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Effect of lonized Plasma Medium on Radiation Properties of
Rectangular Microstrip Antenna Printed on Ferrite Substrate
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Abstract

This paper presents theoretical investigations on the radiation of rectangular
microstrip  antenna  printed on a  magnetized ferrite  substrate

Ni, ,C0, 0, F®, 4,50, in the presence of ionized plasma medium. The theoretical

study on rectangular microstrip antenna in free space is carried out by applying the
transmission line model combining with potential function techniques while
hydrodynamic theory is used for it is analysis in plasma medium. By taking the
biased and unbiased ferrite cases , far field radiation patterns in free space and
plasma medium are obtained which in turn are applied in computing radiated power
Jdirectivity, quality factor and bandwidth of antenna .It is found that the presence of
plasma medium affects the performance of rectangular microstrip antenna structure
significantly.
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1 - Introduction

Demand for compact radiators with sufficiently high gain is rapidly
increasing in many application areas, as modern wireless telecommunication systems
and space communications require compact antennas with high gain, which become
even more relevant requirements when the radiating elements have to be combined
in large antenna arrays for satellites, space vehicles, airplanes, and so on.

Microstrip patch antennas, due to their inherent capabilities (mainly low
cost, low weight and low profile) are widely used in those setups [1], [2].
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Even though such antennas are very thin compared to the operating
wavelength (0.05-0.01 1) in their cross section, however, still their transverse
dimensions cannot be made arbitrarily short, since a regular patch antenna resonates
at a given frequency when its linear transverse dimension is of the order of half
wavelength.

An antenna mounted on a space vehicle interacts with high-density warm and
non-drifting ionized plasma medium during its re-entry into the Earth's atmosphere.
This high density plasma medium affects the radiation performance of the antenna
significantly .In the present paper, effect of this plasma medium on the radiation
properties of rectangular microstrip antenna designed on a typical ferrite substrate

Ni, ,C0, ,F® 4,50, in the case of biased ferrite and unbiased ferrite where in the

case of biased ferrite the DC magnetic biased field is taken normal to the direction of
propagation of electromagnetic waves, are investigated theoretically . Transmission
line model combining with potential function techniques is used to obtain radiation
properties of rectangular microstrip antenna in free space while hydrodynamic theory
is used to obtain its radiation properties in plasma medium. It has been established
that, for a biased ferrite slab, a normal incident plane wave may excite two type of
waves (i.e. the ordinary and extraordinary wave).In the case of a normal incident
wave, the ordinary wave is the same as the plane wave in a dielectric slab transversely
to the biasing direction. On the other hand ,the extraordinary wave is a TE mode

polarized parallel to the biasing direction with its phase propagation constant K_.The

phase propagation constants K_and K of an extraordinary and an ordinary wave,
respectively, may be given as follows [2,3].
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Where H is the biased field, 477 M [ is the saturation magnetisation, ¥ is the

gyromagnetic ratio asy = 2.8MHz/Oe.

In the case of extraordinary mode, the propagation constant dependence on
basic parameters is give as:
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It is seen that, when L is negative, the extraordinary wave is decaying even

if the material is lossless. The frequency range for negative fi is

(0,0, + 0,) ] <0< (0, + 0, ) ©)

The frequency limit define the approximation range within and around which
the ferrites exhibit interesting microwave characteristics . The use of a biased field to
control the properties of the extraordinary wave results in an externally switchable
antenna .The antenna is 'of ' when an attenuating extraordinary wave in the ferrite

propagates and there is a little radiation and is ‘on" when fi is positive and the

ordinary wave is propagating.
2 - Theoretical Considerations

The geometry and coordinate system of rectangular microstrip antenna are
shown in Fig.1, the thickness of substrate is h , width is W and the length isL .
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Fig. (1): The Geometry and Coordinate System of Rectangular Microstrip
Antenna

The total field in isotropic warm plasma can be decomposed in two modes,
namely, transverse electromagnetic mode (EM mode) and longitudinal electroacoustic
mode (plasma mode). Physically the separation of fields into two modes means that
the electromagnetic and plasma wave excited by the radiating source are uncoupled .It
is pertinent to mention here that electrons are assumed to be the only effective
component of plasma to respond to the time varying fields. The collisions of the
electrons with neutral particles, the effect of sheath formation around the antenna and
the presence of external magnetic field are disregarded. For the validity of these
assumptions, linearized hydrodynamic theory of plasma have been used [4].Following
it ,the far-zone field expressions for a rectangular microstrip patch antenna are
obtained as [5]

a - In electromagnetic mode
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b - In Plasma mode
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In the above expression [, and [)’p are the propagation constant in

electromagnetic mode and in plasma mode respectively .

