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Coplanar Capacitively Coupled Probe Fed Microstrip
Antennas for Wideband Applications

Veeresh G. Kasabegoudar and K. J. Vinoy, Senior Member, IEEE

Abstract—The design and analysis of a coplanar capacitive
fed microstrip antenna suspended above the ground plane is
presented. It is demonstrated that the proposed approach can be
used for designing antennas with impedance bandwidth of about
50% and a good gain to operate in various microwave bands. The
model of the antenna incorporates the capacitive feed strip which
is fed by a coaxial probe using equivalent circuit approach, and
matches simulation and experimental results. The capacitive feed
strip used here is basically a rectangular microstrip capacitor
formed from a truncated microstrip transmission line and all
its open ends are represented by terminal or edge capacitances.
The error analysis was carried out for validity of the model for
different design parameters. The antenna configuration can be
used where unidirectional radiation patterns are required over a
wide bandwidth.

Index Terms—Coplanar capacitive feed, microstrip antennas,
wideband and input impedance.

I. INTRODUCTION

M ICROSTRIP antennas are suitable for modern broad-
band applications because of their desirable character-

istics [1]–[3]. Although microstrip antennas in their basic form
exhibit limited bandwidth, it has been shown by several re-
searchers that the bandwidth can be significantly improved by
altering the basic geometry and/or feed or by using impedance
matching techniques [2]. However most of these geometries em-
ploy stacked multiple metal/dielectric layers [4], or use mod-
ified probe shape (L-, T-, or meander-shaped probes) [5]–[7],
which elude the primary advantages of microstrip antennas such
as ease of fabrication and assembling [8].

On the other hand, the antenna reported in [3] is a single layer
coplanar capacitive fed wideband microstrip antenna. This an-
tenna is simple to fabricate and assemble, and the 28% band-
width reported there could be enhanced by optimizing the di-
mensions of feed strip and its placement with respect to the radi-
ator patch [8]. Radiation patterns of this antenna with bandwidth
of almost 50% can be improved by modifying the edge of the
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radiator patch close to the feed strip [9]. The maximum band-
width can be achieved for this antenna with an overall substrate
height of about 0.16 [8]. In the above geometries, the antenna
has a unidirectional radiation pattern because of the presence
of the ground plane. The capacitive feed strip placed along one
of the radiating edges of the patch compensates for the probe
inductance. This approach for compensating probe inductance
is widely known [10], but the impedance bandwidth of the an-
tenna configuration in the present work is significantly higher
than previously reported [3], [10].

Input impedance of microstrip antennas plays a major role
in determining the matching between antenna terminals and
transmission lines. Extensive studies have been reported in
the literature on input impedance calculations of microstrip
antennas [11]–[22]. A few of these studies include transmission
line model [11], cavity model [12], moment method solutions
[13]–[17], equivalent circuit (extracted from cavity model
i.e., treating volume below the patch as a cavity) approaches
[18]–[21], some of which involve solving complicated integrals.
An equivalent circuit based approach provides a clear physical
insight into the operation of the antenna. The equivalent circuit
approaches reported in [18]–[21] are simple and reasonably
accurate but these consider that the probe feed is directly con-
nected to the radiator patch geometries. The impedance analysis
of coplanar capacitive fed wideband microstrip antenna has
been reported by [22] based on full wave analysis. However the
suggested method involves numerically intensive calculations
for the basic antenna geometry as mentioned above.

In this paper we present the design, optimization, and anal-
ysis of input impedance of coplanar capacitive fed wideband
microstrip antennas. Input impedance analysis presented here
is based on equivalent circuit approach which also incorporates
the probe feed connected outside the radiator patch into the com-
plete model. The model developed here is simple to analyze and
suitable for CAD implementation. The basic geometry of the
antenna and its optimization are presented in Section II. Input
impedance analysis of the antenna is presented in Section III.
This is followed by experimental validation and conclusions in
Sections IV and V, respectively.

II. ANTENNA GEOMETRY AND ITS OPTIMIZATION

The basic geometry of the antenna is shown in Fig. 1 [8] and
optimized dimensions are listed in Table I. The configuration
is basically a suspended microstrip antenna in which radiating
patch and the feed strip are placed above the substrate of thick-
ness “ ” mm. A long pin SMA connector is used to connect
the feed strip which capacitively couples the energy to a radi-
ating patch. The detailed parametric studies have been reported
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Fig. 1. Basic geometry of coplanar capacitive fed UWB microstrip antenna.
(a) Top view. (b) Cross sectional view.

