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Calculating the parameters of a circular microstrip antennas
CMSAs by using the Simple Cavity Model
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Abstract

Simple Cavity Model (SCM) was used to solve the problems related to the measurement of
the characteristics of microstrip antennas MSAs, where the electric and magnetic fields were
calculated . The programming of the SCM equations was done using MATLAB language.

The antenna parameters such as: (input impedance, return loss ,bandwidth, resonance
frequency and radiation patterns for both TM;; mode and TM,,; mode) were computed and
plotted. From which the bandwidth and directivity of the circular microstrip antennas have been
determined. We found the increasing in the bandwidth value was obtained from increasing the
thickness of the dielectric substrate in the CMSA and decreasing the dielectric constant.

AadAlY
((MSAS)iday yall Sl sell (a3 Sl dalaiall Jlaal) Jal SCM Uaseadd) 5 ganill 73 sl ol 134 b 22300
e Jan Lalal)l Vbl e g, (A sed) (o Oifimiall cnalizall Jlaall 5 (Sl Sl sl e JS Glos &5 Eua
hdl S sell COlbaa sy Clua &5 MATLAB 4 alaaiuly SCM 48 yhay 45 y5lall dgday 801 el sl
doa yrinad) Ll daeledl) JSLedl 5 i)l 23 53 (return 1oss) Sall 28l Jale g JAaY) dailas a5 (g0l
Directivity sy (bandwidth) 4l (e e Glua &3 XS o TM,; bailly TM,;baill)llaliaa
Il i ded Gl LS a3 A jall (s o) Laa s s ) selly palal)

1-Introduction

Microstrip antenna (MSA) is a device using to radiate or receive radiation power, consist of a
dielectric substrate on one side radiating material called patch and another side perfect conductor
called ground plane .The dielectric substrate has a value of dielectric constant €, < 10,but in
practical should be low(e, ~2.5), the dielectric substrate thickness( h)must be small( h «< A1),
where A is the wavelength at the corresponding resonant frequency[1].Microstrip antennas divided
into two principle types, planar and non-planar microstrip antennas. The planar microstrip antennas
are divided into several categories: microstrip patch antennas, microstrip dipole antennas
,microstrip traveling-wave antennas, inverted L/F shape antennas and microstrip slot antennas.

Non-planar microstrip antennas were differed from the planar by the surface curvature of patch
and the surface curvature determine the name of the microstrip antennas. There are virtually
unlimited numbers of patch shapes for which radiation characteristics may be calculated. Several
shapes has been shown in reference [2], such as rectangular, circular, pentagonal, triangular,ring...
etc.

2- Radiation mechanism of a microstrip antenna

According to the equivalent principle, if electromagnetic fields were located in a volume, the
actual source could be replaced by fictitious surface currents on a surrounding closed surface.
Within a specific region, the fields generated by the fictitious currents represent the original field.
Only surface electric currents exist on a perfect electric conductor, and only surface magnetic
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currents exist on a perfect magnetic conductor, both surface electric and magnetic currents exist on
dielectric material.

Because of the electric field occurs between patch and ground plane in microstrip antennas,
and the substrate thickness is very small(h <« 1), the electric currents on the surface between the
patch and the air was very small compared with the electric currents between the dielectric and the
patch, so only the magnetic currents was considered to be radiated from the fringing fields between
the edge of the patch and the ground plane[3]. The radiation of the microstrip antennas can be
explained as a simple case of a rectangular patch spaced a small fraction of a wavelength above the
ground plane. Assuming that there is no variation of the electric field along the thickness of the
microstrip structure, the electric field configuration of the radiator can be represented as shown in
figure (1). The fields vary along the patch length of about half a wavelength (1/2). Radiation may
be ascribed mostly to the fringing fields at the open-circuit edges of the patch. The fields at the end
can be resolved into normal edges and tangential components with respect to the ground plane. The
normal components are out of phase because the patch line is A/2long, therefore, the far field
produced by them cancel in the broadside direction. The tangential components are in phase, and
the resulting fields combine to give maximum radiated field normal to the surface of the structure;
i.e., the broadside direction[4].

ill —%

Figure 1:The electric field in microstrip[5]

L

3- Feeding techniques

The MSAs can be excited directly either by a coaxial probe or by microstripline. It can also be
excited indirectly using electromagnetic coupling or aperture coupling and a coplanar waveguide
feed, in which case there is no direct metallic contact between the feed line and the patch [6].

The coaxial feeding is perhaps the most common practical excitation of microwave printed
circuits and antennas. In most cases, this feeding technique consists of a coaxial cable whose outer
conductor is connected to the ground plane of the structure, while the inner conductor penetrates the
dielectric substrate and contacts the printed structure , forming a coaxial probe feed for the signal-
carrying conductors or radiating patches[7].

