
The microstrip antennas are square patches of equal sizes and of
width A. The feed probe is located at a point which is ( A/ 2, 2�)
from the low left corner of the lower patch. The coaxial feed line
is assumed to have square cross section for both the inner and outer
conductors, with inner conductor radius of 1� and outer conductor
radius of 3�.

Figure 2 shows the variation of the bandwidth, BW, as a
function of �r3. The results are obtained using the following
structure parameters: A � 25�, R � 20�, t1 � 5�x, t2 � 3�x,
�r1 � 2.53, and �r2 � 1.1 (Foam). The case of �r3 � 1.0
represents a truncated dielectric layers; they do not cover the entire
ground plane. The value of R � 20� is used after studying the
effect of changing R on the center frequency 4.5 GHz. We found
that increasing R more than R � 20� has a very little effect on the
center frequency of the structure. However, using smaller values of
R has the effect of shifting the center frequency upward or down-
ward, depending on the value of �r1 and �r2. The bandwidth (2:1
VSWR or �10 dB) is maximum at �r3 � 7.0 with a value of
31.5%. The case of truncated dielectric layers (�r3 � 1.0) gives
a BW � 16.5%, and the conventional structure gives a BW �
21.8%. The center resonance frequency is 4.5 GHz. Also, Figure 2
shows that the BW increases for �r3 � 15, but for high values of
�r3 the antenna efficiency decreases, due to the high coupling of
energy to substrate and surface waves. For �r3 from 1.0 to 7.0, the
BW increases rapidly with �r3. The value of �r3 � 7.0 is chosen
as the optimum value that gives the largest bandwidth for this
structure. Also shown in the same figure are the curve-fit variations
of the data using a 4th degree polynomial.

The calculated S11 as a function of frequency is shown in
Figure 3. These curves are obtained using: R � 20�, t1 � 3�x,
t2 � 4�x. Four curves are shown in the figure; the solid line is
obtained using �r3 � 1 (truncated dielectric layers). For the
dashed line, the conventional structure is used where the dielectric
layers extend to cover the whole area; for the dotted line, �r3 �
10.2; for the dash-dot line, �r3 � 7. From the figure we see the
enhancement in the BW in the 4th case by using the optimum
values of �r3 and t3 over the other cases shown. The truncated
dielectric structure gives a BW of 16.5%, whereas the proposed
structure gives a BW of 35%.

4. CONCLUSION

We proposed and studied a new stacked microstrip antenna struc-
ture that enhances the bandwidth of a given structure parameters.
The proposed structure adds more degrees of freedom to the
antenna design. By a simple optimization procedure of the pro-
posed structure parameters, along with the parameters of the con-
ventional structure, we were able to double the bandwidth, without
changing the resonant frequency. We studied the proposed struc-
ture using the FDTD method. Future work will include using the
proposed antenna structure in building antenna arrays having a
very large bandwidth.
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ABSTRACT: In this paper, a new log-periodic antenna design is inves-
tigated using the finite-difference time-domain method. The two-arm,
conical log-periodic antenna is linearly polarized and has uniform per-
formance characteristics over a broad range of frequencies. It is shown
that the shape of the antenna arms has a significant impact on the per-
formance and the bandwidth of the antenna. © 2003 Wiley Periodicals,
Inc. Microwave Opt Technol Lett 36: 28–32, 2003; Published online in
Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/mop.
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1. INTRODUCTION

There are several applications in telecommunications, electromag-
netic compatibility, and radar that require broadband antennas—
antennas with uniform performance characteristics over a broad
range of frequencies. Rumsey showed that practical antennas with
broad bandwidth can be designed by following certain geometrical
guidelines [1]. Two of the most popular designs based on these
guidelines are the planar and conical spiral antennas. The perfor-
mance aspects of these antennas, such as impedance, gain, and

This work was supported by the John Pippin Chair in Electromagnetics at
Georgia Tech.

Figure 3 Reflection coefficient versus frequency of the stacked micro-
strip antenna for different values of �r3
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pattern, have been extensively studied and documented with de-
sign graphs based on empirical results [2, 3] and accurate numer-
ical analysis [4].

