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Synthesis and Design of a New Printed Filtering Antenna

Chao-Tang Chuang and Shyh-Jong Chung

Abstract—Synthesis and design of a new printed filtering antenna is
presented in this communication. For the requirements of efficient integra-
tion and simple fabrication, the co-design approach for the integration of
filter and antenna is introduced. The printed inverted-L antenna and the
parallel coupled microstrip line sections are used for example to illustrate
the synthesis of a bandpass filtering antenna. The equivalent circuit model
for the inverted-L antenna, which is mainly a series RLC circuit, is first
established. The values of the corresponding circuit components are
then extracted by comparing with the full-wave simulation results. The
inverted-L antenna here performs not only a radiator but also the last
resonator of the bandpass filter. A design procedure is given, which clearly
indicates the steps from the filter specifications to the implementation.
As an example, a 2.45 GHz third-order Chebyshev bandpass filter with
0.1 dB equal-ripple response is tackled. Without suffering more circuit
area, the proposed structure provides good design accuracy and filter
skirt selectivity as compared to the filter simple cascade with antenna and
a bandpass filter of the same order. The measured results, including the
return loss, total radiated power, and radiation gain versus frequency,
agree well with the designed ones.

Index Terms—Chebyshev bandpass filter, filtering antenna, filter syn-
thesis, inverted-L antenna, skirt selectivity.

I. INTRODUCTION

In many wireless communication systems, the RF filters are usu-
ally placed right after the antenna. Since the size reduction and low
profile structure are a trend in the circuit design, it is desired to inte-
grate the bandpass filter and antenna in a single module, so called fil-
tering antenna, with filtering and radiating functions simultaneously.
However, to date, there has been relatively little research conducted
on an efficient integration between the filter and antenna with simple
fabrication and good circuit behavior. In traditional design, the filter
and the antenna are designed individually, with the common ports’
characteristic impedance ��, and then connected directly. The direct
connection of the filter and antenna usually causes an impedance mis-
match, which may deteriorate the filter’s performance (especially near
the band edges) and increase the insertion loss of the circuitry. To avoid
this, extra matching network should be implemented in between these
two components [1].

Several investigations have been focused on adding the radiating or
filtering function into an antenna or filter [2], [3]. In [2], metal posts
were inserted into a horn antenna, which can generate the filtering func-
tion. And in [3], the way is to create coupled cavities into a leaky wave
antenna so as to generate filtering performance on the antenna. While
these proposed circuits possess the characteristics of filtering and ra-
diating, it should be noted that they were designed without using a
systematic approach nor considering much on the filter’s or antenna’s
specifications.

Various approaches for integrating the filter and antenna into a single
microwave device have been discussed in [4], [5]. For size reduction, a
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Fig. 1. (a) Configuration of the proposed filtering antenna. (b) the equivalent
circuit of the inverted-L antenna. ����� � �����	
����	

�������.

pre-designed bandpass filter with suitable configuration was directly
inserted into the feed position of a patch antenna [4]. By using an
extra impedance transformation structure in between the filter and the
antenna, the bandpass filter can be integrated properly with the an-
tenna over the required bandwidth [5]. However, the transition structure
needs additional circuit area, and the designs did not have good filter
characteristics over the frequency range.

Recently, several filtering antennas designed following the synthesis
process of the bandpass filter have been presented [6], [7]. In these de-
signs, the last resonator and the load impedance of the bandpass filter
were substituted by an antenna that exhibited a series or parallel RLC
equivalent circuit. Although they have been done based on the co-de-
sign approach, most of them did not show good filter performance, es-
pecially the band-edge selectivity and stopband suppression. This is
due to the lack of the extraction of the antenna’s equivalent circuit over
a suitable bandwidth. Only that at the center frequency was extracted
and used in the filter synthesis. Moreover, the antenna gain versus fre-
quency, which is an important characteristic of the filtering antenna,
was not examined in these studies. Although in [7], the frequency re-
sponse of a factor named ideal matching loss �� � � ������� was
considered, it did not take into account the circuit and antenna losses
and thus missed the power transmission characteristic of the filtering
antenna.

