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WIDEBAND LOG-PERIODIC MICROSTRIP SLOT ARRAY ANTENNA
USING SUBSTRATE INTEGRATED WAVEGUIDE
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ABSTRACT

A new technique for designing wideband microstrip antenna on the basis of the
recently proposed substrate integrated waveguide technology is proposed. In this
technique, log-periodic slot array antenna on substrate integrated waveguide with
different substrate thicknesses and different terminations is presented. The proposed
antenna was designed using Ansoft HFSS simulation sofiware package. The antenna is
able to achieve an impedance bandwidth of 41 % for a return loss of less than —10 dB.
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1. INTRODUCTION

For many years, the concept of
creating microwave antenna using
microstrip technology has gained much
attention, and many possible practical
designs had emerged. Microstrip patch
antennas have gained popularity in
today's world of wireless technology
due to its many advantages such as low-
profile, conformability to both planar
and non-planar surfaces, low cost, ease
of integration with other components,
mechanically robust and simple to
fabricate [1]. However the main
drawback with microstrip patch antenna
lies in its narrow bandwidth.

Recently, numerous researches and
studies have been proposed as solutions
to the bandwidth problem. To enhance
the bandwidth of the microstrip patch
antenna, general techniques based on
lowering the Q-factor are used. The
most direct method of decreasing the
Q-factor is to use a thick substrate with
low permittivity, but this method leads
to spurious feed radiation, surface wave
generation, or feed inductance [2].

Other techniques for enhancing the
bandwidth of the microstrip patch
antenna include an optimally designed
impedance matching network [3], and
an improved feeding method such as L-
probe feed (4], L-strip feed [$5], three-
diménsional microstrip transition feed
[6]. and proximity-coupled patch in
conjunction with a simple stub tuner
[7]. Another very popular bandwidth
extension technique involves the use of
multiple resonances such as coupled

patches with slots ( e.g. U- and E-
shaped ) [8, 9], multitayer stacked
patches using  electromagnetically-
coupled or aperture-coupled mechanism
[10, 11], and gap or direct coupling of
planar multiple resonant patches [12].
Both gap and direct (hybrid) coupling
have been wused with equilateral
triangular to control the coupling and
yield the desired broad bandwidth [13].
Also resistive loading technique has
been proposed as a potential technique
for improving the bandwidth of
microstrip patch antennas [{4].

Finally, the concept of log-periodic
antenna has been applied to microstrip
antenna to obtain a multi-octave
bandwidth [15]. Since there have been
lots of designs proposed for bandwidth
enhancement, the examples that were
reviewed above are only some of those
designs.

In this paper, a new microstrip
broadband antenna is proposed. This
antenna was designed using Ansoft
High Frequency Structure Simulator
(HESS) software package [16]. The
investigated antenna uses array of log-
periodic slots on substrate integrated
waveguide (STW), which is fed by a
microstrip line to widen the bandwidth.
The slot array and the feeding
microstrip line were synthesized on a
single substrate. As a result, not only
the size, weight and cost of the
proposed antenna are reduced, but also
the manufacturing repeatability and
reliability are enhanced [17]. A
parametric study using a trtal-and-error
approach was performed to optimize
the proposed design.
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2. SUBSTRATE
WAVEGUIDE

INTEGRATED

Recently, a new concept “Substrate
Integrated Waveguide (SIW)” has
already attracted much interest in the
design of microwave and millimeter-
wave integrated circuits. The SIW. also
called  post-wall or  laminated
waveguide [18], 1s a synthetic
rectangular waveguide (RWG) formed
by the top and bottom metal plates of a
dielectric slab and two sidewalls of
metallic via-holes.

Unlike the metallic waveguide
components with bulky size and high
manufacturing cost, the SIW can be
fabricated on the printed circuit boards
(PCBs) or the low-temperature co-fired
ceramics (LTCCs) to reduce size,
weight, and cost [16]. As the SIWs are
operated in the TE, modes, they
preserve  the  characteristics  of
conventional rectangular waveguides
[19] and the propagation energy of
modes is almost confined in the
substrate, Therefore, the SIWs have a
higher Q-factor [20] and lower loss
than other planar  guided-wave
structures such as microstrip lines and
coplanar waveguides (CPWs). Using
the SIW technique also takes advantage
of easily integrating millimeter-wave
passive and active componenis on a
single substrate as a compact and high
performance subsystem. Also. SIW can
easily be connected to microstrip or
coplanar  circuits  using  simple
transitions [17].

