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Abstract:

This research article describes the radiation characterisation of circular microstrip
antenna in complex plasma media. Microstrip antenna becoming widely useful
because they are printed directly on to a circuit board. The use of complex plasma
medium as a dielectric substrate for circular microstrip antennas has gained
significant attention in recent years. This is due to the potential enhancement it
offers in terms of radiation characteristics, such as gain, directivity and
bandwidth. In this study, we analyze the effect of complex plasma medium on the
radiation properties of a circular microstrip antenna through simulation results.
The analysis is based on parameters including return loss, VSWR (Voltage
Standing Wave Ratio), and radiation pattern. VSWR values were found to be
lower when using complex plasma medium compared to conventional substrates.
In this research analysis the impact of complex plasma media on radiation
characterisation of circular microstrip antenna such as impedance, resistivity, E-
H field, resonant frequency, directivity and radiating power.
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1,Introduction:

The complex plasma medium is known for its ability to modify the dielectric
properties of materials, which can have a significant impact on the performance
of antennas. The complex plasma medium consists of a mixture of free electrons
and ions, which have been excited by an external electric field. This medium has
unique properties such as high conductivity, tunability, and low losses at certain
frequencies, making it a promising candidate for use in antenna applications. The

circular microstrip antenna is one of the most widely used antennas due to its
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compact size and ease of fabrication. However, it suffers from several limitations
such as narrow bandwidth and low radiation efficiency. In recent years,
researchers have explored various methods to enhance the performance of
circular microstrip antennas. In this study, we investigate how the presence of a
complex plasma medium affects the radiation characteristics of a circular
microstrip antenna. The analysis is carried out using numerical simulations with
varying parameters such as plasma density and frequency range. Our results show
that by introducing the complex plasma medium into the design, significant
improvements can be achieved in terms of bandwidth and radiation efficiency.
Furthermore, our findings also demonstrate that by adjusting the parameters of
the plasma medium, it is possible to tune the resonant frequency and impedance
matching of the antenna. These findings open up new possibilities for designing
next-generation circular microstrip antennas with improved performance
characteristics. This research article describes the characteristics of circular
microstrip antenna in complex plasma media in detail. The circular shaped
microstrip antenna is designed to resonant at 10 frequency bands from 3.2 to 19.1
GHz and hence it can be used for advanced wireless communications.

2.Theoretical Consideration:

To obtain the radiation field of circular microstrip antenna array the concept of
linear array has been utilized. For this purpose the electric field of nth radiating
element is given as

ground plane

Fig.1Circular Microstrip Antenna
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En (8, @) =t (8, @)e X (1)

r
Where 1, (0, ¢p) 1s angular distribution of the radiation intensity of the nth radiating
element and r, be the distance to the far fields from the nth radiating elements.

For identical elements, the far field of linear array becomes

En (8, @)= E(8, )f() 2)

Where f ()= array polynomial and E (0, ¢p)= element pattern

Now in the case of circular microstrip antenna, the array element is consisting in
circle in fig.1 further for isotropic elements the far field of circular microstrip
antenna array is given from equation (1) as
£(8, @)= 2an e7n 3)

I'n

Where a, = Apeian

If the N elements are equally spaced around the circle the azimuth angle of nth
element s given as

(Pn =210 (4)
N

Now from geometry of the fig.1 the value of r, can be written as

m=r1—cos (¢ -¢n)sing (5)

Where, 1 is the radius of circular microstrip antenna array.

Further combining equations (3), (4), (5) and (6) the far field of circular
microstrip antenna can be written as

£(8, @) = 2 Anexp[j{on —kr sin gcos (¢-¢n)}] (6)
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In the case of uniform array in which all elements have equal amplitude or unity
currents, the far field of circular microstrip antenna reduces to

£(0, ) = exp[j{on — kr sin cos (¢-¢n)}] (7)

From fig.1 the peak of mean beam is occur at the angle in space (8o, ¢o) and
exponent of equation (8)

Must be zero at that angle. Hence the value of o, becomes

o = kr sin Qo cos (Qo-¢n) (8)

combining equations (7) and (8) one has

£(0, ) = 2 exp[j{kr sin Go cos (Qo-@n)- kr sin Bcos (9-¢n)} ] 9)

