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ABSTRACT This study presents two new designs of reduced size broadband microstrip patch antennas for ultra-
wideband (UWB) operation. The suggested antennas are configured by a folded triangular patch’s feeding technique, V-
shaped slot, half V-shaped slot and shorting pins. The shorting pins are applied at the edge of structures to miniaturize the
size of the patches. The suggested design with the V-shaped slot provides the measured impedance bandwidth (S11<-10 dB)
of 3.91-12 GHz (101.7%) for broadband application. In the suggested design with the V-shaped slot, the wide bandwidth
with an acceptable size reduction is achieved. By introducing a suggested half design with the half V-shaped slot, the
impedance bandwidth of the proposed half structure is improved from 4 to 17.22 GHz. The half design includes a measured
impedance bandwidth of 124.6% with reduced size of more than 93% compared to the corresponding full design and an
enhanced measured bandwidth of 23%. The obtained radiation and impedance results show that the suggested designs are
applicable for wideband operation. The prominent advantages of the proposed designs include miniaturized sizes, wide
bandwidths and stable radiation patterns, whereas their major limitation is a more complex fabrication. Besides, the effects
of some basic concepts and surface currents on the suggested structures are investigated to explain their broadband

performance.

INDEX TERMS Half V-shaped slot, Microstrip antenna, UWB, Wideband.

I. INTRODUCTION

N recent years, by increasing the development of modern

wireless communication systems, satellite and missile
applications, microstrip patch antennas have attracted a great
deal of attention due to their charming specifications, such as
low profile, light weight and ease of fabrication. However, a
narrow impedance bandwidth of the microstrip antennas is
regarded a significant issue in most studies. For this purpose,
nowadays, miniaturized broadband patch antennas are
considered in various technologies. Introducing UWB
technology by Federal Communication Commission (FCC)
in 2002 and allocating the frequency range 3.1-10.6 GHz has
been attracted the researchers’ consideration exclusively on
this matter [1], [2].

Due to the development of the wireless systems and
integrated circuit technologies, compact microstrip antennas
with enhanced bandwidth have been significantly noticed in
many types of research. Various designs have been proposed
in the kinds of literature to reduce the size of microstrip patch
antennas [3]-[8]. A meandered patch or ground plane is
presented in [3]. In such schemes, creating the slots into the
patch and ground plane lengthen the current path and reduce
the operating frequency. Also, realizing a shorting pin/wall

[4] is a useful method to prolong the effective electric length
of the patch. The Shorting pins significantly reduce the
frequency of antennas and they result in a quarter-
wavelength structure. However, it affects the performance of
the antenna and may slightly deteriorate the radiation patterns
for each polarization. Various techniques in previous works
have been developed to improve the impedance bandwidth of
microstrip antennas [9]-[19]. For this purpose, utilizing the
impedance matching networks [9], [10] and inserting the
slots into the patch are taken into consideration as two
common methods [11]-[13]. Various shapes of slots on the
patch such as U-shaped-slot patches [14], [15], E-shaped
patches [16], [17] and V-shaped patch [18], [41] provide a
wide bandwidth up to 33%. By fulfilling the L-shaped probe
feeding system, the impedance bandwidth is impressively
improved [20], [21]. Other efficient methods of the
bandwidth enhancement include the shorted-patches [22],
[23] and applying shorting pins [24]. Also, some research
works have been provided in order to attain the broadband
microstrip antennas by applying the stacked patches [25]-
[30]. In [25], stacked patch antennas are parasitically coupled
and provide a larger bandwidth than a single patch antenna.
This design provides 100% bandwidth from 23.9-72.2 GHz.
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Recently, momentous studies have been done to widen
importantly the operation bandwidth with good impedance
matching using a folded-patch feed method [31]-[40]. A U-
shaped slot patch antenna fed by a folded patch with a
shorting wall is realized to show an impedance bandwidth of
53.54% [31]. A microstrip antenna fed by a folded patch with
an E-shaped patch introduces UWB structure and its
bandwidth further improves to 73.78% [33]. Also, by
applying this feeding approach, a wideband stacked patch
antenna (almost 90%) with the E-shaped shape is reported in
[34]. In [36], a simple broadband circularly polarized antenna
for ultra-high frequency (UHF) RF identification (RFID)
readers is proposed using a folded plate to cover the
frequency range of 800-970 MHz. In the last studies, flexible
microstrip antennas are introduced for wireless applications
[42] and [43].