As shown in Fig. 1, the SIW is
equivalent to a conventional RWG
filled with dielectric and hence it can be
analyzed just by using the width of the
equivalent waveguide.

Fig. 1. SIW and the equivalent RWG.

The width of the broad wall of the
equivalent RWG (which has the same
cutoff frequency) can be calculated by
the experunental formula [21].
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where Qg is the width of the broad

wall of the equivalent RWG, a is the
center to center distance between
parallel sets of via-holes, D 1s the via-
hole diameter, and p is the inter via
spacing or pitch of adjacent via-holes in
the linear array. The relative error of
the formula is below 1%.

In the previous equations, two design
rules related to the post diameter and
pitch are formulated to neglect the
radiation loss

These rules have been deducted from
simulation results of different SIWs

D < 2,75
p £ 2D (3)

where A, is the guided wavelength in

the SIW. These two rules ensure that
the radiation Joss is kept at a very low
leve! and SIW can be modeled by a
conventional RWG [22].

3. WIDEBAND MICROSTRIP
TRANSITION

Several transitions have been
presenied over the last years. The
microstrip  transition presented by
Deslandes and Wu [23] as shown in
Fig. 2 has demonstrated a low insertion
loss over a large bandwidth and is
therefore well suited for this application
to transform the quasi-TEM mode of

the microstrip line into the TE,; mode
in the waveguide.

Using the equivalent waveguide, the
taper is analyzed using a commercial
package HFSS and optimized using
trial-and-error  approach  with  the
purpose of minimizing the return loss.

Fig. 2. Configuration of the transition of
microstrip line to rectangular waveguide

4. ANTENNA STRUCTURE AND
SIMULATION RESULTS

In this paper, the principle of the log-
periodic antenna has been applied to a
slot array antenna on SIW. It requires
scaling of all dimensions of the slot
array in a log-periodic manner.

A full-wave finite element method
based commercial software package
HFSS is used to camry out our
simulations.

The structure of the proposed antenna,
as shown in Fig. 3, consists of the log-
periodic slot array on STW which is fed
by tapered microstrip line.
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Fig. 3. Configuration of log-periodic slot
array antenoa on SIW with tapered
microstrip transition

The lengths of the slots, widths and
distances between them are related by
[24],

= I"n+I/Ln
= wslul/wsn

= dsn+|/dsn (4)

where, T is the geometric ratio (<1),
n=1:N, N is the number of slots, L, is
the n" slot length, ws, is the n" slot
width, and ds_ is the spacing between
the n™ and (n+1)" slots.

The offset s between the slot center and
the axis of the structure is optimized to
get maximum bandwidth (s = 2.25
mm).

Table 1 shows the trial-and-error
optimized dimensions of N=8
elements log-periodic slot array antenna
with (1 = 0.972, L, =054,, ws, =25
mm and ds, =9.5 mm).

Table 1. Dimensions of the log-periodic

slot array
n | L,(mm) | ws, (mm) | ds, (mm)
1 16.67 2.5 9.5
2 16.19 243 9.23
3 15.74 ) 2.36 8.97 h
4 ‘ 1529 | . 2.29 .- 8.72
5- 14.86 223_ 8.43
6 14.44 2.17 8.24
7 14.03 2.10 .01
8 _.Flr3.64 2.05

The frequency spectrum for the
proposed log-periodic slot array is
1

M-l

taken from (_c_) to
“o

the first stot resonates at a frequency of

9 GHz.

c
(=), where
A

At operating frequency of 10 GHz,
SIW is simulated on the Duroid (tm)
substrate (g, =2.2 and tand =0.0009)
and covered with 0.5-0z copper. For an
operational bandwidth, the optimized
parameters  are: a=1}589 mm,
D/p=05.and D =24 mm. The width
of the broad wall of the equivalent
RWG ag,; can be calculated by the

experimental f{ormula, equation (2),
which gives a,,, =144 mm.
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The equivalent RWG height b 1s the
same as the thickness h of the SIW.
Design and simulation are taken out for
two different substrate thicknesses.
These thicknesses are assumed as
follows: h=0.7874mm (3Imil} and
h=1.5748mm (62 mil).