In this study, a new co-design method is proposed to achieve a fil-
tering antenna with printed structure as shown in Fig. 1(a), which con-
tains an inverted-L antenna and � � � parallel half-wavelength mi-
crostrip lines. The printed inverted-L antenna is used with its equivalent
circuit completely extracted over a desired bandwidth for the synthesis
of the filtering antenna. Also, to increase the fabrication tolerance, a
quarter-wave admittance inverter with characteristic impedance other
than �� is introduced in the filter synthesis.

II. EQUIVALENT CIRCUIT MODEL OF THE INVERTED-L ANTENNA

Since the antenna is to be designed in the filter as the last resonator,
the first step to synthesize the filtering antenna is to establish the
antenna’s equivalent circuit model and extract the circuit components.
Fig. 1(b) shows the equivalent circuit at the antenna feed point looking
toward the antenna. Since the inverted-L antenna is a variety of a
monopole antenna, the antenna exhibits a series RLC resonance near
the first resonant frequency [8]. Here, �� and �� express the resonant
inductance and capacitance of the antenna, respectively, and ��

corresponds to the antenna radiation resistance. It is noted that an extra
shunt capacitance �� is incorporated in the equivalent circuit here so

that, as will be seen below, the whole circuit would have the same
impedance behavior as the antenna itself in a wider frequency range.
This parasitic capacitance comes from the accumulation of charges
around the antenna feed point due to the truncation of the ground
plane.

The inverted-L antenna is printed on a 0.508 mm Rogers 4003 sub-
strate with a dielectric constant of 3.38 and loss tangent of 0.0027. The
ground plane of the antenna, which is also the ground plane of the cir-
cuitry, has a fixed size of��� � �������mm. The antenna is fed
through a 50 	 microstrip line of width 1.17 mm. In the following, the
simulated characteristics of all the structures (filters and antennas) are
performed by the full-wave simulator Ansoft HFSS (High Frequency
Structure Simulator based on the finite element method), while those
of the antenna’s equivalent circuit are by AWR MWO (Microwave Of-
fice). For each given inverted-L antenna structure, the equivalent circuit
components are extracted by first letting the resonant frequency of the
circuit equal the simulated resonant frequency of the antenna. And then,
we optimize the values of the circuit components so that the reflection
coefficient �����, as a function of frequency, of the equivalent circuit
coincides with that simulated from the antenna in a frequency range
as wide as possible. The difference 
��� of the reflection coefficient
between these two curves is set not beyond 3% in a 20% frequency
bandwidth centered at the antenna resonant frequency.

In this design, the radiation resistance �� in the equivalent circuit
can serve as the load impedance of the bandpass filter to be synthesized,
and the series ��-�� circuit can be the filter’s last resonator so that

�� �
�

��
�
����

(1)

where �� is the center frequency of the bandpass filter and is chosen as
2.45 GHz in this work. In the process of establishing the antenna data-
base, the antenna frequency ��, which is determined by the total strip
lengths �	� � 	� � 
��
�, should be slightly larger than �� due to the
existence of the parasitic capacitance ��. This frequency corresponds
to the frequency location of the minimum value of the antenna’s reflec-
tion coefficient �����

��� � �� ���
��� � ��
��� � ��

(2)

with

��� � 
����� � �� � 
����� �� ���
��

��

�

It is noted that the radiation resistance �� and the inductance �� are
mainly dependent on the vertical strip length 	� due to the strongest
current distribution on this strip. Also, the parasitic capacitance �� is
decided by the strip width � and independent of the strip length 	�. It
is thus observed that the values of the three components ���� ��� ���
in (2) are almost invariant at a fixed strip length 	� only if the antenna
frequency is near ��. Therefore, for a choosing strip length, we first
extract the components of the ��� ��, and �� when the antenna is
resonated at ��, and then, taking these three components into (2), the
resonant frequency �� can be obtained. Various values of 	� have been
analyzed in this study. It is found out that, the antenna with different
dimensions of 	� has the resonant frequency �� near 2.53 GHz while
�� is 2.45 GHz.

Another important factor to be used for synthesizing the filtering
antenna is the corresponding quality factor of the antenna, ��, which
is defined as

�� �
������

��

(3)
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Fig. 2. The radiation resistance � and quality factor � as a function of the
strip length � . � � ���� mm, � � ���� GHz.

and is that of the series RLC circuit in the antenna’s equivalent circuit,
without including the effect of the parasitic capacitance �� . It should
be noticed that the �� is not the whole quality factor of the inverted-L
antenna.

