 cm at 12 GHz for 
n1=3.39, n2=1 . 
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Figure (7): Critical cutoff thickness as function to the 

number of modes for InGaAsP with n2=1. 

Figure (8) : Critical cutoff thickness as function to 

the number of modes for InGaAsP with n2=1.5. 

 

Figure (9): Reflection amplitude when incident 

angle(𝛉𝐢) less than critical angle for InGaAsP and 

n2=1. 

 
Figure (10): Reflection amplitude when incident 

angle(𝛉𝐢) is greater than critical angle for InGaAsp 

and n2=1. 
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Figure (11): Reflection amplitude when incident 

angle(𝛉𝐢) is greater than critical angle for InGaAsP 

and n2=1.5. 

 
Figure (12): Transmission as function to the 

thickness of the slab for InGaAsP sample with 

different frequencies. 

 
Figure (13): Transmission as function to the 

thickness of slab for Inga Asp with different 

frequencies 
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 انتشار الموجه في دليل الموجه اللوحي العازل محاطا بمادتين مختلفتين

فواز ابراهيم   احمد حميد        نبيل 

 :الخلاصة
ييي ه يي ه   ي ييياسه حزم  ي ييذه ي يير   تهه-Kuفي يييتها ته حاي ييرسهGHz (18-12) حمايكرويي يي ههو حمناشي يييا ةه ح ا حي يييذه حمي يييامههInGaAsPفي ييينه ار  ي )  ا ي

n1=3.39(   يي ييت ه ح ي ييلفه  الهي ييبهتيناي يي )n2=1(ه ي يي حذه لريللي يي هn2=1.5(هو حبي ييا ز  ه ح يني يييااه  ي ييحهتلللل ي يييناه(هتي ييا  ه ف ي يي هراي يي ه ا ي يي حذه لريللي  حبي
فييذه حليينه حم ويته حليي  ذه ح ييا  هفيذهنيينه حليياحالفه ييفه-Zه حنايا  ه حباارايي هو حل يياسا هح يل اه رانييا ه حم وييته ح  رو لناتا يا هالييحهتيي  ه ت يياسه لي م

 اراشيامهتيحهتلللل ياهوتيحه ا يا همياحهومايبهاه حنايا  ه حبااراي هو حل ياسا هناري ه ا ا ني اه رميا هMATLAB ح يناتهتحه حيلثهفل اه فهخن هسرريا  ه
م ويياته حم لمياتاهمياحه حم يا نته حم الهيته ديينه يزه ح يز ه حمي وذهو ييزه حاير  هو يزه ح يماهوو  سيي ه اراشيامهورلينهط يره حييز  رسهح ينهرمي هورهاايي ه ح

 حيحهه%75حم ويته ح ياط تهوطيزهوويزه يريته الليرهسيلفه ح  رو لناتا ا هتحه  ياس ااهرهاايي ه حم وياته حمايكروييتهت اميزهاليحه يماه حشيريلتهواليحهتير  ه 
اه ي  ه ار كيافهفييذه  خينه حشيريلتهووييزه ير ياهاتايييورهانيز اهت ي طه  وييي ه ح ين  ه طينه ييفه ح  ويي ه حلرويي هوح ن ياهتي    ه  ييرا هانيز اهت يي طه100%

ها  وي ه ح ن  ه لبره فه ح  وي ه حلرو 