In this article, broadband shorted patch antennas fed by
folded-patch with the V-shaped slot and the half V-shaped
slot are reported. By using a half triangular patch on the half
V-shaped feeding system, a miniaturized patch antenna for
UWB wireless communications is obtained. Initially, a
triangular patch antenna with a compact size of 17.5 mm
x17.5 mmx17.5 mm with a folded-patch feeding method and
a V-shaped slot is presented to include the impedance
bandwidth of 101.7% in 3.91-12 GHz for Su<-10 dB.
Subsequently, by utilizing a half structure with a folded-
patch feeding method and a half V-shaped slot, the UWB
patch antenna is also achieved. It provides an impedance
bandwidth of 124.6% in 4 -17.22 GHz. By introducing the
half triangular patch antenna compared to the full structure,
the size of the patch is considerably reduced. Moreover, it is
found that the impedance bandwidth, radiation patterns and
gain of the half structure are comparable to the corresponding
full structure. Finally, it can be comprehended that the
radiation patterns indicate at least a change over the operating
band for two structures.

II. ANTENNAS DESIGNS AND STRUCTURES

In this section, the structures of suggested designs are
demonstrated for full and half patch antennas. The
suggested antennas are excited by a coaxial probe (50-Q
SMA connector) due to its easy fabrication and low
spurious radiation. But, it leads to a narrow impedance
bandwidth because of its high Q factors. As usual,
employing the thick substrate with air dielectric constant
substrate leads to a broader bandwidth. For thick microstrip
patch antennas with probe feeding, the effect of the
inductive reactance of the lengthy probe is a crucial
problem to gain a great impedance matching across a wide
operating bandwidth. In order to solve this problem and
enhancing the bandwidth with better impedance matching, a
new feeding approach, as the folded-patch feed technique
has been proposed [31]-[34]. It reduces the self-generated
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inductive reactance caused to the long probe. Thus, the
impedance bandwidth is impressively enhanced.
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FIGURE 1. Structure of the suggested triangular patch antenna with V-
shaped slot.

A. Full Structure

The configuration of the suggested patch antenna with
the V-shaped slot is shown in Fig. 1. This antenna contains
a triangular patch as an upper patch, shorting pins and a
lower triangular patch which through a bent section joins to
the upper patch. The shorting pins and probe maintain the
upper triangular patch with the dimensions of each side of
17.5 mm above the rectangular ground plane of 70 mmx70
mm at the height of 4> with air substrate. The distance
between the optimal feed position and the vertex of the
lower triangular patch is 3.7 mm. The coaxial probe is
located in the midline of the patch on the y-axis. The upper

patch is shorted at the one edge to the ground plane by two
pins with a diameter of 1.4 mm. The distance between two

pins is selected S=3 mm. The lower triangular patch with
height /4, is designed to decrease the probe length, whereas
the height of A2 is chosen 7 mm. Thus, a miniaturized
antenna with a reduced probe inductance is gained to make
a wide bandwidth. According to Fig. 1, the triangular
aperture on the upper patch with optimized angle ou is
utilized to expand the bandwidth. Also, angle a2 on the
triangular lower patch is designed so that the maximum
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bandwidth with better impedance matching can be

achieved.
3D View

Upper Half Triangular Patch

Lower Triangular Patch '

FIGURE 2. Structure of the suggested half triangular patch antenna with half
V-shaped slot.

Based on the transmission line model for the rectangular
radiating patch, the basic width (W) and length (L) of the

patch at the resonant frequency are determined
using equations (1)-(4) [2]:
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Where, e, h and AL are effective permittivity coefficient,
thickness and additional length due to fringing fields,
respectively.
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FIGURE 3. Flow chart of the design process for the proposed structure.

The basic width and length are designed based on the
equations (1)-(4) for determined operating frequency at
UWB band. In this case, air dielectric constant substrate,
&=1 is considered. The optimum sizes of the proposed
patch such as a V-shaped slot, shorting pins, probe length
and total height of the patch are optimized by full-wave
simulator with the parametric study. According to Fig. 3,
the flow chart of the design process is introduced in the five
steps. It shows the five steps to attain an optimum proposed
design for UWB operation.

