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Broad-Band Cavity-Backed and Capacitively
Probe-Fed Microstrip Patch Arrays
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Abstract—In this paper, a hybrid full wave method for the
analysis of probe-fed infinite phased arrays of single and stacked
microstrip patches, backed by metallic cavities, is applied to in-
vestigate the combined utilization of the capacitive probe-feeding
technique and the cavity enclosure of microstrip patches. The goal
is to obtain broad-band microstrip antennas on thick substrates
without the limitations due to the generation of surface waves
of the conventional microstrip antennas on infinite substrates. A
design procedure for the capacitive coupling is investigated and
theoretical results for the active input impedance and radiation
characteristics of different wide-band antenna designs are pre-
sented.

Index Terms—Capacitive probe feeding, microstrip antenna ar-
rays.

I. INTRODUCTION

M ICROSTRIP antennas possess attractive properties and
an increasing number of applications. However, it is well

known that in many cases, one of the principal disadvantages of
the conventional microstrip antenna configurations (single mi-
crostrip patches on thin substrates) is their narrow impedance
bandwidth. Different methods based on parasitic elements, ap-
propriate impedance-matching networks, or the utilization of
lossy materials have been developed to overcome this drawback
[1]. The simpler means of improving the frequency band char-
acteristic is to increase the thickness of the substrate between
the single patches and the ground plane. However, this proce-
dure gives rise to another problems owing to the surface wave
generation. Thus, as the substrate becomes thicker the radiation
efficiency decreases and the antenna radiation pattern or polar-
ization characteristics may deteriorate due to the spurious ra-
diation. In the case of arrays, the increase of the mutual cou-
pling between elements impedes a good impedance matching
between the microstrip patches and the feed lines, as the array is
scanned [2]. Additionally, for a coaxial-probe feeding the input
impedance of the patch on electrically thick substrates becomes
excessively inductive and leads to an undesirable mismatch [3].

In the last years, microstrip patch antennas backed by
metallic cavities have been proposed to prevent surface wave
modes [4]. This configuration allows to utilize thick substrates
without the limitation in the scanning range, or even to achieve
a considerable improvement in scan performance. To analyze
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Fig. 1. Elementary cell of a capacitive probe-fed infinite array of cavity backed
square patches.a = b = 1:95 cm, h = 1:85 cm,L = W = 1:35 cm,
s = 4:45 mm. Coaxial feed (SMA connector):" = 1:951; r = 0:64 mm;
r = 2:05 mm.

these structures simple approaches become inaccurate and
full-wave methods have been proposed, such as integral
equation formulation [4], finite-element method [5], or hybrid
techniques [6], [7].

On the other hand, in the case of coaxial probe-fed microstrip
antennas on electrically thick substrates, the use of the capaci-
tive coupling within the radiating structure itself, has been in-
vestigated [8], [9] in order to compensate the probe inductance.
This feeding technique is analyzed in [8] using approximate for-
mulas or in [9] from experimental results. A simplified model
for the capacitive feed based on a uniform or sine function cur-
rent distribution on the probe is employed in [10]. However,
simple approaches developed for thin substrates become inac-
curate for electrically thick antennas and a rigorous modeling
is required to take into account the effect of the probe size, the
actual current variations, and the field alteration on the coaxial
aperture when this is not negligible.

In this work, single microstrip patch arrays enclosed in
metallic cavities and placed on thick substrates of very low
permittivity materials are combined with the application of
the capacitive probe feeding in place of the direct junction
probe-radiating patch, as shown in the microstrip antenna
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TABLE I
DIFFERENTCASESCONSIDERED FOR THECAPACITIVE COUPLING IN FIG. 1

structure of Fig. 1. The objective is to enhance the impedance
bandwidth performance without an exterior matching network
and without the aforementioned detrimental effects owing to
the surface wave excitation.

II. M ETHOD OFANALYSIS

The geometry of the capacitive probe-fed microstrip antenna
considered in this paper is described in Fig. 1. It represents the
unit cell of an infinite array of single square patches backed by
metallic cavities. The electromagnetic coupling is performed by
a circular patch with radius (capacitor patch) connected to the
inner conductor of a coaxial line. This patch is placed on a thick
dielectric substrate with a thickness and separated from the
radiating patch by a thin substrate layer of thickness. The
resultant structure may be considered as a dual layer microstrip
array of patches in stacked configuration, although the capacitor
patch does not operate as a radiating element on the working
frequencies.

