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UWB Compact Microstrip Patch Antenna with High Directivity
Using Novel Star-Shaped Frequency Selective Surface

Rajesh Kumar® * and Devi C. Dhubkarya?

Abstract—This paper presents a single element ultra-wideband (UWB) microstrip patch antenna with
high directivity. In this work, techniques like partial ground and modification of the patch have been
used to achieve the UWB. The designed antenna consists of a modified U-shaped radiating patch with
a microstrip feed attached directly to it. The initial U-shaped radiating patch is modified by attaching
an inverted trapezium on both sides of the feed line. Two parasitic patches are introduced near the
feed structure of the antenna after etching away two rectangular slots with appropriate dimensions.
Moreover, the proposed structure consists of a partial ground plane which contributes to the UWB
nature. Modifications in the form of square and triangular slot etching are carried out in this part of
the proposed structure. The proposed antenna is compact with dimensions of 16 mm x 19 mm x 1.6 mm.
Finally, gain enhancement of the proposed structure is done by placing a Frequency Selective Surface
(FSS) behind the proposed antenna with an air spacer in between the structures. A novel FSS unit
cell is proposed, and its performances are checked experimentally. Later, FSS is combined with the
antenna, and measured peak gain of 9.7 dBi is obtained experimentally. The overall size of the structure
is 62.5mm X 52mm x 24.9 mm.

1. INTRODUCTION

Ultra-wideband (UWB) represents the frequency range from 3.1 to 10.6 GHz given by the Federal
Communications Commission (FCC), having a fractional bandwidth of 110%. UWB antennas have
numerous applications due to their high bandwidth, low energy requirement and less multipath
fading [1]. These systems need antennas having a large bandwidth [2] to make the system competitive
with other communication systems. UWB antennas with compact size, wide impedance bandwidth,
and highly directional radiation pattern are in huge demand. They are also utilized for monostatic and
multi-static radar imaging for target tracking and target data retrieval [3,4]. Low gain and bidirectional
radiation pattern are the limitations of a conventional UWB antenna. A metallic reflector can be used
to improve the gain, but the overall RCS increases. In order to address this issue, frequency selective
surface (F'SS) is introduced which improves the gain at selective frequencies.

FSSs are two dimensional periodic arrays of symmetric unit cells printed on a dielectric substrate
without any ground plane [5]. Owing to their diverse merits, several researchers are currently working
to design and develop application specific FSSs for various modern day applications documented in [6—
19]. A compact, low profile, dual polarized UWB FSS is proposed in [12], where the FSS is designed
using two similar metallic array structures separated by dielectric material. A novel UWB FSS based
polarization diversity antenna is explained in [13], which consists of a dual polarized radiator mounted
on a backing reflector made up of a single layer FSS. The design produced an average gain of 9.5 dBi.
[14] discusses a novel FSS exploiting miniaturized hexagonal rings, where a UWB stopband and an
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improved polarization independence property are achieved due to the compact arrangement of the
hexagonal rings. A compact unilayer F'SS to enhance the gain of an UWB monopole antenna is presented
in [15], where the FSS unit cells are composed of simple metallic patterns printed on both sides of the
substrate. The gain of the antenna is improved by 4 dBi after the FSS installation. A compact coplanar
waveguide (CPW) fed UWB antenna with bended ground plane suitable for ground penetrating radar
(GPR) applications is proposed in [16,17]. Here, a double layered FSS structure is incorporated with
the antenna to get an overall gain improvement around 2 to 4 dBi. A highly compact UWB monopole
antenna with a peak gain of 9.4 dBi is elaborated in [18]. Finally, an ultra-wide stopband single-layer
FSS with high incident angle independence has been proposed in [19], which consists of four asymmetric
rectangular patches with circular slots embedded in it.

Recently, UWB antennas integrated with FSS is utilized for GPR and microwave imaging
applications. GPR is a subsurface scanning device that uses UWB antenna for transmission and
reception of electromagnetic waves to produce a 3-D image of the subsurface from the backscattered
wave [20]. Various FSS designs for GPR applications are elaborated in [21-24]. Microwave imaging is a
popular method of obtaining the internal images of objects without breaking apart the Materials Under
Test (MUT). Varieties of FSS based high gain antennas are necessary in the current scenario to obtain
a very good information about the target, and they are elaborated in [25-27].