Fig. 2 shows the variation of the radiation resistance �� and quality
factor �� as a function of the strip length ��. It can be observed that
the radiation resistance �� increases substantially from 13.6 � to 36.8
� when the strip length �� changes from 5 mm to 13 mm. In the same
�� variation range, the inductance �� (not shown in the figure) has
only little change (from 12 nH to 14.5 nH). The radiation resistance
increases much fast than the inductance as the strip length increases,
which results in a decreasing quality factor due to (3). As seen, the
quality factor changes from 13.7 to 6.0 when �� increases from 5 mm
to 13 mm. Although not shown here, the strip width � has minor influ-
ence on the values of equivalent circuit components. And the extracted
parasitic capacitance �� is around 0.3 pF to 0.4 pF, roughly indepen-
dent of the variations of �� and�. As to the application in the synthesis
of the proposed filtering antenna, once the quality factor �� is deter-
mined by the given specifications of filter (the relationship will be de-
rived later), the values of �� and �� can be obtained via the �� -to-��
and ��-to-�� curves in Fig. 2, respectively, and then the dimensions of
the antenna can be obtained.

Fig. 3 shows the comparison of the impedance behaviors on the
Smith chart from the full-wave simulation and the equivalent circuit
calculation. The dimensions of the inverted-L antenna, which is to be
used later in the synthesis of the filtering antenna, are �� � �� mm,
� � ���� mm, and �� � ����� mm. The extracted circuit components
are �� � ���� nH, �� � ��	� pF, �� � �
�� �, and �� � ��	�
pF, with the corresponding quality factor �� � ����. Notice that ��

has the same level as �� so that this parasitic capacitance can not be
neglected in the modeling of the antenna. It is seen from the figure that
the curve of 
�� for the equivalent circuit agrees well with the full-wave
simulation one from 1.5 GHz to 4 GHz. Especially, they have the same
value at the antenna resonant frequency (�� � ���	 GHz), and the dif-
ference �
�� is 0.16 dB (error of �
�� � 	%� at � � ���
 GHz and
0.148 dB (error of �
�� � 	%) at � � ��
� GHz.

III. SYNTHESIS OF THE FILTERING ANTENNA

Fig. 4(a) shows the proposed filtering antenna, which contains 	
coupled line sections and an inverted-L antenna. Note that the antenna
is connected directly to the 	 th coupled line. The filter to be synthe-
sized is an 	 th order Chebyshev bandpass filter. The 	 � � filter res-
onators are provided by the coupled line sections and the last one by the
inverted-L antenna. In order to match to the low antenna radiation resis-
tance and increase the flexibility of design, here the 	 th coupled line

Fig. 3. Input impedances of the inverted-L antenna with � � �� mm, � �

���� mm, and � � ����� mm. (solid line: the full-wave simulation; dotted
line: the equivalent circuit calculation.

has different design as the conventional ones [9]. Consider a coupled
line section with even- and odd-mode characteristic impedances 
���

and 
���, respectively, as shown in Fig. 5(a), which is to be equivalent
to the circuit shown in Fig. 5(b) near the center frequency ��. The right
transmission line section in Fig. 5(b) has a characteristic impedance

	, which is different from the system impedance 
��� �� �� and
can be selected arbitrarily. To have the same circuit performances near
the center frequency, the ABCD matrices of the coupled line section
and the equivalent circuit should be equal at �� � �
�, resulting into


 �

��� � 
	�
�

	 � � �

�
� � �� �

�
��
�� (4a)


 �

��� � 
	�
�

	 � � �

�
� � �� �

�
��
��� (4b)

Therefore, once � �

�
� is known, the impedances and thus the dimen-
sions of the 	 th coupled line section can be obtained.

