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ABSTRACT

The rectangular microstrip patch antenna and
its phased arrays are analyzed using the full wave
Transverse Transmisgon Line (TTL) method. For
the microstrip patch resonator a set of equations
that represents the dedromagnetic fields in the x
and z direction as function of the fields in the y
direction are obtained applying the TTL method.
The phased array isanalyzed in a planar microstrip
antenna. Numerical results, in 2D and 3D, of the
radiation pattern for some phase excitation in a
phased array are shown.

INTRODUCTION

Different configurations of the microstrip antenna
can be used on spaceaaft and aircraft applicaions, as
patch antenna refledor array, microstrip petch antenna
arrays, square patch, wide band array, in land mobile
satellite  ommunications, with various kinds of
substrate and in biomedical applicaions [1]-[13]. In
particular the phased arrays are frequently used in radar
application and wirel esscommunications.

Basically, the phased antenna aray is composed of
a group of individual radiators which are distributed
and oriented in a linea or two-dimensional spatia
configuration. The magnitude and phase excitations of
each radiator can be individually controlled to form a
field radiation of any desired shape in space The
position of the field in spaceis controlled eledronicdly
by adjusting the phase of the ecitation signals at the
individua radiators.

Phased antennas array have properties that make
the best choice for diredivity in modern mobile
communication. They are well suited for use in the
microwave frequencies. In the tranamitter they add the
output power of several amplifiers. With dgital beam
forming, phased antennas array can crede beams of
virtually any form, varying the bandwidth, gain etc.
The beam can be quickly remnfigured, typically in a
few nanoseconds.

This work also is devoted for various applicaions
of redangular microstrip phased antenna array by
using the dynamic TTL-Transverse Transmisson Line
method, including substrate with loses or
semiconductor, as GaAs, that can be used in active
devices. Graphicsin 2-D and 3-D, of the field radiation
are shown for several phase ecitation in a planar
array. In the Fig. 1 an planar microstrip array of 3x3
elements is shown. The microstrip antenna @mnsists of
a radiating structure spaced a small fraction of
wavelength (0.01to 0.05 free space wavelength) above

a conducting ground plane. Antenna arays of this type
have found applications where low cot, lightweight,
reduced dmensions, and high efficient are necessary
requirements for wireless communications and can be
used in many applicaions over the broad range of
frequencies.

Recently several works using the TTL method was
publi shed, being shown the efficiency of thismethod in
severa structuresH.C.C. Fernandes et d [3], [ 14-17].

Usually the radiation pattern of a single dement is
relatively wide, and each element provides low values
of diredivity.

Fig. 1. Planar microstrip phased antenna aray of 3x3
elements.

In many applications it is necessary to design
antennas with very high diredive daracteristics to
mee demands of long distance ommunicaions using
antenna aray. Results for the phased antenna array are
presented, confirming the exactnessof the TTL method
applied to such devices and showing the influence of
the phase.

THEORY

Considering the microstrip antenna resonator of Fig
2, the euations that represent the eledromagnetic
fieldsin the x and z diredion as function of the dedric
and magnetic fields in the y diredion are ohtained
applying the TTL method.

Fig 2. Microstrip patch antenna resonator



Starting from the Maxwell’s equations and after
various agebraic manipulations the general equations
for the structure in the FTD are obtained, for the x
diredion as:
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where i = 1, 2 are the regions dieledric of structure,
v’ =a,>+B,> -k,? is the propagation constant in y
diredion, a, is spedral variable in x diredion, By is
spedral variable in z diredion, k> =wue =k e} IS
number of wave of ith dieedric region and

el =¢g, _ji is the relative dedric permissve of
WE,

material, a, is the spedra variable, k is the wave

number , M'=a+jf is the complex propagation congtant,

a is the dtenuation constant, B is the phase @nstant

and yisthe propagation in the y diredion in the FTD-

Fourier Transform Domain.

After the application of the boundary conditions,
the Moment method is used to eiminate the dedric
fields and to oltain the homogeneous matrix equation
for the calculation of the amplex resonant frequency.
The rods of this matrix are the real and imaginary
resonant frequencies.

To provide radiation in two angular dimensions, a
planar array of radiating elements is used. The
complete field of the aray is the field of one dement
positioned at the origin multiplied by the factor array.
Thisis function of the geometry of the aray and o the
phase excitation. Changing the distance and the phase
of the dements, the characteristics of the factor array
and of the complete fidd can be contralled [2]. A
planar array of M x N uniformly spaced identica
microstrip antenna elements localized along the ay
axis of the mardinate system is considered. The pattern
field of the planar array, isgiven by :

E@.¢)=F(.9)T,T, 3
where F(0,¢) is the dement pattern, T, and T, are the

factorsarray in the x andy diredions, respedively.
The dement pattern is:
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In these guations h isthe dieledric substrate thickness
and Wisthe width of the antenna element.

