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Abstract

This paper presents the radiation performance of a square patch antenna with K-shape slot
at the center of the square patch. The design method consists of incorporating a narrow slot
at the center of square patch, producing a K-shape over the square patch and placing a feed
along the diagonal of square patch. The design of the square patch without slotted and the
design with slotted (K-shape) are simulated using Microwave Office Version 7.03. The result
of the two designs is compared and the analysis of the design includes Return Loss,
Bandwidth, Radiation Pattern, HPBW, Gain, Co and Cross Polar Isolation. A coaxial feed
was used as a feeding technique and the simulation results are in good agreement with the
numerical results. £
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1.0 Introduction Experiments are performed at 5.8 GHz using
Microstrip patch antennas have attracted FR-4 substrate (£, = 4.7) with substrate
much attention because their geometries are thickness of 1.6 mm. .
suitable for monolithic integration with Here below in section 2, basic structure and
microwave and milliwave devices. It can design of patch antennas are described.
provide polarization diversity (linear, right Section 3 deals with the experimental results
hand circular polarization and left hand and various design consideratio are
circular polarization etc) that can be utilized discussed in section 4. Finally the F%S{per is
in wireless local area networks (WLAN), concluded in section 5.
satellite communication systems and modem
military platforms. Various design 2.0 Basic Structure and Design
techniques for circular and rectangular patch 2.1 Basic Structure
antennas have been reported in the literature The basic structure of the square patch
[1]. [2]. Dual feed method has been reported antenna is shown in Fig. . The patch with a
by some rescarchers (3] to get circular side length L is printed on FR-4 substrate
polarization. with a thickness of I .6 mm (h) and substrate
dielectric constant of 4.7 (&,). The loss
The design, a K-shaped slot is incorporated tangent of the substrate material is 0.019 (tan
at different locations in the square patch. The 3). A narrow K-shaped slot was incorporated
feed point and patch dimensions are related on the square patch in different locations.
with gain, bandwidth, radiated field and The feed method is a direct connection 1o
resistance at the patch edge. Single feed coaxial feeder of 50 impedance.

point is located along the diagonal of the
square patch. The return loss depends on the
location of the feed point.
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Ficure | Sgructure of square patch antenna
ig -

2.2 Design Considerations sl
“were considered based on the application.

were 3 Dl I
ction of substrate malteria

s | Sele ; :
hnique and its focation
patch and slot(K-

. l:\.‘a.‘d lec
e Dimensions of
shape).

Selection of substrate material

The diclectric properties of the substrate
have large effect on the patch antenna
performance. For the selection of substrate,
the major eclectrical properties , to = be
considcr.c-d are relative dielectric constant
(c,) and loss tangent (tan o). A higher
dielectric constant (£,) results in a smaller

pacch but it reduces the operational
bandwidth. A higher loss tangent reduces
efficiency and increases feed losses.
Generally, it is preferred to select a substrate
with lowest possible dielectric constant.
Substrate thickness should be chosen as large
as possible to maximize bandwidth and
efficiency but not so large as to excite
surface waves. The excitation of surface
waves not only contaminates the radiation
patiern and reduces the efficiency of the
antenna, but also can cause unwanted
coupling between the active devices within
the module [4],
I‘:z ::}J;llr:éca:];i:zul‘ for the patch antenna
e v ‘ substrate. It's electrical
properues are shown below.
D) Dielectric Constant (g, =4)

II) Loss tan g
gent (tan 0 = (
lD) Coppes 0.019)

peel  strength e
" 9.03556111111) . (
) Height of (he substrate (h = (.16

mm)

Feed Methog and Location

The m; i
micr;f;;:imslfnp antenna can be fed by using
P line, coaxial line or by an aperture

16

in the ground plane. In coaxial line feed,

inner conductor of the coaxial “ne‘: e
attached to the radiating patch whije -
conductor is connected to the ground s t
It is easy to fabricate and match. %

The input impedance can be matched 50
Olm using several techniques. The simplest
feed method is a direct connection to g 50
Ohm coaxial feeder. For the feed point g¢ the
radiating edge, input impedance is Maximum
and for a feed point at the centre of the patch.
input impedance is zero. Input impew
can be controlled by adjusting the position of
feed point along the diagonal of the patch, A
match to 50 Ohm may be achieved by
suitably locating the feed point.

Due to ease of fabrication and matehing, .
coaxial feed was used. The feed point was
located along the diagonal of the square
patch where the return loss is below - 10dB.
It was found that to get return loss below -
10dB, the feed point should be located on the
diagonal at a distance of (dx = 5.4mm and dy
= 3.9mm) as shown in figure 4. Thus by
changing the feed point along the diagonal.
the return loss can be below or above -10dB.

Design procedures

The essential parameters for the design are:
o [=35.8GH:
¢ L8 =47

o h=16mm

The transmission line model will be used ©
design the antenna.