In line feed a conducting strip, much smaller in width compared to the patch, is connected
directly to the edge of the patch. This kind of geometry allows the patch and feed to be etched on
the same substrate[8].

4— Simple Cavity model.

There are many numerical methods and mathematical analyzes such as Cavity Model with
source, Wire Grid Model and Green Function Method, these methods are using to studying and
calculating the antenna's parameter. In this paper has been used Simple Cavity model (SCM) to
calculate the characters for circular microstrip antenna. In this method assumes that the electric field
of the electromagnetic wave scattered within the layer of dielectric material of the microstrip
antenna has one component Z-axis direction, while, the magnetic field that is it, he owns two
components, one towards the X- axis and the other toward the Y- axis . Approaching component
tangential of magnetic field equal zero at the edge of the patch, so it can represent the microstrip
antenna as a cylindrical cavity determines the top and bottom walls electric , and magnetic side
walls.
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5- Analysis of Radiation Formula for Circular Microstrip Antenna.
The circular microstrip antenna (CMSA)as shown in Figure (2) has a circular patch of radius
(a) stick on the dielectric layer which is installed on the base of the antenna .

Patch

Ground plane

Dielectric
Figure2: Circular microstrip antenna

By using (SCM) for the analysis of this antenna (Z- axis) and is it's aperture in the X-Y plane, the
current source is equal to zero and that the wave equation becomes:
(V2+K®HE=0 . (1)

Where K = o V pe represent a diffusion constant in the dielectric material , (E) represent electric
field component towards the axis —Z,and (V2)is Laplacian operator. To find the fields scattered
within the antenna cavity must solve the above equation (1), where appropriate solved using
cylindrical coordinates as follows:

E, = E-],(kp) cos n® v e e e e e (2)
n .
H, = — 2= E.J, (kp) sinnd® i (3)
cobtcp
Hg = —;HG E-J,(kp) cos n®d SRR -3

Where that (J,,)is Bessel function of the first type and it's mode( n), either (J,,) is a derivative
Bessel function , k is wave number and (® =0- 2m).

Apply the following boundary condition for the magnetic field on the equation (4)[9]
Hci)lp:a =0
We get:

jn(ka) =0 (%)

By calculating the roots of the equation above for each mode can calculate the radius of patch
antenna (a).The fields of the circular patch were found by knowing the type a density of the surface
currents generated at the edge of a patch .

When applying the equivalence principle on the surface, the surface currents magnetic coupling
and is given by[10] :

M= -20XE =2E,® ceeveeee e (6) where fi
and @ are the unit vectors .From the density of the surface currents, the electric vector potential (F )
is resulting as[10]:

e e—jkor

F=_-—|[M ee@hgs (7

where (7) is refers to the vector of source point position , k. is wave number in space.By using
the spherical coordinates can be written components the vector potential (F ):
F =#F + 0F, + ®F,
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o —jkor , , . . . L
F=- foc =2 ]r aj,(Ka) fozn cosn® sin O sin(d — @) elKpsinfcos(@-0) 4
2hE.e e /T i
£ e/ , . : : : .
v = a]n(Ka)f cosn® cos 0 sin(® — @) elKpsinfcos(@-2) {g
T
0
. —jkor , , ) ) , ,
Fp = % : ]r aj,(Ka) fozn cosn® cos(P — @) elKepsindcos(@ =) 4
................ (8)
The relationship between the electric vector potential and electric field is:
E= —% VXF
Accordingly, the two components of radiation in the far field are devolve to:
Ey = —jK-Fy
Eq = jK-Fp
and thus can be written the tow field components :
Ko —jKker
Ey=j" % as ]r cos n® (]n+1(Koa sin8) — J,,_, (K-a sin 9)) S ()
.n VoKo  eiker . . .
Ep =" ——a ——cosf sinn® (Jn-1(K-asin®) + J41(K-asin®)) ..........(10)
Where (V) is the voltage at the edge of circle (a, 0) is equal to
Ve = hn(Ka)

the input impedance(p)of the circular microstrip antenna was calculated by sum of the following
three relationships[10]:

- Koem)2
P = % f:/z[(]n_l(Koa sin@) + J,4+1(Keasin8))? + cos?6(J,—,(K-asin8) +

Jni1(Keasin8))?] sin6ddé L (11)
Po=n-(nf-p) 3?2 ﬁ[(xa)z — n?] e (12)
0 = \::a;f [(Ka)?-n? L (13)

Can get the directivity of antenna from the ratio of maximum value to the radiation density(U,,) to
radiation rate(U.) as in the equation:

Um
p="2 (14)

. 2
U. = 2—1170(|E@|2 +|Ey| )rz o = 1201 Q

Un = Ue(0, @) max
The return loss that can be expressed as[11]

_,0cosp
R(p)=e  wc

where ¢is the angle of the incident wave with respect to the normal direction of Perfectly Matched
Layers PML surface, o is the conductivity of the PML medium and &- is permittivity of free space .