B. Half Structure

The configuration of the suggested half triangular patch
antenna is shown in Fig. 2. This antenna contains a half
triangular patch as an upper patch, a shorting pin and a
triangular lower patch which through a bent section joins to
the upper patch. The half structure is maintained by pin and
probe that connect the upper half triangular patch with
dimensions of 8.75 mm %17.5 mm to the ground plane. The
coaxial probe is located in the midline of the patch on the y-
axis. The feed point is placed on the edge of the lower
triangular patch with a distance of 3.7 mm from the vertex

of the triangular. The upper patch is shorted at the one edge
to the ground plane by one pin with a diameter of 1.4 mm.

The lower triangular patch with height /4; is designed to
decrease the probe length, whereas the height of 42 is
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chosen 7 mm. It should be noted that the half structure
compared with the corresponding full structure, provides a
considerable size reduction with a great impedance
bandwidth for UWB operation. Various dimensions of the
half V-shaped slot patch antennas can be considered for
wideband operation.

Moreover, the optimized dimensions of the bent section
and the lower triangular patch are major segments for
creating upper resonances to widen the bandwidth of
suggested designs. The shorting pins, which are loaded on
one side of the upper patches present a conventional A/4
shorted patch. These pins affect the lowering of the
frequency of the antennas. Hence, the effective electrical
length of this patch increases and consequently, appropriate
miniaturization and wider impedance bandwidth obtains.
The recommended feeding technique is applied for various
geometrical sizes of the triangular patch. The values of
design parameters for the two suggested antennas are
addressed in Table I. The suggested antennas are realized
with a copper plate with 0.2 mm thickness and it is
maintained by the probe and shorting pins. The
performance and wideband mechanism based on surface
current distributions and radiation patterns are described
and discussed in section III. The fabricated antennas are
illustrated in Fig. 4.
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Horn Antenna Far-field Distance proposed Antenna
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FIGURE 4. Photos of the fabricated antennas with measurement setup.
TABLE I. Various sizes of the suggested designs (units in mm)

Parameters Values
ol 85.4°
o2 90°
S 3
F 2.3
W 17.5
Wi 11
|/£] 0.5
Wi 8.75
Wiz 17.5
h2 7

The Far-field performance monitoring measurement
setup for the measurement of the radiation performance of
the proposed antennas in the anechoic chamber is depicted
in Fig. 4. A well-calibrated standard gain horn antenna is
used as a transmit (TX) antenna and the prototype is
measured as a receiving (RX) antenna. The horn antenna is
placed at the far-field distance 2D?A from the proposed
antenna (RX). The parameter of D is the total dimension of
the antenna. Amplifiers are used to supply stable power
reception. At the time of testing, the antenna is rotated to
measure the radiation intensity at different orientations. The
S-parameters are tested by a network analyzer of Agilent
8720C. To measure the gain of the proposed antenna in
terms of dBi, firstly the gain of the reference antenna as a
horn antenna (Gier) is tested. Then, the gain of the proposed
antenna (Grelative) relative to the reference antenna is
measured. Finally, the gain of the antenna is calculated
from the sum of Grer and Grelative for every frequency point.

III. EXPERIMENTAL AND SIMULATION RESULTS WITH
DISCUSSIONS

The computational results are managed with the full-
wave software of Ansoft High-Frequency Structure
Simulator (HFSS). The measured results have an acceptable
accord with simulation results by applying a finite ground
plane. The simulated and measured S-parameters of the
suggested full design with the V-shaped slot are exhibited
in Fig. 5. This figure shows that the antenna operates in
3.91-12 GHz for S1i<-10 dB with a measured relative
bandwidth of 101.7%. It is observed in Fig. 5 that the
suggested structure operates for the UWB application. It is
obvious that by achieving the reduced size, the bandwidth
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is widened for UWB operation. Also, Fig. 5 shows the
reflection coefficient of the full design without shorting
pins includes 6.55-12.48 GHz (62.32%). Thus, it is
concluded that by using two pins at one end of the upper
patch, the bandwidth progresses to 39.38%.

