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MICROSTRI
ANTENNA

Boosts UWB Gain

This compact, star-shaped slot antenna employs a frequency-selective
surface as a reflector to help boost gain over a wide impedance bandwidth

for UWB applications.

icrostrip antennas offer many
benefits, including small size
and light weight, along with
ease of integration with micro-
nti ed it (MIC) and monolithic-micro-
wave integrated circuit (MMIC) devices.! They are
well suited for transferring data, voice, and video as
part of wireless communications applications,? but
they lack one important property for longer-distance
communications: higher gain.? Fortunately, it is pos-
sible to develop a microwave antenna with coplanar-
waveguide (CPW) feed that offers radiation patterns
with enough gain to serve ultrawideband (UWB)
communications applications.
The antenna design features a star-shaped radia-
tion patch with wide impedance bandwidth of 3.0 to

1. These diagrams show the geometry of the star-shaped UWB antenna.
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11.7 GHz. Through the use of a three-layer
frequency-selective surface (FSS), the antenna can
be fabricated with higher gain, enhancing the gain
by 4 to 5 dB while maintaining the wide impedance
bandwidth. The use of the FSS even helps reduce the
antenna’s backlobes.

The bandwidth of a patch antenna is limited if
the patch is fabricated on a dielectric substrate that
contributes to generation of surface waves, and in so
doing reduces the bandwidth of the antenna.’ Numer-
ous techniques are available to increase antenna band-
width, such as incorporating different slot geometries
in the ground planes, or the use of FSS screens, gap-
coupled feeds?, and meandered ground planes.” A
UWB antenna with CPW feed can provide the good
radiation patterns needed for broad bandwidth.

Antennas for
UWB communica-
tions can support a
wide range of appli-
cations, includ-
ing for microwave
imaging, impulse
radio communica-
tions, and biomedi-
cal applications.
Increased antenna
signal-to-noise
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UWB Antenna

Increased antenna signal-to-noise ratio is needed for improved
gain, and this can be achieved by designing antennas with
unidirectional or semi-unidirectional radiation patterns.”

for improved gain, and this can be achieved by designing
antennas with unidirectional or semi-unidirectional radiation
patterns.®” The antenna gain can be improved in two ways:
by increasing its efficiency or using a reflector surface. For
increased efficiency, thinner substrates can be used to provide
higher gain due to reduced surface-wave losses.

ESS surfaces are passive periodic structures of metallic or
dielectric elements that can be used to control and manipulate
the propagation of electromagnetic (EM) waves.® 10 FSS mate-
rials can be characterized by means of high surface impedance
which retards the propagation of surface waves and supports
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2. The plots show the measured and simulated reflection coefficients
for the UWB antenna.
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3. These plots show the effects of antenna parameters (a) A, and (b)

B, on return loss.
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in-phase reflections of waves striking the FSS surface, result-
ing in a high gain.!!"!> For low-profile antennas, FSS designs
should be compact, easy to fabricate, and commercially viable.

By using an FSS screen, it should be possible to improve
antenna radiation pattern characteristics, directivity, polar-
ization and, in many cases, bandwidth. FSS materials can be
used as a filter, reflector, polarizer, propagation device, or as an
artificial magnetic conductor (AMC).1617

Typical FSS structures already reported in technical lit-
erature include square, ring, loop, dipole, and fractal-based
shapes. The characteristics and behaviors of these different
FSS materials depend on the size, shape, periodicity, and geo-
metric structure of each FSS unit cell.'®

To demonstrate the effectiveness of FSS materials and
shapes, a wideband FSS form consisting of a rectangular ring
element was used to enhance the gain of a star-shaped patch
antenna operating from 3.0 to 11.7 GHz. The antenna design
was simulated with the help of the CST Microwave Studio
computer-aided-engineering (CAE) simulation software from
CST (www.cst.com), then fabricated and measured using
commercial test equipment.