To solve the above equation the space angle 1 is given as

sinBcos@—sinB,cos@, (10)

CosSy =
Llj [(sinBcos@p—sinBycos@g )2 +(sinBsin@—sinBysing )? ]

And scaling the radius of array

1
p = [(sinBcos@ — sinBycos®, )? + (sinBsing — sinB,sing, )? |z (11)
Using the equations (11) and (12) f(iy) can be written as
f(Y) = % yN_ e-ikp cos(¥—qn) (12)

Where, the factor 1/N is added to normalize the far field to unity at the peak of
the mean beam.

Further the value of f(s) can be modified for large number of array element such
as
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$o 2@

Mgy == > dop (13)
Using above relation one has

f(Y) = i ST eTTkpeosedep = Jy (kp) (14)

If mean is on horizontal plane one has g = g, = =
2
Combining equations (13) and (14) one has
W) = J, (ZkRsin @) (13)

The field components of circular microstrip antenna can be calculated by utilizing
the field components of elemental area n circular patch such as

Eg = —ie_jkYWff f(r’,0")e ikrrcosb 'qr'qg (16)

And

E, = je T —(Sinezxoscp) [[ f(r',0")e7Ikrreosy r'qr’dg (17)

Where

cos |y = sin@sin@’sinp+cosfcosp’ (18)

Also

cosy = sinacos(f — B') (19)

Now combining equations (16), (17), (18) and (19) one has

£y = —je-kr (sin@cos®)a’}; ) (20)
2r u

And

Ey = jeikr (sinB+cosg)a? J; (u) (21)
2r u

Where, a is the radius of circular loop and Ji(u) is the Bessel’s function order 1
with augment u=kasin@. Further combining equations (19), (20) and (21) the

electric field components of circular microstrip antenna can be written as

EG — _je—jkr (singcos@)a? ]1&“) (ZkRSIIl (P_Z(Po) (22)

2r

And
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_ o —jkr (sinB+cosg)a? J;(u) . P—g (23)
E, =je - " Jo (ZkRsm—2 )
And

— ia—jkr (sinB+cos@)a® J; (u) . P—@Po (24)
Hg = je — " Jo (ZkRsm — )
And

_ i o—jkr (singcosB)a? ], (u) . @—@, (25)
H, = je — . Jo (ZkRsm—2 )

3.Analysis of circular microstrip antenna in weakly ionized plasma medium

For this purpose the plasma medium is treated as dielectric medium with effective
relative permittivity Erpeff is defined as

Ereff= (1 - (D_f)) (26)

w2

Where (,opis the electron plasma frequency
And » = angular frequency

Now the propagation constant in plasma medium is defined as

1 (27)
_2nfy _ ()’
kp T % [1 (w) ]
Further taking the collision effect, the propagation constant in plasma medium
may be modified as

o =31 e ] w

w*+w?vZ  w*tw?v?

Where v is the collision frequency , which is given by the relation

vV =V, {1 + (TC_T)} (29)

2T

Putting the value of vy in the equation (29) the propagation constant in weakly
ionized plasma medium can be written as

(30)

=z_nl_{ N }]
ol oo B oo ()

2T 2T
Let

www.ijcsitre.org 35



International Journal of Computer Science and Information Technology Research Excellence, Vol 13
Issue 3, May-June 2024 ISSN NO. 2250-2734(Print), 2250-2742(0nline)

A= wpe’ (D)
ot i1 ()
B = jvopw (32)

2
40 y2y2 M)}
w*+w v0{1+( T

The kp 1s modified as

_2m =] 33)
kp —Z(l—A—B)Z

By putting the value of kpin equations (22), (23), (24) and (25) E and h fields of

circular microstrip antenna in weakly ionized plasma medium can be written as

1
. 2m(1-A-B)2
AL

Eg = —je 0

(sing@cosB)a? J; (u) 2 1. o-g (34)
= ¢ ]0(2% (1 - A—B):Rsin %)

And

1
. 2m(1-A-B)z
—ia T A
E, =je 0
(sinB+cos@)a? J, (u) 2T

2 i @=®
- Wi, (zgu — A - B)zRsin %)