Conventional UWB antenna structures that are reported include — triangular [28], rectangular [29],
elliptical [30,31], circular [32], semi-elliptical [33], U-shaped [34,35], etc. Defected ground plane and
addition of slots [36] are common techniques to introduce UWB behavior. Various compact UWB
antennas are discussed in [37-39]. Among the UWB antennas developed, planar monopole antenna [40—
44] has attracted the most attention since it can be integrated with other devices perfectly.

Practical applications like high-accuracy positioning systems, portable devices, microwave imaging,
and GPR applications demand a highly directive antenna with a stable radiation pattern and high
gain [45]. Different gain enhancement techniques have been reported in literature such as the
introduction of gate-like metallic structures [46], electromagnetic band gap (EBG) [47], and using
dielectric resonator antenna (DRA) [48]. Using different feeding techniques [49], or by increasing the
number of layers in the antenna array [50], the antenna gain can be improved further. The most common
method by which the Frequency Selective Surface is employed is a reflector. The FSS is kept behind
the antenna, and the distance to the antenna is optimized in such a way that it reflects the radiation
in the desired direction [51-53].

In this work, an FSS of dimensions 52 x 62.5 x 1.6 mm? is designed first followed by the UWB
antenna of dimensions 18 x 16 x 1.6mm?>. The designed FSS shifts the peak gain of the proposed
antenna by more than 6 dBi, and also the UWB characteristics of the antenna are also improved. The
proposed antenna can be used in a wide range of applications like GPRs, microwave imaging, etc.

2. PROPOSED GEOMETRY AND DESCRIPTION

2.1. Design of Frequency Selective Surface (FSS)

FSS is a two dimensional periodic array of symmetric unit cells on a dielectric substrate without any
ground plane [5]. FSS can be thought as the wireless counterpart of conventional filters that are
used in electronic circuits as it provides spatial filtering characteristics. Patch type FSS exhibits the
response of a band stop filter, and aperture type F'SS behaves like a band pass filter when the unit cell
dimension is compatible to the wavelength corresponding to the resonating frequency. The schematic
view of the FSS unit cell is shown in Fig. 1(a). A single element FSS unit cell is simulated in CST
Microwave Studio 2014 using periodic boundary conditions. The proposed FSS consists of a star-shaped
structure inside a circular slot. The periodicity of the proposed FSS is 10.5 mm, and it is on an FR-
4 substrate with dielectric constant 4.4 and loss tangent 0.02. The dimensions of the proposed FSS
array are 52 x 62.5 x 1.6mm3. The schematic of the complete FSS structure is depicted in Fig. 1(b).
The proposed FSS shows a wide stopband for S2; < —15dB over 8-12 GHz. The simulated filtering
characteristics of the proposed FSS unit cell is shown in Fig. 2(a). The FSS is modelled as a series
RLC, and the equivalent circuit model is shown in Fig. 2(b) for better clarity. The modelled equivalent
circuit is then utilized to find the R, L and C values. The stopband of the FSS is noted, and then the
obtained value is exported to Advanced Design Systems (ADS) software. The weights of R, L, and C
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Figure 1. (a) Schematic view of the proposed FSS unit cell unitcell, and (b) proposed FSS structure
where Ly = 62.5mm and Wy = 52 mm.
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Figure 2. (a) Simulated filtering characteristics of the proposed FSS unit cell, and (b) the equivalent
circuit model of the proposed FSS unit cell.

are simultaneously changed such that the new result matches the curve obtained from the EM simulator.
Thus, the values of R, L, and C are obtained as 1.572, 1.0087nH, and 0.2548 pF, respectively. The
input impedance of the FSS for the equivalent circuit is obtained by Eq. (1)

zszmj(Lé) M)

Transmission matrix (ABCD parameter) of the F'SS cascaded with the dielectric substrate can be found
using Eq. (2),

1 0 cos Sh jZgsin Bh cos Bh jZgsin Bh
A B 1 1 = | cosBh 1 Z
C D |~ 7 jleith cosph | 7 +jZ—dsinﬁh cosﬁh+j7':sinﬂh

(2)
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The relation between the ABC' D parameter and reflection (R) and transmission (7") coefficient are given
by Egs. (3)-(4)

B
A+ 7 CZy—D
R = 7 (3)
A+ —+CZy+ D
Zy
2
T= (4)
A+ = +CZy+D
A
where A, B, C, and D are the ABCD network parameters; Zj represents the characteristic impedance;
g is the dielectric constant; S is the phase constant; h is the substrate thickness, and Z; = 5&07

Egs. (1)—(4) are utilized to find the reflection and transmission coefficients as represented by R and
T, respectively. Once the R, L, C' values are obtained from ADS, the following values can be used in
Egs. (1)—(4) to obtain R and T from MATLAB. These equations are a generalized method of finding
the reflection and transmission coefficients once the parameters are obtained from ADS.

