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ABSTRACT

Wide beam and low axial ratio performance of printed quadrifilar antennas result in very attractive circularly
polarised radiating element for wide scanned Electronically Steered Antenna. A compact printed quadrifilar Helix
antenna (PQHA) has been designed and realised at S-Band frequency. Simulation and optimisation of designed
antenna has been performed using ANSYS’s high frequency structure simulation (HFSS) software for its impedance,
axial ratio (AR) performance and radiation characteristics. The developed circularly polarised antenna has 3-dB
beam width of 130° and peak gain of 3.4dBic at 2.6 GHz. The developed antenna shows excellent AR performance
over the frequency band as well as over the radiated beam. Half power axial ratio bandwidth of developed antenna
is 27.4% (2.2 GHz - 2.9 GHz) while the impedance bandwidth is 32% (2.1 GHz - 2.9 GHz). Design has been
validated through measured results. Designed wide band PQHA can be used as radiating element for electronically

steered antenna for large beam steering application.
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1. INTRODUCTION

Wide beam steering of the electronically steered antenna
(ESA) demands wide beam radiating element for low scanning
loss. For circularly polarised (CP) ESA system, the radiating
elements are characterised by its axial ratio performance
over the frequency as well as over the radiated beam. Printed
quadrifilar helix antennas, having excellent CP performance
over the frequency band as well as over the radiated beam,
are best suited as radiating element for electronically steered
antenna'?.

Wide beam and large bandwidth are the main advantages
of the printed quadrifilar antenna over other configurations
of circularly polarised radiating element. This property of
PQHA makes them suitable for use in applications where
wide beam coverage or hemispherical type of coverage is
required. Beam width of the radiating elements of phased array
antenna decides the beam scanning loss. The scanning loss in
Electronically Steered Antenna is equal to reduction of power
level in the radiation pattern from its bore-sight level at the
steered angle i.e. if the antenna has 3-dB beam width of 130°
then upon beam steering of £65° from bore-sight the maximum
scan loss would be 3dB. For airborne applications, where
the platform movement demands wide beam steering, this
parameter becomes even more important. Printed quadrifilar
helix antenna, having 3-dB beam width of 130° (axial ratio
< 3dB over the beam), is most suitable radiating element for
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circularly polarised Electronically Steered Antenna for +65°
beam steering. Due to its wide beam, PQHA can also be used
as radiating element for wide coverage S-Band portable hand
held terminal.

Radiation from the quadrifilar helix antenna is circularly
polarised and has same sense of polarisation throughout the
entire radiation sphere. Gain and coverage of the antenna can
be optimised by selecting the appropriate number of turns of
he Helix.

PQHA is made up of four parallel metallic strip lines,
etched on a dielectric substrate which is wrapped around a
dielectric cylinder. Four lines are fed through sequentially
quadrature phase feeding network. By selecting the appropriate
diameter of helix, a wide range of radiation pattern shapes can
be obtained.

Quadrifilar helical antenna was firstly introduced by
Kilgus*®. Besides excellent CP performance, printed quadrifilar
antenna also has number of other advantages such as compact
structure, low cost, wide coverage etc.”®.

Several techniques have been reported by authors to
increase the impedance and axial ratio performance of printed
quadrifilar helix antenna’'2. Louvigne & Sharaiha’ discusses
the bandwidth enhancement technique of printed quadrifilar
antenna and achieves bandwidth of 7% at L-Band frequency.
Sainati', et al. reported quadrifilar antenna with dual band
operation at S-Band frequency with bandwidth of 7.7% at each
band. Lamensdorf & Smolinski'' has developed a dual band
printed quadrifilar antenna with bandwidth of 6% at L-Band
frequency. Chow'?, et al. describes a quadrifilar helix antenna
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having wide impedance bandwidth but the AR bandwidth
is very small. Design and analysis of compact PQHA with
enhanced CP bandwidth has been discussed by Louvigne &
Rabemanantsoa'*'4, et al. In this, author uses tapered printed
quadrifilar antenna configuration for size reduction as well as
multi band operation.

