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Abstract

When a patch is placed close to the fed patch, get excited due to parasitic coupling between the
two elements. This proposed work presents theoretical analysis of rectangular gap coupled microstrip
patch antenna (R-GCMSA) using circuit concept model, and the effect of gap(g), feed width(W+), and feed
length on performance of the impedance bandwidth is also studied, it is observe as the gap between the
parasitic element is increased resonant frequency shifted towards the parasitic patch resonant frequency
for broadening the impedance bandwidth. The maximum impedance bandwidth for the proposed antenna
design is 12.7% in the frequency range of 3.24-3.7GHz measured, with rectangular shape ground plane
size 60X30m.m? the highest directivity achieved is 4dBi. The proposed design is simple in structure and
compact in size, proposed design is simulated on IE3D Microwave simulator, the simulated result is in
good agreement with obtained theoretical and measured results.
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1. Introduction

Rapid growth of compact wireless system demand broadband antenna’s for satellite,
medical and wireless communication applications, Many researchers make efforts to design
broadband antenna’s and the research is still carried out, an exhaustive list of these design is
monopole antenna, printed monopole, shorting pin loaded, defected ground plane, stacked
MSA, U-shape, H-shape, EE-shape, slot cut, direct coupled antenna, UWB antenna [1-7].
In recent year many researcher reported gap coupled designs using rectangular shape, K.P.ray
design compact gap coupled design by splitting the RMSA in to smaller elements [8], Binod
kumar kanaujia present angular ring gap coupled antenna for dual band operation [9], J.A.
ansari presents gap coupled disk and stacked annular ring microstrip antenna with impedance
bandwidth 10.89% [10]. Ashish Asthana present analysis of asymmetric gap coupled microstrip
antenna [11], A.K. Gautam present varactor loaded gap coupled design with 5% instantaneous
bandwidth [12] P. kumar presents the literature review to improve the bandwidth by gap
coupling [13], J.A. Ansari again reported disk patch antenna with parasitic element in single
layer as well as two layer structures [14], Pratigya mathur present non-radiating Edge Gap
Coupled Capsule-Shaped and nose-shaped microstrip antennas design [15]. In the above
reported structures they have excite the antenna using probe feed due to which spurious
radiation occurs.[16],and the bandwidth is not more than 10%. The proposed work improve the
bandwidth using microstrip line feed, this feeding has interesting characteristic, such as
simplicity in structure and ease in fabrication that reduce the impedance matching problem [17].

2. Proposed Antenna Design

In this proposed work rectangular patch is used due to its silent features such as
frequency agility, feedline flexibility, beam scanning, and these geometries are separable in
nature [16] by using rectangular patch an attempt has been made to improve the bandwidth of
an antenna by the method of gap coupling, and microstrip line feed technique. If the resonance
frequencies of these two parasitic patches are close to each other, then wide band operation
can be obtained, because the bandwidth of an antenna depends on separation between the
elements [13]. In this design the coupled element is called parasitic element and the fed
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element is called as radiating element. To obtain the symmetrical pattern with the broadside
direction identical parasitic patches are gap-coupled to both the radiating edges of the fed
patch.

The geometrical configuration of the proposed antenna is shown in Figure 1(a,b) top
view and side view of the proposed design. The size of the proposed design (Lg, Wg) is
60x30m.m.% size of the fed element (LxW) is 15x20m.m.? and size of the parasitic elements
(LpxW) is 15x20m.m? the antenna is designed on glass epoxy substrate of height (h) 1.6m.m.
and dielectric constant 4.2, microstrip line feed is given to the centre element of length 1m.m.
and width 5m.m.

Parasitic patch

g : * l Ground Plane

¢—L; Fed Patch

(a) (b)
Figure 1. Geometry of the proposed single layer patch antenna. (a) Top view of proposed
antenna. (b) Side view of proposed antenna

The design parameters of proposed design is shown in Table 1.

Table 1. Design Parameters of Proposed Design
Material Glass Epoxy
Substrate height(h) 1.6m.m.
Substrate dielectric constant(g,) 4.2
Ground plane Length Lg 60m.m.
Ground plane width Wg 30m.m.
Fed patch length L 15m.m.
Fed patch Width W 20m.m.
Parasitic Patch length Ly 15m.m.
Parasitic Patch width W 20m.m.
Loss tangent .0013
Gap between element (g) 5 m.m.
Length of Microstrip feed(Ly) 1 m.m.
Width of microstrip feed (Wy) 5 m.m.
Feed coordinate(Xo,Yo) 0,-10

3. Theoretical Analysis of R-GCMSA
Rectangular patch is considered as a parallel combination of R, L and C as shown in
Figure 2 according to cavity model, the value of which are given as [12]

Re Lr = Cr

Figure 2. Equivalent circuit of Rectangular patch
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Where CF , RF, LF is the fed rectangular patch antenna equivalent circuit parameters,

Q: is the total quality factor of the resonator. f is the resonant frequency of the fed patch , L and
W are the length and width of the fed patch, and h is the thickness of the substrate material, y,
is the x co-ordinate of the feed point from the centre.

