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The rapid development of the communication infrastructure in the last time, has imposed a constant research effort in 
developing of new materials, microsystems and microstructures which would aloud a greater degree of miniaturization, and 
a better stability with temperature. The main requirement for miniaturization of the components is a high value of the 
dielectric permittivity of the material. It is also necessary a low dielectric loss to assure a better efficiency of the device in our 
case of the patch antenna, and o good stability with the temperature to assure a better frequency stability of the antenna or 
array. 
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1. Introduction 
 
The paper concerns the study of patch antennas with 

alumina (Al2O3) dielectric substrate. Compactness of 
microstrip antennas has made them very attractive for 
applications in communication systems. As the need for 
antenna miniaturization continues, a possible solution is 
offered by utilization of alumina dielectric materials as 
substrate. 

The frequency dependence of alumina permittivity 
(both real and imaginary parts) and patch antenna 
resonance and radiation characteristics are presented and 
discussed. 

Very interesting are the microstrip antenna array 
configurations. The number of elements is imposed by the 
feeding system of the array, which must provides the same 
phase for all the patches.   

We discuss also a comparative study between two 
possibilities: all elements in phase or elements are of 
different phases. In fact, antenna arrays can be designed to 
control their radiation characteristics by properly selecting 
the phase and/or amplitude distribution between array 
elements. Antenna patterns for some circular arrays with 
different phase excitations are presented. 

 
 
2. Models and main relations for a single  
    microstrip patch antenna and antenna  
    arrays 

 
For the characterization of the microstrip antenna 

proprieties we take into account the cavity model and for 
the its excitation we use the transmission line model. The 
basic relations refer to the radiation patterns of patches and 
to the input impedances. The rectangular patch and the 
coordinate system for the cavity model are shown in Fig. 
1. In order to establish some important relations 
concerning the radiation pattern of a patch a simple model 
was adopted: the field E

r
 has only z component whereas 

the field H
r

has only x y components; both E
r

 and H
r

are 

independent of z coordinate for all the frequencies of 
interest; the tangent component of the H

r
 along the edge 

has a negligible value, therefore the electric current has no 
component perpendicular to the edge. This simple model 
can be applied for patch antennas because they have a very 
small dimension along the z axe.  

 

   
 

Fig. 1. The rectangular microstrip patch and it’s  
coordinates system.  

 
 

The region between patch and ground plane can be 
treated as a cavity bounded by magnetic walls along the 
edge and by electric walls on the top and bottom. If such a 
cavity is excited by a microstrip line or by a coaxial line 
Fig. 2 the field inside cavity represent a superposition of 
all TMmn0 modes; the z component of E

r
can be assumed as 

[1], [2]: 
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where nmA  are the mode amplitude coefficient and nme
r  

are the z-directed orthonormalized electric field mode 
vector.  

For a nonradiating cavity the Ez component has the 
following form:  

 
 zkcosycokxkcosEE pmm0z =                  (2) 

 
and the x,y components of magnetic fields are:     
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where: 2

p
2
n

2
m

2
npm kkkk ++= , and 

t/pkb/nka/mk pnm πππ === ; ωr is the 
resonant frequency.  

Usually a dominant mode of oscillation is assumed; 
such a mode is TM100 described by the relations:   

  
a/xcosEE 0z π=                                (4) 

 
a/xsinjHH 0y π=                               (5) 

 
where H0=E0/Z and ( ) 2/1

r0 /Z εμ= . 

 

 
Fig. 2. Coaxial feed patch and microstrip line feed patch. 

 
 

In the case of radiating microstrip patches (real cavity) 
the eigenvalues became complex quantities and mk , nk  
are slightly less then a/mπ  and b/nπ . 

For the dominant mode TM100 we have only magnetic 
currents on the edge, defined by general relation 

ams En̂J
rr

×−=  where aE
r

 s the electric field in the 
aperture at the edge and n̂ is the outgoing unit vector from 
the edge.  

It is shown that only the currents [1]: 
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are radiating in the free space. 

In order to analyze the radiating properties of the 
microstrip patch antennas we will assume the coordinate 
system shown in Fig. 1, in witch the coordinate origin 
coincide with the symmetry center of the antenna. The 
radiated fields in the Fraunhofer zone have the expressions 
[7]:  
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From these relations we can determine the radiated 
fields until a constant E0 that depend of the excitation.  