2.2. Design of an UWB Antenna

The detailed description of the geometry of the proposed structure is shown in Fig. 3. The basic design
consists of a radiating patch on top of a substrate with a thickness of h. The dimensions of the substrate
are given by Lgu, X Wgup X h. The patch is made up of a modified U-shaped radiating patch. The initial
radius of the U-shaped patch is given by R,. This part is then extended by connecting a rectangular
section of dimension Lyect X Wieet as an extension to the U-shaped radiator. A trapezium of sides Ly,
Lo, L3, with the base extending from the junction of the microstrip feed and U-shaped patch to the
starting point of the U-shaped arc is attached on the two sides of the initial radiator to get the modified
U-shaped patch antenna. The modified U shape is now ready. The modified U shape is then connected
to a microstrip patch of length L,, and width W,,. The width of the microstrip feeding input W,, is
taken as 3mm to match the 50 ) characteristic impedance. Finally, two rectangular slots of dimension
Lot X Wgiot on opposite sides of the feed line are etched out, and two parasitic patches are kept near the
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Figure 3. Detailed geometry of the proposed UWB antenna where (a) front side and (b) back side.
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etched-out region on opposite sides at a distance d from the etched out region of the microstrip feed line.
The dimension of the parasitic patch is given by L, x W,,. For designing the antenna, an inexpensive
FR-4 epoxy substrate is used with relative dielectric constant (&,) of 4.4 and loss tangent (tand) of 0.02.
On the back side of the substrate, a rectangular conducting ground plane is created with dimensions
of Lgng X Wgna. To achieve UWB characteristics, modifications on the ground plane have been done.
A slot of dimension Ly, x W}, on both sides of the ground patch on the upper side of the patch edge is
removed. A small triangle of side Ly, is etched out from the rectangular edges to complete the antenna
design. To further improve the gain and directivity, a frequency selective surface (FSS) with dimensions
Ly x Wy x his placed behind the proposed antenna with an air spacer in between them, completing the
entire design of the proposed structure. The optimized dimensions of the designed antenna are given in
in Table 1.

Table 1. All structural dimensions of the proposed antenna.

Dimension Dimension Dimension
Parameters Parameters Parameters
(mm) (mm) (mm)
Substrate Laup 16 Weub 19 h 1.6
Patch Lrect 16 Wrect 4 Ru 8
Trapezium L 4.65 Lo 3.6 Lis 3
(sides)
Stripline
L 3 W, 7.2 - -
(Feed) " "
Ground Lgnd 16 Wena 6 - -
Slots
L 0.5 W, 3 - -
(Patch) slot slot
Slots
L 2.5 W, 2 L 0.7
(Ground) b b o o
Parasitic
Patch L, 0.25 W, 2.6 - -
Proposed
L 2. w 2 h 1.
FSS ¥ 62.5 [ 5 6
Distance
between
L 2
Antenna af 0
and FSS

The UWB characteristics can be achieved by modifying the ground plane. The various stages
in the design of the proposed antenna are elaborated in Fig. 4. The primary antenna is a U-shaped
antenna with a rectangular ground plane as shown in Fig. 4(a). Two trapeziums having the side lengths
mentioned above are added to this antenna in order to get the modified U-shaped patch antenna in
Fig. 4(b). To further improve the matching, two rectangular slots are embedded in the ground plane of
the above modified structure to get a better impedance bandwidth, as shown in Fig. 4(c). Then, a slot
is made in the microstrip feed line, and two rectangular patches are made near the above two slots. A
small triangle-shaped patch is then etched out of the rectangular pointing edges in the ground plane to
get the final design as shown in Fig. 4(d). The operational bandwidth of the antenna is increased by
the modifications made on the ground plane as well as due to the addition of the parasitic patches near
the feeding portion of the proposed antenna. The return losses at different stages leading up to the final
proposed antenna are shown in Fig. 5. Finally, the F'SS is incorporated at a distance L; behind the
UWRB, and its position with respect to antenna is adjusted in such a way that good impedance match
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(a) (b) (c) (d)