The objective of this paper is to present a new broadband
log-periodic antenna with high directive gain, good match, and
linear polarization: the conical log-periodic antenna. This antenna
is derived from the conical spiral antenna introduced by Dyson [3]
and the planar log-periodic antennas introduced by DuHamel and
Isbell [5]. It is shown schematically in Figure 1. Like all frequency-
independent antennas, the geometry of this antenna is mainly
described by angles, and lengths are introduced to specify the
smallest and largest dimensions of the (finite) antenna.

In section 2, the antenna geometry is presented, including
various antenna arm designs, and the modeling of the antenna
using the finite-difference time-domain (FDTD) method is briefly
described. Results for the impedance, gain, and pattern are then
presented in section 3.

2. ANTENNA GEOMETRY AND FDTD MODELING

The two-arm, conical log-periodic antenna, shown in Figure 1,
consists of two metallic strips or arms placed on the surface of a
cone. A practical approach for constructing this antenna is shown
schematically in Figure 2(a). The metallic arms are formed on a

Figure 1 Schematic drawing for the two-arm, conical log-periodic an-
tenna with rectangular teeth

Figure 2 (a) Schematic drawing showing the fabrication of the antenna;
(b) side view and top view of the basic cone; (c) schematic model of the
unwrapped log-periodic antenna (�o � 30°); (d) modulation functions for
various tooth shapes
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planar, flexible circuit board through a wet chemical etch. The
circuit board is then wrapped around a conical mandrel, and
soldered or taped along its seam. The basic cone, shown in Figure
2(b), is characterized by the half angle of the cone �o and the
diameters d and D that limit the extent of the antenna at the small
and large ends. In Figure 2(c), the antenna arm geometry is shown
on the planar sector obtained by unwrapping the conical antenna.
This drawing is for the angle �o � 30°. Simple geometry shows
that any angular width �� on the planar sheet translates into an
angular width � on the conical structure using the relation

�� � � sin �o. (1)

Hence, as shown in Figure 2(c), the total angular width of the
unwrapped cone is 180° when �o � 30°.

For the design shown in Figure 2(c) the notches and teeth of
constant angular width 2��max are inscribed in the circular sector of
angular width ��. Based on the principles of log-periodic antennas,
the dimensions of these notches/teeth vary periodically, in partic-
ular, the radii measured from the apex to two adjacent edges of an
arm are related to each other by

ri�1

ri
� �, (2)

where � is the geometric ratio for the log-periodic antenna. On the
cone, the second arm is symmetrically located to the first (diamet-
rically opposite), and at any height z the angular width of an
antenna arm is � � 2�max. All of the designs presented here are for
the case � � 2�max � 90°, which is shown in Figure 2(c) for the
unwrapped case* and in the bottom of Figure 2(b) for a planar cut
through the conical antenna. For this choice of angles, the metallic
arms are identical in size and shape to the open regions.

The main objective of this work is to study the effect of
different tooth shapes on antenna performance. To describe the
modulation of the teeth, the angle �(r) is introduced (see Fig.
2(c)). Since we assume that the minimum and maximum values of
the modulation angle �(r) are independent of the radius r, this
angle is measured from the center of the sector (with angular width
2�max) that makes up the tooth geometry, so that �(ri) � ��max.
The modulation angle �(r) for the rectangular tooth geometry is

�rect�r	 � �max �
i�1

N


� r � ri

ri�1 � ri
���1	i�1, (3)

for the triangular tooth geometry

�tri�r	 � �max �
i�1

N

�� r � ri

ri�1 � ri
���1	i�1, (4)

and for the sinusoidal tooth geometry

�sin�r	 � ��maxcos�	 
 	 log�r/r1	/log �. (5)

In Eqs. 3 and 4, we used the following definitions for the one-sided
step function and the triangular function:


��	 � �1, 0 � �  1
0, otherwise (6)

���	 � �1 � 2�, 0 � �  1
0, otherwise, (7)

* As described earlier, the characteristic equation � � 2�max � 90°
transforms into �� � 2��max � 90°sin �o when measured on the unwrapped
surface.

