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Abstract—In this article, a dumbbell shaped microstrip broadband
microstrip antenna with partial ground plane is presented, The
overall dimension of the proposed antenna is 20 x 15 x 1.5 mm?® and
is fabricated on FR4 substrate which has electrical permittivity of
4.3 and loss tangent of 0.025. FR4 is a low cost and easily available.
The thickness of the substrate is 1.5 mm. The impedance bandwidth
of the proposed antenna is 151.11 % (3.48 GHz to 25 GHz). The
peak gain and radiation efficiency of the proposed antenna are
4.5 dB and 68 % respectively in the operating frequency band. Due
to introduction of rings on the edges of the octagon and cutting of
circular slots with the rectangular slits in the ground plane the
antenna starts resonating from 3.48 GHz to 25 GHz. Simulated
results are in good agreement with the measured results. The
proposed antenna covers partial frequency range for ultra-wide
band applications, 3.5/5.5 GHz WiMAX band, 5.2/5.8 GHz WLAN
band, 8/12 GHz X-band, 12/18 GHz Ku -band. It can be used in
space and satellite communications etc. Curves of radiation pattern
and S-parameter of both simulated and measured results are
shown. The impedance curves, surface current, radiation efficiency,
simulated return losses, gain, and radiation patterns of the
proposed antenna are described in the paper.

Index Terms— Broadband Antenna, Fractional Bandwidth, Dumbbell Shape,
Partial Ground Plane, Satellite Communication

I. INTRODUCTION

Microstrip antennas are widely used for X-band, Ku-band, WiMAX band, WLAN band, Ka-band, etc.
This is due to their high gain, large bandwidth and many other promising features. Compared to
conventional antennas microstrip antennas are low profile, inexpensive and easy to fabricate. They can
be integrated with other microstrip components on PCB. The antenna design is directly visible on PCB
and thus it provides an easy access for troubleshooting. They are robust when mounted on rigid surfaces.
These antennas are thus used in high-performance aircrafts, missiles, rockets and satellites with smooth
functioning.

In [1] two wideband antipodal tapered slot (ATS) elements are utilized to configure a fan-like
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structure for generating wide-angle radiation. In [2] by making a parasitic patch and cutting a curved slot
in the patch, large impedance bandwidth is obtained. In [3] to enhance the bandwidth a single L-shaped
slot is etched out in the ground plane of the circular disc monopole antenna. In [4] the angles and side
lengths of the diamond shape slot have been optimized to obtain a multi frequency microstrip antenna
useful in C band space communication systems. A notch in the ground plane is used to obtain lower
frequency range and inverted U-shaped slot in the radiator patch is used to reject the unwanted
frequency band [5]. Rectangular patches and U-shaped slits are introduced in the design to cover a larger
frequency bandwidth [6]. By cutting a curved slot in the patch provides large radiation surface for the
antenna and thus its efficiency increases [7]. The horizontal gap in the backplane is responsible for
enhancing bandwidth both at lower and higher frequencies [8]. Due to addition of circular slots and
rectangular slits, antenna starts resonating at higher frequencies [9]. Two symmetrical open-circuit slots
are made from the ground plane to achieve an ultra-wideband impedance matching [10]. To achieve
lower frequencies a U-shaped valley with multiple slots is developed in the partial ground plane [11].

The process of radiation results in the clusters of moving charges. From [12] to make the antenna
more efficient the radiation from its moving charges need to add constructively at desired frequencies
and angular directions. Thus to ensure this, proper geometry design, its current distribution, and
electrical dimensions are needed. A broadband frequency range is obtained by use of slots in the front
and back plane which can be used in ultra-wideband applications of 3.5/5.5 GHz WiMAX band, 5.2/5.8
GHz WLAN band, 8/12 GHz X-band and 12/18 GHz Ku —band [13-14].

The proposed antenna is a dumbbell shaped octagon which has a valley shaped backplane. Compared
to other antenna designs which are typically 25 x 25 x 1.5 mm?® in dimensions or even large, the
proposed antenna is a very low profile antenna with dimensions 20 x 15 x 1.5 mm? only. FR4 substrate
having electrical permittivity (er) of 4.3 and loss tangent of 0.025 is used in the design. S-parameters
results are from 3.48 GHz to 25 GHz. Further introduction of two circular slots and vertical rectangular
slits in the octagons improved the design results from 16 GHz to 25 GHz. Impedance matching takes
place with varying parameter ‘x” and results are further improved from 3.7 GHz to 3.48 GHz.

Il. DESIGN CONFIGURATION
Fig. 1 shows the design configuration. The overall size of the antenna is 20 x 15 x 1.5 mm?®. Substrate

used in the antenna is low cost FR-4 material, which has an electrical permittivity of 4.3 and loss tangent
0.025. Length of the antenna is denoted by ‘L’ and width by ‘“W’. The design is dumbbell shaped with
the radius of each octagon being 4 mm and it is represented here by ‘r’. Length of the backplane is Lh.
Radius of the two circular slots on the front plane is represented by ‘k’. Distance between two octagons

is ‘d’ and it serve as the length of the microstrip line. Its width is denoted by ‘Ws’.
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Fig. 1. Proposed antenna configuration (a) front view (b) side view (c) backplane view.