TABLE I
DIMENSIONS FOR THE ANTENNA DESIGNED FOR 5.9 GHz

earlier [8], [9] for the optimization of this geometry. In this sec-
tion, we briefly discuss the effect of key design parameters on
the antenna performance. These include air gap , separation
between feed strip and the radiator patch , and the length
and width (feed strip dimensions). The substrate used for
antenna fabrication is a RO3003 with dielectric ,
loss and thickness . All param-
eters are optimized using IE3D which is a method of moments
(MoM) based electromagnetic (EM) software.

The basic patch design starts from the selection of center fre-
quency of the band of operation. For demonstration purpose 5.9
GHz is chosen in the present study. Radiator patch dimensions
can be calculated from standard design expressions after making
necessary corrections for the suspended dielectric [1],
[23]. These corrections incorporate the total height above the
ground and effective dielectric constant of the suspended mi-
crostrip [24]. It has been shown that the impedance bandwidth of
the antenna may be maximized by using the design expression

(1)

Where is the height of the substrate above the ground, and
and are the thickness and dielectric constant of the substrate
respectively. However, it should be noted that this equation en-
ables us to predict the initial value but the final optimum value
would be within of this [8].

Fig. 2. Effect of feed strip dimensions on impedance bandwidth for an antenna
designed to operate at 5.9 GHz as the center frequency. (a) Feed strip length
versus bandwidth. (b) Feed strip width versus bandwidth.

As an example, the air gap was varied from 5.0 mm to 7.5
mm to study its effect on the impedance bandwidth. It can be
seen from Table II that the optimum bandwidth solution (set of
key design parameters) is not unique and for each air gap value,
any of the key design parameters can be used to maximize the
antenna bandwidth. For example when air gap is equal to 5.5
mm, there are two possible sets of parameters to get the best
possible BW of 3.07 GHz for this height. From these studies,
the optimum air gap is found to be 6.0 mm for an antenna oper-
ating with a center frequency of 5.9 GHz. However it should be
noted that the air gap of 6.0 mm is optimum only for the present
operating band and dielectric sheet properties used. Hence the
optimum height above ground plane should be recalculated
with the help of (1) as discussed above. This is illustrated by
considering some arbitrary frequencies (2.0, 4.5, 8.0 and 10.0
GHz) on either side of the present 5.9 GHz. Boresight gain and
efficiency for the corresponding center frequency of the oper-
ating band for each case are listed in Table II. From Table III
it can be seen that nearly 50% bandwidth can be obtained for
almost all frequencies considered from the proposed design ex-
cept for 2.0 GHz case for which the BW is 46%.

For small variations in dielectric constant of the suspended
substrate the effective dielectric properties would remain largely
unaffected and hence the bandwidth. However there could be a
shift in center frequency due to the change in feed strip reac-
tance. A similar effect is also observed with the variation in the
thickness of the dielectric layer .
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TABLE II
OPTIMIZATION OF AIR GAP USING DIFFERENT KEY DESIGN PARAMETERS AND OTHER PARAMETERS ARE AS LISTED IN THE TABLE I

TABLE III
SCALING OF ANTENNA FOR DIFFERENT CENTER FREQUENCIES WITH THEIR OPTIMUM DIMENSIONS

Finally, the effect of feed strip dimensions on impedance
bandwidth was investigated. These two dimensions ( and )
control the reactive part of the antenna’s input impedance. It
can be noticed from Fig. 2 that impedance bandwidth decreases
with the increase in or . In other words, the bandwidth lost
in increasing one parameter can be regained by decreasing the
other. For example changing “ ” from 1.2 mm to 1.8 mm results
in the reduction of bandwidth from 2.99 GHz to 2.80 GHz,
which can be restored by reducing the dimension “ ” from 4.1
mm to 3.1 mm (Fig. 2(b)). However it should be noted that use
of lower dimensions may pose difficulty in sol-
dering the SMA probe pin while higher values
cause feed strip radiations to disturb the radiation field [8]. For
further details on parametric studies, our earlier works [8], [9]
may be useful.

III. EQUIVALENT CIRCUIT MODELING

To find the input impedance of the antenna, analysis is made
in following paragraphs.

A. Radiator Patch

The equivalent model of a rectangular microstrip antenna is
basically a parallel tuned circuit for the antenna operating in
the fundamental mode [1]. For the fundamental mode of opera-
tion its equivalent circuit consists of well known parallel com-
bination of RLC elements. However it should be noted that for

DC and extremely high frequency operations, a capacitor and an
inductor, respectively, can be placed in series with the equiva-
lent circuit of fundamental mode. The radiating patch may be
treated as an edge fed microstrip antenna for calculating the
patch equivalent capacitance

(2)

It may be noted that height of the dielectric substrate here is
the total height of the geometry including air gap and the effec-
tive dielectric constant for the suspended or airdielectric con-
figuration calculated from the equations given in [24]. In the
present case, the antenna was designed to operate in the
mode and other values ( and ) of the patch equiv-
alent can be calculated from equations given in [23].