The values of ‘E(p‘ and ‘Ep‘ are computed numerically and plotted in

Fig.2,3by taking f, =1GHz ,h=0.15cm W =,L = and &, =15
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Fig.3: ‘Ep‘ for Unbiased and Biased Ferrite for two different Values of A

3 - Radiation Conductance

By integrating the Poynting vector over a large sphere, the expression for
radiation conductance of the rectangular patch antenna in electromagnetic mode and

plasma mode are give as:
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a - In electromagnetic mode

Where P, the radiated power by the antenna is in electromagnetic mode, V is

the edge voltage and given as V =hE, and G, is the radiation conductance and is
given by:
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The value of P, is calculated for different values of plasma to source

frequencies in case of biased and unbiased ferrite and plotted in figure (4).
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Fig.4: P, for different (a)p/a)) in case of Biased and Unbiased Ferrite
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b - In plasma mode

Where Pp the radiated power by the antenna in plasma mode is, Gp is the

radiation conductance and is given by:
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The value of Pp is calculated for different values of plasma to source

frequencies in case of biased and unbiased ferrite and plotted in figure (5)
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Fig.5: Pp for different (a)p/a)) in Case of Biased and Unbiased Ferrite.
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4 - Directive Gain

The directive gain of an antenna in a given direction is defined as the ratio of
the maximum radiation intensity F__ (6,¢) in that direction to the average radiated
power in electromagnetic mode and given by:

D, =4x e F()M) (14)
Fuc(0.0)=[[E, 00 +E, 00 ] @

The wvalue of directivity is calculated for different values of

2
A=,1- (a)p/a)) in case of biased and unbiased ferrite and plotted in figure (6).
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Fig.6: D, for different Values of A in Case of Biased and Unbiased Ferrite
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5 — Efficiency
Efficiency 17 of an antenna can be calculated as [6]:

n=—T  %100% (16)

PP

From equations (12) and (13) the efficiency of an antenna can be calculated

2
.The value of 77is calculated and plotted for different values of A= ,/1— (a)p / a))

in case of biased and unbiased ferrite as shown in figure (7).
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Fig.7 : n for different Values of A= 1—(a)p/a)) in case of Biased and

Unbiased Ferrite
6 — Bandwidth

The bandwidth (BW) of an antenna is calculated as [5]:

BW =0, — @, = — (17)

rad.
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Where Q.4 is the total quality radiation factor and is given as:
Quo. =5 (18)

U, , is the total stored energy given by:

80 geff .

2
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The value of Q_, is calculated by using the equations (18) and (19) for

rad.

2
different values of A= 1—(a)p/a)) in case of biased and unbiased ferrite as

shown in figure (8).
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Fig.8: Q,,4 for different Values of A= 1—(a)p/a)) in case of biased and
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Bandwidth of an antenna is calculated from equation (18) and plotted in figure
(9) as shown:
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Fig.9: BW for different Values of A= 1—(a)p/a)) in case of Biased and

Unbiased Ferrite
6 - Discussion and Conclusion

In this paper we have developed a concept of switchable antenna and it has

been analysed at 1GHz of microwave frequency range by taking rectangular patch
microstrip antenna geometry. The parameters used for the study on biased ferrite

substrate are 47M, =3000G and biased field H, =10000e while, for unbiased
ferrited7M, =0G, H, =00e.
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It is evident from the equation (9) that, there is a frequency range bounded by
limits, namely cut-off limit and resonance limit. In this region where 14 is negative,

the extraordinary wave is highly attenuating and therefore the antenna is effectively
off as radiator.

Some salient features of rectangular geometry are summarized as follows:

1- On biasing ferrite the radiation pattern become directive in nature and the number

of lobes are found to be greater than that of the unbiased case for A=0.2 i.e. in
plasma medium.

2- The size of the patch is considerably reduced when designed on ferrite substrate.
This reduction would certainly have a wide use in creating miniaturisation of an
antenna system, which has a potential application in space and cellular
communication.
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