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ABSTRACT
This paper presents an element of a 2×2-element array antenna for
Inmarsat BGAN/GPS applications. The element is an axial mode printed
quadrifilar helical antenna that has been integrated with a compact feed
network to provide sequential phase rotation for circular polarization
(CP) radiation. The novel integrated lumped-element feed network is
designed to provide a balanced RF power to the four helix arms with a
90° sequential phase difference between them. The design maintains a
low cross polarization, and accordingly, a high quality of RHCP up to ±66°
over the transmit frequency band of 1616 MHz to 1626 MHz. The gain in
this frequency range is higher than 3.5 dB with a return loss better than
11 dB and a perfect circular polarization performance (axial ratio ~0 dB).
The proposed antenna has small size, light weight, low cost, almost
hemispherical radiation pattern and excellent circular polarization that
can become a good candidate in satellite L1-band and BGAN satellite
communications.

1. INTRODUCTION
Recently, mobile satellite communication systems
have been widely used such as Inmarsat Broadband
Global Area Network (BGAN) [1] or Global Positioning
System (GPS) [2]. For these applications, circular
polarization antennas are well suited for channel
transmission due to their insensitivity to polarization
mismatch and multipath fading.
More recently obtaining a high quality circular
polarization (CP) performance over a wide range of
electronic beam steering angles is challenging, as axial
ratio rapidly degrades as the beam steering angle
moves away from the boresight direction [3], [4].
If the array is also required to operate over a large
bandwidth, the polarization problem is further
compounded. Significant number of planar CP element
designs only offer high quality CP over a very small
bandwidth [5], [6].
Patch antennas which are often used for GPS
applications, offer acceptable axial ratio only at the
center of the bandwidth, but degrade rapidly outside

the center frequency. This type of antenna can be used
in L-band array for fixed beam configuration, but the
L-band Inmarsat BGAN transmitter system operates
over a frequency range of 1616 MHz to 1626 MHz
with a high quality of CP and capability of electronic
beam steering.
A good candidate for BGAN application is printed
quadrifilar helical antenna (PQHA) [7], [8]. It can
produce a hemispherical radiation pattern with
excellent circular polarization, has light weight and
low cost. The PQHA is composed of four equi-spaced
parallel radiators printed on a thin dielectric substrate
wrapped around a cylindrical core and the four helix
arms are fed with a 90° sequential phase difference
between them.
The radiation patterns are typically controlled by
properly selecting the pitch angle of the radiators, the
length of the radiators, and the diameter of the core.
These radiators require quite complex feed networks,
fairly large package size, and they are difficult to mass
produce.
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In this paper, we are presenting the results of a
miniaturized printed quadrifilar helical antenna for
BGAN/GPS applications. In section 2, the design
procedure of the PQHA is presented. The novel
lumped-element integrated compact feed network
design is discussed in section 3, and the conclusion is
given in section 4.
2. PQH ANTENNA D ESIGN
The geometry of the printed quadrifilar helical
antenna is shown in Fig. 1. Generally, QHAs are
resonant antennas and the length of each constitutive
helical antenna is approximately an integer multiple
of a quarter wavelength, and they can have either
open end or short termination. A λ/4 or 3λ/4
configuration is generally used for an open-ended
QHA, while λ/2 or λ configuration is often used for
short-circuit QHA [8], [9].
The winding sense and phase sequence of these
helices are designed for RHCP, where the helix wound
in the left-hand sense and the feeds are in a counterclockwise phase progression to produce the forward
helix mode [9].
Each helix element is composed of a conventional
helix arm connected to the feed point with a width of
Wa = 3mm, and has open-end termination. The
antenna is printed on a 60μm flexible PyraluxAC
substrate with εr = 3.7 and tan δ = 0.0014. The thin
substrate is wrapped into a cylindrical shape without
a support, and mounted on a small circular ground
plane. The whole structure was optimized using CST
Microwave Studio software to ensure proper
operation.
Fig. 2 shows the simulated return loss of the
proposed antenna mounted on a circular ground
plane of 1.5 times greater than the cylinder's
diameter, fed with an ideal amplitude and phase
excitation. It can be seen that a return loss of better
than 11 dB is achieved over the frequency range of
1615 MHz to 1650 MHz.
The antenna is designed to operate over the
Inmarsat BGAN transmitter frequencies. The co-pol
and cross-pol radiation patterns at φ-plane as a
function of frequency are shown in Fig. 3. In this band,
the radiation patterns are relatively frequency
independent.
The high performance in terms of the radiation
patterns and the gain are obtained from 1560 MHz to
1660 MHz. It is noted that a half-power beamwidth of
about 132° can be achieved.
In Fig. 4(a), the realized gain and the axial ratio vs.
frequency at the broadside direction is presented. It
can be seen that the positive gain and a perfect axial
ratio (~0 dB) is obtained over the frequency range of
interest. The maximum gain is 3.73 dB at 1619 MHz.
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(a)

(b)
Figure 1: (a) Configuration of the PQHA antenna; (b) the
unwrapped PQHA.

Figure 2: Return loss of the PQHA fed with ideal amplitude
and phase.