Fig. 6 indicates the simulated and measured reflection
coefficients of the half structure presented in Fig. 2. It is
well seen that the suggested half antenna with the half V-
shaped slot operates from 4 GHz to 17.22 GHz with
measured -10 dB impedance bandwidth of 124.6%. The
suggested half design compared with the full structure
introduces a bandwidth enhancement of almost 23%. Also,
according to Fig. 6, the reflection coefficient of the half
design without the shorting pin includes the frequency
range of 6.6-17 GHz (88.14%).

207 V' [—Simulation Full Design
—=--Simulation Full Design Without Pins
- = Measurement Full Design

25 : : : : : : :

3 4 5 6 7 8 9 10 11 12 13 14 15 16
Frequency (GHz)

FIGURE 5. Measurement and simulation results of S-parameters of
suggested full structure with V-shaped slot.
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FIGURE 6. Measurement and simulation results of S-parameters of

suggested half structure with half V-shaped slot.

Three lengths of triangle sides and the total height of the
patch of full design with the V-shaped slot are 0.2281.,
0.2284z, 0.2284r and 0.09124z, respectively (A is the
wavelength at the lower frequency). Whereas, three lengths
of half triangle sides and the total height of the patch of the

half structure are 0.2331;, 0.24z, 0.1164. and 0.093A,
respectively. Therefore, by introducing the half V-shaped
slot technique in the suggested half design, 93.32% size
reduction is provided with respect to the full design with
the V-shaped slot.

To investigate the effect of the height of lower patch 4,
for two suggested designs refer to Fig. 7. It plots the
variations of the probe lengths. It illustrates when the probe
length increases, the impedance bandwidth decreases. In
order to gain wideband operation, the optimized values of
probe lengths 4, for full and half antennas are opted 3 mm.
To obtain the maximum bandwidth with good impedance
matching, the value of 42 for two antennas is equal to 7 mm.

T T T T T T T T T
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-30 . .
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Frequency (GHz)
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s
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FIGURE 7. S-parameters for various values of hi (a) full design (b) half
design.
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FIGURE 8. Simulated S-parameters for effect of diameter of shorting pins

in the full design.

It is also concluded that by reducing the probe length from
an optimized value, the capacitive effects overcome and
consequently a fewer impedance bandwidth attains.

Fig. 8 illustrates the effect of the diameter of the
shorting pins, at the one end of the proposed antenna. With
an increase in the diameter of pins, the operating frequency
reduces to lower frequencies. This is due to the fact that the
pins lead to lengthening surface current on the patch.
Hence, the electrical length of the patch is considerably
increased and consequently, an appropriate miniaturization
obtains until diameter reaches the optimum value. It is
obviously seen that for a radius of 0.7 mm, an optimum
result of S-parameter is attained for wide bandwidth with
excellent impedance matching.

The xz-plane (H-plane) and yz-plane (E-plane) radiation
patterns at two-dimensional orthogonal planes for the
suggested design with the V-shaped slot are demonstrated
in Fig. 9. Also, the measurement and simulation results of
radiation patterns in the xz-plane (H-plane) and yz-plane
(E-plane) for the suggested half design are plotted in Figs.
10. It is well found out that a suitable agreement between
the measured and simulated results is appointed.
Simultaneously, the suggested antennas present acceptable
unidirectional radiation patterns. The cross-polarization in
the xz-plane compared to the yz-plane shows a higher level.
The feed location on the y-axis and the asymmetry of
structures can produce higher-order modes and
consequently enhances the cross-polarized level. The
obtained radiation patterns over the operating bandwidth
don’t drastically change for different frequencies.
Moreover, shorting pins by introducing the asymmetry of
the structure can affect the increase of the contribution of
the cross-polarized radiation.

According to the gain of the suggested structures in Fig.
11, the maximum gain of the suggested full design within
the operational bandwidth is 5.1 dBi. Moreover, the
maximum gain of the suggested half design over the
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operational frequency band is 4.8 dBi. Thus, it shows that
the gain of the half structure is comparable to the
corresponding full structure.
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FIGURE 9. Measurement and simulation results of radiation patterns of the
suggested full design with V-shaped slot at (a) 4.5 GHz (b) 10.9 GHz.
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FIGURE 10. Measurement and simulation results of radiation patterns of the
suggested half design with half V-shaped slot at (a) 5 GHz (b) 15.5 GHz.
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FIGURE 11. Measurement and simulation results of gains of the suggested
antennas.
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FIGURE 12. Surface current density on the patch of the suggested full
design at: (a) 4.5 (b) 10.9 GHz.