Figure 1 shows the structural details of the antenna. It was
printed on one side of 1.58-mm-thick FR-4 circuit laminate
with relative permittivity (e,) of 4.3 in the z-axis of the material
and loss tangent (tan §), or dissipation factor of 0.019 in the
z-axis of the material. Initially, a simple symmetric rectangu-
lar-shaped slot was etched on the ground plane.

A double-stepped CPW feed line with widths of W and
W,p and terminated on a star-shaped patch, was used to excite
the slot. A double-stepped CPW feed was used for better
impedance matching. Figure 1 also shows the formation of the
star-shaped patch, which was formed by inverting and adding
two isosceles triangles having base width T}, and height Ty,
resulting in the star-shaped structure.

18 mm

14 mm

3.50 mm—| | 4.50 mm —» l—

18 mm

— 14 mm —

For first two layers For third layer
4. These are the unit-cell dimensions for the three layers of antenna

FSS.
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5. These are the overall screen dimensions for the different FSS layers.

To increase antenna bandwidth, the slot was made asym-
metric by adding a rectangular section on one side (Fig. 1).
The slot’s asymmetric nature provides an inductive character-
istic to counter the capacitive effects of the patch (produced
by the fringing effect). The bandwidth can also be enhanced
by changing the size and shape of the slot. The antenna was
optimized further for miniaturization.

The return loss of the fabricated antenna was measured
using a model R&S ZVA-40 vector network analyzer (VNA)
from Rohde & Schwarz (www.rohde-schwarz.com). Figure 2
compares measured and simulated return loss for the antenna.
The measured impedance bandwidth of the antenna is 8.7
GHz (3.0 to 11.7 GHz).

From Fig. 2, it can be seen that measured and simulated
results are in close agreement except at certain frequencies,
where deviations may be due to substrate impurities or devia-
tions because of SMA connectors.

To study the effect of asymmetric slot on the return loss of
the antenna, the two slot dimensions, A, and B,, were varied.
Figure 3 shows how return loss changes with variations in
these slot dimensions. From Fig. 3(a), it can be seen that as the
value of A, increases, the return loss improves and frequency
shifts downward.

As A, increases, the overall slot length increases, result-
ing in a shift towards lower frequencies. Also, the coupling
between the ground and the radiating patch improves with
increasing value of A,. This results in better
impedance matching and improvement in
return loss.

However, after a particular value of A,,
the return loss deteriorates with increas-
ing value of A,. So the value of A, must be
optimized; the optimum value was found to
be 9.10 mm. From Fig. 3(b), it can be seen
that B, has a similar effect on return loss as
A,. The optimized value of B, was found to
be 7.50 mm.

As opposed to the asymmetrical slot

shown in Fig. 1, if the slot is extended on 7. This photograph shows the fabricated

both sides, it again becomes symmetrical.
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UWB antenna with screen.
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6. These plots show the reflection and transmission characteristics
of the screen.

The effects of this extended symmetric slot on antenna return
loss were studied, and found not ideally suited for UWB
operation, even when the slot dimensions are optimized.
These return-loss characteristics were studies by considering
surface-current distribution for the antenna. High current dis-
tribution was found at 4.3 GHz, due to the star-shaped patch,
with a resonance at 6.5 GHz due to second harmonics of 3.2-
GHz fundamental signals.

By considering current distribution, the first resonance can
be approximated as

fi = c/[SL(eerr)**] (1)

where:

f; = the lowest resonance frequency (in Hz);

SL = the slot length (in m and equal to 0.065 m);
¢ = the speed of light (in m/s); and

€.fr is the effective relative permittivity which can be approxi-
mated by (g, + 1)/2.

The second resonance frequency can be approximated by con-
sidering the height of the patch

to M/4, and it is given by Eq. 2:

fy = c/[4L(ee)™] (2)

where:

L = the height of the star-shaped patch.