By using the equivalent circuits of the antenna and the coupled line
sections, the filtering antenna structure shown in Fig. 4(a) can be ex-
pressed by the equivalent circuit shown in Fig. 4(b). The two trans-
mission line sections in between the admittance inverters have lengths
equal to a half wavelength near the center frequency, i.e., �� � ����

�

�, and thus can be replaced by a parallel LC resonator as shown in the
upper sub-figure of Fig. 4(c). To transfer this circuit to a typical band-
pass filter topology, the antenna’s parasitic capacitance �� should be
moved to the left-hand side of the admittance inverter � �

� as illustrated
in Block 2 of Fig. 4(c). The resultant capacitance � �

� can be derived by
equalizing the input admittances of Blocks 1 and 2 in the figure. For
frequencies near �� and ��

� �
�, the input admittance � �

� of Block

1 and � �

� of Block 2 can be derived and approximated as

� �

� � � �

� 
�
	 ������ �

�

� �

�

�

�
�

�

�
���

(5)

� �

� � ����� �

� � � �


� (6)
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Fig. 4. (a) The structure of the proposed N-order filtering antenna. (b) Equiva-
lent circuit of the proposed filtering antenna. (c) Modified circuit of the proposed
filtering antenna. (d) A typical N-order bandpass filter circuit using shunt res-
onators with admittance inverters.

Fig. 5. (a) Geometry of the Nth coupled line section and (b) the corresponding
equivalent circuit.

with

�
�

�� �
� �
� �

�
�

�
�
�

�
�
�

�
�

���

� (7)

By equalizing (5) and (6), one obtains

�
�

� � �� �

����
�
��� (8)

Actually, the capacitance � �

� is much smaller than � �

���, therefore,
the total capacitance ������ � �

����� �

�� of the second resonator is
approximately equal to � �

���.
Finally, the equivalent circuit of Fig. 4(c) can be transferred to the

conventional � th order bandpass filter circuit as shown in Fig. 4(d),
and, by letting the admittance � �

�� equal ���, one obtains

	� �
�
�	��

��

�



���	��
���
(9)

���

�
�

��	 �
���	

��

�	����	




���

� (10)

The design procedures of the proposed filtering antenna can now be
summarized as follows.

1) Specify the requirements of the bandpass filter to be synthesized,
including the center frequency �	, the fractional bandwidth 	,
and the type of the filter (e.g., bandpass filter with equal ripple),
from which the admittance inverters ���	�
 � 
� �� � � � � � �
�
and the parallel resonators ��� ���
 � 
� �� � � � � �� in Fig. 4(d)
can be determined [9].

2) Choose an antenna structure with suitable equivalent circuit that
can substitute for the last resonator and load impedance of the
bandpass filter. (Here in this study, the inverted-L antenna is
used.) And then get a database associated with the equivalent
circuit components for different antenna dimensions like those in
Section II.

3) Calculate the antenna quality factor 	� from (9) and then, after
choosing a suitable strip width (e.g., the same width as the feed
line), obtain the required strip length �� and radiation resistance
�� of the inverted-L antenna by using Fig. 2. The length �� of the
horizontal antenna strip can thus be determined by letting the an-
tenna resonate at ��. At this step, the dimensions of the inverted-L
antenna are acquired.

4) Choose suitable characteristic impedance �� and then calculate
the inverter constant � ���	 by using (10). Following, the even-
and odd-mode characteristic impedances � �

	�� and � �

	�� of the
� th coupled line section for the proposed filtering antenna can be
attained via (4).

5) Calculate the even- and odd-mode characteristic impedances�	��
and �	���
 � 
� �� � � � � � � 
� of the coupled line sections
by using the formulae in [9], and then all the dimensions of the
� coupled line sections in the proposed filtering antenna can be
determined.

IV. DESIGN EXAMPLES AND EXPERIMENTAL VERIFICATION

In this section, an example of the proposed filtering antenna is to
be presented. Following the above design procedures, a third-order
Chebyshev bandpass filter with a 0.1 dB equal-ripple response, �	 �
���
GHz,	 � 
�%, and�	 � 
�� are firstly chosen. Based on these
requirements, the inverter constants ���	�� � 
 � �� of the bandpass
filter can be calculated. Also, these parallel resonators in Fig. 4(d) have
the values of ���� ��� � ������ ��� ����
 ���, where � � 
, 2, and
3. Then, with a strip width� � 
�
�mm, the quality factor	� � ����
is obtained by using (9). This corresponds to a strip length �� � 
�mm
from the 	�-to-�� relationship shown in Fig. 2. To this point, all the
dimensions of the inverted-L antenna are gotten, that is, �� � 
� mm,
�� � 
���
 mm, and � � 
�
� mm. Hence, the radiation resistance
�� can be found as 28.6 � via Fig. 2.

