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ABSTRACT

The characteristics of a disk-loaded cylindrical dipole (DLCD) antenna that determine its performance are

analyzed by using the method of moments. The current integral equation that is considered with extended

boundary condition is derived. Numerical results for the input impedance and radiation pattern of the antenna are

presented. The antenna factor with the antenna gain is computed to check the possibility of using this antenna as

the broadband antenna for the special case in such as electromagnetic compatibility testing. The comparisons of

the computed results with measured data are made. These results will allow this antennma to be used with

confidence in various applications.

I. INTRODUCTION

Recently, there have been increasing demands
for low profile antennas and their broadband
operation to fulfill a variety of specifications[1]-
[3]. In general, the need for these antennas arises
because there is insufficient space to fit a conven-
tional one and broadband measurements are
requited in such as electromagnetic compatibility
(EMC) testing. Loading of electrically small
dipole and monopole antennas to improve their
input impedance characteristics for these require-
ments has been employed. Such techniques may
use end-disks[4]-[6] or dielectric coating[7]. The
DLCD antenna is shown in Fig. 1. This compo-
site design cah be chosen to obtain a low profile
anterma  of relatively broadband[1]. Such an
antenna structure, however, is difficult to analyze
because it includes some discontinuous surfaces.
The diakoptic theory of multielement antennas of
complex configuration, suggested Goubau et al.[3],
takes a new approach to this problem. But the

Fig. 1 Geometry of the disk-loaded cylindrical dipole
(DLCD) antenna.

the theory involves hypothetical current sources
which violate the current continuity condition. The
modified theory, which allows an impedance
matrix formulation to establish the relationship
with the method of moments (MoM), was
presented in[8]. The concept of cylindrical
harmonic field expansions was developed for the
analysis of an electrically short monopole with a
circular top-hat[9],[10]. In this paper, we derive
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the cument integral equation from Maxwell's
equations that are applied to the whole structure
of the DLCD antenna. The integral equation is
obtained with using the extended boundary
condition proposed by Waterman[11], who
suggests that ficld relationships be imposed within
a conducting body, rather than on its surface. In
so doing no logarithmic singularity in a kernel of
the integral equation is expected. For solving this
equation the MoM is used along with the
point-matching method. Representative numeri- cal
results of the antenna are presented and some
experimental data are also presented to support

the numerical computation.

. INTEGRAL EQUATION

Cylindrical coordinates ( g, 4, z) are oriented so
that the wvertical z-axis in Fig. 1 is centered
through the antenna structure. Antenna length is
given by L, while radii of the vertical stem and
end disk having ¢ thickness are respectively a and
b. The integral equation for the surface current
can be written by equating the total electric field
inside a conductor to zero[11],[12], ie.,

Eite =E +E'
=jmeOE’+k2j7(s’)c;ds’+jV’-?(s’)VGds’=o o
5 5

where the subscript ¢ represents the total elect-
ric field and the superscripts i, s, and stand for
the incident field, scatter field, and source points.

In the geometry of Fig. 1 the surface current
flows in the z and ¢ directions of the cylindrical
dipole element and in the o and ¢ directions of
the end disks respectively. In this case, the
current of the ¢ direction component for whole
antenna structure can be neglected since the
symmetrical geometry and ideal feeding for this
antenna can be established. For simplicity of
integration the antenna is subdivided into seven
sections (I, i=1,2,3,...7). The current density J (s)
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is not a function of the azimuthal angle ¢ but a
function of o or 2z depending on each section
of the antenna, and it can be expressed as

s )n’—“-)-
2m

@

where 7 (/) is assumed to be an equivalent
filament current located at radial distance p'=a in
ly and o'=b in [, and s, and also at distance 0
<p’=b in l; and I;, and a so'<b ih I3 and Is.
Thus we can rewrite the integral equation of (1)

as
I'_ I(l) 02" zlﬁ[%(;gp +%Gzz}p’d¢’dl'
+k j 1(13_[ a9l ——joe,E 3)
where
G=t
4nR @
R=yp*+p"=2pp’cos@)+(z-2)" | )