TABLE 1. DESIGN PARAMETER VALUES

Parameters L w Ws Lh Su r h s d j P Q a
Values
() 20 | 15 3 95 | 15 4 | 3696 | 3061|4917 | 25 | 45 | 15 | 3.032
Parameters u g p m 0 w t f k q R S
Values 19| 16 | 27 | 13 | 12 | 03 1 07 2 03 1 | 052
(mm)
Parameters b c [} y z A B C D T Y z
Values | 05 | 0153 | 2.36 2 2 |2 0 0 832 | 0.70
) 25| 05 | 0153 | 2.364 534 | 05 1 5 | 4832|0707
Parameters F G H | J K M N O U X E
Values | 251 985 | 05 | 05 | 05 | 04 | 025 | 3 | o025 | 4 1 05
(mm)

The slant height in the backplane is denoted by “Y’. Triangular and rectangular slots are cut out in the
valley shaped backplane. Rings on the edges of octagon and parameter ‘x’ in the backplane play a major
role in optimizing the S-parameter results. All the rings have the same width ‘w’ and diagonally opposite
rings have the same inner and outer radius as being depicted in the figure. Further other dimensions are

specified in the table and the design figure.

I1l.  STAGES OF DEVELOPMENT
The design was simulated using computer simulation tool (CST) software. Fig. 2, shows the

simulation result of the proposed antenna in three stages. In stage 01, one side of the antenna (front
view) consists of a simple dumbbell shaped octagon with its radius being 4mm with the width of the
microstrip line is 3 mm and another side of the antenna (back view) consists of valley shaped notch with
the two sets of vertical slits.

In stage 01, one side of the antenna (front view) consists of a simple dumbbell shaped octagon with its
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radius being 4 mm with the width of the microstrip line is_3 mm and another side of the antenna (back

view) consists of valley shaped notch with the two sets of vertical slits.

0- T '.___l Stage 1
j —s=— Stage 2
—+—Stage 3

Magnitude Of S11 (dB)

2 4 6 8 101214 16 18 20 22 24
Frequency (Ghz)

Fig. 2. Simulated return loss of stage-1, stage-2 and stage-3.

By introducing a dumbbell shape with valley shaped ground plane the operating frequency is resonant
from 3.7 to 16.3 GHz and 18.3 to 21.4 GHz, with the impedance bandwidth of 126 % (from 3.7 to 16.3
GHz) and 15.6% (from 18.3 to 21.4 GHz). In stage 02, introduction of circular slots in the front patch &
rectangular slits in the ground plane, increases the bandwidth of the 2™ band from 18 to 22.4 GHz.

In stage 03 (proposed antenna), by introducing the rings on the edges of the octagon, the frequency is
perfectly matched and operating frequency band resonates between (3.7 GHz to 25 GHz) with the
impedance bandwidth of 148.48 % (from 3.7 GHz to 25 GHz). To further optimize the results to
3.48 GHz impedance matching through backplane is done by varying the parameter ‘x’, the final
bandwidth of the proposed antenna is 3.48 GHz to 25 GHz with the impedance bandwidth of 151.11 %
(3.48 GHz to 25 GHz).

IV.  PARAMETER STUDY
It is done in order to optimize the results by varying the parameters which were crucial during the

process of design development. Here we have studied the variation of four parameters and observed their
effects on S-parameter result.

Fig. 3 shows the simulated return loss curve of the proposed antenna with the various value of ‘r’,
which is varied from 3 mm to 5 mm. initially at the value of r=3 mm, two bands are observed from
3.9 GHz to 14 GHz and 16 GHz to 25 GHz, on increasing the value of ‘r’ the optimum results are
obtained at 4 mm. The design is synchronous with the microstrip line of width 3mm at radius 4mm,
whereas if the radius is smaller or larger, results change significantly as shown in the figure.

Fig. 4 shows the simulated return loss curve of the proposed antenna with the various value of ‘x’,
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which is varied from 1 mm to 3 mm. ‘x’ is the length of the rectangular strip line in the backplane. By
varying the value of ‘x’ from 1 to 3 mm, it is observed that the two band are visible in the graph at the
value of ‘x=1 mm’ & ‘x=3 mm’, the optimum results are obtained at the value of ‘x=2 mm’, at ‘x=2’

return loss from 3.48 GHz to 25 GHz is lesser than -10 dB is observed.

Magnitude Of S11 (dB)

-30 I I I I I 1 1 1 1 1 1
2 4 6 8 10121416 18 20 22 24
Frequency (Ghz)

Fig. 3. Simulated return loss of proposed antenna with variations of ‘r’.
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Fig. 4. Simulated return loss of proposed antenna with variations of ‘x’.

Fig. 5 shows the simulated return loss curve of the proposed antenna with the various value of ‘k’,
which is varied from 2 mm to 3 mm. ‘k’ is the radius of the circular slots. The optimum result is
observed at k=2 mm. At all values greater than 2 mm the S-parameter results are affected significantly.

