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Array of Quasi Rhomboid Shaped Element Bowtie
Antenna with Reflector for Ultra Wideband
Applications

"Chanchai Thongsopa. Phairat Thosdee
School of Telecommunication Engincering, Suranarce University of Technology
Nakhon Ratchasima 30000. Thailand
chan@sut.ac.th

1. Introduction

The demands for broadband scrvices by wircless communication systems arc rapidly
growing. An ultra wideband radio technology has b an important topic for microwave
communication because of its low cost and low power consumption. The ultra wideband technology
is specificd the frequencics ranging from 3.1 GHz to 10.6 GHz by Federal Communication
Commission (FCC), which has a bandwidth ratio (defined as higher frequency versus lower
frequency) of approximately 3.3:1 [1]. The essential cquipment for their wireless communication
systems arc the antenna that it is used for transmitting and receiving a signal. There arc many types
of antenna to choosc for applying in the q)pmprialc function and system. But onc the major
neqmremml of an ultra widcband application is a compact and extremely widcband antenna
covering the ultra wideband spectrum. Micmﬂnp patch antennas are well candidates for ultra
wideband applications duc to their exhibit small size, light weight, low manufacturing cost and casy
method of fabrication. However. microstrip antennas have very narrow bandwidth. Thercfore, the
ultra wideband antenna design is going to the main challenges for ultra wideband system. The goal
of the ultra wide band antenna designer is to make an antenna with small size, simple structure that
produces low distortions but can provide large bandwidth.

Recent ultra wideband antenna development tends to focus on small planar antennas such as
bow-tic antennas [2] elliptical antennas [3]. slot antennas and array antennas [4). Most of the
reported all these ant have omni-directional radiation pattcrns and the gain of these antennas
arc relatively low. about 2-4 dB. When these omni-directional antennas arc attached to wall or
metals, it is suspected that the antenna performances can be degraded duc to the omni-directionality.
In order to avoid degradation of the antenna performance. we considered placing a flat reflector
behind the quasi thomboid shaped bowtic antenna. In addition, if the directivity of the ultra
wideband antenna increascs as a result of the reflector. higher speed and lower power consumption
communication system can be realized.

In this paper. we propose amray of quasi rthomboid shaped clement bowtie anlama design by
using a flat reflector for ultra wideband communication systems. The proposed consists of
two clements quasi thomboid shaped and aluminium flat reflector. This antenna is designed on FR-4
substrate and antenna analysis was conducted by using the [E3D program. The proposed antenna is
realized and cxperimentally examined. since it is small size. light weight. easy method fabrication
and low manufacturing cost. In measurement, it is found that the propose antenna have impedance
bandwidth of 122.22% (2:1 VSWR) which covered frequency range 2.8-11.6 GHz. This antenna
has uni-directional radiation patterns over the frequency range of 3.1-10.6 GHz for ultra wideband

hnology. For parison p t the average gan of the quasl rhomboid shaped
bowtic antenna with and without the rcﬂeetor which average gaim achicved in the quasi rhomboid
shaped bowtic antenna using a flat reflector is much greater than without the reflector about 2 dB.
The advantage of the proposcd antenna is that it can be used to design impulsc reccive tr it
system for ultra wideband applications.
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2. Antenna Design and Fabrication

2.1 Single Element Bowtie Antenna without the Reflector

The simulation result by [E3D program, include impedance matching antenna length /4 of
center frequency at 6.85 GHz The antenna dimensional parameters after adjustments are w ~ 36.5, w;
=1.95,w; = 2.9, wy = 2.5 wy— 1.5, we =485 ws = 11.67, /=105, 4, = 30, , = 11.75, Iy = 3.65, I, =
2, ks = 1.1, ks = 7.85, unit in millimeter, 6, = 45" and 6, =116". This antenna consists of two identical
printed patches, onc on the top and one on the bottom of the substrate material. The detailed geometry
and parameters of the proposed antenna are illustrated in Fig. 1.

Figure 1: Structure and parameter of a single clement antenna

2.2 Array Bowtie Antenna Geometry with the Reflector

The two ¢lements array antenna using a flat reflector is modified from a single element. The
substrate size is identical with the quasi rhomboid shaped bowtie antenna without reflector. The
reflector shape is rectangle and the parameter dis the distance between the reflector and the
dielectric substrate. The proposed antenna dimensional parameters after adjustments are 120.25 < 85
mm for aluminium ground plane and 5.78 mm above /4 in-thick aluminium ground plane. The
feeding lines start from SMA connector with the width of 2.8 mm that corresponding to 5002 . Next,
it is split into 2 branches with impedance of 100Q, transform with an impedance matching of
70.75Q and length of 10 mm, or 4/4 of the center frequency. Photograph of the array antenna
prototype and size comparison with a metric ruler are illustrated in Fig. 2.

