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Design of asymmetrically slotted hexagonal
patch antenna for high-gain UWB
applications
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A compact slot antenna for high-gain ultra wideband applications is presented. The slot is asymmetrically cut in the ground
plane and is a combination of two rectangles. A hexagonal patch with two stepped coplanar waveguide-feed is used to excite
the slot. The capacitive reactance of the hexagonal patch is neutralized by the inductive reactance created by the asymmetric
slot and results into wider impedance matching. The measured impedance bandwidth of the proposed antenna is 11.85 GHz
(2.9–14.75 GHz). The radiation patterns of the proposed antenna are found to be omni-directional in the H-plane and
bi-directional in the E-plane. To enhance the gain of the antenna, a compact three-layer frequency selective surface (FSS)
is used as a reflector. The overall thickness of the FSS is 3.5 mm. There is 4–5 dBi improvement in antenna gain after appli-
cation of the FSS. The measured and simulated results are in good agreement.
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I . I N T R O D U C T I O N

Nowadays, high data transfer through wireless communica-
tion is very much in demand. This enables requirement of
systems which have very wide band of frequency of operation
with good quality. These types of systems require a compact
high-gain antenna which offers ultra wideband (UWB) per-
formance with cost-effectiveness and easy integration with
other radio frequency (RF) circuits. Many UWB antennas
have been reported in past such as UWB microstrip antenna
[1–3], UWB fractal antenna [4], and coplanar waveguide
(CPW)-fed UWB monopole and slot antennas [5–9].
CPW-fed slot antennas which offer UWB characteristic are
more suitable for the modern wireless communication appli-
cations due to their compact size and they have an advantage
that they can be easily integrated with other RF circuits.
Furthermore, these antennas also offer omni-directional
radiation patterns. The main disadvantage of printed UWB
antennas is low gain. This problem can be addressed by
incorporating a frequency selective surface (FSS) with the
antenna. FSS is a periodic structure which is used to alter
the propagation of electromagnetic waves. FSS can be used
to enhance the gain and bandwidth of an antenna [10, 11].
The response of the FSS is determined by the shape and size
of FSS. Many shapes have been designed in the past such as
solid patch type, loop type, center connected, and

combinations of the earlier. All the earlier shapes have disad-
vantage of low bandwidth. The bandwidth of an FSS can be
enhanced using multiple layers of FSSs. The advantage of
multilayer FSS structures is wider bandwidth and higher
order transmission response. It is achieved by cascading mul-
tiple layers of FSS arrays with quarter wavelength spacing
between each layer. UWB FSS have been designed with two
layers [12]. But the earlier designed UWB FSSs have large
size (especially in terms of thickness which is around l/4).

In this paper, a CPW-fed slot antennas with hexagonal
patch as the radiating element for UWB application is
designed and proposed. The proposed antenna is compact
in size and easy to design. To enhance the gain of the proposed
antenna a compact FSS with three-layer metallic loop has been
designed. The FSS consists of two substrate layers sandwiched
between three metallic layers, and the overall thickness is very
less as compare with the conventional multilayer FSSs. There
is about 4–5 dBi improvement in the peak gain, about 10–
15 dB reduction in back lobes and some improvement in
the return loss after application of the FSS.

I I . A N T E N N A D E S I G N

Figure 1 shows the proposed CPW-fed slot antenna. The
antenna is designed on FR-4 substrate of dielectric constant
4.4 and thickness 1.6 mm. The antenna is printed on one
side of the substrate. Initially, a rectangular slot is printed
having dimension W4 × (L3 + L4 + L5). A double-stepped
feed line having width Wf1 and Wf2 and a feed gap of g is
used to capacitively excite the rectangular slot. The feed line
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is terminated on a hexagonal patch of side length (SL). Here,
double-stepped feed line is used for better impedance match-
ing. To get efficient excitation and proper impedance match-
ing, the combination of feed line and hexagonal patch should
be well inside the rectangular slot. The length of the combin-
ation inside the slot is denoted as L. It has been observed that
the length L has a significant effect on the impedance band-
width of the capacitively coupled slot antenna. Finally, to
increase the impedance bandwidth, an additional rectangular
slot is incorporated in the ground plane thereby making the
whole slot asymmetric with respect to the feed. The optimized
dimensions of the proposed antenna are given in Table 1.

