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] . UfTRODuc:rrON 

Dielectric material can shorten a wire antenna In terms of wavelength 
reduction effect for electromagnetIc waves. I n the design of an antenna a 
simulation using a computer is a powerful tool. For a diel ectric antenna. 
some methods have been proposed . J.H.Richmond and E.H.Newman calculated 
admittance character is tics for a wire antenna covered with a dielectric shell 
using a moment method[l]. However, their method Is inadequate to calculate 
for the thicker dielectric shell and for dielectric material with high 
permittivity. 

For a dIelectric antenna using high permittivIty .aterlal we expanded a 
simulation method proposed by A.Maruta and M.Matsuha ra(21. so that an antenna 
problem can be handled . This method is based on Finite-Element Method(FEM). 
In general. FEM has an advantage that can calculate t he electromagnetic field 
including the dielectric structures which is not restricted in shape and in 
permittivity. However, FEM is weak in antenna problem because of difficulty 
in setti ng boundary cond itions. In order to overcome this problem, virtual 
boundaries that surround an antenna are placed . On the boundary the inner 
electromagnet ic fie ld obtained by FEM are connected with the outer one 
expressed with eigen modes in the free space . Using the eigen mode function 
as a weight functIon, these fields are connected by the Galerkin method. 

In this paper, after t he explanation of this method the comparison between 
the calculated and measured result s on input return loss of an antenna a re 
described. 

2 . TIIEPKY 

The t heoretical explanation is presented for an antenna with symmetrical 
axis s hown in Figure 1. Virtual boundari es that surround an antenna are 
placed. 51 is the boundary between the antenna region and the coaxial cable, 
and 52 is the boundary between the antenna region and t he free space. In the 
inner region. Eq.{l) i s derived from Maxwell equations by using the Gale rkin 
method . 
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Where II I and 112 are magnetic field in the coaxial cable and the free space, 
respectively . By using weight function F. magnetic field It in t he inner 
region is expanded as: 

(2) 

where ~. is an expansion coefficient. Here we considered only TMo~' where k 
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and j are wave numbers. 
From contlnui ty of magnetic field 

H at the boundari es we get 

where Pn i s an eigen mode f unction i n 
t he coaxial cable . Q, Is a mode 
function In the free space. Both Pn 
and Q1 are weIght functions. 

HI and Uz are expanded as follows: 

H,=L [a.+b •• xp(2j~.z)J P • • (5) 
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where Bn. bn and CI a re amplitude of incident waves. reflectIon wave s and 
radiation waves, res pectively. 

Substituting Eqs.(2).{5) and (S) into Eqs. (lI.(3) and (4). we obtain 
algebraic linear equations. The radiatIonal characteristics and t he r eflection 
coefficient a re obtained by solving these equations. 

3. COMPARISON BF:TJEEN cmwllTATIONS AND MFASlIRFmJfT R~UI.TS 

SIMPLE DIEI ferRIC COATED MONOPOI _E ANTENNA 

The calculated results obtained by t he FEM mentioned above a r e compared 
with the measured one. A cross section for a dielectric coated monopole 
antenna handled here Is shown in Figure 2. The dielectric cyli nder with a 
hollow consists of dielectric ceramics, have a radiator electr ode on the 
i nterio r wall and is lIIounted on a square ground plane (lOOxlOOmm) fo r 
measurements. Infini t e ground plane is assumed for calculations. 
Measurements and calculations are performed fo r five conditions in cylinder 
size. The inner diameter (dill) varies from 1.6m.J1 to 4.8mm , and the other 
parameters are fixed as shown in Figure 2. The center conductor of the 
connector is connected to t he radia t or electrode by solder. 

Fi gure 3 shows the measured and calculated resonant freque ncy(fo) which 
a r e plotted versus inner diameter din' Here it can be seen that both the 
measured and calculated fo i ncrease wi t h increasing din' This tendency relate 
to the fact t hat t he wavelength reduction effect decrease with decreasing the 
volume of t he dielectric cyl inder. The difference between the calculated and 
measured resu l ts for each din is within 5%. 

Figure 4 shows the measured and calculated input return loss which are 
plotted versus frequency for the case d in ,,3.2ID111. The calculated bandwidth 
(VSWR<3) is 4.7% and the measured one is 6.0%. It is s upposed that t his 
discrepancy between them results f r om the fact t ha t ou r model fo r calculations 
does not incl ude dielectric and conducting loss . 

Though t he calculated bandwidth is slightly smaller t han the meas ured 
one. the good agreement between the calculated and measured fo in Figure 3 
il lust r ates the ability of t he method to treat geometries including dielectric 
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materials with high permi ttivity. 

DIEI.ECTRIC COATED ANTENNA WITH A GROOVE 

Consider a more complicated dielectric coated antenna which has a 
rectangular groove around the outside surface of the dielectric cylinder with 
a hollow . Figure 5 shows a cross section for the antenna measured and 
calculated here. The physical parameter is shown in the figure. 
Calculations and measurements are carried out for dielectric cylinder with 
er~90 and groove depth(x) from 0 to 4.0mm . The size of the ground plane 
used is 900x900mm . 

The measured and calculated fo are compared in Figure 6. It can be seen 
that the fo increase almost linearly with increasing x. The measured fo are 
about 3% greater than the calcula ted one. It may results from the displacement 
of the dielectric cylinders from the center of the coaxial cable. 

In Figure 7 the measured and calculated bandwidth (VSWR<3) are compared. 
The calculated bandwidth are slight ly greater than the measured one, and the 
both results show the same tendency to increase bandwidth with increasing x. 
This discrepancy seems to be caused by dielectric and conducting loss 
men t ioned above. 

Considering that strictly speaking there are some differences between the 
model of calculations and the actual antenna, the calculated results shows 
good agreement with the measured one. 

4 . CONel ,I/SION 

An advantage of the method presented here is to be able to treat an 
axially symmetric antenna with an arbitrary shape and with high permittivity. 
It is found that this simulation method has enough accuracy to estimate 
resonant frequency and bandwidth. 

For the future, we plan to design a small and wide bandwidth d1electric 
coated antenna using this method. 
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FIgure 4 Return loss of the 
dielectric coated monopole 
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Figure 7 Bandwidth for dielectric 
monopole antenna with a groove 
plotted versus x 