The input impedance of a patch antenna is of great 
practical importance because if the patch is not adapted to 
the feed line the antenna would not radiate at all. The input 
impedance is calculated by the relation [1],[2]: 
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The factor Gmn accounts for the width of the feed, c is 

the speed of light, δeff is an effective loss tangent in witch 
are included also the losses in metallic walls and the 
radiating losses,  and nmχ is a normation factor. For 
microstrip feed patch antennas the effective feed 
dimensions (dx, dy) are taken equals to the physical 
dimensions of the microstrip line. 

The radiation pattern for array antennas is found by 
multiplying the array factor with the radiating pattern of 
one element. The array factor for planar array with m 
elements on x-coordinate and n elements on y-coordinate 
is given by [2], [7]: 
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where δ is the faze factor between two consecutive 
elements and dx, dy are the distances between two 
consecutive elements along the x respective y axes; E0 is 
the field radiated by a single patch. 
 

3. Experimental and simulations results 
 

 
3.1. Studied antennas 
 
We have designed, using 1.2 mm thick white and 1mm 

thick pink alumina ( 32OAl ) substrates, two patch 
antennas for 2.8 GHz which are presented in Fig. 3.  

 

 
 

Fig. 3. Studied microstrip antennas. 
  

The patches dimensions obtained from the calculus, 
using the cavity model, are: 19 mm × 20 mm for the white 
alumina antenna and 19 mm × 22 mm for the pink alumina 
antenna.  

 
 
3.2. Permittivity measurements 
 
In order to obtain correct results in the antenna 

characteristics simulations the permittivity of the alumina 
substrate must be exactly measured.  

Using an AGILENT E8361A Network Analyzer the 
permittivity - frequency dependencies in the microwave 
range for the white and pink alumina used for our antennas 
were obtained and they are presented in Fig. 4 and Fig. 5. 

 
 

Fig. 4. The permittivity - frequency dependence for the 
 white alumina. 

 
 

 
Fig. 5. The permittivity - frequency dependence for the 

 pink alumina. 
 
 

The white alumina dielectric substrate is characterized 
by the real permittivity 01.898.7r ÷=′ε  between 2 GHz 
and 4GHz and the pink alumina dielectric substrate is 
characterized by the real permittivity 53.948.9r ÷=′ε  
between 2 GHz and 4GHz. 

For designing our antenna with a 2.8 GHz resonance 
frequency we considered for the white alumina 
substrate 8r =′ε  and for the pink alumina 
substrate 5.9r =′ε . 

 
3.3. Resonance frequencies  
 
After designing and building the two antennas, their 

resonance characteristics were measured using the same 
AGILENT E8361A Network Analyzer and they are 
presented in Figs. 6 and 7.  
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Fig. 6. S11 – frequency dependence for the white  

alumina antenna. 
 
 

The measured resonance frequency of the white 
alumina antenna is 2.77 GHz and the measured resonance 
frequency of the pink alumina antenna is 2.76 GHz, which 
means that that cavity model used for designing the two 
antennas is a very suitable model for characterizing the 
patch antennas. 
 

 
Fig. 7. S11 – frequency dependence for the pink 

 alumina antenna. 
 

3.4. Radiation patterns of a single patch antenna 
 
In this section we present simulations regarding the 

radiation patterns and the dependence of the input 
impedance with feeding point of the microstrip antennas 

The antennas were excited using a coaxial line 
characterized by an impedance of 50 ohms. For an optimal 
power transfer between the coaxial line and the microstrip 
antenna, the input impedance of the antenna, which is 
strongly dependent of the feeding point, x0 from Fig. 2, 
(the distance between the point were the central conductor 
of the coaxial line is attached to the patch and the 
corresponding side of the patch), must be the same with 
the impedance of the coaxial feeding line. In Fig. 8 is 
presented the dependence of the input impedance with 
feeding point of the white alumina microstrip antenna. 

 
 

Fig. 8. The Input impedance – feeding point dependence. 
 

In Fig. 9 and 10 are presented the power radiation 
pattern of the microstrip patch antenna with white alumina 
substrate in cross section in the far field (Franhofer zone) 
the microstrip patch antenna and also the three-
dimensional antenna pattern of the same antenna. 

 

 
 

Fig. 9. The power radiation pattern in (x, y ) plane in the  
far field (Franhofer zone) for one patch antenna.  

 

 
Fig. 10. The three-dimensional radiation pattern of the  

microstrip antenna  with white alumina substrate. 
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3.5. Patch antenna arrays 
 
3.5.1. Radiation patterns of patch antenna arrays  
          in phase excitation 
 
In this section we present simulations regarding the 

characteristics and the radiation patterns of some patch 
antenna planar circular arrays.  