I I I . E X P E R I M E N T A L A N D
S I M U L A T E D R E S U L T S A N D
D I S C U S S I O N S

The antenna is designed and simulated using Computer
Simulation Technology (CST) Microwave Studio and then
fabricated with the optimized dimensions. The reflection coef-
ficient of the proposed antenna is measured using vector
network analyzer (R&S ZVA-40). Figure 2 shows the fabri-
cated prototype of the proposed antenna, whereas Fig. 3
shows the measured and simulated reflection coefficients.
The measured impedance bandwidth of the antenna is
11.85 GHz (2.9–14.75 GHz). From the figure, it can be seen
that the measured and simulated results are in good agree-
ment. Figure 4 compares the reflection coefficient of the pro-
posed antenna with that of an antenna without the extended
slot. It can be seen from the figure that, the extended slot in
the ground plane shifts the lower resonance frequency signifi-
cantly toward the lower side due to an increase in overall slot

length. Also, impedance matching improves due to generation
of extra inductive reactance which neutralizes the capacitive
reactance. So, by introducing asymmetric slot in the ground
plane, compactness is achieved.

A) Theoretical discussion
Figure 5 shows the surface current distribution at different
resonance frequencies. The red color shows the maximum
current density, whereas blue shows minimum current
density. The current distribution at 3.3 GHz shows two
maxima along the slot. Then, the slot length can be approxi-
mated to one wavelength. Therefore, it can be said that the res-
onance at 3.3 GHz is due to the slot in the ground plane. The
current distribution at 5.5 GHz shows increased current in the
hexagonal patch; therefore, it can be concluded that the reson-
ance at 5.5 GHz is due to the hexagonal patch. The current
distribution at 6.5 GHz shows four maxima along the slot;
therefore, it can be concluded that the resonance at 6.5 GHz
is due to second harmonic of lowest resonance frequency of
3.3 GHz.

For the CPW-fed antenna considering the current distribu-
tion, the lowest frequency can be given by the following rela-
tion:

f1 =
300

Sl
����
1eff

√ GHz. (1)

Here, f1 is the lowest resonance frequency in GHz, Sl is the
effective slot perimeter in millimeter, and 1eff is the effective
relative permittivity. From the antenna geometry (Fig. 1),
the effective slot perimeter is approximately taken as

Sl ≈ 2 L3 + L4 + L5
( )

+ 2W4. (2)

The second resonance frequency f2 can be obtained by
equating the effective height of the hexagonal patch to l/4
and it is given by

f2 =
75

L ����
1eff

√ GHz. (3)

Here, f2 is the second resonance frequency in GHz and L is
the height of the hexagonal patch in millimeter. In the above
expressions, 1eff is the effective relative permittivity and taken
to be the average of the relative permittivity of the substrate
(1r ¼ 4.4) and relative permittivity of air (1r ¼ 1).

1eff =
1r + 1

2
. (4)

Table 2 shows a comparison between the calculated reson-
ance frequencies ( f1 and f2) and simulated resonance frequen-
cies. The calculated and simulated resonance frequencies are

Fig. 1. Structure of the proposed antenna.

Table 1. Dimensions of the proposed antenna in mm.

Parameter W1 W2 W3 W4 L1 L2 L3 L4

Value 16.53 7.53 6.60 18.00 5.10 10.20 1.20 7.20
Parameter L5 L6 g Wf1 Wf2 SL S L
Value 3.30 6.90 0.39 1.80 2.16 4.36 0.90 8.70
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differing by a value and this is because both SL and 1eff are
approximate values. The exact value of 1eff depends on the
proportion of field distribution in substrate and air.

The open-circuit discontinuity behavior of CPW is very
similar to microstrip line. In both the cases, the open circuit
is capacitive [13]. The open hexagonal patch is responsible
for the extra capacitance in case of proposed antenna. For
the proper impedance matching, this capacitive effect needs
to be neutralized. To this end, asymmetric slot is cut in the
ground plane. Because of this, there is greater concentration
of current in the ground near asymmetric slot and the induct-
ance so generated compensates for patch capacitance. This

results in a wider impedance matching. Figure 6 shows the
comparison of the real and imaginary parts of the input
port impedance with and the without asymmetric slot. In
the presence of an asymmetric slot, the real part of impedance
shifts toward 50 V from higher values (in case of without
asymmetric slot) and imaginary part of impedance shifts
toward 0 value from either higher or lower values (in case of
without asymmetric slot). Therefore, it can be said that the
introduction of an asymmetric slot in the ground plane
improves the impedance matching. Hence, a wider band
antenna can be designed.