The axial ratio over the hemisphere at some
frequencies in the bandwidth is also shown in Fig.
4(b). The structure of the proposed antenna makes
axial ratio to improve less than 2 dB in the range of
HPWB (±66°). These show a polarization isolation of
24dB at boresight and an axial ratio of ~0 dB at the
frequency range of 1616 MHz to 1626 MHz.
Here, we carried out a study to investigate the
impact of using a finite ground plane on the antenna
performance. The diameter of the circular ground
plane (D) was varied from 19 mm to 28 mm. As seen
in Fig. 5(a)-(d), the ground plane size has insignificant
effect on the antenna performance, showing slight
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increase in the resonance frequency with increasing
the diameter of the ground plane (GND).

(a) GND plane size effect on the antenna’s return loss.
(a)

(b)

(c)

(d)
(b) GND plane size effect on the antenna’s max. directivity.

Figure 3: Right-hand and Left-hand radiation patterns over
the operational bandwidth (a) 1618 MHz, (b) 1620 MHz (c)
1624 MHz, (d) 1626 MHz.

(c) GND plane size effect on the broadside gain.

(a)

(d) GND plane size effect on the broadside axial ratio.
Figure 5: Effect of the finite ground plane on the PQHA
performance.

(b)
Figure 4: (a) maximum realized gain and axial ratio at the
broadside direction, (b) axial ratio radiation patterns over
the bandwidth.

3. COMPACT L UMPED-E LEMENT FEED NETWORK
After optimizing the helix parameters to achieve
the desired beam coverage, the input impedance of
each helix must be characterized so that an
appropriate feeding network can be implemented.
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The input impedance of each helix is 4Ω, so the feed
network not only should work as an impedance
transformer to match the connector 50Ω impedance
to the 4Ω impedance of the helices, but also provide
the progressive 90° sequential phase rotation and
equal amplitude to enhance the antenna CP
performance compared to other feed structures. Here,
we used quadrature Wilkinson power divider as in [8]
to design a 4-way feed network. The feed network
consists of a coaxial line at the input that is used as a
balun feeding two parallel strips out-of-phase. The
two parallel strips are connected to two microstrip
Wilkinson power dividers as seen in the dual layer
structure in Fig. 6(a). A ground plane is inserted
between the two layers to convert the input 50Ω
parallel-strip line into two identical microstrip lines
with 25Ω characteristic impedance placed back-toback [10]. The two identical microstrip lines are equal
in magnitude and opposite in phase. The 90° phase
delay between the two outputs of each Wilkinson
power divider is realized by adding an extra
microstrip line of λ/4 length. Using the above
configuration, we get 0°, 90° from one Wilkinson
splitter and 180°, and 270° from the second, thus we
obtain a proper phase sequential rotation.
The lumped-element model of the proposed twolayer feed network is presented in Fig. 6(a). Each layer
of the proposed divider consists of (1) a λ/4 line to
transform input 25Ω to output 4Ω, (2) a Wilkinson
power divider connected to two output ports, and (3)
a 90° phase shifter at one of the output ports. The
lumped-element circuit model of each layer of the feed
network without connection pads is shown in Fig.
6(b). It is designed at the center frequency of 1621
MHz, and provides an equal distribution of RF power
to the four helix arms in quadrature phase rotation
with 0° (port #1), 90° (port #2), 180° (port #3) and
270° (port #4) phase differentials.
The feed network is printed on two 0.8 mm (31
mil) FR4 substrates with εr = 4.5 and tan δ = 0.02. Fig.
7 presents the input reflection coefficient, and
magnitude and phase difference at the outputs of each
layer. The power divider demonstrated less than ±0.2
dB and ±0.6° amplitude and phase imbalance at the
output ports, respectively. It is indicated that the
performance of the feed network is consistent with
our design goals. The size of the feed network is 13.5
mm×11.2 mm.
A fabricated antenna integrated with the feed
network is shown in Fig. 8. The overall size of the
antenna with its integrated feed network is 13.5
mm×13mm×34 mm.

(a)

(b)
Figure 6: (a) The compact two-layer feed network, (b)
Configuration of each layer (L1 = 1.4 nH, L2 = 0.2 nH, L3 =
3.4 nH, C1 = 2.5 pF, C2 = 33 pF, C3 = 13 pF, R = 8 Ω).

(a)

(b)
Figure 7: Simulated results of the feed network, (a) input
return loss and output insertion losses, (b) phase difference
between the output ports.
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Figure 8:
network.
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4. CONCLUSION
A printed quadrifilar helical antenna with its novel
compact integrated feed network was presented. The
lumped-element dual-layer feed network was
designed to provide an equal amplitude of RF power
to the four helix arms and 90° sequential phase
difference between them. The design maintains a high
quality of circular polarization up to ±66°, over the
frequency coverage of 1616 MHz to 1626 MHz. In this
frequency range, the gain is more than 3.5 dB with a
return loss better than 11 dB and a perfect CP
performance.
The proposed antenna has large bandwidth, almost
hemispherical radiation pattern and excellent circular
polarization that can become a candidate in satellite
L1-band and BGAN communications.
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