Following, the inverter constant � �
�	 of the third coupled line and
thus the even- and odd-mode characteristic impedances � �

	�
 and � �

	�


can be calculated by using (10) and (4), respectively, from which the
line width and the gap between lines of the third coupled line are ob-
tained. Note that these dimensions are dependent on the characteristic
impedance �� used in the synthesis of the filtering antenna. Fig. 6 de-
picts their variations as functions of ��. It is seen that the larger is
the impedance ��, the smaller the gap size is. When �� � 
� �,
the gap would become smaller than 0.1 mm, which is difficult to re-
alize. Thus, for easy fabrication, a characteristic impedance of �� �
�� � is selected here. This would correspond to an inverter constant
� �
�	 � ��



 and even- and odd-mode characteristic impedances
�� �

	�
� �
�

	�
� � ��
��� �� ���
� ��. Finally, the even- and odd-mode
characteristic impedance of the first and second coupled line sections
are calculated, and then all dimensions of each coupled line section for
the proposed filtering antenna can be obtained. It should be noted that
the gap size of the first coupled line section is extremely small and dif-
ficult to fabricate. To tackle this problem, the tapped structure with a
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Fig. 6. Dimensions of the third coupled line section for different � in the
proposed filtering antenna.

quarter-wavelength impedance transformer [10] is utilized, as shown
in Fig. 1(a).

The full-wave simulated return loss of the proposed filtering an-
tenna in comparison with that of the conventional third-order Cheby-
shev bandpass filter is shown in Fig. 7(a). The simulated return loss of a
second-order bandpass filter directly cascaded with a 50-� inverted-L
antenna is also shown for reference. It is noticed that both of the pro-
posed filtering antenna and filter directly cascaded with an antenna are
third-order circuit, with two orders provided by the circuit and one by
the antenna. These two structures occupy about the same circuit area.
Here, the conventional third-order Chebyshev bandpass filter has the
same specifications as the filtering antenna (14% bandwidth and 0.1
dB equal-ripple response). And the filter in the reference structure is a
second-order Chebyshev bandpass filter with the same bandwidth and
ripple level. It is observed that the bandwidth and skirt selectivity for
the proposed filtering antenna agree very well with the conventional
third-order Chebyshev bandpass filter, which demonstrates the design
validity of the filtering antenna. On the other hand, putting an individu-
ally designed antenna after the bandpass filter via a simple cascaded 50
microstrip line, not only have no contribution to the order of the filter,
but also deteriorate the original filter performance, especially resulting
in bad skirt selectivity at the band edges.

Fig. 7(b) compares the measured return losses of the proposed fil-
tering antenna and the conventional third-order Chebyshev bandpass
filter. The simulated return loss of the filtering antenna is also shown for
comparison. Likely because of the deviations in dielectric constant and
substrate thickness, the bandwidth of the measured return loss of the
proposed filtering antenna is slightly narrower than the simulated one.
However, it is in close agreement with the measured one of the con-
ventional third-order Chebyshev bandpass filter. Both have the same
passband poles’ positions, the selectivity at the band edge, and the re-
turn-loss behavior at the stopband. This demonstrates that the proposed
filtering antenna has good selectivity in accordance with the conven-
tional bandpass filter.

Fig. 8(a) shows the full-wave simulated total radiated powers of the
proposed filtering antenna and the reference structure of a 2nd -order
filter directly cascaded with antenna. Here, the total radiated power has
been normalized to the input power. The simulated insertion loss of the
conventional third-order Chebyshev bandpass filter is also shown for
comparison. As compared to the reference structure, the total radiated
power of the proposed filtering antenna is flat in the passband and the
bandwidth is very close to the insertion-loss bandwidth of the third-
order Chebyshev bandpass filter. The measured total radiated power
of the proposed structure, which is in close agreement with the simu-
lated one expect for the deviations of the bandwidth, is also shown in
Fig. 8(a).

Fig. 7. (a) Full-wave simulated return losses of the proposed filtering antenna,
2nd-order � BPF � antenna, and the conventional 3rd-order Chebyshev BPF.
(b) Measured return loss of the proposed filtering antenna compared with the
measured one of the conventional 3rd-order Chebyshev BPF.

