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Abstract

In this paper design of a broadband printed microstrip patch antenna suitable for
wireless communication (WLAN/WiIMAX) applications is presented. The antenna
occupies small size of 50x40x1.6 mm?>. Parallel slots and corner notch are employed in a
rectangular patch to achieve broadband characteristics. Two parasitic elements are
printed on the bottom surface of the substrate to give good performance. The proposed
antenna has return losses of -32 dB and -30.8 dB at 2.4 GHz and 3.5 GHz respectively.
The bandwidth is 1.768 GHz (from 1.985 GHz - 3.753 GHz) at S11< -10 dB. The
maximum gain is 2.8 dBi for 2.4 GHz and 3.3 dBi for 3.5 GHz. The simulated results
are obtained using the software computer simulation technology CST. The designed
antenna is printed at a low cost on FR-4 substrate and simple feeding using microstrip
line feed.
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1- INTRODUCTION:

Rapid progress in wireless communication services has led to an enormous challenge
in antenna design. Patch antennas for dual and multi frequency bands operation has
increasingly become common because of, many advantages such as low profile, light
weight, reduced volume and compatibility with microwave integrated circuits (MIC) and
monolithic microwave integrated circuit (MMIC). WLAN 1is one of the most important
applications of the wireless communication technology that takes advantage of license free
frequency bands industrial, scientific and medical (ISM), due to high speed connectivity
between PCs, laptops, cell phones and other equipment in environments. Currently WiMAX
technology with different standards is going to occupy the market. Wireless data services
have evolved and continue to grow using various technologies, such as 2G/3G. The impact of
such diverse technologies is on the use of frequency band in different technologies will need
to occupy different frequency allocations, such as WLAN/WiMAX, it likely to be prominent
candidate to serve for wireless data in near future. Therefore, there is a need to develop a dual
band antenna for both WLAN and WiMAX applications [1].

Several papers on broadband antennas for IEEE standards have been reported. In [2] a
printed microstrip-line-fed broadband rhombus slot antenna is investigated. Offset microstrip
feed line and the corner truncated protruded ground plane are used to enhanced the
bandwidth. In [3] a novel broadband microstrip antenna for various wireless application is
investigated and presented. In [4] a rectangular microstrip patch antenna with (W) slotted
patch is presented. Frequency band of the proposed antenna is in between 1.45-3.25 GHz and
the fractional bandwidth 76.59%. In [5] a probe fed bow-tie shaped antenna is designed.
Frequency range of the proposed antenna (1.91GHz - 3.236 GHz). This antenna can produce
two resonant frequencies 2.209 GHz and 2.904 GHz. In [6] The conventional rectangular
microstrip antenna has been first designed as a reference antenna, then two proposed
prototypes of broadband microstrip antennas (E-shape and four-edges gap-coupled planar
multi resonator) were designed.

WLAN and WiMAX standards specify many bandwidth and many operating
frequencies around the world, so to satisfy this applications a multi band antennas are
required for the future communication terminal. Modern antennas must meet the requirement
of multi-band or wideband to sufficiently cover the possible operating bands. The antenna
must also be small enough to be placed inside the minimizing wireless communication
systems [7].

In this paper, a simple broadband rhombic-patch printed microstrip antenna is
presented. The antenna operates a bandwidth of 1.7686 GHz at S11< -10 dB with two
resonant frequencies of 2.4 GHz and 3.5 GHz. The proposed antenna can easily be fed with a
50Q microstrip line. More characteristics of the proposed antenna and analysis results were
presented below by using the software computer simulation technology (CST).

2- ANTENNA STRUCTURE AND DESIGN

Three essential factors (operating frequency, dielectric substrate and substrate height)
represent the fundamental base in a printed microstrip patch antenna design. Then a five
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mathematical relations are used to find the dimensions of the conventional rectangular
microstrip patch antenna.

- Operating frequency (f): The operating frequency of the designed antenna must be
suitable for the concerned application.

- Dielectric constant of the substrate (£,.): The substrate material selected for the design is
epoxy which has a dielectric constant of &, = 4.3.

- Height of dielectric substrate (/#): The height of the dielectric substrate is 1.6 mm.
Hence, the microstrip patch antenna is not bulky to be used in hand-held unit.

The five mathematical relations that are used to design the conventional rectangular patch
antenna are: [8][9]

[0
gr+1
x —_
2%, |

Effective dielectric constant calculation: &5 =

Width calculation: W=

Er+1+ Er_l
2 2

hq-1/2
[1+2]

Effective length calculation: Lepr = #
L\ reff

(eref +0.3)x(%+0.264)

Length extension calculation: AL =0.412 x hX W
(Ereff —0.258)+(5+0.8)

Actual length calculation: L =Less—2%xAL

Figure 1. shows the conventional shape of the designed antenna. Table. 1 shows the
dimensions of the conventional design measured in mm.

Ground plane Patch plane
Fig. (1) the conventional proposed antenna
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Table. 1 dimensions of the antenna

Dimensions measured in mm

Wg Lg | Wf | Lf | Wp | Lp w L

40 16 3 19 | 384 | 29.7 | 384 | 50

Some necessary amendments like cuts, slots, corner notch on the patch and using of
parasitic elements on the ground plane are conducted on the conventional design. Figure 2.
shows the final shape of the design. Table. 2 shows the dimensions of the final designed

antenna measured in mm. The conventional and the final form and the results of the designed
antenna are shown below using "CST" program.