Figure 4. Design stages in the development of the final single element UWB microstrip patch antenna.
(a) Stage_1. (b) Stage_2. (c) Stage_3. (d) Stage_4.
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Figure 5. Simulated return loss responses at different design stages of the antenna where stage-4 is
chosen as the final design.

as well as good gain is obtained. Fig. 6(a) shows the arrangement of the FSS behind the UWB antenna,
and the perspective view of the complete structure is shown in Fig. 6(b). The final optimized operational
bandwidth achieved by the combination of antenna and the FSS is from 3.6 GHz to 10.8 GHz.

3. SIMULATED RESPONSES OF THE ANTENNA COMBINED WITH THE FSS

A single element UWB antenna with high directivity is designed using the patch and partial etching of
the ground plane. A compact antenna is designed over the UWB range (3.6 GHz to 10.8 GHz) in CST
Microwave Studio Suite 2014. Instead of the SMA connector used practically, waveguide port is used
in the simulator.
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Figure 6. (a) The relative position of the FSS as compared to the UWB antenna, and (b) perspective
view of the complete structure.

An extensive full-wave simulation is carried out to understand the different parameters related to
the proposed antenna and to study its diverse performances. The impedance bandwidth or return loss
and gain are obtained initially without the FSS. Finally, the radiation characteristics of the proposed
antenna are studied and then plotted with and without the FSS. The proposed structure is simulated
with and without the FSS. The overall simulated impedance bandwidth is better in the case of the
antenna with FSS. When the antenna alone is exited, the impedance bandwidth is from 3.6 GHz to
about 10.8 GHz. Design of the antenna is varied in such a way that the impedance bandwidth obtained
is in the UWB range. After this step, the FSS is loaded behind the antenna at a distance of Ly, and
the impedance bandwidth is again checked. The —10dB return losses of the proposed UWB antenna
with and without the FSS integration are simulated and studied in Fig. 7. The results show that the
FSS with antenna gives much better response than the stand alone UWB structure. An extra resonance
is formed after the addition of the F'SS. This is due to the resonance of the cavity formed by the antenna
and the FSS.
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Figure 7. Simulated return loss performances of the antenna with and without the FSS.

The simulated directivities of the proposed antenna are plotted with and without FSS, and the

results are tabulated in Fig. 8(a). The graph clearly explains the significant improvement in directivity
with the addition of F'SS. The simulated gains are plotted over 2-12 GHz with and without FSS and
depicted in Fig. 8(b). Initially without F'SS, the simulated peal gain was around 3 dBi at 11 GHz. Placing
the FSS along with the above structure significantly improves the peak gain to 9.7 dBi at 10 GHz. The
gain throughout UWB range is improved as well.



262 Kumar and Dhubkarya

12 15
1" o Without FSS _ —— With FSS
— 10 T Wit FRs —— Without FSS
2 4 _10r
= -
z 8 &
- - ol
=z Tr = S5Sr
S 6 ‘"
£ s ©
Q 4 : 0F
3 -
2 i 1 L 1 I 1 i 1 i
2 < 6 8 10 12
Frequency (GHz) Frequency (GHz)
(a) (b)

Figure 8. Simulated (a) directivity and (b) gain of the antenna with and without the F'SS.
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Figure 9. Simulated surface current distributions of the proposed antenna at (a) 4.6 GHz, and (b)
8.4 GHz.

After the addition of the proposed FSS with the antenna, the back radiated E-fields of the antenna
are partially reflected by the single-layer F'SS towards the antenna broadside direction. The electric field
strength in the broadside direction of the antenna increases significantly due to the placement of FSS
at a distance of 20mm below the proposed antenna structure. The radiation reflected from the FSS
constructively adds up with the radiation already radiating from the patch and the overall radiation
in the broadside increases. This leads to the increase in antenna directivity towards the broadside
direction. Hence, a considerable improvement in antenna gain is observed on the placement of the FSS.
The surface current distributions of the antenna are plotted at 4.6 GHz and 8.4 GHz respectively as
shown in Fig. 9. Result shows that the current is concentrated near the feed portion of the antenna,
and the modified U-shape patch has less intensity than the feed. Thus, the feed portion is the short
circuit, and the U-shaped portion represents the open circuit. Thus, the effective electrical length from
the feed to the top of the U shape corresponds to A\g/4. In the case of Fig. 9(b), the current is mainly
concentrated in the edges of the U shape as well as in the ground plane. A null is visible in the centre
of the feed portion. Thus, the effective electrical length of the antenna in this case is Ag/2. Due to
the concentration of current near the feed portion, the cross polarization of the antenna is much less
improving the performance of the antenna. The radiation patterns of the proposed antenna with and
without FSS are simulated. The radiating direction of the antenna is studied, and the co-polarization
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Figure 10. Simulated radiation patterns of the antenna without FSS at 4 GHz, 6 GHz, 8 GHz,
9GHz and 10 GHz where (a) E plane co-polarization, (b) E plane cross-polarization, (c¢) H-plane
co-polarization and (d) H-plane cross-polarization.

