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In this paper circular patch microstrip antennas with multidielectric layers have been
chosen to yield wide bandwidth because it provides better compromise between bandwidth and
surface wave effect, light weight and ease of fabrication. Variation of resonant frequency with
various parameters is presented at 10 GHz and 3 GHz of microwave frequency range. Also, the
radiation patterns are studied at both the frequency range.

INTRODUCTION

Simple microstrip antennas (MSA) have limited usable frequency bandwidth, being only 2
to 5%. Hence, there is a requirement for increasing the bandwidth of microstrip antennas. The
bandwidth can be increased by increasing the substrate thickness or by decreasing the dielectric
constant or by combining the above two approaches. However increase in the substrate
thickness results in surface wave excitation. When the MSA is fed by a perpendicular coaxial
line, the probe introduces a series inductance proportional to substrate thickness. And hence
prevent proper matching. In view of the above problems electromagnetic coupling has been
used as feed technique for electrically thick MSAs [1-4]. The geometry of the microstrip antenna
proposed in this paper is shown in Fig. 1.
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Fig. 1. Configuration of a stacked circular micro-strip patch antenna with
electromagnetic coupling.
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Formulation

The circular MSA is modelled as a cavity with a magnetic wall along the edge. This is in fact a
four-layer cavity. The lowermost layer is of thickness hi with relative permittivity €1 then the
second one with thickness h2 and permittivity &2, then the third one with thickness hs with
relative permittivity €3 and finally the top layer of thickness hs with relative permittivity &rs
respectively.

We use an equivalent single-layer structure of total height Y} ,h; and an effective
permittivity [5] expressed by

hi

An analytical formula for resonant frequency of circular MSA for dominant mode is given by [6,7]

AnmC
P (2

Frnm = maesyorers @)
4€re€r,dyn (3)

ST,eff N (\/a"‘\/gr,dyn)z
Here, €, 4y, IS the dynamic permittivity given by

Cayn(€)
gdyn = Cd:]y(go) (4)
Where Cayn(€) = Co,dyn(€) + Cedyn(€) is the total dynamic capacitance expressed as follows for the
dominant mode TM1

E9Erema’

Cayn = 222 [0.352 + g] .(5)

Where the first term is equal to the dynamic main capacitance Co,dyn(€0) and second is equal to
the dynamic fringing capacitance Ce, dyn(€) of the dominant mode. The term q arises due to the
fringing field at the edge of the disc capacitor expressed as

1+epe 4
q=u+v+uv ...(6) =—Sfe o .(7)
— 2 Im® , (1_ _
= ts+ma/h + (t 1)/9 ...(8) t =0.37 + 0.63¢,, ...(9)
_1+40.8(a/h)?+(0.31a/h)* _ a h
B 1+0.9a/h -+(10) g=4+26-+29- ..(12)

Here, a is the physical radius of the patch and aert is effective radius of patch defined as

Aerr = ay/(1+q) ...(12)
Cdyn(€o) is obtained similarly as Cayn(€) by replacing ¢ by eo.

Firstly the bottom patch dimensions [8] are calculated for a given operational frequency
and hence the resonant frequency fr> of the bottom patch using egn. (2) (with h =Yt h).
Then the top patch dimensions approximated assuming the bottom patch to be ground plane for
the top patch and actual ground plane to be ground plane for the top patch fringing fields. Finally
the resonant frequency fr4 of the top patch is calculated using eqn. (2) by exact calculation of the
capacitance C between patches [6]
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Once the resonant frequencies of the top and bottom patches are determined the band
width is enlarged using the center frequency as the matching frequency defined as

f, =Lt .(13)

2

The bandwidth [9] is usually defined as the frequency range over which the voltage standing
wave ratio is less than or equal to some value say S in the frequency range fi to f2 (fi<f2)

BW = % .(14)

Radiation Patterns

Antenna radiation pattern is defined as a graphical representation of radiation properties
of the antenna as a function of space coordinate. In far-zone region, the field are calculated in
spherical coordinate system i.e. (r,8,®) the expression for which are as follows [8]:

Va

Ep=j" Zfo e Jko" cos @ sinng [J,,41 (ko asin 8) + J,,_; (ko asin )] ...(15)
nVako -

- Jkor cOoS ne [/n+1(k0 asin 6) - ]n—l(kO asin 0)] (16)

Eg =]

Where E4 and E, are components of total electric field vector for EM wave and J,,,, and J,,_, are
(n + 1) and (n — 1)** order Bessel's function of first kind respectively.