When we apply into (3) the condition that the
current at the center of the outside of the end
disks is zero and the observation points are
located inside the antenna structure, we obtain the
final integral equation as

— [13s7 92 52
. 2——-.-——-.
e {Z J.pfl(p’)[[k dp'op }p ap’az :IG p1

82
2 L
[k - Bzﬁz}z}; dz1p’=r}

R

=-jwega, E' ©)
where
G’ 0 ﬂdq) N

and a, represents the vector on the observation
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inside the antenna and ¢ means constant value. In
order to solve (6) for the antenna current I (o,
z’), the MoM is used. Accordingly, the antenna
is divided into N segments. The unknown current
I (o, 2') is expanded in a set of N pulse basis

functions as

N
Ip'2)= ) 1,P(p",2)
nz;f (®)
where ], are constants to be determined. Substi-
tution of the current expansion (8) into (6) with
the moment procedure[13] yields an N XN system
of linear equations, which may be written in a

matrix form as
[Zmn][lnlz[Em] (9)

where[Z,,] is the NXN moment matrix and[J,]
and[E,] are the current coefficient column vector
and the incident field column vector of length N.
The impedance matrix and impressed field matrix
elements are given by

Pyl K 9’ G an’ " and - 0 directi
.Ln-m _m—ap'ap ol (p, and a, : p direction)

J-n,.+A/ _a_z G o’ ! and o+ 7 divecti
reoi2| Oz p" (p; and a. : z direction)

PatAl a’ G‘d ’ ’ nd -, . .
Ln_m —ﬂ Iz (z; and d. : 2 direction)

neanl " ogop

! mm{kz 'B—Z]G‘dp' (z] and . ; p direction)
(10)
— JOEE(P,2,) (a0 : p direction)
— jgE (P, 2, (a0 : z direction) an
where

P k]
1;: U-J* T SR b+t 1)

J‘o 2\/ 2 K 3 d¢’
8x  pr+p —2pmp’cos(y’) +(zn - 2h)
. (pn: p’ component)
G = -
k" g g L pmh 08 ) zm )
i

o

ds’
_[0 s,,_-z‘/pi J,‘,a_,f,1 —2pmph cos(g) + (2 s ¢ (12)

[

The problem for the current distribution of the
DLCD antenna has been formulated in this
section. Once the elements of the moment matrix
and the impressed field matrix are determined, the
unknown coefficients can be found by solving the
resulting system of linear equation (9) with matrix
inversion technique. In this paper the solution
described uses pulse subsection cumrents and
point-matching method, while the antenna is
assumed to be excited by an idealized source, the
magnetic frill generator.

H. RESULTS AND DISCUSSION

A. Input Impedance

The input impedance of the antenna is obtained
from the ratio of an input excitation and the
current at the input terminal of the antenna. The
DLCD antenna considered has the dimensions of
L=500mm, @=19mm, b=87mm, and r=5mm. Fig. 2
illustrates the computed variation of the input
impedance of the DLCD antenna and that antenna
without disk between 20 MHz and 1000 MHz. It
can be seen from the figure that the input
resistance decreases while the capacitive reactance
increases rapidly below about 200 MHz for the
antenna and below about 300 MHz for the
antenna without disk. Matching this varying
impedance to a 50 2 cable is not a trivial task.
Usually, a balun transformer with an appropriate
turn ratio is used such that some mean value of
antenna impedance is chosen, which minimizes
the reflection coefficient at the junction between
antenna and cable. The computed resonant
frequency of the antenna is 160 MHz whereas
that of the antenna without disk is 250 MHz, It
implies that loading the disk moves the resonant
frequency of the antenna. The variation of the
voltage standing wave ratio (VSWR) for different
disk radii, b is shown in Fig. 3. It is clear from
the graph that as the radius of disk increases the
resonant frequency decreases and the bandwidth
decreases. However, the resonant frequency does
not decrease any more from a specific point
although the radius increases. In case of Fig. 3
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the specific point is b=8.5a. It also implies that
combination of the radius of disk and the length
of dipole element can decide the frequency range

of interest.
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Fig. 2 Input impedance comparison between the DLCD
antenna and that antenna without disk,
(a) Input resistance.
(b) Input reactance.
L=500mm, a=19mm, 5=87mm, and ¢ =5mm.
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Fig. 3 Comparison of the VSWR for different disk radii,
b. L=500mm, g=10mm, and ¢=5mm.