B) Radiation patterns
The radiation patterns of the proposed UWB antenna are
measured in E-and H-planes in the in-house anechoic
chamber using antenna measurement system. A standard
double-ridged horn antenna is used as a reference antenna.
The simulated and measured radiation patterns are shown
in Fig. 7 for different resonance frequencies. The simulated
and measured results are in good agreement. The radiation
patterns in the H-plane are omni-directional and in the
E-plane are bi-directional. It can be seen from the figure
that the radiation patterns are also stable at higher frequencies.
The radiation patterns do not deviate from bi-directionality in
the E-plane and omni-directionality in the H-plane as it
happens in case of other UWB antennas such as fractal anten-
nas. By considering Fig. 7, it can be concluded that the asym-
metric slot has an effect on the radiation patterns which is
particularly significant at middle frequencies. The effect is
only evident in the (x–z) H-plane. This is due to the fact
that the slot is asymmetric in the x-direction. The H-plane
radiation patterns at middle frequencies (Fig. 7, 5.5 and
6.5 GHz) are compressed in one direction.

Fig. 3. Measured and simulated reflection coefficients of the proposed
antenna.

Fig. 2. Photograph of the fabricated antenna.

Fig. 5. Surface current distribution of the proposed antenna at different resonance frequencies.

Fig. 4. Comparison of the simulated reflection coefficient of the proposed
antenna with and without slots.
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I V . D E S I G N O F F S S

To increase the gain of the antenna, an FSS is designed. The
choice of FSS over a simple perfect electric conductor (PEC)
reflector is made because though a simple PEC reflector
increases the antenna gain, the variations in the gain through-
out the band are found to be large. Furthermore, the imped-
ance matching is disturbed which deteriorates the return
loss characteristics over some frequencies. In comparison,
an FSS has greater design freedom which helps in achieving
broadband gain enhancement with little variations along
with good impedance matching.

The proposed FSS is a three metallic layer structure and
designed with two substrates of thickness 1.6 mm and permit-
tivity 4.4. The unit elements are loop-type structures. The size
of the unit element is same for first two layers and different for
third layer. Figure 8 shows the structure of the unit elements.
The dimension of the loop of the first layer (d1) is taken to be
approximately equal to half of the wavelength at the desired
center frequency (6.8 GHz for frequency band from 3 to
10.6 GHz). This can be seen from the transmission character-
istic with single layer (dotted green curve, Fig. 9(a)). The stop-
band response of this single side FSS has a low bandwidth.
Further to increase the bandwidth of the FSS, the metallic
loops of same shape and size are printed on other side of
the substrate. By printing on both sides, there is a significant
increase in the bandwidth. But the bandwidth of the two-sided
FSS is not sufficient (especially lower frequencies) to cover the
entire UWB region (3.1–10.6 GHz). To cover the entire UWB
region, a metallic loop with larger size (than previously used)
is printed on one side of another substrate and cascaded to the
earlier designed two-sided FSS. The optimized dimensions for
both the loops are given in Table 3. (P1, g1 are periodicity and
separation between unit elements for first two layers and P2, g2

are periodicity and separation between unit elements for the
third layer).

Table 2. Comparison of calculated and simulated resonance frequencies
of the proposed antenna.

Slot size Calculated f1 Simulated f1 Calculated f2 Simulated f2

59.40 mm 3.08 GHz 3.30 GHz 5.82 GHz 5.50 GHz

Fig. 6. (a) Comparison of the real part of the input impedance (Z11) of
antenna without asymmetric slot and with asymmetric slot (proposed). (b)
Comparison of the imaginary part of the input impedance (Z11) of antenna
without asymmetric slot and with asymmetric slot (proposed).

Fig. 7. Measured and simulated radiation patterns of the proposed antenna at different resonance frequencies.
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Figure 9(a) shows a comparison of the simulated transmis-
sion of different layers of FSS with the simulated transmission
of the proposed FSS. Figure 9(b) shows the simulated reflec-
tion phase of the proposed FSS. The simulated transmission
and reflection are obtained using the Frequency Domain
Solver of CST Microwave Studio with unit-cell boundary con-
ditions and waveguide port excitation. From Fig. 9(a), it can
be seen that the stop-band characteristics of the proposed
FSS is a combination of the stop-band characteristics of the
different layers. It can also be noticed that the first two
layers are responsible for stop-band characteristics at higher
frequencies, whereas the third layer is responsible for lower
frequencies.