Step 1: Calculation of the Width (W) The
width of the Microstrip patch antennd is

given by Equation (1) as: weh?
¢ Jbeth

W = :fi_.,_ (L)
o ‘“‘
Substituting ¢ = 3¢8 m/s, &,= 4.7 ﬂ"dﬁﬁﬁ'
GHz, we get: o

W=0.0119m = 11.9 mm

Step 2: Calculation of Effective diel
constant (£,.47): Equation (2) gt

effective dielectric constant as:
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Srgr = S+ (14123)

-

Substituting &, = 4.7, W= 119 mm and /i =

1.6 mm we get:
Sreff = 3.995

Step 3: Calculation of the Effective length
(Legp): For efficient radiations, the length of

the patch should be half wavelength in the
dielectric (A/2) but it is taken smaller due to

fringing effect. Equation (3) gives the
effective length as:
Legs = —= (3)

A
o (Freff

Substituting &, =3.995. ¢ = 3e8 m/s and f

= 5.8 GHz we get:
L.y =0.0129 m=12.9 mm

Step 4: Calculation of the length extension
(AL): Here AL is the extension in length due
to fringing effect and it is a function of the
ratio of length L to height h of the substrate
(L/h) and effective dielectric constant

(£,¢f7) Of the substrate. Equation (4) gives
the length extension as:
EfEf‘rl—D.ﬂ_‘l [%"1‘ 0.264)

|
AL = 0.412h- .

o .
(£repp—0.258)(—+0.8)

.(4)

Substituting Ereff = 3.995, W=11.9 mm and

h=1.6 mm we get:
AL =0.71 mm

Step S: Calculation of actual length of
patch (L) The actual length is obtained by
equation (3) as:

L —y

L pp—2AL (5)

Substiwting L., = 12.9 mm and AL = 0.71

mm we gel:
L=0.0115m = 11.5 mm
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Step 6: Calculation of the ground plane
dimensions (L, and W,): The transmission
line model is applicable to infinite ground
planes  only. However, for practical
considerations, it is essential to have a finite
ground plane. It has been shown by [5] that
similar results for finite and infinite ground
plane can be obtained if the size of the
ground plane is greater than the patch
dimensions by approximately six times the
substrate thickness all around the periphery.
Hence, for this design, the ground plane
dimensions would be given as:

Li=6h+L=6x16+115=21.1 mm
We=06h+W=06x16+11.9=21L5mm

3.0 Results and analysis

The software used to model and simulate the
square patch antenna was Microwave Office
software. The antenna was designed using
FR-4 substrate material with the parameters
given in section 2.2. The patch length L
calculated for frequency of 5.8 GHz was
approximately 11.5mm, but some
optimization was done in order to get a better
return loss there by reducing the length of
the patch to 11.2mm. The ground plane
length was greater than the patch length and
it was taken approximately as 21lmm from
the calculation. The location of feed point
was found at 6.58 mm from the comner along
the diagonal of the square patch. The square
patch antennas without slot and with K-slot
in different locations are shown figure 2 and
3 respectively.

l[ 2mm |,

lmm

1 2mm ——

2lmm

Figure 2.The proposed square patch antenna
without slot
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a) Left K-slot

b) Bottom K-slot

¢) Top K-slot d) Right K-slot

¢) Big K-slot in center
Figure 3. The proposed square patch antenna
with K-slot in different locations.

The antennas above with different locations
of K-slot were simulated and analyzed. The
coaxial probe feed used is designed to have a
radius of 0.5mm. A frequency range of 4-10
GHz is selected. All the parameters of the
antennas were fixed, the only changes made
was the position of the K-slot at the top,
bottom, left and right sides of the square
patch and also Big K-slot at the center of the
square patch. The simulated graph of
scattering parameter (S;;) was illustrated in
the figure 4.

-+ D851 -2-DB;|§:11 =+ D5{|5111
Big K_sit oemer WO w2 s

= OB([5:11 OB{|811 & 25({S
DOROM K B¢ nevis WEoZsm

FW( BRGY

‘ g

Frequens, S=g

Figure 4. The simulated return loss for the
proposed antennas with and without slot.

The measured results from the S,, are
recorded in table 1.
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Table 1. The measured results of the
patch antenna without slot and with slot i
different locations.

18

Square i Resonant Return loss ﬁa‘;ﬁ‘“—i&—r
patches | Frequency (dB) (MHg)
(GHz) _
1¥ | 2 | 1"RL | 2"RL T*‘*?-\
Freq | Freq BW  pw
Without | 5.8 | 9.8 | -34.13 | -17.96 Tog—*‘:;—ﬁ_
slot |
TopK- | 58 | 9.8 | -17.31 | -19.06 | 200 547
slot
Bottom | 5.8 | 9.8 [-13.57 | -1832 [ 140 %5
K-slot
LeftK- | 5.8 | 9.8 [-11.80 | -21.30 | 10.0 | 2753
slot L |
Right | 58 | 9.8 | -10.64 | -20.06 | 7.00 | 2854
K-slot
BigK- | 5.2 89 | -11.63 -852 | 6.73
slot '

From the results shown in tablel, it can be
observed that the square patch antenna
without slot has two resonating frequency
(5.8GHz & 9.8GHz) and minimum return
loss (-34.13dB & -17.96dB) respectively.
The resonating frequency of the square patch
antenna is the same compared with the other
slotted patch antenna except that of the Big
K-slot at the center patch which has different
resonating frequency (5.2GHz & 8.9GHz)
and return loss (-11.63dB & -8.52dB). The
bandwidth of the square patch without slot is
wider (30.0MHz) at 5.8MHz frequency
compared to that of when K-slot is in
cooperated in the patch but at the frequency
of 9.8GHz the Right K-slot have a better
bandwidth than the square patch without slot.
It can be seen from the table 1that the slot in
the square patch antenna makes the return
loss to increase and thereby reducing the
bandwidth of some of the slotted antenna.

