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ABSTRACT - In this paper, a monopole antenna with a
circular disc at the top and parasitic strips around antenna is
analytically investigated and simulated using the mode-
matching technique and a commercially available software
package, CST MW Studio based on FDTD algorithm. Mode-
matching technique with boundary conditions are applied to
compute the unknown modal coefficients in each region. For
the usefulness of mode-matching technique to open boundary,
the artificial ground plane is added away from the top-
loading disc. Compared results between two methods show
that the proper radius and height of parasitic elements can
reduce the peak value of input impedance at the resonant
frequencies over wide bandwidth without power dissipation
due to lossy material used in conventional ways.
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I. INTRODUCTION

Generally, in order to increase the input impedance
bandwidth, several techniques, which include loading the
circular disk on simple monopole, surrounding the center
conductor with high dielectric constant, and attaching the
sleeve plate on ground plane, have been investigated by
many researchers[1-7]. In addition to that, conventional
helical antenna, loop and monopole antenna have been
studied with focused on wireless communication systems
in  relatively  high  frequency and  military
telecommunications in a little lower frequency.

In order to apply mode-matching technique and
matching boundary conditions in the given structure, the
entire structure surrounded by air is separated into several
regions by using circular coordinates and artificial ground
plane. In [2], the artificial ground plane has been
suggested to calculate input impedance of monopole
antenna using the mode expansion in each region.

In this paper, a study on the enhancement of input
impedance bandwidth of circular-disc loaded monopole
antenna is carried out by modifying the distribution of
parasitic elements. A detailed dimension and the field
representations are rigorously discussed in section II. In
section III, the reflection coefficients have been derived in
an analytically useful series form by using the mode-
matching technique.
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II. FIELD REPRESENTATIONS

Consider the scattering geometry with a simple
monopole antenna surrounded by parasitic elements as
shown in Fig. 1. Inner and outer radii of horizontal
parasitic strips are denoted by s and r,, respectively.
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(d)
Fig. 1. The proposed circular-disc loaded monopole antenna (a)
with horizontal parasitic strips (b) with vertical parasitic strips
(¢) 3D-view of (a) (d) 3D-view of (b)

The parasitic strips are aligned with %, height of each
strip, d;, the distance between the nearest two strips, and

n , the number of parasitic elements. The dimension of
ground plane is assumed to be 80[mm]x80[mm] for the
simulation of infinite ground plane in a commercially
available software. Moreover, the radius of circular-disc
composing main radiator and the length between the
feeding point and circular disc are p, and /

m s
respectively. For a delta-gap source excitation, the
parameter ¢ means the length between the coaxial cable
and monopole antenna. For a convenience of
computational calculation, limit the general case of Fig. 1
to the case of the number of parasitic element, N =1. At

this time, the generalized parameters, 7, r, and % can be

rewritten as 5, b, and A .
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Fig. 2. Region separation for field representations
For the enforcement of matching boundary conditions, the
fields in each region are represented as follows.

i) Region (I) (a<p<b, 0<z<h)
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Especially, for ~N=1 , py=hy=0 , p=d ,
and py, =h The unknown
coefficients, a,, b,, ¢,, d,, ¢,, and f, can be obtained

L pig® ( a;V,ip):| Cos|:i’lﬂ'(z —pi—hiy) :l

pi=pisith+d;

from matching boundary conditions at the interface
between different regions, respectively.

III. NUMERICAL RESULTS AND VERIFICATION

By assuming the excitation voltage, ¥; at the input port

of coaxial cable and applying the matching boundary

conditions, the derivation of simultaneous equation for the

unknown coefficients in region I has been carried out as

follows.

—J2weVysin(nzd / h)
Un}/,%h(nﬂ'd/h)

In similar ways, the other simultaneous equations

necessary for evaluating the unknown coefficients can be

derived as follows.

i) For E-field at the interface between region I and IV

anH(gl)(yna) + an(gZ)(;/na) = (1)
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With the simultaneous equations shown in egs. (1)~(5),

additional boundary conditions necessary for uniquely
solving the unknown modal coefficients are v) For
H — field at the interface between region II and III, vi) For
H - field at the interface between region IV, 1 and III, vii)
For H - field at the interface between region IV, 2 and III.
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Fig. 3. The real part comparison of antenna input impedance
between mode-matching analysis and a commercially available
software (b=3.11,h=31.75, N =0,/ =1.544;, unit : [mm])
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Fig. 6. A comparison of return loss according to the height of
vertical parasitic strips ( N =6 ) of Fig. 1(b). The separation
between the nearest strips is 20degrees.

Fig. 5 and 6 show that horizontal or vertical parasitic strips can
be used for the enhancement of input impedance bandwidth of
simple monopole antenna. Physically, the aim of loading
circular disc on simple monopole antenna is to increase
the area of radiator, leading to the shift of resonant
frequency and an enhancement of input impedance
bandwidth. In addition to that, in this paper, the parasitic
strips around monopole antenna are suggested for the
bandwidth extension near the resonant frequency. It is
seen that the enhancement of impedance bandwidth can be
accomplished by predicting the return loss according to
the cases with ( N =1)/without ( N =0 ) parasitic elements.
This phenomenon can be explained as a modification of
current flows on main radiator due to additional
inductances and capacitances caused by parasitic elements
and main radiator.

IV. coNcLUSsION

This paper deals with the bandwidth of input impedance
and return loss loaded by horizontally and/or vertically
attached parasitic strips around circular-disc loaded
monopole antenna. In each region, the unknown modal
coefficients have been obtained in numerically available
series form. In addition to that, the numerical results
carried out by our method have been compared with the
data obtained from commercially available software for
the clarity of our analysis. Finally, it is seen that the effect
of attaching parasitic element on monopole antenna is to
increase the bandwidth of return loss.

V. APPENDIX
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