Wang & Chung'® developed a wide beam printed
quadrifilar antenna at L-Band frequency. The designed antenna
has impedance bandwidth and AR bandwidth less than 2%.
Axial mode folded printed quadrifilar Helical antenna (FPQHA)
has been used for large impedance bandwidth (~30%)'.
Ibambe'’, et al. used the meandering line techniques to reduce
the height of PQHA and claims to reduce the size of antenna by
33% along with its enhanced efficiency. Byun'®, et al. realised
a dual band compact PQHA using stepped arms. Variable
widths of helix arms with different pitches have been utilised
to enhance the impedance bandwidth!®. In this paper, author
has achieved 12% impedance bandwidth with good radiation
characteristics and axial ratio < 3dB.

Roy®, et al. realised a sectoral conformal circular patch
antenna with shorted wall to minimise the overall size and beam
broadening. The paper also includes the study of antenna’s
radiation performance mounted on aerial platform. Dielectric
loaded spiral-folded PQHA has been used for effective size
reduction of antenna by Han?!, et al. In all of the above papers
authors have developed antennas with wide impedance and
axial ratio bandwidth but they are not suitable as radiating
element for ESA due to their smaller beam width and limited
axial ratio bandwidth performance.

In present paper, a wide beam, wide band printed
quadrifilar antenna at S-Band frequency has been proposed.
Developed PQHA shows excellent impedance and AR
bandwidth performance along with wide beam width.
The developed antenna has impedance and AR bandwidth of
32% and 27.4% respectively. Achieved beam width of the
antenna is 130°.

2. ANTENNA STRUCTURE AND DESIGN

Helix antennas are generally known for generating
circular polarisation over wide band of frequency. Quadrifilar
Helix Antenna (QHA) consists of four helical radiating
elements, located at equal distance on the circumference of
low loss dielectric cylinder and excited with RF signal of equal
amplitude and quadrature phase through a phasing network.
The phasing networks provide 0°, 90°, 180°, and 270° phases
to helical elements and also improves impedance matching
over wide frequency band.

A helix antenna consists of two types of radiating elements
namely dipole and the loop antenna. The helix antenna’s
polarisation is decided by length of dipole and the diameter
of loop antenna. By proper selection of length of dipole and
diameter of loop, we can obtain circular polarisation. In
quadrifilar helix antenna, the feeding network should have
equal amplitude at each helix. The phases at each helix should
be in phase quadrature with respect to adjacent helix. By
properly maintaining the amplitudes and phases at ports of
feeding network, wide band performance of the antenna can
be obtained.

PQHA consists of four helical radiating elements etched
on thin dielectric substrate and wrapped around a low loss
dielectric cylinder. Dielectric substrates on which the helixes
are printed are mainly characterised by its dielectric constant,
loss tangent and thickness. A thicker substrate for printed
quadrifilar antenna can improve the impedance bandwidth
and mechanical rigidness but at the same time it increases the
weight of antenna. Other disadvantages include dielectric loss,
surface wave loss and extraneous radiation from the feeding
probe. For printing of feeding network a thicker substrate,
50 mils Roger’s RO 3010 (¢,= 10.2, tand = 0.0035) is used.
High dielectric constant confines the fields within the circuit.
For good radiation characteristics, the dielectric substrate
for printing of radiating element should be thin, having
low dielectric constant and low loss tangent. Keeping all
of the above points in mind, 5 mils Roger's 5880 substrate
(e,= 2.2, tand = 0.0009) has been selected for printing of helix
structure.

For axial mode radiation, length and width of printed
quadrifilar helix strip has been calculated theoretically and
optimised through EM simulation software. Spacing between
two lines has been optimised for wide beam coverage with
low axial ratio. The folding diameter and pitch angle has been
selected to obtain wide band axial ratio performance. The
antenna has been folded over a hollow dielectric cylinder with
diameter of 18mm. SMA connector has been used as input in
the present design.

Sketch of printed quadrifilar antenna with notations is
given in Fig. 1.

Figure 1. Sketch of a printed quadrifilar helix PCB with
notations.