In Fig. 11 are presented the spherical coordinate 
system used for our simulation calculus and also the points 
where are placed the patch antennas indexed from 1 to N. 

 

 
 

Fig. 11. The spherical coordinate system and the patch  
antennas placement points. 

 
Initially we considered that all the patch antennas of 

the arrays are feed in phase and that they are independent, 
the influences between antennas are considered negligible. 

In Fig. 12 is presented in cross section the radiation 
pattern of a patch antenna circular array (9 cm radius) with 
12 elements 

 
Fig. 12. The radiation pattern in cross section of a patch 
 antenna circular array (9 cm radius) with 12 elements. 

 

We can observe a principal lobe above the center of 
the circular array and 12 secondary smaller lobes above 
the centers of each patch antenna.  

In Fig. 13 is presented in cross section the radiation 
pattern of a patch antenna circular array (9 cm radius) with 
15 elements 

 

 
 

Fig. 13. The radiation pattern in cross section of a patch  
antenna circular array (9 cm radius) with 15 elements. 

 
 

We can observe that the principal lobe above the 
center of the circular array increases and that the lobes 
above the centers of each patch antenna interfere and 
create other secondary lobes which are not situated above 
the centers on the patch antennas. 

The total radiation field, emitted by a specifically 
array of patch antennas, was calculated by multiplying the 
field emitted by a single antenna with the factor array [3], 
[4], [7]. 

∑
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EAtEtotal =                              (11) 
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Fig. 14. The factor array in cross section of a patch 

 antenna circular array (9 cm radius) with 15 elements. 
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3.5.2. Radiation patterns of patch antenna arrays in  
          progressive phase excitation. radiation angle  
         control 
 
In this section are presented simulations results 

regarding the control of the radiation characteristics 
(radiation angle) of the patch antenna arrays depending on 
the feeding mode. In Figs. 15 and 16 are presented the 
two-dimensional radiation patterns of a patch antenna 
planar circular array with 7 elements excited in phase 

 
 

Fig. 15. Antenna pattern in cross section ( 0=ϕ ) of a  
planar array with 7 patch elements in phase excitation.  

 
 

 
 

Fig. 16. Antenna pattern in cross section ( 2πϕ = ) of  
a planar array with 7 patch elements in phase excitation.  

 
In Fig. 17 is presented the three-dimensional antenna 

pattern of a planar array of 7 patch elements with alumina 
substrate in phase excitation. 

 
Fig. 17. Three-dimensional antenna pattern of a planar 
array  of  7 patch  elements  with  alumina substrate  in 

phase excitation. 
 

Next we present simulations which show that, by 
progressive phase feeding the elements of the array, the 
radiation angle of the principal lobe can be modified. This 
is called electronically ablution. 

 

 
 

Fig. 18. Antenna pattern in cross section ( 0=ϕ ) of a planar 
array with 7 patch elements in progressive phase excitation.  

 

 
Fig. 19. Antenna pattern in cross section ( 2πϕ = ) of a 
planar array with  7 patch elements in progressive  phase 

excitation. 
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 In Figs. 18 and 19 are presented the two-dimensional 
radiation patterns of a patch antenna planar circular array 
with 7 elements excited in progressive phase. 

 

 
 

Fig. 20. Three-dimensional antenna pattern of a planar 
array of  7  patch  elements  with  alumina  substrate  in 

progressive phase excitation. 
 

In Fig. 19 and 20 it is shown that, by progressive 
phase excitation, the radiation angle and the directivity of 
the patch antenna arrays could be modified, which makes 
possible the electronically ablution.  

 
 
4. Conclusions 
 
The calculated resonance frequencies and the 

measured resonance frequencies are in good concordance 
which means that cavity model used for designing the two 
antennas is a very suitable model for characterizing the 
patch antennas. 

The antenna patterns obtained in our simulations are 
in good concordance with the ones presented in the 
literature [5-8].  

Antenna array can be designed to control their 
radiation characteristics by properly selecting the phase 
and/or amplitude distribution between elements. We 
studied microstrip rectangular patches array applied on 
planar surface with alumina substrate.    

Low-profile, low-cost antennas support the operation 
of many modern communication systems. Microstrip patch 
antennas represent one family of compact antennas that 
offers the benefits of a conformal nature and the capability 
of ready integration with a communication system printed 
circuitry. 
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