6-Results and discussion:

We will prove the activation of SCM by calculating the resonance frequency and the radiation
pattern for CMSA. A circular shape is design to enhance the bandwidth of CMSA by solving the
problem using SCM .To solve the problem; firstly drawing the patch of microstrip antenna and
secondly determining the thickness of the dielectric and the magnitude of dielectric constant and
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boundary conditions of the structure. Then localization the feed at a specific position (the position
of the feed chosen to give 50 2 as input impedance), and where frequency range been selected. The
program will calculate the characteristics of microstrip such as the input impedance, transverse
radiation fields and other parameters.

6.1.Circular MSA.

To ensure the validity of the SCM for CMSA, applied to CMSA whose specifications as follows:

the radius a = 19.05 mm, substrate thickness h = 1.524 mm, magnitude of its dielectric constant
& = 2.5and feed point at 7 = 5 mm from the center of the circular patch .This antenna has a
resonance frequency of about 2.76GHz[12].
By choosing Ax = Ay = 0.47625 mm and Az = 0.508 mm. Figure (3) show that the resonance
frequency calculated by SCM is 2.734 GHz and the bandwidth is about = 0.73%. It should be
noted here the result is have good convergence compared with the previous research[9]. This means,
that the error about 1%, and the method gives excellent results

"
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Figure 3: Input impedance of the CMSA calculated by SCM

Figure (3) was shows the input impedance of the CMSA in the case of resonance, which represents
pure resistance as a function of the feeding position and TM;; mode .1t follows from this form to
determine feeding position for any CMSA if the input impedance equal to (Q50) , (the frequency,
conductivity(to copper),dielectric constant ,return loss and type mode spreads) are knowing. For a
CMSA of resonance frequency 2.4 GHz, dielectric constant &, = 1.07,radius a = 34 mm,
substrate thickness h = 1.61 mm, the feed point at 7 = 8.5 mm from center of circular patch
ground plane dimensions 91.8 x 91.8 mm?, and the choosing value Ax = Ay = 1.7 mm and
Az = 0.38 mm,the results obtained by SCM is shown in figure (4) and figure (5) which show that
the resonance frequency is about f, = 2.35GHz and the bandwidth is about = 1.17%. Since the
less dielectric constant and increasing the thickness of the dielectric substrate in the CMSA are
increasing the bandwidth value, therefore a low dielectric constant was chosen.
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Figure 4: Input impedance of the CMSA calculated by SCM
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Figure 5: Return loss of the CMSA using SCM.

6.2. Radiation pattern for CMSA.

In this paper the radiation pattern was plotted in the principle planes(E and H- planes) for a
CMSA of a =34mm , dielectric constant 1.07, the feed point at 7 = 8 mmand substrate
thickness h = 1.61 mm. The resonance frequency in this case selected to be 2.32 GHz . The
radiation pattern for TM,, and T M,;modes were shown in figure (6).
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Figure 6:The radiation pattern of CMSA, (a) E-plane forTM; and TM,; modes, (b) H-plane for
TM;,; and TM,, modes.

Notes from figure, the pattern radiation for TM;; mode contains a beamwidth (fundamental
lobe)for E-plane and H-plane, but for TM,; mode, we note the decrease limited of a radiation's
width (Beamwidth) at H-plane than it is in the TM,; mode as well as a substantial decrease in
bandwidth the E-plane.

6.3. Directivity

The gain of antenna was determined from antenna's efficiency and the value of directivity , so
that the power received from the antenna was determined from the directivity. Figure (6) shows that
the beamwidth of this antenna in E-plane and H- plane is 8, = 88 and 6,5 = 92 respectively, so

the directivity is calculated from equation (14) and has the value of about 5.07 dB.

7. Conclusions
1.In this paper the SCM was applied to analyze the CMSA. The input impedance, radiation pattern,
resonance frequency and bandwidth of this antennas were calculated.
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2.The increase in the bandwidth value was obtained from , increasing the thickness of the dielectric
substrate in the CMSA and decreasing the dielectric constant .

3.The decreasing in the bandwidth value was obtained by varying TM;; mode to TM,; mode.

4. The feeding position for any CMSA was determined in terms an input impedance.

5. The power received from any CMSA was determined from the directivity.
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