B. Radiation Pattern

In order to compute the rtadiation pattern, the
curtent distribution derived from (9) with
Mazxwell's equation is used[14]. The far-zone
electric field components for the antenna can be

expressed as
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—jkr
E, = jin, -:?(cp ©)cos0=C,@)sind) 15

— CGomputed
» Measurad

Fig. 4 Computed and measured results of the normalized
radiation pattern at 160 MHz.
L=500mm, a=19mm, b=87mm, and f =5mm.

where

1,3.5.7

CP (Q)z Z J-ﬂ: 1(pf)ejlc(z}.cm0+pr5in9)dpr (14)

2,46

Cz (9) = ZJ-Z: I(zl)ejk(z’mnhp,’, slne)dz,. (15)

Fig. 4 shows the computed and measured
results for the radiation pattern at 160 MHz. It
can be seen from the plots that the agreement
between the results is quite good. The agreement
would therefore seem to confirm the validity of
the analysis in this paper. For emission testing,
and radio monitoring site survey, the antenna
should be omnidirectional[15]. The DLCD antenna
has the pattem available to such an application.
The radiation plot is very similar to that of the

resonant dipole antenna.

C. Antenna Factor

Measurements of radiated emissions from the
equipment under test are usually made in the
frequency range from 30 MHz to 1000 MHz.
Both the CISPR-16[16] and ANSI C63.2[17]
regulations on EMC measurements allow suitable
broadband antennas to be instead of resonant
dipole antennas, as long as they satisfy certain
beamwidth, VSWR, and polarization criteria.
Before any antenna can be used for radiated
emission measurements, it is necessary that its
antenna factor (AF) be known accurately over the
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frequency range of interest. In this paper with
considering AF, we investigate the DLCD antenna
for EMC measurements. The AF of receiving
antenna from[18] is defined as

AF 2o
A dGr(e,q))R,M (16)

where M indicates the impedance mismatch loss
between the antenna and the measuring receiver
with input impedance R,, G, (4, ¢) is the power
gain of the antenna as a function of the angle of
arrival of the energy, 5, = 1208 is the intrinsic
impedance of free space, and A is the wave-
length. Fig. 5 shows the computed and measured
AF with the gain and the mismatch loss in the
frequency range from 30 MHz to 500 MHz, The
gain G, (4,¢) is computed at 6= 90" and ¢=
0° . It is evident that the AF and the mismatch
loss are the lowest values at the resonant
frequency. Below about 150MHz, the AF
increases while the mismatch loss increases. It
implies that the AF below the resonant frequency
is mainly related with the mismatch loss. AF
measurement with the reference antenna method
specified in ANSI C63.5[19] was performed at
the 10m site of Korea Testing Laboratory. The
reference antenna method provides a method of
antenna calibration based on the use of a dipole
with a well-matched balun whose construction is
described in that standard. The measured and

computed results are in good agreernent.
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Fig. 5 Variation with frequency of the computed anterna
factor, antenna gain and mismatch loss as well as
the measured antenna factor of the DLCD antenna.
L=500mm, g=19mm, b=87mm, and t=5mm.

Fig. 6 Photograph of the DLCD antenna designed for
experimental results.

IV. CONCLUSION

The characteristics and performance of the
DLCD antenna have been described in this paper.
The input impedance, and radiation pattern as
well as the gain of the antenna were obtained by
using the MoM. Also, the AF was computed and
measured for the special case where the antenna
is used for EMC ftesting. The results show the
possibility of using this antenna as the broadband
antenna with improved AF in EMC measurements.
Since the computed and measured values for all
of the results are in good agreement, the validity
of the analysis in this paper is confirmed. The
aim of future work is to design DLCD antennas
for EMC testing and site validation[16] with the
characteristics of improved AF and bandwidth.
The antenna designed for experimental results is

shown in Fig. 6.
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