Here w=21f and & = effective permittivity of the medium which is given as [14]
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The resonant f of the fed patch is calculated as [14]

C
=
&
eff (6)
Where ¢ = velocity of light in free space.
The impedance of fed patch according to the equivalent circuit is given as
Ze =7 11
R e, T
F J F (7)

Since the parasitic elements are excited through gap coupling by fed patch shown in Figure 3
the value of capacitance (C2), inductance (L2) and resistance (R2) for identical parasitic
elements can be given as

Figure 3. Equivalent circuit for Parasitic patch
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The impedance of parasitic patch according to the equivalent circuit is given as:
Ze=| 7 11
—+——+jaC,

In the In this proposed work mutual coupling influences the radiation mechanism in
constructive way, because the mutual coupling improve the bandwidth, the gap between the
elements at the point of coupling can be considered as a 1-network as shown in Figure 4 [13],
the equivalent circuit of the gap coupled patch is shown in Figure 5, the gap between the patch
is considered as the combination of plate capacitance (Cp) and gap capacitance C,.
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Figure 5. Equivalent circuit for gap
Figure 4. Gap Coupled Patch

The expression for gap capacitance Cg and plate capacitances Cp of the microstrip
antenna can be calculated as [11]

~ ~ g _ L _ Qz +Q3
Cg_.Sthex;{ 1.86x h){1+4.09x{1 ex;{.?SS\/Wt]H Co —CL( o, +1j (13)

C, =A, V‘ge%M “C (14)

Zy = 123’; — forw/h>1 (15)
242"+ (1-—)?
h w w
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Zy, is the characteristic impedance of patch, Q; Q, and Qs defined as [11]. C is the terminal
capacitance of the open circuited conductor, and g is the separation between fed and parasitic

patch.

4. Microstrip Line Feed Analysis
Micro strip line is considered as the parallel combination of strip inductance L. and the

strip capacitance C, as shown in Figure 6 is calculated as [1]

C, = /WWF (L30log(w/W, ) —44) pF
L, =h(405(w/W, —1)—75log@w/W, )+

2(W/W, —1)?)nF (16)
Where W;= width of the feed strip
The characteristic impedance of Microstrip line is considered as,
o MO Y
= —_7
G
Figure 6. Equivalent circuit for Microstrip feed
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Figure 7. Equivalent circuit for proposed design

The equivalent circuit of the proposed design shown in Figure 7. The equivalent circuit
is the combination of parasitic patch impedance (ZP), radiating patch impedance (ZF) and gap
capacitances (CP,Cg). Now solving this circuit the total impedance can be given as:

Zr = Lpyen T Lo

— “Even
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2Zp +2:2p200+2,) (18)
Z. = j(2C,)
Low = ZeZes
2Zes + ZerZoZey + Z5) (a9)
Ze, = jo(2C, +C;)
Ley=Le+Z,

CP1 =CP2 because the size of two parasitic element is symmetricaland ZF is the
impedance of fed patch as calculated above Equation (7). The Reflection coefficient of the

antenna:
Z. -7,
W=2cté (20)
ZC is the characteristic impedance of the micro strip line feed (50Q).
1+ ;/
VSWR = 1-u (21)
1

2
Return loss = 10log H
Radiation Pattern: The radiation pattern of the rectangular patch can be calculated as

follows [17-18]
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0<0<7/2

Where V is the radiating edge voltage, r is the distance of an arbitrary point:
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k=Ko /€1

kO=2T11/A
Gain=nD

where D is the directivity of RMSA antenna is given as D=4W212/I2A2 and

I :J'sinz(kowcoseé) tan” 9sin &6
0 (24)

5. Result and Discussion

Figure 8(a,b) shows the fabricated and measured on network vector analyzer the
antenna is tested on N9915A keysight technology vector analyzer. Figure 9 shows comparision
between measured, simulated and theoretical results in the frequency range of 1-4GHz, there is
a good agreement of bandwidth between the theoretical and measured results as shown in
figure. Figure 10 and 11 shows the feed width and length variation from 2-5m.m. and it is
analyzed when Wf is Im.m. and Lf is 5m.m. best result is obtained, Figure 12 shows the
variation of fed patch length (L) or the variation of gap (g) between parasitic and fed patch. The
gap between the papasitic and fed patch is varied g=1.5 to 5m.m. proposed antenna is
designed when fed patch length is 15m.m. and the gap is 5m.m Figure 13 shows the maximum
directivity obtained which is 4DBi. The radiation pattern (Elevation, Azimuth) of antenna at
lowest (2.006GHz) and highest frequency (2.52GHz) is shown in Figure 14 and 15(a,b) the
antenna radiate symmetrically in broadside direction.

(@) (b)

Figure 8. Fabrication and measured result of proposed design

simulated

theoritical

— measured

45 - —_— . . —
a 1 z 3 a4 GHz

Figure 9. Return loss (simulated, theoretical and measured) result
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Figure 13. Directivity vs frequency
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Figure 14. Elevation and Azimuth pattern of proposed design (f=2.006GHz)

The Elevation pattern is simulated when 6= 00 in xz plane and Azimuth pattern is
calculated =900 in xy plane. Figure 16 shows the maximum efficiency of proposed antenna
which is 100%, Figure 17 (a,b) Shows the current distribution at 1.2GHz and 2.52GHz.
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Figure 15(a,b). Elevation and Azimuth pattern of proposed design (f=2.006GHZz)
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Figure 16. Maximum Efficiency of proposed design
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(a) (b)
Figure 17. Current distribution at lowest (2.006GHz) and highest (2.52GHz) frequency

6. Conclusion

The theoretical analysis of gap coupled RMSA is presented in this communication.
The selected antenna has a very compact size of (60 mm x 30 mm x 1.6 mm). The impedance
bandwidth of the proposed antenna at -10 dB return loss is about 20% (theoritical) and 12%
measured, which can easily cover the frequency bands of Wi-MAX (2.5-2.69GHz)WLAN (2.4—
2.484)GHz. The antenna is simulated using IE3D, version of Zealand. There is a good
agreement between simulated, theoretical and measured results.
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