B. Feed Section

As discussed in earlier sections, in the present geometry
(Fig. 1), the coaxial probe is not directly connected to the
radiator patch instead it is connected to a small rectangular strip
placed near the radiator patch which excites it by capacitive
coupling. Feed strip can be treated as a rectangular microstrip
capacitor as its dimensions are much smaller in comparison
with the wavelength of operation. It can also be considered as
an abruptly terminated microstrip line and all of its sides (open
ends) that can be represented by terminal capacitances. The
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Fig. 3. Equivalent circuit of probe with feed strip.

parallel plate capacitance of the feed strip is given in
(3)

(3)

It may be noted that the area of the strip is much smaller
than the patch. The perimeter to area ratio is much larger in
this case. Hence the fringing capacitances from the edges may
be significant in this case. These capacitances, often known as
terminal capacitances of the line, can be calculated from [20]:

(4)

(5)

In (4) and (5) and, and are microstrip line imped-
ances in air and substrate medium. A factor of 2 is used here
to include opposite sides (Fig. 3). The dissipation and radia-
tion losses from the feed strip are modeled with a resistance

. At lower frequencies radiation losses from the feed strip
can be neglected. However with the increase in the operating
frequency, radiation losses should be taken into account. The
strip resistance can be calculated similar to the patch equivalent
resistance.

The probe feed can be represented by an inductive reactance
element in series with the feed strip equivalent circuit
[20]. The probe reactance can be calculated from [20], [21]

(6)

Where is the probe diameter, is the operating frequency;
is the velocity of wave through a free space, is the total

height of mixed air substrate combination, and is the equiv-
alent dielectric constant of the composite air-dielectric medium
and can be calculated by

Based on the above, the equivalent model of the feed is shown
in Fig. 3. This circuit models the effects in the region below the
feed strip.

C. Separation Between Radiator Patch and Feed Strip

The separation between radiator patch and the feed strip is
essentially an asymmetrical gap i.e., two conductors of unequal

Fig. 4. Complete circuit model of antenna shown in Fig. 1.

width, separated by a short distance . The separation between
the radiator patch and feed strip can be modeled by the -net-
work ( , , and shown in Fig. 4) given in [25]. Two
parallel capacitors ( and ) represent the terminal capaci-
tances of the two microstrip sections and the series capacitance

represents the gap. These capacitances can be calculated
by a rigorous spectral domain method [25] after making neces-
sary corrections for two layer air dielectric medium

(7)

(8)

(9)

In (7)–(9) [25],

(10)

(11)

(12)

(13)

(14)

Some additional correction factors have been added to few
terms of these equations based on data obtained from a number
of cases studied. However it should be noted that, these cor-
rection factors are required only outside the parametric range
( , and ) defined in [25] and
for suspended configurations. For example in the present case,

(0.22) and (0.066) are outside the
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range mentioned above and hence need corrections. With these
corrections, the model works for different values of feed strip
dimensions considered in [8] to obtain best possible bandwidth
for this antenna . In and , and are the
correction factors for suspended substrates, whose values are
defined as

And for

(15)

(16)

In all above expressions, the substrate height is replaced by
the total height to include air-dielectric medium . In (8),
the static edge capacitance of the radiator patch capacitance can
be computed from

(17)

In (17), and are microstrip line impedances in air
and substrate medium respectively. It should be noted that the
dynamic radiating edge capacitance of the patch is equal to its
static edge capacitance as the antenna is designed to operate in
the mode. The strip width fringing capacitance
in (7) can be calculated as explained in Section III-B.

D. Complete Equivalent Circuit

The complete circuit after combining all individual parts of
entire geometry developed in the above paragraphs is shown in
Fig. 4.

The input impedance of the complete antenna geometry
shown in Fig. 4 can be calculated from

(18)

In (18), is the input impedance of patch equivalent and
is the input impedance of feed strip.

Fig. 5. � characteristics obtained from different techniques for the antenna
shown in Fig. 1.

IV. VALIDATION OF THE MODEL AND DISCUSSIONS

Above designed prototype with dimensions given in Table I
was fabricated and its characteristics ( (dB) (input reflec-
tion coefficient), gain and radiation patterns) were measured.
The input impedance model given by (18) was implemented in
MATLAB. The characteristics obtained from simulation,
measurement and our model are compared in Fig. 5. It can be
noticed from Fig. 5 that model is in good agreement with the
simulated and measured results. For other values of feed strip
dimensions, the characteristics from the model do not de-
viate much with the simulated results obtained from the IE3D.
All geometries were simulated with the probe diameter of 1.4
mm of a commercially available SMA connector. The substrate
used for all the simulations, analysis and fabrication of the an-
tenna is Roger’s made RO3003 with dielectric constant of 3.0,
loss tangent of 0.0013 and thickness of 1.56 mm.