V = hEyJ,(ka) is edge voltage at =0 ..(17)

measured in dB. The directivity is the ratio of maximum radiation intensity to the radiation
intensity of an isotropic radiator. And antenna gain Gg is the measure of efficiency times the
directivity of the test antenna.

Gy=7nD and 1% = <Lx100 ..(18)
Gr

Results

Each conducting patch is fabricated on an electrically thin substrate of permittivity 2.2
(i.e.,e4, = g4, = 2.2) and of height (i.e.,h, = h, = 0.159 ¢m) and separated by a region of air gap
(i.e., €3 = 1) of width hs. The top element is excited via electromagnetic coupling from the lower
element which is located close to the ground plane and fed directly by the feed line.

We have studied the variation of resonant frequencies of top and bottom patch with
various parameters like hi/A, hs/A, a2, as and €n. Here a2 and a4 are physical radii of bottom and
top patches respectively and A is wavelength in substrate of permittivity 2.2. Information
regarding the resonant frequencies versus different parameters is detailed in Table | and Il for
two different operating frequencies 10 GHz and 3GHz.

[JCRT2309138 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | b157


http://www.ijcrt.org/

www.ijcrt.org © 2023 IJCRT | Volume 11, Issue 9 September 2023 | ISSN: 2320-2882

Table I: Resonant frequencies of bottom and top patch versus various different parameters at 10
GHz.

E E * €r1 az a4 CX10_11 frZ fr4 frz - fr4
T 7 h=2hi cm) | (cm) | (Farad) | (GHz) | (GHz) | (MHz)
i=1
(cm)
001|006 |0459 |1 |059 | 057|013 | 10.35 | 857 | 17852
001006 0459 |1 _|059 | 055|012  |1035 |8.79 | 15518

0.01 | 0.06 |0.459 10.8 |0.58 |0.55|0.13 10.38 | 8.57 1816.1

0.030.04 [0.459 1 0.58 [0.58 | 0.16 10.01 | 8.39 1623.0

0.03]0.04 |0.459 10.8 |0.53 |0.53 | 0.17 10.41 | 8.68 1721.7

0.02 | 0.06 [0.479 1 0.59 [0.57 0.10 10.08 | 8,33 1748.6

0.02 | 0.06 |0.479 10,8 |0.56 [0.54 | 0.14 10.33 | 8.49 1825.9

0.040.04 (0479 1 0.58 [0.58 | 0.16 9.87 [8.25 1621.1

0.040.04 10479 1 0.58 [0.59 |0.17 9.87 [8.16 1705.1

0.040.04 [0.479 10.8 |0.52 ]0.52 | 0.17 10.33 | 8.62 1719.1

Table Il: Resonant frequencies of bottom and top patch versus various different parameters at 3
GHz.

hl h3 4 €r1 az a4 CXlO_ll frz fr4 frZ - fr4
1 1 h=zhi (cm) | (cm) | (Farad) | (GHz) | (GHz) | (MHz)

(cm)

0.02 | 0.06 | 0.857 1 234 |2.20 |0.58 3.07 |2.72 |351.2

0.02 | 0.06 | 0.857 1 234 1215 |0.55 3.07 [2.77 |2975

0.02 | 0.06 |0.857 108 | 2.15 |2.03 |0.59 3.20 283 |[377.6

0.04 | 0.04 |0.857 1 227 1227 10.79 3.01 [2.66 |346.1

0.04 | 0.04 |0.857 108 |1.87 |1.87 |0.82 3.30 [293 [3729

0.04 | 0.06 |0.992 1 229 1224 1061 299 261 | 3773

0.04 | 0.06 |0.992 1 229 1224 10.62 299 [2.60 |3855

0.04 | 0.06 | 0.992 108 |1.98 |192 |0.64 3.22 280 [4129

0.05|0.05 [0.992 1 227 1227 1071 296 [2.59 3729

0.05]0.05 ]0.992 108 |1.86 |186 |0.74 3.25 1285 [404.1

From tables | and II, it is found that the frequency separation between bottom and top
patches is quite independent of one another. The required frequency separation can be obtained
by adjusting the parameters and thickness of the layers. It is also found from the tables | and II
that the resonant frequency separation will increase by increasing €r1 and reducing &r3. Also, for
the same height h=)}_, h;; the resonant frequency separation increases by increasing hz and
reducing hi. For the same bottom patch radius the frequency separation is directly proportional
to the top patch radius. Also, the capacitance between patches C is tabulated in the tables | and
Il.