To feed this array, a tapered
microstrip line having a characteristic
impedance of 50 ohm was used as
shown in Fig. 2. The dimensions of the
microstrip line depend on the height
and dielectric constant of the substrate.
Table 2 shows the trial-and-error
optimized dimensions of the tapered
tranisition (transmission line width w,
taper length 7, and taper width o) for
different substrate thicknesses h.

We present the results for short-
terminated,  open-terminated,  and
matched SIW with two different
substrate thicknesses from the return
loss and antenna parameters points of
view,

Table 2. Dimensions of tapered
transition for different substrate
thicknesses h

mm min T

h=1.5748 mm | 4.82 2 6

h=0.7874 mm | 2.4 |14.44 | 1]

Simulated results of the proposed
antenna  with  different  substrate
thicknesses and different terminations
are depicted in Figs. 4 (a-f), which

show the ptots of S), in dB (return loss)
versus frequency in GHz.

From Figs. 4 (a, b), the results illustrate
that for Sy, < -10dB, 34% impedance
bandwidth can be achieved for
h=1.5748mm and 13.4% impedance
bandwidth for h=0.7874mm when the
antenna is short-terminated (the spacing
between the center of the first slot and
the short circuited end of SIW is equal
34, /4). The antenna with open-circuit

termination gives impedance bandwidth
of 11.9% for h=1.5748mm and 3.2%
for h=0.7874mm as shown in Figs. 4 (c,
d). The difference between short-
terminated antenna structure and open-
terminated antenna structure is a
distance of 4,74 between the center of

the first slot and antenna termination.

Figs. 4 (e, 1) present the return loss
and insertion loss of the antenna with a
matched load. The antenna yields
around 41.6% bandwidth for
h=1.5748mm and 31.3% for
h=0.7874mm. The simulated antenna
parameters and  bandwidths  are
summarized in the next table.

The power radiated by the antenna
P, can be obtained by integrating the
real part of the Poynting vector over a
sphere [25].

The antenna radiation efficiency ¢, is
defined as the ratio of actual power
radiated to the power applied at the
input terminal, it does not include the
losses occur within the antenna due to
reflections {imismatch between
transmission line and antenna) [1].
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Table 3. Summary of simulated antenna
parameters and impedance bandwidths
with different thicknesses h and different
terminations

h=1.5748 h=0.787;]
mm mm

-

Short-terminated antenna

—
BW % 34.03 134 |
Directivity 11.04 13.08

P, (watt) 0.9039 | 0.954
€ 0.9274 | 0939 |
Open-terminated antenna

BW % 119 3.
Directivity |  9.942]1 | 9.843

P.(watt) | 09327 0.8965
e 0.9499 0.9295 |
Matched load antenna
|
BW % 41.6 31.3
Directivity 12.155 13.993
P, (watt) 0.8114 0.8983
e, 09289 | 0.9833

From the previous results, it is found
that the impedance  bandwidths
obtained when h=1.5748 mm is better
than the bandwidths when h=0.7874
mm. Also the bandwidth of the
proposed  antenna  with  short
termination is wider than that with open
termination, this is due to the additional
shift of al} slots by 4,/4  from its

original position.

E. 7

Antenna with a matched load is a
traveling-wave antenna which avoids
the standing waves on antenna with
short and open terminations. Figs. 4 (e,
f) (return loss and insertion loss of a
matched load antenna) show an
increase in the bandwidth. On the other
hand the simulated antenna parameters
of a matched load antenna listed in
table 3 show a decrease in radiation.
This decrease in radiation is due to the
losses dissipated in the load.

CONCLUSION

A new and simple technique for
designing wideband log-periodic slot
array antenna based on SIW technique
1s presented. It is found that SIW
structure has similar properties as the
conventional RWG. Also it can be
easily connected to microstrip using
simple transition. The log-periodic
technique is applied on the array of
eight slots in order to widen the
bandwidth. This antenna was designed
using Ansoft HFSS simulation software
package. It was found that the
bandwidth of the antenna depends
highly on the substrate thickness and
antenna termination. The antenna
impedance bandwidth decreases with
decreasing substrate thickness h. An
impedance bandwidth in excess of 41%
can be obtained. The proposed antenna
with large bandwidth and simple
structure seems to be a potential
radiator for wireless communication,
where large bandwidth is an essential
requirement.
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