The proposed structure is analyzed by a full wave method
for probe-fed and multilayered infinite phased arrays of cavity-
backed and arbitrarily shaped microstrip patches in single or
stacked configuration, presented recently in [11]. It is a mod-
ular procedure that combines the mode-matching (MM), gen-
eralized scattering matrix (GSM) techniques, and the two-di-
mensional finite-element method (2-D FEM). The analysis is
limited to a single unit cell of the array from the infinite array
approach and is based on the consideration of the elementary
cell as an open-ended succession of homogeneous waveguides
of diverse cross sections, with the same direction of propagation
( axis in Fig. 1) radiating into half-space. The radiated field is
expressed as a Floquet’s harmonic expansion and a modal rep-
resentation, either analytical or numerical, is used in the homo-
geneous waveguides. Each transition between waveguides and
the interface between the infinite array of apertures and the free
half-space, are solved by the MM technique to obtain their indi-
vidual generalized scattering matrices. A hybrid MM-FEM pro-
cedure is used for the analysis of discontinuities that involve
homogeneous waveguides of arbitrary cross section. A cascade
connection process for the GSM’s of the waveguide discontinu-
ities and the aperture provides the GSM of the overall structure

(1)

Fig. 2. Active input impedance of the infinite array defined in Fig. 1 for
different cases described in Table I.

which relates incident and scattered modes in the
coaxial line and Floquet’s harmonics in the half-space
and characterizes the array. The reflection coefficient for the
TEM mode in the coaxial line (1, 1) gives the active reflec-
tion coefficient of the infinite array. In this way, the method
provides a rigorous modeling of the probe feeding, allowing ac-
curate predictions of the active input impedance, particularly in
the analysis of cavity-backed arrays involving thick substrates
as in the proposed structure. The active element pattern of the
array is obtained from its GSM computed previously, with
the method described in [12] based on an identification with
the Floquet’s harmonics coefficients. This technique allows to
obtain in a rigorous way the field and power patterns and it is
applicable even when grating lobes and losses are present. The
validation of the employed analysis procedure was carried out
in [11] and [12]. Input impedance and active element pattern
results were presented and compared with measurements
performed on waveguide simulator and other experimental data
and numerical predictions previously published.

III. N UMERICAL RESULTS

A. Capacitive-Probe Feeding and Design Procedure

In a capacitive probe-fed microstrip patch antenna on a thick
dielectric substrate, the probe reactance is canceled by a series
capacitor placed within the same radiating structure. As is de-
scribed in [8], the series capacitance value is determined by the
capacitor patch size (radiusin Fig. 1) and the permittivity and
thickness of the gap substrate , . The reactance compen-
sation is also associated with a reduction in the input resistance
and a shift of the resonant frequency [10].

In this section, the infinite array described in the Fig. 1 has
been analyzed by varying the parameters of the capacitive cou-
pling to illustrate the adaptative effect of this feeding technique
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Fig. 3. Radiating patch displacement(D) toward the wall cavity for the purpose of matching the input impedance.

Fig. 4. Active input impedance (a) of the infinite array defined in Fig. 1 for
R = 1:3 mm, D = 1:0 mm and different substrate thickness(e=� )
given in (b) ( ): The gap substrate thicknesse is varied to eliminate the
probe inductance in each case. The relative bandwidth for a SWR< 2.0 versus
substrate thickness is represented for the previous case and another two different
combinations(R;D ).

and to achieve a design procedure in order to enhance the band-
width impedance of the antenna. First, distinct simulations have
been performed for a same total substrate thickness

mm) with and different situations de-
fined in the Table I. The capacitor patch elements are joined to
the center conductor of a 50-SMA connector. All the dimen-
sions and dielectric constant of the connector given in Fig. 1 are
considered in the computations. The results in Fig. 2 show the
active input impedance at broadside in case of direct junction
probe-radiating patch (curve) and with electromagnetic cou-
pling (curves , , and ) corresponding to three different com-
binations . The curves illustrate the known effect of
the series capacitor that produces a counterclockwise rotation on
the Smith chart of the input impedance. For the three cases (,
, and ) the impedance is purely resistive and maximum at the

same resonant frequency 5.04 GHz, which has been shift from
case (5.39 GHz). An identical resonant frequency reduction
is accomplished. The initial positive reactance of the radiating
elements on a thick substrate is compensated and the resistive
component appreciably reduced. However, the series capacitor
value will be different for each case since it compensates a dis-
tinct inductive component proportional to the probe length.