Thus, the enlarged bandwidth is obtained through eqgn. (13). Using egn. (1) the
fundamental parameters of stacked two layered electromagnetically coupled circular MSAs have
been studied in S and X band of microwave frequencies (¢4 = €,53 =1, &, =¢,, = 2.2 and,
€ = 10.8, €, = €4 = 2.2, €5 = 1) respectively. The results are detailed in Table Ill and IV. It is
observed that the bandwidth increases with layer thickness. There is an improvement in
efficiency as the overall height of antenna increases. The radiation pattern are calculated and
carefully plotted in E and H plane for some of the antennas considered above. Fig. 2-5 [10]
shows these patterns along with the input parameters considered. The concept presented in this
paper can be applied to patches of any arbitrary shape, dual frequency stacked antenna and
arrays.
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Table Ill: Fundamental parameters of stacked two layered electromagnetically coupled circular
MSA, f: 10 GHZ, 81’2 = ST‘4 = 2.2, 87‘3 == 1

h, h; €1 az(cm) |as(cm) |B.W (%) | Gg(dB) | D(dB)

A A
0.01 0.06 1 0.594 0.566 12.62 5.39 541
0.01 0.06 10.8 0.578 0.552 12.29 5.29 5.31
0.03 0.04 1 0.582 0.576 12.41 5.50 5.51
0.03 0.04 10.8 0.533 0.529 11.35 5.30 5.32
0.02 0.06 1 0.594 0.572 13.30 5.33 5.34
0.02 0.06 10.8 0.563 0.544 12.64 5.21 5.22
0.04 0.04 1 0.582 0.582 13.07 5.48 5.49
0.04 0.04 10.8 0.521 0.521 11.65 5.22 5.23

Table VI: Fundamental parameters of stacked two layered electromagnetically coupled circular
MSA, f: 3 GHZ, 87‘2 = 87”4- = 22, 87-3 = 1

hy h £, |az(cm) [as(cm) [B.W (%) | Gg(dB) | D(dB)
A A
0.02 0.06 1 2.340 2.204 1.27 6.71 6.73
0.02 0.06 10.8 2.145 2.032 6.84 6.45 6.47
0.04 0.04 1 2.266 2.266 7.07 6.96 6.99
0.04 0.04 10.8 1.874 1.874 6.08 6.39 6.41
0.04 0.06 1 2.298 2.235 8.49 6.65 6.66
0.04 0.06 10.8 1.975 1.929 7.56 6.19 6.20
0.05 0.05 1 2.265 2.265 8.37 6.78 6.79
0.05 0.05 10.8 1.859 1859 7.14 6.17 6.19
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Fig. 2: Field patterns of stacked two layered electromagnetically coupled
circular patch MSA. f=10GHz, hi=h3=0.04A, h2=h4=0.159cm, en=ger3=1,

erx=€rs=2.2 and a2=a4+=0.582cm. E-plane pattern ... H-plane
pattern
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circular patch MSA. f=10GHz, h1=h3=0.04A, h2=h4=0.159cm
er2=€rn=2.2 and az=a4=0.521cm. E-plane pattern

Fig. 3: Field patterns of stacked two layered electromagnetically coupled

, E€r1= 10.8, er3 =1,
H-plane pattern
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Fig. 4: Field patterns of stacked two layered electromagnetically coupled
circular patch MSA. f=3GHz, hi=h3=0.04A, h2=h4=0.159cm, €n=gr3=1,

H-plane pattern
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Fig. 5: Field patterns of stacked two layered electromagnetically coupled
circular patch MSA. f=3GHz, h1=h3=0.04A, h2=h4=0.159cm, en= 10.8, &= 1,
€= €4=2.2 and az=a4=1.874cm. E-plane pattern ... H-plane pattern
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