and cross-polarization of the antenna are plotted over the UWB range. The radiation patterns of the
proposed antenna are plotted at 4 GHz, 6 GHz, 8 GHz, 9 GHz, and 10 GHz, with and without the F'SS,
as depicted in Fig. 10 and Fig. 11, respectively. In addition, radiation patterns at the starting point,
middle point, and the end point frequencies of the UWB (3.6 GHz, 7.2 GHz and 10.8 GHz) are plotted
in Fig. 12, for clarity.

4. EXPERIMENTAL VALIDATION

The prototypes of the proposed FSS and UWB patch antenna are fabricated using Monolithic Microwave
Integrated Circuits (MMIC) process, and their various parameters are measured. An FR-4 substrate
with dimensions of 16 mm X 19 mm is used to print the antenna. The thickness of the substrate used
is 1.6 mm. Modified U-shaped patch is printed on one side and most of the ground plane removed
on the bottom side, leaving behind a partial ground plane. Front and back side photographs of the
fabricated antenna are shown in Figs. 13(a) and (b), respectively. A 50 SMA connector is soldered
with the CPW feedline. Inner conductor of the SMA connector is soldered with the feed line, and the
outer conductor is soldered with ground planes present on the back side of the antenna. A novel FSS
of dimensions 52 mm x 62.5 mm is etched on an FR-4 substrate and is placed behind the antenna at an
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Figure 11. Simulated radiation patterns of the antenna with FSS at 4 GHz, 6 GHz, 8 GHz, 9 GHz and
10 GHz where (a) E Plane Co-Polarization, (b) E Plane cross-polarization, (¢) H-Plane Co-Polarization
and (d) H-Plane cross-polarization.

optimized distance of 20 mm. The proposed F'SS structure is shown in Fig. 13(c). For measurement, the
FSS structure is placed behind the antenna through a foam of thickness 20 mm, having the dimensions
of the proposed novel FSS. Further, the foam provides a mechanical support to the antenna and helps
in the easy measurement of the antenna with FSS. The complete arrangement of the antenna with the
designed F'SS with foam in between is described in Fig. 13(d).

S-parameter of the antenna is tested using the N5224B vector network analyzer (VNA) from
Keysight. During the measurement, frequency sweep was set to 1 to 14 GHz with 1001 sample points.
The transmission and reflection coefficient of the proposed FSS array was measured first, and then
oblique angular stability was tested for 0°, 15°, 30°, 45°, 60° angles, as shown in Figs. 14(a)—(b),
respectively. The proposed FSS is predominantly used as a reflector, and the proposed structure achieves
a good angular stability. The obtained angular stability values prove that irrespective of the angle of
the impinging wave, the FSS produces a stable reflected signal in the entire UWB region of operation.
Measured Sj; response of the antenna without FSS is shown in Fig. 15(a). The S-parameter of the
antenna with FSS is also measured, and the results are plotted in Fig. 15(b). Result shows that measured
reflection coefficient variation closely follows the simulated graph in both the cases. Small discrepancies
between them are mostly attributed to the fabrication error and losses from the solder.