Fig. 8(b) shows the full-wave simulated antenna gains in the �� di-
rection versus frequency for the proposed filtering antenna and the ref-
erence structure of a 2nd -order filter directly cascaded with antenna.
The simulated insertion loss of the conventional third-order Chebyshev
bandpass filter is also shown for comparison. Since the inverted-L an-
tenna has an omni-directional field pattern in the xz-plane, has only
the antenna gain in the �� direction is discussed. As compared to the
reference structure, the antenna gain of the proposed filtering antenna
is flat in the passband and the bandwidth is very close to the inser-
tion-loss bandwidth of the third-order Chebyshev bandpass filter. The
proposed filtering antenna also provides better skirt selectivity with
stopband suppression better than 22 dB. The measured antenna gains
for the proposed filtering antenna is also depicted in Fig. 8(b), which
shows an antenna gain, including the circuitry loss, of ���� dBi. It is
obvious that the measurement matches well to the simulation. The am-
plitude noise of the measured gain in the stopbands is due to the system
noise of the antenna chamber.

In Fig. 8(b), a radiation null at � � ���� GHz in the �� direction,
which makes the skirt selectivity better than that of the conventional
bandpass filter, has been observed. Since an inverted-L antenna alone
should exhibit a monotonous gain dropping, but not a local gain min-
imum when the operating frequency moves away from the antenna’s
resonant frequency. Also, since it has been found that the frequency
locations of these nulls depend on the observation angle, they are not
caused by the circuit coupling between the first resonator and the third
one (i.e., the inverted-L antenna) of the filter. It is finally found out that
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Fig. 8. (a) Full-wave simulated and measured total radiated power compared
with the simulated insertion loss of the conventional 3rd-order Chebyshev BPF.
(b) Simulated and measured antenna gains versus frequency in the �� direc-
tion compared with the simulated insertion loss of the conventional 3rd-order
Chebyshev BPF.

Fig. 9. Full-wave simulated total-field radiation patterns in the xz plane at � �

���� GHz for the proposed filtering antenna and a two-port circuit structure
obtained from the filtering antenna with the inverted-L section replaced by a
terminated port. [solid line: proposed filtering antenna; dashed line: two-port
circuit structure.]

the last coupled line structure near the ground edge of the proposed fil-
tering antenna induces a strong spurious ground edge current, which in
turn produces extra radiation and cancels the radiation field from the
antenna at some frequency. Fig. 9 shows the simulated radiation pat-
terns in the xz-plane at � � ����GHz for the proposed filtering antenna
and a two-port circuit structure obtained from the filtering antenna with
the inverted-L section replaced by a terminated port. It is seen that the
two-port circuit produces a spurious radiation toward�� direction with
peak gain about ��� dBi, which is the same level as the omni-direc-
tional field pattern of an inverted-L antenna after the attenuation of the
third-order bandpass filter at � � ���� GHz. For field canceling, the
total radiation pattern of the filtering antenna thus possesses a radiation
null near the �� direction.

Fig. 10. Measured and simulated total-field radiation patterns in the xz, yz, and
xy planes for the proposed filtering antenna. [solid line: measured results; dashed
line: full-wave simulated results]. � � ���� GHz.

Fig. 11. Photographs of the proposed filtering antenna (left-side) and 2nd-
order BPF � antenna (right-side).

The measured and simulated total-field radiation patterns at �� �

���� GHz in the three principal planes are also presented in Fig. 10. It
is seen that the measured patterns are similar to the simulated ones, al-
though a discrepancy occurs at � � ���

� in the yz- and xz-planes (that
is, the�� direction) due to the interference of the feeding coaxial cable
in the measurement. The radiation pattern in the xz-plane is nearly om-
nidirectional with peak gain of 0.65 dBi. Fig. 11 shows the photographs
of the proposed filtering antenna compared with a second-order band-
pass filter directly cascaded with an inverted-L antenna.