Fig. 6 shows the simulated return loss curve of the proposed antenna with the various value of ‘w’,
which is varied from 0.3 mm to 0.5 mm. ‘w’ is the width of the rings on the edges of octagons. At
w=0.4 m and w=0.5 mm return loss crosses -10 dB barrier quite frequently. The results are optimized

when w=0.3 mm.
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Fig. 5. Simulated return loss of proposed antenna with variations of ‘k’.
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Fig. 6. Simulated return loss of proposed antenna with variations of ‘w’.

V.  SIMULATED AND MEASURED RESULTS
A dumbbell shaped broadband microstrip antenna (proposed antenna) is fabricated on a commercially

available low-cost (FR-4) substrate with (electric permittivity) er=4.3 and loss tangent of 0.025 using
(Phenix) chemical etching method in the antenna laboratory. The Testing of the dumbbell shaped
proposed antenna measurement has been carried out using (Agilent) Vector Network Analyzer with a
50Q SMA connector & Anechoic Chamber.

The proposed antenna is a low profile broadband antenna which can be used in multiple wireless
applications. Introduction of dumbbell octagons and valley-shaped backplane gives return loss below -
10 dB from 3.7 GHz to 16.3 GHz and 18.3 GHz to 21.4 GHz. After cutting rings on octagon edges the

results are further improved to 3.7 GHz to 25 GHz. Finally by varying ‘x’ results are optimized to
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3.48 GHz to 25 GHz.

Fig. 7(a) shows the measured and simulated return loss of proposed antenna and Fig. 7(b) shows its
fabrication design. It can be seen that simulated results are in good agreement with the measured results.
Impedance matching is an important part in designing of any broadband antenna.

Fig. 8 shows the simulated real and imaginary parts of input impedance. The real part of the input
impedance is maintained at around 50 Q and it typically varies from 40 Q to 75 Q. Similarly the
imaginary part of the input impedance is maintained at around 0 Q and it typically varies from -25 Q to
10 Q. It depicts that it behaves as an inductive impedance for some frequency range and capacitive

impedance for the others.
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Fig.7 (a) Measured and simulated return loss of proposed antenna and (b) fabricated prototype of proposed antenna.
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Fig. 8. Input Impedance variation of proposed antenna.

Fig. 9 shows the variation of simulated gain and radiation efficiency with frequency. Above 0 dB,
gain shows radiating signal for each frequency in the range 3.48 GHz to 25 GHz. It can be seen from the
figure that the gain gradually increases with frequency. Thus, gain is directly proportional to frequency.
On the other hand radiation efficiency is decreasing gradually with increase in frequency.

The peak of the gain is obtained at 14.8 GHz frequency, which is 4.5 dB. Radiation efficiency is 68 %.

Thus the proposed antenna is able to radiate in broadband frequency range due to its high gain and large
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radiation efficiency.
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Fig. 9. Radiation efficiency and simulated gain variation of the proposed antenna.

Fig. 10 depicts the radiation pattern of the proposed antenna at four different frequencies. It shows the
simulated and measured pattern of the results. From the figure both simulated and measured pattern
results are in acceptable range of agreement. Radiation Pattern shows the direction of radiation by the
antenna at that particular frequency. This is shown on the two perpendicular planes, which is H-plane
(0°, x-z) and the E-plane (90°, y-z). At frequency 4 GHz and 7.5 GHz, the radiation pattern is very
efficient but as the frequency is increased the efficiency of the antenna gets decreased which causes
unstable radiation pattern at higher frequencies.
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Fig. 10: Measured and Simulated radiation pattern of the proposed antenna at (a) 4 GHz (b) 7.5 GHz (c¢) 12.5 GHz (d)
19.1 GHz.
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Fig. 11 shows the simulated results of the surface current of the proposed antenna. Higher order

modes are observed at higher frequencies. At 4 GHz frequency, only one mode is observed and as the

frequency is increased, the number of modes gets increased. Since there are multiple slots in the ground

plane current path increases and more number of modes are observed. The rings on edges of octagon

cause generation of higher modes at higher frequency range.
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Fig. 11. Simulated surface current distribution of the proposed antenna at (a) 4 GHz (b) 7.5 GHz (c) 12.5 GHz (d) 19.1 GHz.

VI.  CONCLUSION
The overall size of antenna is 20 x 15 x 1.5 mm?. Thus it is a very low profile antenna. Design

configuration of the proposed antenna is described above and parameter study is performed using four
variables in CST. The simulated results are in good agreement with the measured results covering
bandwidth from 3.48 GHz to 25 GHz. The radiation patterns of this design are stable at different

frequencies. The surface current of the proposed antenna shows higher order modes at higher
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frequencies. The peak radiation efficiency is 68% at 6 GHz. The antenna can be used as a broadband
antenna for multiple applications like 3.5/5.5 GHz Wimax band, 5.2/5.8 GHz WLAN band, 8/12 GHz
X-band, 12/18 GHz Ku —band, space and satellite communications.
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