Gain of the UWB antenna was determined using gain transfer method. Initially, gain of the
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Figure 12. Simulated radiation patterns of the antenna at 3.6 GHz, 7.2 GHz and 10.8 GHz where (a)
E Plane Co-Polarization, (b) E Plane cross-polarization, (¢) H-Plane Co-Polarization and (d) H-Plane
cross-polarization patterns.

standard horn antenna was noted from the available datasheet. Power fed to the transmitting horn was
fixed at 10 dBm, and the distance between Tx horn and AUT was kept at 0.93 m. Tx horn is connected
to a VNA with a 5.5m long cable. Receiving antenna is connected to a Keysight signal analyzer N9020B
to determine the peak power of the received signal. The power is found out at frequencies from 2 to
12 GHz. Initially, the AUT is replaced with a standard gain horn (SGH), and the received power is
noted at the frequencies from 2 to 12 GHz. This is termed as Psgy. By keeping the transmitting power
and the distance between transmitter and receiver antennas unchanged, SGH at the receiver end is
replaced with the UWB antenna (AUT), and the received power is noted at those frequencies again. It
is denoted as Payr. Then gain of the patch antenna is obtained using the relation in Eq. (5) [54].

P
(Gavur)as = (Gscr)as + 101ogy (PAUT> (5)
SGH

The measured gain of the antenna with F'SS is shown in Fig. 16. The measured gain is also compared
with the simulated gain. It can be observed that the measured gain closely follows the simulated gain
over the UWB range of operation.

Radiation characteristics of the UWB antenna are experimentally evaluated inside an anechoic
chamber. Fig. 17 shows the detailed measurement setup inside the anechoic chamber. At the
transmitting section, a broadband ridged horn antenna operating between 0.8 GHz and 18 GHz is kept.
The UWB antenna whose radiation characteristics have to be determined acts as the antenna under
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Figure 13. Photograph of the fabricated antenna where (a) top view and (b) bottom view, (c)
fabricated FSS structure and (d) complete arrangement of the antenna with the FSS and foam in
between them.
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Figure 14. Measured (a) transmission, reflection coefficients and (b) angular stability at 0°, 15°, 30°,
45°, 60° oblique angles of the proposed FSS array.
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Figure 17. Radiation pattern measurement setup for the designed UWB antenna inside an Anechoic
chamber where (a) Standard-gain transmitting horn antenna, and (b) UWB antenna at the receiving
end.
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test (AUT) at the receiving end. The antenna is mounted on a movable positioner system which has
rotating features in three independent planes to fix its polarization and line of sight alignment with
respect to transmitting horn. The distance between transmitting horn and AUT is fixed at 0.93 meters
which satisfies the far-field condition at a distance greater than 2D?/\. Here, D is the largest dimension
among the transmitting and receiving antennas. For the given horn of D = 34.4 cm and lowest frequency
of the sweep, far-field condition will be valid beyond the distance of 0.789 m. During the experiment
inside the anechoic chamber, power to the transmitting horn antenna is kept as 10dBm. Measured
radiation patterns of the designed UWB antenna with FSS at 4 GHz, 6 GHz, 8 GHz, 9 GHz, and 10 GHz
are shown in Fig. 18. For better understanding, the measured results are compared with the simulated
ones for both £ and H planes. In addition, the radiation pattern plots at the starting point, middle
point, and the end point frequencies of the UWB (3.6 GHz, 7.2 GHz, and 10.8 GHz) are shown in Fig. 19.
Results show a good agreement between the simulated and measured patterns for all frequencies. The
performances of the antenna are compared with other state-of-the-art performances and tabulated in
Table 2 for better clarity.

—— Co_Pol (Sim) == =-Cross_Pol_{Sim) =Co_Pol(8im) ====-Cross_Pol_(Sim} === +Co_Pol_(Sim) === Cross_Pol (Sim)

== ==Co_Pol (Meas) - Cross_Pol (Meas) et Cn ol (Mera) <+ Crnan Rol (Mea) = ==+Co_Pol (Meas) -5 Cross_Pol (Meas)

Co_Pol(Sim) ===-Cross _Pol (Sim)
= ===Co_Pol (Meas) i +Cross_Pol (Meas)

330 30
7 N
i
=20 300 60
40+
-60 270 90
40+
ol 240 120
5 ot 210 150
180 180 180
(a) (b) (©) (d)
Co_Pol ($im) = ==-Crass_Pol_(Sim) Co_Pol (Sim) == =-Cross_Pol_(Sim) Co_Pol (Sim) === +Cross_Pol_(Sim) Co_Pol (Sim) ===-Cross_Pol_(Sim)
===-Co_Pol (Meas)- (i Cross_Pol (Meas) == =+Co_Pol (Meas) g+ Crass_Pol (Meas) ====-Co_Pol (Meaa)---{-}---- Cross_Pol (Meas) ===-Co_Pol (Meas) o Cross_Pol (Meas)