Thus, by adjusting and , a same reactance compensation
from the case of the direct junction may be achieved with
different input resistance at resonance with zero reactance. The
observation of the curves shows that the resistive component
reduction is proportional to the gap substrate thickness and
therefore to the capacitor patch radius. As it is well known,
the probe location (length in Fig. 1) may be moved in the
appropriate way to compensate this reduction and to match
the input impedance. With the same effect, and with a smaller
technological complexity, it is proposed a displacement of
the radiating patch toward the wall cavity, as shown in Fig. 3,
to achieve an optimal matching. The possible effect of the
proximity between the patch and the cavity is taken directly
into account from the full wave method employed. In this
way, the curves and in Fig. 2 correspond to the previous
cases and , but with a patch displacement and

mm, respectively. Note that the capacitive patch size
will limit this displacement if it must remain covered under the
radiating patch. There will be a maximum value of
for given radius and then the resistive component reduction
cannot be compensated indefinitely as the substrate thickness
is increased. The Fig. 4(a) shows this fact. The active input
impedance is represented for fixed values of mm and

mm and different substrate thickness given on
Fig. 4(b) in the corresponding curve. Each triangle in this
figure corresponds to a curve in Fig. 4(a), being the first one
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Fig. 5. (a) Broadside active reflection coefficient magnitude and (b) active
input impedance of the infinite array shown in Fig. 1 for two different designs
defined in Table II.

marked with an asterisk () on both figures. The capacitive
compensation is adjusted in each case by varyingso that the
reactive component is canceled at resonant frequency. Thus,
for a given size of the capacitor patch there will be an
optimum substrate thickness for which a maximum bandwidth
is obtained as shown the results in Fig. 4(b). In this figure, the
2.0 standing wave ratio (SWR) bandwidth versus the substrate
thickness is depicted for three different cases corresponding
to three couples (, ). The results illustrate that from a
certain substrate thickness, different in each case and smaller
as is increased, a thicker substrate does not produce a
bandwidth enhancement owing to the resistive component
reduction. Impedance bandwidths larger than those predicted in
[1] are attained. Thus, with smaller capacitor patches, it will be
possible to match the input impedance with thicker substrates
and then to obtain a greater bandwidth. However, the mechanic
tolerance of the capacitive patch and gap layer will be more
critical. A rectangular patch with an aspect ratio
could be chosen to increase the resistance of the patch, which

allows to obtain a greater bandwidth with a thicker substrate,
although the directivity of the radiating system would decrease
owing to the smaller new aspect ratio of the patch.

B. Broad-Band Patch Antenna Designs using Very Low
Permittivity Materials

In this section, and based on the previous conclusions,
cavity-backed and capacitively probe-fed microstrip antennas
on thick substrates are combined with the use of very low
permittivity materials to illustrate the substantial bandwidth en-
hancement that may be obtained without a significant detriment
to the radiation properties. Hard foam materials with a low
weight and a low permittivity ranging ( ) are em-
ployed in the design of microstrip antennas to prevent surface
wave propagation and to increase the bandwidth [1], [13]. As
metal patches cannot be deposited directly on these materials,
an additional thin dielectric layer placed on top of the foam
may be used to support the radiating elements as shown in [13].
This substrate arrangement may be employed for the structure
analyzed in this work: the radiating and capacitor patches will
be done on a standard substrate and this one placed over a
thick and hard foam substrate. In this way, the permittivity and
thickness tolerances of the gap substrate, critical to determine
the series capacitance, are fixed by commercial substrates.