Figure 3 FDTD model for the conical log-periodic antennas with dif-
ferent tooth modulations: (a) rectangular; (b) triangular; (c) sinusoidal.
Only 30% of one arm of the antenna at the feed end is shown

Figure 4 Results for (a) input impedance and (b) realized gain on the
axis for the � component of the electric field
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with ri � r1�i�1 the ith peak and N the total number of peaks.
Here, r1 � d/(2 sin �o) is the distance from the apex of the cone
to the small end of the antenna (diameter d).

The numerical results for the impedance, gain, and pattern are
obtained using a full electromagnetic analysis of the antenna
performed with the FDTD method. The details for the analysis are
similar to those for the analysis of the conical spiral antenna, which
were presented earlier [4]. In this analysis, the computational
domain is discretized using cubic cells with �x � �y � �z �
1.25 mm, which corresponds to 48 cells per wavelength at the
highest frequency investigated ( fmax � 5 GHz). Figure 3 shows
the staircased surfaces that model the conical log-periodic anten-
nas with (a) rectangular, (b) triangular, and (c) sinusoidal tooth
geometry. For clarity, only a small portion (about 30%) of one arm
of the antenna near the drive point is shown.

The space surrounding the antenna is truncated with the per-
fectly-matched-layer (PML) absorbing boundary condition. The
antenna is fed at the small end with a transmission-line (the
so-called transmission-line feed), and it is terminated at the large
end with a resistive disc to reduce reflections. The excitation is the
differentiated Gaussian pulse

�inc�t	 � �Vo� t

�p
�e0.5–0.5�t/�p	2

, (8)

where �p is the characteristic time for the pulse. This pulse has the
advantage that it does not contain a zero-frequency component,
which can cause long settling times in the simulation. The fre-
quency-domain results are obtained by Fourier transforming the
time-domain signals.

3. RESULTS

The numerical results presented in this section are for conical
log-periodic antennas with the three tooth geometries introduced
earlier. The antennas have a half angle of the cone of �o � 7.5°,
total angular width of the arms � � 160°, maximum modulation
angle �max � 35°, geometric ratio � � 1.105, and ratio of maxi-
mum to minimum diameter of the cone D/d � 6, with d � 2 cm.
Other designs were investigated, for example, different values of
�, �max, and �; however, the above geometry gave the best results
in terms of impedance match and realized gain (gain including
mismatch). The antennas are fed from a transmission line with
characteristic impedance Zc � 100 �, and they are terminated at
the large end with a thin disc of resistive material (resistance per
square Rs � 150 �) [4].

The input impedance is shown as a function of frequency in
Figure 4(a). The antennas with the triangular and sinusoidal tooth
shapes are clearly seen to be better matched to the transmission
line, namely, these antennas have an almost constant resistance
(R � 150 �) with a small reactance (�X� � 0) for frequencies f 
4.7 GHz, while the antenna with the rectangular teeth has similar
characteristics only for frequencies f 3.5 GHz. The realized gain
for the � or y component of the electric field in the main radiation
direction (� � 180°, � � 0°) is shown in Figure 4(b) on a linear
scale. Again, the antennas with the triangular and sinusoidal teeth
clearly outperform the antenna with the rectangular teeth for
frequencies f � 1.1 GHz. Based on the results in Figure 4, we
assume that for the antennas with the sinusoidal and triangular
teeth, the upper and lower limits of the operational frequency range
are determined by the realized gain. When the bandwidth of the
antenna, BW, is defined by the frequencies at which the realized
gain drops to one half (�3 dB) of its maximum value, the band-
width for the antenna with sinusoidal teeth is BW � 4.7 GHz/

Figure 5 Far-zone pattens (� � 0°) for the electric field radiated by the
antenna with sinusoidal teeth at the frequencies: (a) f � 1.5 GHz; (b) f �
3.0 GHz; (c) f � 4.5 GHz
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1.1 GHz � 4.3, and that for the antenna with triangular teeth is
BW � 4.9 GHz/1.2 GHz � 4.1. Additional calculations show that
within the bandwidth of operation the realized gain for the �
component of the electric field is greater than that for the �
component of the electic field by at least one order of magnitude.
Hence, for practical purposes, the antenna is linearly polarized on
axis.