180
=—Cao_Pol (Sim) ====Cross_Pol_(Sim) = Co_Pol (8im) ===-Cross_Pol (Sim)
m=a=Co_Pol (’VlCﬂS)"'i'"" Cross_I"ol (Meas) ====Co Pol (\‘Ieas)“-‘i‘ - Cross Pol (Meas)

Figure 18. Simulated versus measured radiation patterns of the proposed antenna with FSS at various
frequencies. The patterns (a), (c), (e), (g) and (i) presents the F plane radiation patterns and the
patterns (b), (d). (f), (h) and (j) shows the H plane radiation patterns at 4 GHz, 6 GHz, 8 GHz, 9 GHz
and 10 GHz, respectively.
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Table 2. State-of-the-art performance comparison of the UWB antenna performances with other similar

reported works.

Size of the | FSS unit . No. of | Gain Gain Gain
. Bandwidth . .
Ref. antenna cell size (GH2) FSS |(Without| (With |Enhancement Approach
Z
(mm?) (mm?) Layers| FSS) FSS) (dBi)
Dual polarized
diat ted
[13] | 115x 115 [135x13.5| 3-8 1 |Around 6|Around 9.7|  3.5-4 radiator fhotmte
on a backing
reflector
Compact unilayer
[15] 34 x 26 14 x 14 2.7-13.9 1 4.9 8.9 4 FSS with UWB
antenna.
Umbrella shaped
[16] 35 x 30 10.8 x 10.8 3-13.4 2 2.5-5 5.5-8.5 24 UWB antenna with
FSS as reflector
CPW fed
D x 14. 4 X 5. .1-20. — .0—0. printe
17 175 x 145 | 54x5.4 | 6.1-20.88 2 2-4 3.5-6.5 3 inted UWB
antenna with FSS
B ant
27] | 32x30 | 11x11 | 38106 | 1 |Around5|Around 85 3.5 UWB antenna
with FSS
Two open L
haped slots and
52 | 32x32 - 31106 | - | L742 - - Thaped st an
narrow slots on
the ground plane
Y-shaped stri
53] | 24 x 28 ; 291-11.4 | - NR § § Shaped stips
to annular ring
Asymmetrical
IF h
[54] | 24.524.5 ; 295121 | - 3.39 - - rectangular patc
with the U-shaped
open-slot structure
Antenna
20 x 27
1 ide s
[55] | Antenna | 14x14 | 4.7-14.9 1 4.2 8.7 4.3 Ultra wide stop
4 FSS band FSS
84 x 84
Antenna
63 x 63
Multioct
[56] | Antenna | 17x17 3-12 2 6 9.8 3.8 o ostave
4 FSS FSS reflector
119 x 119
Slotted ground
[57] 30 x 60 224 x 6.5 3.2-12 2 |Around 5| Around 9 34 microstrip antenna
with FSS reflector
Antenna Modified U-shaped
Thi (16 x 19) slot with Rectangular
is
Work Antenna |10.5 X 10.5| 3.6-10.8 1 3 9.7 6.7 ground slot with a
or
+ FSS star shaped FSS
(52 x 62.5) structure.
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=36 GHz=-==--72 GHz==-=--108 GHz —3.6 GHz~-~-~ -7.2{0':';Hz— ===-10.8 GHz

Figure 19. Measured radiation patterns of the antenna at 3.6 GHz, 7.2 GHz and 10.8 GHz where (a)
E Plane Co-Polarization pattern, (b) E Plane cross-polarization pattern, (c¢) H-Plane Co-Polarization
pattern and (d) H-Plane cross-polarization pattern.

5. CONCLUSION

In this paper, a single element UWB microstrip patch antenna with high directivity is designed and
measured. A single layer F'SS with good angular stability is proposed. All the parameters of the designed
F'SS are studied, measured, and presented systematically. The antenna designed as a monopole antenna
with impedance bandwidth from 3.6 to 10.8 GHz. The addition of the F'SS augments the gain, and an
improvement of 6.7 dBi at 10 GHz is attained as compared to the stand-alone antenna. The antenna is
fabricated, and the performance characteristics are verified by measurements. All measured responses
are verified with full-wave and circuit simulations up to a reasonable extent. The total volume of the
proposed structure is very low which can be utilized for wireless communication applications, GPRs,
microwave imaging, etc.
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