This antenna has 3 very narrow bandwidth-
The far field radiation patterns of the E and
H planes is correspond to scan angles of
¢=0° and =90°, respectively. Figure 5a and
b shows the E-plane and H-plane of the

Square patch antenna without slot at 5.8 GHz
and 9.8GHz.
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Figure 5a. Polar plot for square patch
antenna without slot for frequency of 5.8
GHz
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Figure 5b. Polar plot for square patch
antenna without slot for frequency of 9.8
GHz.
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Figure 6a and 6b shows the polar plot of the
square patch antenna with Big K-slot at the
center of the patch for 5.2 GHz and 8.9GHz
frequency. The radiation pattern of the patch
with Big K-slot at the center was chosen for
comparison in this design because it has
different resonating frequency compare to

other K-slotted patch antennas simulated in
this design.
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Figure 6a. Polar plot for square patch
antenna with Big K-slot at the center for 5.2
GHz frequency

el Y

antenna with Big K-slot at the center for 8.9
GHz frequency
Table 2. The results measured from the

radiation patterns for frequency of 5.8GHz &
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5.2Ghz.
Square Frequency | Gain | HPBW | Co & cross
patches (MHz) (dB) *) polar
. -3dB Isolation
: (dB)
Without 5.8 5.95 8L.5 28.77
slot
Big K-slot 5.2 5.61 83.18 14.79
in center - i

Table 3: The results measured from the
radiation patterns for frequency of 9.8GHz

& 8.9Ghz
Square Frequency Gain HPBW | Co & cross
patches (MHz) (dB) () polar
-3dB Isolation
I SR B - ) I
Without 9.8 -13.5 69.56 28.87
___slot_ = [
Big K-slot 8.9 6.59 60.14 16.26
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The results measured from the radiatign
patterns in figure 5 and 6 are tabulatf:d in
wable 2 and 3 above. From the table 2 1t can
be seen that the values of the gain as well as
the HPBW for the two square patch antennas
(with K-slot on top and without slot) are
approximately close 1o each other because
the center frequency is also close. But the co
and cross polar isolation is different. The co
and cross polar isolation for the patch
without slot is 28.77dB (5.8GHz) while that
of square patch with Big K-slot at the center
of the patch is 14.79dB (5.2GHz).

In table 3, the gain of the square patch
antenna without slot for 9.8Ghz frequency is
-13.5dB, it is very small compare to that of
Big K-slot for 8.9GHz frequency. but the co
and cross polar isolation of square patch

without slot is better compare 10 Big K-
slotted patch.

4.0 Discussions

The square patch antennas  provide
polarization diversity as left hand circularly
polarized or right hand circularly polarized
wave can be obtained by changing the feed
point along the diagonal of the patch.
The major limitation of the microstrip
antennas 1s their narrow bandwidth. The
bandwidth may be increased by increasing
the size of the antenna. The length of the
patch is determined by the resonant
frequency and dielectric constant. Since the
frequency is predetermined, using a substrate
of lower dielectric constant is a way to
increase the length and consequently the
bandwidth. When designing a microstrip
patch, the width is required to be as large as
possible, the thickness should be as thick as
possible, and the dielectric constant and loss
tangent should be as low as possible.

_ However, low dielectric constant has one
dlsadvamage

that it increases the size of
amcm\ul. Again  bandwidth s inversely
proportional 10 (he quahty  factor ().
l_nwr:nng, the Q increases losses that resultg
M degradation  of antenna  efficiency.
ihiuwgvcr‘ radiation Yoses may be increased
Y Increasing  (he substrate  thickness

.garch
(without exciting higher order modes

The height of the patch above the cqy, éJCE_SL
plane should he approximately twg Perc‘?g
of the width of the patch, MOTEO\'QT“‘_‘
should be minimum 0.01 wavelengths ilhlg\‘
the conducting plane. Lower heightg fesul if:
higher Q and high currents Tesuling _1':\
higher losses.

5.0 Conclusion

The aim of this paper was to design, simyy,
and compare the results obtain from 4 Square
patch antenna without slot and with K-glq, in
different locations on the patch. It can be
observed from the results that the bandwidg,
of the square patch antenna without sy
decreases when a K-slot was in cooperated iy
the patch and the return loss also increases, i
shows that the slot affeCts curen
distributions in the patch. The gain and
HPBW of the antenna with and without K-
slot almost have a close values but the coand
cross polar isolation is different. From the
results obtain it can be concluded that the
square patch antenna without slot have 1

better performance compared to the ones
with K-slot.
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