The surface current density on the patch at two
resonances of the suggested full design is determined in
Fig. 12. As shown in Fig. 12 (a) at the resonance of 4.5
GHz, the current density is concentrated close to the two
pins, around the V-shaped slot and the lower triangular
patch. Thus, it can be considered that two shorting pins are
effectively determined the first resonance at lower
frequencies. Also, it is confirmed by Fig. 5 that by using
pins at the one end of the triangular patch, a new resonance
occurs at lower frequencies to achieve a wider bandwidth
and more size reduction. At the higher resonances of 10.9
GHz, the current density focuses on the bent section, lower
triangular patch and the section of the upper patch joined to
bent part. Fig. 13 shows the surface current density on the
patch at three resonant frequencies of the suggested half
design. It can be seen at three resonances of 4.9, 8.1 and
15.5 GHz, the concentration of current distribution moves
from the edge of the upper triangular patch to the folded
part, half V-shaped slot and lower triangular patch. At the
higher resonances of 15.5 GHz, the current density focuses
on the lower patch, around the half V-shaped slot and close
to the bent section. Therefore, the shorting pins, V-shaped
slot, half V-shaped slot and folded part play decisive roles
in determining the various resonances of the suggested
designs.
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The comparative behavior of the suggested designs is
depicted in Table II. It well presents the remarkable
features of the suggested structures which include
considerable size reduction and wider bandwidth. Two
suggested designs compared with the designs with similar
folded feeding system like [14], [33] and [34] introduce a
broader bandwidth with more size reduction.
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FIGURE 13. Surface current density on the patch of the suggested half
design at: (a) 4.9 (b) 8.1 (c) 15.5 GHz.
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TABLE IIl. Comparison the performance of suggested designs with other studies

Size of patch antenna Impedance Bandwidth (S11:-10 dB) | Size reduction
(widthxlengthxtotal height) and Maximum Gain (patch area)
U-shaped slot antenna in [14] 26.5 mmx31.5 mmx3 mm 4.82-6.26 GHz (26'2%). 13.62%
Measured Gain: 4.5 dBi a0
. 14 mm %14 mm x1.6 mm 5.73-10.68 GHz (61.34%) o
UWB antenna in [37] . Measured Gain: 6 dBi 25.8%
E-shaped antennas with 15 mm x15 mm %7 mm 3.96-8.59 GHz‘ (73.8%) 145%
folded patch feed in [33] Measured Gain: 5 dBi
Stacked patch antennas fed 3.75-9.86 GHz (90%)
by folded patch in [34] 15 mm x15 mm x10 mm Measured Gain: 6.1 dBi 152%
) 3.05-12.11 GHz (100%) 36.26%
24 x38.87 x1.6 °
UWB antenna in [39] mm mm mm Measured Gain: 5.21 dBi
o 2.7-10.5 GHz (113%) 46.6Y
UWB design in [40] 24.8 mm x30 mm x1.6 mm Measured Gain: 4.1 dBi 6%
Suggested full desi 17.5 mm x17.5 mm x7 mm 3.91-12 GHz (101.7%)
Hggeste esien Measured Gain: 5.1 dBi 90.2%
i 8.75 mm x17.5 mm %7 mm 4-17.22 GHz (124.6%) o
Suggested half design Measured Gain: 4.8 dBi 183.5%

IV. CONCLUSION

The Shorted patches with the folded triangular patch as the
feeding techniques provide miniaturized broadband antennas
for UWB operation. The full antenna design by applying the
folded-patch feed with the V-shaped slot and two shorting
pins introduces the impedance bandwidth from 3.91 to 12
GHz (101.7%). By applying the suggested feeding method at
the half antenna design with the half V-shaped slot, a UWB
patch antenna with reduced size is obtained. It shows a wide
bandwidth of more than 124%. The half antenna compared to
the full design gains a broader bandwidth of 23% and more
size reduction of 93%. The remarkable characteristics of the
presented antennas can point out the considerable
miniaturization, wide bandwidth with comparatively simple
structures, and low cross-polarization level in H-plane.
Likewise, the surface current densities on the introduced
patches are investigated for various resonances to describe
the wideband performance of structures.
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