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Abstract—A novel broadband microstrip helical antenna array
with 1*8 elements is designed based on traditional hélical
antenna. The helix isrealized by connecting stacked multilayer
microstrip circular arcs with via holes. Meanwhile, grounded
coplanar waveguide(GCPW) to stripline is utilized for probe
station measurement. The simulated impedance and radiation
pattern are studied. The proposed antenna shows a wide
impedance bandwidth from 9.8t012GHz for |S;4|<-10dB, with
wide 3dB beamwidth of E-plane about 120°, respectively.

Keywords-helical antenna array; wide beam; broadband,;

l. INTRODUCTION

Microstrip antenna has been widely used due to its small
size, lightweight, low profile, low cost and easy conform, es-
pecialy suited for using as small mobile termina’s antenna
of mobile satellite communication and missile or rocket
antenna. Many applications, such as, Chinese biosatellite
Positioning system, GPS, telemeter and telecontrol system,
al require an antenna that can provide uniform response
over approximately the entire upper hemisphere and high
gain at low-angle[1]-[2]. Because the beams of conventional
microstrip antenna are narrow, for example, the typical 3-dB
beamwidth and bandwidth of microstrip antennas are 70°
~100° and 3%, respectively[3]. These characteristics make
it difficult for microstrip antennas to afford so many
functions. For along time, helical antennas are widely used
as CP antennas because of their good circular polarization
and wide bandwidth based on axia-mode[4]. A novel
broadband circularly polarized microstrip helical antenna [5]
can achieve good radiation performance by connecting
stacked multilayer with vertical via holes. The normal mode
helical antenna (NMHA) is a common antenna used on
transceivers for wireless communications due to its
omnidirectional radiation pattern, while its bandwidth is
small [6]. In order to increase the bandwidth of the NMHA,
we can set the working mode between the axial-mode and
normal-mode.

In this paper, We propsed a X-band multilayer helical
antenna array. The proposed antenna element is composed of
three 3/4-turn open loops at various layers connected by via
holes to form an axial-normal-mode helical structure to
generate traveling wave radiation. The designed antenna is
fed by a stripline to separate the radiating element from the
feeding structure by a ground plane. To keep the beamwidth
of E-plane a 1*8 helicd antenna array is built and
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demonstrated. This type of helicd antenna array is
convenient for integration applications. Simulation results
show that this microstrip helical antenna has wide impedance
bandwidth and wide E-plane beamwidth with cmpact size.

Il.  ANTENNA DESIGN

A Single Element

The configuration of the single microstrip antenna is
show in Fig.1 with its parameters. The horizontal microstrip
circular arc is chosen to be three quarters of an annular ring,
so the thickness of the dielectric h equals to S*3/4. From the
traditional method, the parameters R(diameter) and S(pitch)
can be obtained. W is the width of patch and can be initialy
assigned as 50 ohm microstrip line width. The helical
antenna is fed by a stripline to suppress the radiation from
the feeding line. The initial values of antenna parameters can
be obtained by a series of calculation, and then HFSS can be
used to optimize the parameters to obtain a better radiation
performance.

B Antennaarray

To keep the beamwidth of the E-plane, we propose a
1*8 array as shown in Fig.2, which is composed of 16
elements. A UWB feeding network and grounded coplanar
waveguide (GCPW) to stripline transition for easy probe
station testing. Distance between elements is 21mm and the
size of this array with the CPW test pads is
51x184x5.61mm°.

Fig.2 shows the geometry of the antenna array. The array
is composed by antenna elements and feeding network. The
feeding network is supposed to be a power splitter which
divides the input power and feed them into the antenna
dementg7], it is desired to be frequency independent in the
operating frequency band. However, the discontinuity of the
feeding network, such as the T junction branchs, may cause
reflection, the reflection can be reduced only if impedance
matching is arrived at the brancheq 8]. So the characteristic
impedance should be transformed before it is connected to
the next grade of the feeding network. The widths of the
striplines are tapered linearly from wide to narrow and the
characteristic impedances vary from 50Q to 100Q gradually.
The model is simulated by HFSS. Fig.3 illustrate simulated
return loss of the feeding network by cutting the antenna but
with 50Q impedance load. The result show that the array can
cover the most of the UWB band with return loss less than -
10dB. The surface current distribution of the feeding
network at 7GHz and 12GHz is demonstrated in Fig.4. The
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amplitudes of the currents of the feeding line connected to
the second and the third element are less than those of the
first element. Thisis mainly caused by the mutual coupling
between adjacent microstip lines.
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Fig.1 The configuration of the array element
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Fig.2 The Geometry of a 1*8 helical antenna array.
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~ Fig.3 Thereturn loss of the feeding network
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Fig.4 Surface current distribution of the array
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Fig.5 Geometry of GCPW to stripline transition.
d1=2mm,|1=5.6mm,w1=1mm,w2=6mm,h1=0.8mm,h2=1.3

mm

The CPW to stripline transition is illustrated in Fig.5,
which is used for probe testing .

RESULTSAND DISCUSSIONS

Fig.6 shows the simulated return loss of the antenna arr-
ay. It is seen that the simulated |S11] is less than -10dB in the
frequency range from 9.8 GHz to 12.5 GHz, which is about
25% of the center frequency.
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Fig.6 Simulated [S11] of the antennaarray

The radiation patterns of the antenna array is shown in
Fig.7-9 at frequencies of 9.8GHz,11GHz,12GHz,respectively,
a the E-plane and H-plane. It can be seen that radiation
patterns keep good directivity in wide bandwidth and shapes
dlightly. The E-plane keeps broad beamwidth in the array,
While H-plane shapes narrow due to the application of the

array.
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Fig.7 Radiation pattern of Vthe antennaarray at 9.8GHz
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Fig.8 Radiation pattern of the antennaarray at 11GHz
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Fig.9 Radiation pattern of the antennaarray at 12.5GHz

Fig.10 shows the simulated gain of the antenna array.The
gain of the array is between 11dBi to 13.5 dBi. The gain is
improved compared with the antenna element. However, as
the coupling effect and the loss of the feeding network
increase with the increase of the frequency, the gain of the
array decreasesin the high frequency.
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Fig.10 Gainof the 1*8 antennaarray

IV. CONCLUSION

A 8-element microstrip helical antenna array is presented.
The antenna takes advantage of traditional helical antennas
and microstrip antennas. This antenna array has a wide
bandwidth and broad beamwidth. The feeding network
tapered linearly in order to get a match impedance in a wide
band. The gain of the array is enhanced compared with the
antenna element, especialy in E-plane, which is 11dBi to

13.5 dBi. The increase of mutual coupling and surface wave
loss lead to the decrease of the antenna at high frequency.
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