V. CONCLUSION

A filtering antenna with new co-design approach has been proposed
and implemented. The design is accomplished by first extracting the
circuit model of the antenna, then casting it into the synthesis of a typ-
ical parallel coupled line filter. To increase the fabrication tolerance, a
quarter-wave admittance inverter with characteristic impedance other
than �� is introduced in the filter synthesis. A design example which
has the same specifications as the conventional third-order Chebyshev
bandpass filter is demonstrated. The measured results agree quite well
with the simulated ones. The proposed filtering antenna provides good
skirt selectivity as the conventional bandpass filter. It also possesses
flat antenna gain in the passband and high suppression in the stopband.
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Shaping Axis-Symmetric Dual-Reflector Antennas by
Combining Conic Sections

Fernando J. S. Moreira and José R. Bergmann

Abstract—A simple procedure for the shaping of axis-symmetric dual-re-
flector antennas is described. The shaping procedure is based on the con-
secutive concatenation of local conic sections suited to provide, under geo-
metrical optics (GO) principles, an aperture field with uniform phase, to-
gether with a prescribed amplitude distribution. The procedure has fast
numerical convergence and is valid for any circularly symmetric dual-re-
flector configuration. To illustrate the procedure two representative con-
figurations are investigated. The GO shaping results are validated using
accurate method-of-moments analysis.

Index Terms—Geometrical optics, reflector antennas, reflector shaping.

I. INTRODUCTION

A procedure for the geometrical optics (GO) shaping of circularly
symmetric Cassegrain and Gregorian antennas has been presented re-
cently [1]. It is based on the combination of local dual-reflector systems
to describe the generatrices of the sub- and main-reflectors, providing
an aperture illumination with a uniform phase distribution together with
a prescribed amplitude distribution. The procedure represents an im-
provement over traditional methods [2], [3] as no ordinary differential
equation needs to be solved. The use of curved (biparabolic) surfaces to
locally represent the reflectors together with ray tracing (i.e., GO con-
cepts) had already been adopted in [4] to establish a nondifferential set
of equations to shape offset dual-reflector antennas.

In [1] the authors adopted rectangular coordinates to describe the
local conic sections representing the reflectors’ generatrices, leading
to a nonlinear algebraic equation, which was approximated to provide
an one-step iterative solution. In the present work we improve the so-
lution by using polar coordinates to represent the conic sections. That
renders an one-step iterative procedure with simple linear algebraic
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Fig. 1. Dual-reflector shaping by consecutively combining conic sections
(ADC-like configuration).

equations, thus avoiding any approximation. Another interesting fea-
ture of the present formulation is that it is valid for any shaped axis-
symmetric dual-reflector configuration based on the classical axis-dis-
placed Cassegrain (ADC), Gregorian (ADG), ellipse (ADE), or hyper-
bola (ADH) [5].

In Section II the GO dual-reflector shaping formulation is presented
assuming a shaped Cassegrain (or ADC) geometry. In Section III, the
formulation is extended to other axis-symmetric dual-reflector config-
urations (ADG, ADE, and ADH). Then, the shaping of two represen-
tative dual-reflector antennas (ADC and ADE configurations) is con-
ducted to illustrate the procedure. The convergence of the shaping pro-
cedure is investigated and compared to another procedure based on the
numerical solution of an ordinary differential equation [3]. The radi-
ation characteristics of the shaped dual-reflector antennas are numer-
ically obtained by a method-of-moments (MoM) analysis in order to
validate the applicability of the proposed shaping technique. The MoM
software used in the present analysis has been successfully applied in
previous reflector-antenna synthesis (e.g., [6]).

II. FORMULATION OF THE SHAPING PROCEDURE

The basic idea is to represent the reflector generatrices by conic sec-
tions consecutively concatenated, as depicted in Fig. 1. Notice that a
shaped ADC configuration will be adopted to derive the formulation,
but in Section III the procedure will be extended to the other axis-sym-
metric dual-reflector antennas [5], [7].

The conic sections describing the subreflector ���� � � �� � � � � ��
have two focci. One is always at the origin � (where the feed phase-
center is assumed to be) and the other at point ��. As � is varied from
� to �� �� spans the locus of the subreflector caustic. �� is also the
focus of the parabolic section �� that describes a corresponding por-
tion of the main reflector. The axis of �� passes through �� and is
parallel to the symmetry axis of both reflectors (� axis), such that all
the rays reflected at the main reflector arrive parallel to each other at
the antenna aperture plane, thus providing a uniform phase distribution
at the aperture, according to GO principles. Another GO principle used
to define the conic sections is the energy conservation in the bundle of
rays that departs from� and reflects at �� and�� before reaching the
antenna aperture.

In order to uniquely define the conic sections �� and �� at each
iteration �, four parameters must be determined: the focal distance 	�
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