V . E F F E C T O F F S S O N A N T E N N A
C H A R A C T E R I S T I C S

The proposed antenna is placed above the FSS such that the
waves radiated from the antenna and waves reflected from
the FSS are added and results into enhancement in the gain.
The FSS is used as a reflector. The condition for the waves
from antenna and reflected waves from the FSS to be in
phase is given by

FFSS − 2bh = 2np, n = −1, 0, 1, . . . . (5)

Here FFSS is the reflection phase of the FSS, b is the propa-
gation constant in the free space and h is the distance between
the patch and the FSS. From Fig. 9(b) the zero reflection
phase frequency is found to be 5.7 GHz. Using equation (5),
the value of h is calculated and found to be 26.31 mm.
Figure 10 shows the fabricated prototype of proposed
antenna along with FSS.

A) Reflection coefficient
The antenna is placed at a distance of 26.31 mm (calculated in
the above subsection) above the FSS. Figure 11 shows a com-
parison of measured and simulated reflection coefficients of
the proposed antenna without and with the FSS. It can be

Table 3. Optimized dimensions of the two unit cells in mm.

Parameter d1 W1 P1 g1 d2 W2 P2 g2

Value 14.00 3.50 14.50 0.50 18.00 4.50 18.50 0.50

Fig. 8. Unit elements of the proposed FSS.

Fig. 9. (a) Comparison of the transmission response of the different layers of
FSS with the proposed FSS. (b) Transmission and reflection phase response of
the proposed FSS.

Fig. 10. Fabricated prototype of the antenna along with FSS.

Fig. 11. Measured and simulated reflection coefficients of the antenna with
and without FSS.
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seen from the figure that the measured impedance bandwidth
is same in case of antenna without and with the FSS. There
seems to be some misalignment (shifting in the resonance fre-
quencies) between the simulated and measured reflection
coefficients for the antenna with the FSS. This may be
because the height of the FSS in the assembly may not be
exactly equal to the theoretical optimum value of 26.31 mm.
It can also be noticed that the return loss improves at about
4 GHz after application of the FSS. Further some extra reso-
nances are created by the application of FSS. This may be
due to the multiple reflections caused by the FSS.

B) Radiation patterns and peak gain
The proposed antenna is placed at a distance h above the FSS
where h is calculated by equation (3). When the waves
radiated from the antenna falls on the FSS reflector, these
waves are reflected with a phase change. The phase is
decided by the reflection phase of the FSS. If the distance
between the antenna and the FSS is properly chosen (as

calculated by equation (3)), the reradiated waves from FSS
and radiated waves from the antenna are added in phase
and results into higher gain and back lobe suppression.
Figure 12 shows the measured and simulated radiation pat-
terns of the antenna with the FSS. From the figure, it can be
seen that the measured and simulated radiation patterns are
in good agreement. By comparing with Fig. 7, it is seen that
for the antenna with FSS, back lobes are also reduced. It can
be also noticed from Fig. 12, that at higher frequencies the
radiation patterns deviate from bi-directional nature in the
E-plane and from omni-directional nature in the H-plane.
Figure 13 shows the comparison of measured peak gain of
the antenna without and with the FSS. It can be seen from
the figure that there is 4–5 dBi gain improvement in case of
antenna with FSS in comparison with the antenna without
the FSS. Improvement in the gain at about 4 GHz is the
maximum due to better impedance matching at this
frequency.

V I . C O N C L U S I O N S

A compact, UWB, CPW-fed slot antenna is designed. The slot
is rectangular in shape with a small extension on one side. The
asymmetry so created helps in wider impedance matching.
The proposed antenna has a measured impedance bandwidth
of 11.85 GHz from 2.9 to 14.75 GHz. The radiation patterns at
different resonance frequencies are also presented. The asym-
metric slot slightly affects the H-plane radiation patterns of
the antenna particularly at mid-frequencies. To increase the
gain of the proposed antenna, a three metallic layer FSS is
designed and used as a reflector. There is 4–5 dBi improve-
ment in the peak gain after application of the FSS. The mea-
sured and simulated results are in good agreement.

Fig. 12. Measured and simulated radiation patterns of the proposed antenna with FSS at different resonance frequencies.

Fig. 13. Measured gain with and without FSS.
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