Next, results for two distinct designs obtained from two
different tetrafluorethylen (PTFE, ) commercial
dielectrics employed as gap substrate and a foam substrate
with are presented. The Fig. 5(a) and (b) show
the broadside active reflection coefficient magnitude and the
active input impedance respectively. The designs have been
obtained in each case from a fixed capacitor patch radius and
the corresponding maximum patch displacement by choosing
between the different commercial PTFE substrate thickness
and by adjusting the foam substrate thickness. The adjustment
also may be achieved by varying the radiuswith commercial
thickness of the PTFE and foam substrates. The simulated
antenna parameters for each case are given in Table II and
Fig. 1.

In the first proposed design the bandwidth for a SWR1.5 is
2 GHz, giving a relative bandwidth of 31.3% at the central fre-
quency of 6.4 GHz ( ). The element spacing cor-
responds to 0.416 at this frequency. In the second case, the
bandwidth is 1.47 GHz, giving a relative bandwidth of 23.6%
at the central frequency 6.23 GHz ( ). The active
element pattern of the electric field is depicted in Fig. 6(a) in

- and -planes at 6.4 GHz for the first cavity-backed array.
A very low -plane cross-polarization level is obtained and
no radiation pattern distortion appears that could be expected
owing to the asymmetry of the patch in the cavities. The-plane
cross-polarization level is negligible. Fig. 6(b) shows the broad-
side-matched active reflection coefficient magnitudeversus
the scan angle in - and -planes at the same frequency. A
very good scan performance in the-plane is observed. The an-
tenna has a scan angle range near 154for a SWR 1.5 in this
plane. For the same array with a conventional infinite substrate,
a substantial reduction in the scan coverage may be expected
as shown in [4]. The metal cavities and the low permittivity of
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TABLE II
SIMULATED PARAMETERS FOR THEARRAY SHOWN IN FIG. 1

Fig. 6. (a) Normalized active element pattern and (b) broadside-matched
active reflection coefficient magnitude versus the scan angle of the infinite
array defined in Fig. 1 with the characteristics corresponding to the design (1)
in Table II (f = 6:4 GHz).

the foam reduce the effect of the surface waves, even with thick
substrates, and lead to a scan performance improvement. The
active reflection coefficient magnitude versus the frequency is
depicted in Fig. 7 for three scan angles (broadside in

-plane and in -plane). A bandwidth of about 35.3%
for a SWR 2.0 is observed over the defined scan volume.

As demonstrated in [10], the bandwidth characteristic of a mi-
crostrip antenna array is depreciated as the element spacing is
increased. The previous considered array has been analyzed for

Fig. 7. Active reflection coefficient magnitude versus frequency of the infinite
array defined in Fig. 1 (design 1 in Table II) at three different scan angles.

increasing the periodicity indirection ( and
at the frequency of 6.4 GHz) and a relative bandwidth of 24.2
and 22.8% for a SWR 1.5 have been obtained. The patch dis-
placement has been modified to mm to achieve an
optimum bandwidth. In Fig. 8, the active reflection coefficient
magnitude and the normalized active element pattern versus the
scan angle in the -plane are depicted for both cases. A con-
siderable scan coverage improvement and an increment of the
cross-polarization level are observed in comparison with the
previous smaller periodic case. The appearance of a grating lobe
at the 72.38 scan angle improves the scan coverage but also
produces a radiation pattern distortion. A similar scan perfor-
mance in the -plane, depicted in Fig. 6(a) is obtained for the
three considered periodicities since the element spacing indi-
rection has not been modified.

IV. CONCLUSION

A hybrid MM-GSM-FE numerical technique has been em-
ployed to analyze capacitive probe fed microstrip patch arrays
on thick dielectric substrates and backed by metallic cavities.
It is found that this microstrip antenna structure allows to use
thicker substrates to enhance the frequency bandwidth without
the detrimental effects owing to the surface wave excitation. The
effect of the capacitive coupling has been investigated and dif-
ferent broad-band designs have been presented. It is found that
with smaller capacitor patches it is possible to achieve greater
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Fig. 8. (a) Normalized active element pattern and (b) broadside-matched
active reflection coefficient magnitude versus the scan angle in theH-plane,
of the infinite array defined in Table II (design 1) with two different element
spacing “a” in x direction (f = 6:4 GHz).

bandwidths. The reduction of the element spacing that leads
to a bandwidth enhancement, also produces a decrease of the
cross-polarization level and a diminution of the scan coverage.
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