The factor array is calculated, considering the
excitation, phase and the relative displacement between
the dements as well as the dimensions and number of
elements. The factor array of aredangular planar array
of M x N elementsisthen given by

N
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where By is the phase ecitation and |y, is the real
current gain, in this x diredion, B, is the phase
excitation and |, is the real current gain in the y
diredion, and, the airrent in the surfaceis[5]

Imnzlmo'lno (7)
Considering the phase ecitation uniform, the total

excitation can be defined by Imn=lo, then the aray
factor will be expressd as.
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Tedniques for maximize the output power in

adaptive antennahave been developer [ 19].
Normalizing (8), it is obtained the factor array [5]:

where
Y, =kd,sinf cosp+ S, (10
Y, =kd,sind cosp+ B3, (12)

In the planar array, the dement spacing and lattice
must be chosen so that the total number necessary of
elementsin the planar array is minimized.

For aredangular lattice the principal maximal and
grating lobes can be located by

sin@ cosp—sinf, cosg, :idm, m=012,... (12
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and the éement spacing must be chosen so that
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x y
where 6, isthe maximal scan angle.
NUMERICAL RESULTS

The omputational program used to calculate the
factor array and the complete radiation field for the
planar phased antenna aray was developed in
FORTRAN PowerStation and MATLAB 5.0, using a
500 MHz PC microcompuiter. In all the graphics it will
be considered the values of the frequency (f=2.5 GHz),
didedric dfective and relative mnstants (€4 = 8,3, & =
12), height of the substrate (h = 2.5mm). Different
values may be used obvioudly. The total field will be
given as function of phases B« and B, distance
between the dements radiators (dy=d, for square
lattice) and number of elenents radiators.

The Fig. 3 and 4 shows the radiation pattern to the
E-plane and the H-plane, respedively, the phased array
is constitute of 4x4 elements with phase shift equal to
18, the maxima scan angle is 173 resulting in a
spacing equal at 0,536\,
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Fig. 3. Plane E for the microstrip antenna array with
B«=B,=1/8 and d,=d,=0,536\
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Fig. 4. Plane H for the microstrip antenna aray with
B«=B,=1/8 and d,=d,=0,536\

In Fig. 5 and 6 the same aray is considered
however the shift phaseis equal to maxim possble for
thisarray. Thisisthe maximal angle scan, larger angles
would result in high power losses. The solution is to
adjust the spacing between the dements as diown in
(14).
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Fig. 5. Plane E for the microstrip antenna array with
Bx=B,=1/3 and d,=d,=0,536\
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Fig. 6. Plane H for the microstrip antenna aray with
B«=B,=1/3 and d,=d,=0,536\

The Fig. 7 and 8 shows the pattern radiation field.
The microstrip antenna is form for a phased array of
4x4 dlementsand phase shift in x and y diredions ((3y,
B,) equal to Tv4 and maximal scan angle of 6C° , in Fig.
7. In the Fig. 8 have 7x7 elements, B=p,=17 and
maximal scan angle of 45° . The modification in phase
excitation has the objedive of adjusting the antenna for
new transmisson or reception conditions, not being
necessry mechanical fittings. The other parameters
that congtitute the microstrip planar stay the same ones.
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Fig. 7. Radiation Pattern for the microstrip antenna
array with B, = 3, =1v4.
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Fig. 8. Radiation Pattern for the microstrip antenna
array with 3, = 3, =17.

CONCLUSIONS

The Transverse Transmisson Line (TTL) method
was used for analysis of the microstrip phased antenna
array. The TTL is an efficient and accurate method
applied to the analysis and design of redangular
microstrip antenna arrays. This is a very versdtile
method that can be used with alosss lessand alosss
or semiconductor substrate in various planar structures.
The aitenna phased array has been shown very
efficient and wsed in several applications. Radiation
diagrams were presented in 2D and 3D for the aray of
microstrip antenna. It was observed that the variation
of the phase ecitation has a grea influence on the
array, including modifications in the radiation pettern.
The @mputational programs was developed in
FORTRAN PowerStation and in MATLAB 5.0 usinga
500 MHz PC microcomputer.
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