Tables IV and V show the performance for different sets of
values of feed strip length from 1.2 mm to 1.8 mm and width

from 3.1 mm to 4.1 mm and found good matching with the
simulated results. The model was tested further for bands of fre-
quencies (L, S, C, and X) as the microstrip antenna is redesigned
for almost any frequency by appropriate scaling in Table VI.
The frequencies chosen within these bands are 2, 4.5, 5.9, 8,
and 10 GHz as demonstrated in [8]. For all these designs, we
found good match between the simulated and the calculated
characteristics. In Tables IV–VI, a comparison of frequency de-
viation between the measured and computed values of the two
resonant frequencies of antenna is given. The resonant frequen-
cies ( and ) correspond to the peak negative values of the

characteristics. From these studies, it can be noted that the
total relative percentage error does not exceed 3.5% in all cases
considered (Tables IV–VI). Since the error is much smaller than
the bandwidth, we conclude that the percentage of error is ac-
ceptably low.

Radiation patterns were measured in an anechoic chamber.
Comparisons of simulated and measured radiations patterns of
E and H plane patterns at the start, center, and end frequencies
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TABLE IV
ERROR ANALYSIS FOR TWO RESONANT FREQUENCIES IN THE � BAND ���� ��� WITH FEED STRIP WIDTH �� � ��	 

� CONSTANT

TABLE V
ERROR ANALYSIS FOR TWO RESONANT FREQUENCIES IN THE � BAND ���� ��� WITH FEED STRIP LENGTH �� � ��� 

� CONSTANT

TABLE VI
ERROR ANALYSIS FOR TWO RESONANT FREQUENCIES IN THE � BAND ���� ��� FOR DIFFERENT BANDS OF FREQUENCIES

of the useful frequency band are shown in Fig. 6. These em-
phasize the unidirectional nature of the radiations. It may be
noted that the H-plane patterns are symmetrical throughout the
band of operation whereas E-plane patterns are symmetrical at
lower frequencies and the degree of asymmetry increases at the
higher end of the operating band. Furthermore, these also in-
dicate minor beam squinting and increased cross polarization
levels. These may be attributed to the excitation of unwanted
higher order modes and/or spurious direct radiations from the
feed [26]–[29]. Approaches suggested to address these prob-
lems are based on modifying the probe feed of the patch such
as by employing a dual feed arrangement with 180 phase shift
[26], or a balanced feeding technique [27]. In a separate effort,

the geometry of the presently used capacitively coupled patch
has been modified to achieve symmetrical E-plane radiation pat-
terns across the band of operation [9].

However, it can be noted that the measured radiation patterns
show more than cross polarization level in the boresight
direction and a comfortable back lobe radiation levels.
Comparisons of simulated and measured gain versus frequency
characteristics of the antenna are plotted in Fig. 7. The gain was
measured by comparison (three antennas) method. The gain is
above 6 dBi at the center of the operating band.

From all above discussions, it can be noted that all results
(simulated and calculated from equations presented in this
paper), fairly agree with the measured results.
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Fig. 6. Radiation patterns comparisons of antenna shown in Fig. 1. (Left-hand side: E-plane patterns and right-hand side: H-plane patterns). Solid line: Sim-
ulated co-polarizations; Dashed line: Measured co-polarizations; Dotted Line: Simulated cross polarizations; Dashed-dotted line: Measured cross-polarizations.
Note: H-cross (simulated) cannot be seen in patterns as it is well below ��� ��. (a) E and H-plane patterns at 4.5 GHz. (b) E and H-plane patterns at 6.0 GHz.
(c) E and H-plane patterns at 7.5 GHz.

Fig. 7. Gain versus frequency plots.

V. CONCLUSIONS

A coplanar capacitively coupled probe fed microstrip antenna
suitable for wideband applications has been presented. After
presenting the basic configuration, an equivalent circuit based
approach to calculate the input impedance is discussed. This
unified model predicts the input impedance of the antenna, in-
cluding the effects of the feed strip and the probe pin, over a wide
range of frequencies. Input impedance and characteristics
obtained using the developed equations are found to be in good
agreement with the IE3D simulated and experimental results.
Some of the expressions for the constituent models have been
modified to suit the proposed antenna configuration. With this
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approach, conformal wideband antennas have been designed
with different center frequencies from 2 GHz to 10 GHz and
all of these showed nearly similar radiation performance.
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