Ground plane Patch plane

Fig. (2) the final proposed antenna

Table. 2 dimensions of the final form designed

Dimensions measured in mm

W [ Lp [Wp| Lf [Wf[ Ll [ L2] Y1

Y2

50

40 30 | 384 | 20 3 5 6 27

28

L3

W2 | IL4 | W4 | Lg | W1 | 2R Y X

LS

13

1 11 | 173 ] 20 1 2 34 15
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3- RESULTS AND DISCOSSION
Figure (3) shows the return loss of the designed antenna. The return loss is -32 dB at
2.4 GHz and -30.8 dB at 3.5 GHz. Also we can see that the antenna operates in a wideband of
1.768 GHz (1.285 -3.753 GHz) at S11<-10 dB.
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Fig. (3) Return loss

Fractional bandwidth (FBW): Is the ratio of the difference of the upper and lower
frequencies of acceptable operation to the center frequency of that band multiplied by 100
[10].

BW = 3.753473 GHz — 1.985400 GHz = 1.768073 GHz

3.753473 GHz — 1.985400 GHz

FBW, = x 100% = 73.67%

A > 4Gy 00% = 73.67%
3.753473 GHz — 1.985400 GHz

FBW, = T x 100% = 50.51%

Since, BW > 500 MHz and FBW, ¢, > 25%. The proposed antenna has wideband properties.

Figure (4) shows the real and the imaginary parts of the impedance versus frequency
for the final design. The real and the imaginary parts are showing that the designed antenna

has good input impedance at the two resonant frequencies 2.4 GHz and 3.5 GHz.
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Fig. (4) Impedance versus frequency

85



Al-Rafidain Engineering Vol.23 No. 1 FEB. 2015

Figure (5) shows that the antenna has maximum value of efficiency at the two
resonant frequencies, 1 = 94.75 % at 2.4 GHz and nn = 93.01 % at 3.5 GHz. High efficiency
means that the designed antenna radiates the most power that delivered by the microwave
source.
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Fig. (5) Efficiency versus frequency

Figure (6) shows the antenna gain as a function of frequency. The designed
antenna has a simulation gain of 2.6 dBi at 2.4 GHz and 3.1 dBi at 3.5 GHz.
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Fig. (6) Gain versus frequency

4- MEASUREMENT RESULTS

All the measurements are carried out at university of Mosul/college of
Engineering/Electrical engineering department. The antenna was printed in the solid state
laboratory, and the measurements were taken in an echoic chamber, see figure 7.
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(a). Printed antenna (b). Antenna in an anechoic chamber
(¢). Diagram for the Tx. & Rx antenna in the chamber
Fig. (7) Practical antenna through measurement

Firstly adjust the far filed condition between Tx and Rx in the chamber, and then
adjust the antennas direction in order to get maximum radiation intensity.

4+ Radiation pattern
Figure. (8-a) shows the simulated and measured radiation patterns for both E and H
planes at 2.4GHz. The measured results are obtained by rotating the receiver in 360" by step of
5". Fig. (8-b) shows the simulated results for both E and H plane at 3.5 GHz.
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measured

. measured
simulated

simulated

75° -75° 750

-90° -90°

E- plane 2.4 GHz H- plane 2.4 GHz

(8-a) Simulated and measured results at 2.4 GHz

E- plane 3.5 GHz H- plane 3.5 GHz

(8-b) Simulated results at 3.5 GHz

+ Gain

Gain of the designed antenna was calculated by Friis equation.
P; (dBm) = P; (dBm) + G, (dB) + G, (dB) — F'SL (dB) ....... (1)

FSL (dB) =20 logyo () ..o @)
Where:
P, Received power. P, Transmitted power.
Gq Transmitter gain. G, Receiver gain.
FSL  Free space loss. R Separation distance.

P; and P, are measured practically in an echoic chamber using the power spectrum
analyzer device. Identical antennas were used at transmitter and receiver terminals (G=G;)
then apply equations (1) and (2). The practical relative gain is 3.9625 dB
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Table. 3 shows comparison between the results of our antenna design and the results
of other antenna designs.

Table . 3 shows comparison between the results

5-

i Dimensions Bandwidth Return loss Gain Maximum
LxWxh in (mm) in (GHz) in (dB) in (dBi) efficiency

Our paper 50x40x1.6 1.786 -30.8 to -32 2.8 t03.3 94.75 %
Paper [2] 54x37.4%1.6 2.2 -25.0 to -30 25 | L
Paper [3] 40x60x1.6 1.345 -320to-43 | ... 95.00 %
Paper [4] 51.88%x41.36%1.6 1.8 -33.0to -37 5 99.89 %
Paper [5] 35.51x43.16%x1.6 1.326 -13.0to -21 4 95.00 %
Paper [6] 45.75%46.2x1.6 0.170 -24 264 | ...
CONCLUSION

In this paper, a new design rhombic-patch microstrip antenna of broadband suitable
for WLAN/WiMAX applications is presented. The patch and ground plane of the antenna are
printed onto a (PCB) card with an overall size of 50 mm % 40 mm x 1.6 mm. The antenna has
been designed to reduce the ground plane effects by cutting a notch from the patch.

The modest bandwidth of the conventional rectangular patch has been enhanced to
wide band of 1.768 GHz using triangle notch at each corner of the radiator. The ground-plane
effect on impedance performance is greatly reduced by cutting the notch from the radiator
because the electric currents on the ground plane are significantly suppressed at the lower
resonant frequencies. In particular, the reduced ground plane makes the antenna structure
compact and so it can be easily integrated with the packaging device.

Slots onto the radiator are used to generate the upper resonant frequency. Two square
parasitic elements are printed onto the bottom surface of the substrate, dimensions and
location of the parasitic elements are controlled on the operating frequencies 2.4 GHz and 3.5
GHz within acceptable range.
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