(35)

Now using the relation Eq = H,Z, one can evaluate the magnetic field

components such as

He = jk (sinB+cos@)a? J,(u)

2rZ, u
2m . o o 9-go (36)
Jo (2 " (1~ A~ B)?kRsin ®%° )
And
_].r2‘r[(1—A—B)%
H, = —jke Ao
(37)

Ja(w 2T A B\ Rein @=P0
ol (2% (1 — A— B)Rsin *-%2)
Radiated Power and Gain

4.1 Radiated power

www.ijcsitre.org 36



International Journal of Computer Science and Information Technology Research Excellence, Vol 13
Issue 3, May-June 2024 ISSN NO. 2250-2734(Print), 2250-2742(0nline)

The radiated power of a circular microstrip antenna may write as

L i f 38

B wk?a?
T 2407272

(kasinB)

[ZT [T (sind + cos¢)2]1k ey (ZkRsin (@) ¢) sinfdfdg  (39)

The radiated power of a circular microstrip antenna may modify

in a complex plasma medium by putting the value of k; instead of k in equation

4r?
—(1-A-B
o a-p

' 2402%r°
17 P a-p-Blasing
i 4o 21 =)
” sin 0 +cos gy’ 3y 22/1 (1-A- B)zasm@ Rssin 20 sin 6dad g
1
°e l:Zﬂ (-A B)zasme}
0

0

(40)

4.2 Radiation Conductance

The radiation conductance of the circular microstrip antenna array may be

written such as

(Since an=1)

Now putting the value of P, from equation (5.16) in equation (5.17) value of

Radiation conductance may be obtained as
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1 A- Bzasmej (41)

3.2| 2kRsin (¢_2¢°)]sin alag

T
ﬂk2 2 211/! [ 0
e = 207 S|n 0+cosg) L(

1
A-B)zasin @

4.3 Directivity

Directivity of the circular microstrip antenna array for free space can be written

such as
2
D, - %) (42)
120G,

Where Ge= radiation conductance of circular microstrip antenna. Now putting
the value of Ge From equation (5.17) in equation (5.20), the value of the

directivities of a circular microstrip antenna in free space may modify as

J, [j” 1-A- B)zasm&]

0

ﬂkzaz 2rm . (43)
¢ = T07r ”(S|n9+cos¢)2

00

> OZ(ZKRsinMjsinédew
La-A- B)zasm6 2

0

The directivity of a circular microstrip antenna array in a weakly ionized plasma
medium to be obtained as

5. Numerical Computation

To obtain the value of antenna parameters such as radiated power (P;), radiation
conductance (Ge), and directivity (Do) in weakly ionized plasma medium

computational work done using equations (36),(37),(38,(39), (40), (41) and
(43respectively for

(4]
0=90°¢=0°"PF =01,
(4]

0.4,06....c.ccvviiniinn... 1.0and . _ 5 . Thus data obtained are shown in plotted
graph Fig. 2,3,4 and 5
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Fig.2 VSWR VS Frequency of Circular Microstrip Antenna in Complex Plasma Medium
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Fig.5. Variation of Radiation Conductance of Circular Microstrip Antenna in

Complex Plasma Medium with
&

w
6.Summary and Conclusion:

It was found that the use of complex plasma medium significantly improved the

gain and directivity of circular microstrip antenna compared to traditional air-
filled antennas. The addition of complex plasma medium also helped in reducing
the return loss and increasing the bandwidth of the antenna. This enhancement is
attributed to the unique properties of complex plasmas, such as adjustable
permittivity and conductivity, which allows for better control over radiation
characteristics. Furthermore, it was During the theoretical investigations it has
observed that by varying certain parameters, such as frequency and thickness of
plasma layer, different radiation patterns can be achieved with superior
performance in terms of beamwidth and sidelobe levels. These results
demonstrate that using complex plasmas has great potential for improving the
performance of microstrip antennas in various applications including wireless
communication systems, satellite communications, radar systems, and more.
Further research on optimizing and fine-tuning these parameters could lead to
even greater improvements in antenna performance using complex plasmas as a
medium.
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