Top mde
[ e 1

Bottom mde Asumon 0 efecar 14

Figure 2: Fabricated prototype of two clement array antenna using a flat reflector
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3. Measurement and Results

3.1 Return Loss

Fig. 3 Plots both single clement and two clements array antenna for input return loss. The
retum loss of the proposed antennas is measured by using a HP 8722D vector network analyzer.
The measured retum loss has a bandwidth ( VSWR < 2:1) of 120.55%. 122.22% covered frequency
range of 2.85-11.5 GHz, 2.8-11.6 GHz for single clement and two ¢l ts array ant
respectively. This shown that the bandwidth achieved in two clement -array antennas using a flat
reflector is much greater than the single clement about 2%,

Returs Low (dB)

| m— dimgic of quanl rhembeld vhaped withewt refleciar
— — — arvay of quen rembeid shaped with reflector

. v Jo i3

¥ requesey (Ma)

Figure 3: The measured return loss for a single and two clements array antenna using a tlat reflector

3.2 Gain

Fig. 4 shows the gain of the both antennas is measured by using vector network analyzer.
From this figure, reasonable average gain level is about 4 dB and 6 dB for a single element and two
elements array antenna by using a flat reflector. respectively. The antenna gain in single element is
not same two clements due to affected from number of antenna and flat reflector. In measurement, it
found that a single clement antenna has average gain less than the two clements antenna about 2 dB.

u 1 | wagic of quoni (Bambaid daprd w WBow rficvter
= = = ervay of quoi romsbeld shaped wih reflectms

% s T TR TR
Freqarscy dMnr

Figure 4: The measured gain for a single and two clements array antenna using a flat reflector

3.3 Radiation Patterns

The far-field radiation patterns were measured in an anechoic chamber. The antenna patterns
are measured at selective frequencies that cover the entire operating band, and the results are presented
in Fig. 5 a) and b) in the E-planc and H-planc at frequency 3.1, 5.1, 7.1 and 9.1 GHz. When is
received at 45 cm. 65 cm from the transmitting antenna for a single clement and an array structure.
respectively. The proposed antennas are their stable radiation pattems. It can be scen that the quasi
rhomboid shaped without reflector is satisfactorily omni-directional pattems in azimuth plane and
the quasi rhomboid shaped two el ts with reflector have uni-directional pattemns. Referring to
the Fig. 5 the measured E and H plancs cross-polarization is not show because it is very low.
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b)

Figure 5: The measured E and H plane radiation patterns for a quasi rhomboid shaped at 3.1, 5.1, 7.1
and 9.1 GHz, a) single element without reflector b) two elements by using a flat reflector

4. Conclusion

In this paper, an array of quasi thomboid shaped element bowtie antenna design by using a
flat reflector is presented. The proposed antenna provides a wide impedance bandwidth covered
frequency range 2.8-11.6 GHz. The proposed antenna has a measured return loss less than -10 dB
over the operating frequency for ultra wideband applications. This antenna pattem has uni-directional
radiation patterns at the considered frequency band. The quasi thomboid shaped array antenna with
reflector has average gain more than the quasi rhomboid shaped without reflector about 2 dB. The
proposed antenna is fabricated on FR-4 substrate, since it is small size, easy construction and very low
cost. For lead to use benefit in designed receive-transmit system of ultra-wideband technology.
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Abstract

A design and development of monacycle pulse gencrator
circunt 1s presented for uttra wideband applicasions. Ihe step recovery
diode is applied to a monacyele pulse generatnr. This pulsc generator
uses high pass filter as 2 differentiator 10 generaie the manocyole pulse
directty from Gaussian pulse. That it decreases complication of circuit
design. I'he monoacycle pulse generatar circuit is small size. easily

fabyri d and low 1.

@ cost. By circuit has designed at fow

frequency for convenience 0 measure and  appropriation of

Juig In it is found that the
monocycle pulse generator circuit has SR0 mV peak amplitude, puise

dunation of RO ns di W the

T g frequency
approximatety 10 MHz. 'he advantage of the idea is that it can be used
W0 apply with monacvele pulse generator circuif for ultra wideband

technology in the future
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FUAAWDINA AULUVAAAY? HRIAIAY

AMG 3.1-10.6 GHz 3.1-10.6 GHz
SasusBngy ~ 3 dBi ~ 6 dBi

DuAUS ~ 50 Toviu ~ 50 Toviy
3¥euRD SMA SMA

% AUAALOY 130.42 % 122.22%

YuIA 36.5 x 40 AdIAT 120.25 x 85 aaiuAs

A519% 4.2 Yoyamamatinvesnesiuiadygyiuwad

AUANYULYRNTAuTAdyIUTAd WAN3IANATOL
UDUNWAYAYIA 576 mV
ANnunavoaad 80-100 ns
AUDYY 10 MHz

I 14
HUUATAN 10 MHz
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