Figure 5 shows vertical-plane (� � 0°), far-zone field pat-
terns for the antenna with the sinusoidal teeth at three frequen-
cies within the operational bandwidth: (a) f � 1.5 GHz, (b) f �
3.0 GHz, and (c) f � 4.5 GHz. Patterns are given for the two
orthogonal components of the electric field, namely, the �
component (solid line) and the � component (dashed line). For
this antenna, the � component of the field in the forward
direction (�ẑ, see Fig. 1) is clearly dominant, and the radiation
is concentrated near the direction � � 180°. Hence, this antenna
predominantly radiates linear polarization unidirectionally to-
wards the apex of the cone.

4. CONCLUSION

The conical, log-periodic antenna was analyzed using the FDTD
method. Three different tooth shapes for the antenna were inves-
tigated: rectangular, triangular, and sinusoidal. These new anten-
nas were shown to be broadband with uniform input impedance,
gain, and pattern. The antennas with the triangular and sinusoidal
teeth were seen to clearly outperform the antenna with rectangular
teeth.
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ABSTRACT: An efficient near-field–far-field transformation with bi-
polar scanning, which compensates for the effects of the measurement
probe, is proposed in this paper. It is based on the theoretical results
relevant to the nonredundant sampling representation of electromagnetic
fields and, as a consequence, it requires a number of data—remarkably
lower than that needed by the standard bi-polar technique. Numerical

examples assessing the accuracy and the stability of the far-field recon-
struction process are presented. © 2003 Wiley Periodicals, Inc.
Microwave Opt Technol Lett 36: 32–36, 2003; Published online in
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1. INTRODUCTION

Among the near-field–far-field (NF–FF) transformation techniques,
that employing plane-polar scanning has attracted considerable atten-
tion due to its particular characteristics [1]. In such a scanning method,
the antenna rotates while the probe travels in a linear motion, so that
the NF data are acquired in concentric rings centered on the antenna
under test (AUT). The large computer time, required in the earliest
approach [1] to reconstruct the far field, has been drastically reduced
by recovering plane-rectangular data from the plane-polar data, thus
enabling the use of FFT [2]. In [3], by exploiting the quasi-band-
limitation properties of electromagnetic (EM) fields [4], an optimal
sampling interpolation (OSI) algorithm has been developed to recover
the plane-rectangular data from the plane-polar data. It minimizes the
truncation error and is stable with respect to errors affecting the data.
Moreover, at variance with the previous approaches [1, 2], the number
of samples for each ring stays bounded even if the ring radius goes
toward infinity and, on increasing the measurement plane distance, the
radial step can be significantly larger than that previously adopted.
However, when the radius of the scanning zone approaches infinity,
the overall number of samples becomes unbounded. This shortcoming
has been overcome in [5, 6], where field representations over a plane
from a nonredundant number of samples (which stays finite also for
an unbounded scanning plane) have been developed. They have been
obtained by considering proper geometrical modellings of AUT and
by exploiting the results [7] concerning nonredundant representations
of the EM fields, radiated by sources enclosed in arbitrary convex
domains with rotational symmetry and observed on surfaces having
the same symmetry.

The bi-polar scanning proposed by Rahmat-Samii et al. in [8, 9]
represents a convenient alternative to collect NF data over a plane.
In such a scanning method the AUT rotates axially, whereas the
probe is attached to the end of an arm that rotates around an axis
parallel to the AUT one. This allows collection of the NF data on
a grid consisting of concentric rings and radial arcs (see Fig. 1).
The bi-polar scanning maintains all the advantages of the plane-
polar one, while providing a simple and cost-effective measure-
ment system. In fact, since the arm is fixed at only one point and
the probe is attached at its end, bending is constant, which allows
planarity to be maintained. Moreover, rotational movements are
preferable to linear ones, since rotating tables are more accurate
than linear positioners. Unfortunately, the original approach in [8,
9] does not take advantage of the nonredundant representations of
EM fields and, as a consequence, it requires a large amount of
useless NF data.

The aim of this paper is to develop an efficient probe-compen-
sated NF–FF transformation technique with bi-polar scanning
from a nonredundant number of data.

2. SUMMARY OF PREVIOUS RESULTS

In this section, the theoretical results [7] concerning a nonredun-
dant representation of the EM fields, radiated by sources enclosed
in arbitrary convex domains with rotational symmetry and ob-
served on surfaces with the same symmetry, are briefly summa-
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