By using loop-type patches, the antenna
FSS was successfully designed. Initially, a
loop array was printed on one side of the
substrate. Then, to increase the stopband
bandwidth, different layers of FSS were
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cascaded to form the final FSS. The FSS is a composite struc-
ture with two substrate layers sandwiched between three
metallic layers. The 1.6-mm-thick substrate has relative per-
mittivity, €,, of 4.4. The unit element used for all three layers
was a loop-type structure, with larger loop for the outermost
layer. Figure 4 shows the unit elements used in the different
layers of the FSS. The FSS was fabricated with a 6 x 6 element
array for two of the layers and 5 x 5 element array for the out-

ermost layer (Fig. 5). Figure 6 shows simulated magnitude of
transmission and reflection phase for the FSS. The stopband
(transmission less than —20 dB) bandwidth is 8.3 GHz (2.6 to
10.9 GHz). The reflection phase of the FSS is linear which is
desirable to increase the gain over a wider bandwidth.

The FSS is mounted below the antenna to enhance the gain,
used as a reflector. Waves radiated by the antenna and propa-
gating towards the FSS are reflected by the FSS. If the waves
radiated by the antenna and reflected by
the FSS are in phase, antenna gain will be
increased. The condition for the reflected
waves from the FSS and the radiated waves
from the antenna to be in phase is given by

q)FSS - 2[31’1 =2nm

90 -90
where:
-12
N 120 0 n=..-2,-1,0,1,2,... (3)
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Drgg = the reflection phase of the FSS;
p = the propagation constant in free space;
and

h = the height between the FSS and the
antenna.

By using Eq. 1, h can be calculated as
26.13 mm.

Figure 7 shows the fabricated antenna
prototype along with the FSS. The mea-
sured impedance bandwidths with and
without the FSS are nearly same and equal
to 8.7 GHz (from 3.0 to 11.7 GHz). The
slight difference between the reflection
coefficients (with and without FSS) is due
to multiple reflections caused by the FSS.

The radiation patterns of the proposed
antenna with and without the FSS were
measured in an in-house anechoic cham-
ber, with a double-ridged horn antenna
used as the reference antenna. Figure 8
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150 -150

=== Measured without FSS
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150
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8. These plots compare measured radiation patterns of the antenna in the E- and H-planes

with and without the FSS.

90

compares measured E- and H-plane pat-
terns with and without the FSS at three dif-
ferent frequencies: 4.5, 6.5, and 10.5 GHz.
Radiation patterns without the FSS show
a bidirectional nature in the E- plane and
omnidirectional nature in the H-plane.
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DIMENSIONS OF ANTENNA PARAMETERS

(in mm)
Parameter | Gpg Gy Wy Wit A B ©
Dimension | 0.70 | 0.30 | 0.82 | 1.73 | 1497 | 4.20 | 10.10
Parameter A A, B, B, S Sy —
Dimension | 1.50 | 9.10 | 820 | 7.50 | 10.50 | 14.30| —

The radiation pattern becomes more directional with appli-
cation of the FSS. The backlobes are reduced by around 10 dB
(at 7.5 GHz) with the FSS. Figure 9 shows the measured peak
gain comparison of the antenna without and with the FSS. It
reveals an improvement in the peak gain of around 4 to 5 dBi
throughout the band after application of the FSS, with the gain
under both conditions measured from 3 to 11 GHz.

In summary, a compact slot antenna with FSS provides high
gain for UWB applications. The slot is asymmetrically placed
in the ground plane to improve impedance matching. The
antenna design offers a measured impedance bandwidth of
102% at a center frequency of 7.5 GHz. To boost gain, a three-
metal-layer FSS is used as a reflector, providing improvement
of 4 to 5 dBi in peak gain. T
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9. These plots show the peak gain for the prototype antenna with
and without FSS across a frequency range of 3 to 11 GHz. The gain
increased by about 4 to 5 dBi with application of the FSS .
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