CAD model of the deigned PQHA along with its feeding
network is shown in Fig. 2. A 1:4 amplitude matched and
phase quadrature compact feeding network has been selected
to feed the four helical radiating elements. The length of the
feeding lines has been selected in such a manner that the
phases at each ports are 0°, 90°, 180° and 270° with respect
to input port. Simulation and optimisation of designed antenna
has been carried out in ANSYS’s HFSS EM simulation
software. Optimised dimensions of the designed antenna
are provided in Table 1. Simulated results shows that the
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Figure 2. CAD model of (a) Printed Helix (b) Feed network.

Table 1. Optimised dimensions of designed PQHA

Parameters Value

Substrate for quadrifilar helix 5 mils Rogers 5880
Substrate for feeding network 50 mils Rogers RO 3010
Radome material 1.3 mm thick Teflon
Length of printed strip (L) 73.5 mm

Width of printed strip (W) 0.8 mm

Distance between two lines (d) 14.1 mm

Folding diameter 18.0 mm

Pitch angle 53°

impedance bandwidth and AR bandwidth of the designed
antenna is better than 0.75 GHz. Simulated peak gain and
beam width of the designed antenna at 2.6 GHz is 3.8 dBic
and 130° (for AR less than 3dB over the beam), respectively.

3. EXPERIMENTAL RESULTS

Designed quadrifilar helix antenna and feeding network
has been developed. A hollow dielectric cylinder is fabricated
to support the PQHA. Developed antenna has been soldered
with the feeding circuit. Photograph of fabricated PQHA with
and without radome is shown in Fig. 3. After integration, the
diameter of antenna with radome is 21mm and the height is
60mm.

Anritsu’s vector network analyser (VNA) has been used
for VSWR measurement of the developed antenna. Comparison
of simulated and measured VSWR of the antenna is illustrated
in Fig. 4. Graph shows excellent agreement between simulated
and measured VSWR values. VSWR 2:1 has been achieved
over 2.1 GHz to 2.9 GHz. Test setup for measurement of
radiation characteristics of developed antenna is presented in
Fig. 5. The plane of radiation of the designed PQHA is in axial
direction. The antenna is placed in anechoic chamber in such
a manner that the top of the antenna is pointed towards the
transmitting antenna so that polarisation of transmitting and
receiving antenna matches to each other.

Simulated and measured axial ratio over the frequency
band is plotted in Fig. 6. Measured axial ratio is less than 3dB
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Figure 3. Developed (a) PQHA and (b) antenna with radomes.
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Figure 4. Measured Vs simulated VSWR of developed PQHA.
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Figure 5. Test setup for pattern measurement of antenna.

over 2.2 GHz to 2.9 GHz and it closely follows the simulation
results.

Axial ratio plot of designed PQHA over the beam is given
in Fig. 7. The graph reveals that the AR performance of the
developed antenna over 130° beamwidth is less than 3dB,
making it suitable for beam steering of £65°. Measured results
of the designed PQHA are in-line with the simulated results
over the desired frequency band.

Measured Vs simulated RHCP radiation pattern of
designed antenna is given in Fig. 8.
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Figure 6. Measured Vs simulated axial ratio over the frequency
band.
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Figure 8. Measured Vs simulated RHCP radiation pattern at

2.6 GHz.

Radiation pattern measurement of developed antenna
shows that measured gain, beamwidth and axial ratio (over
the beam and over the frequency band of operation) are in
excellent agreement with their simulated results. Measured
axial ratio over the beam (£65°) is < 3dB and measured peak
gain is 3.4dBic @ 2.6 GHz. Measured 3-dB beamwidth is more
than 130°.

4. CONCLUSION

A wide beam and wide band compact printed quadrifilar
helix antenna has been designed, simulated and developed.
Measured impedance bandwidth and 3-dB axial ratio bandwidth
are 32% (2.1 GHz - 2.9 GHz) and 27.4% (2.2 GHz - 2.9 GHz)
respectively. Peak gain of the developed antenna is 3.4dBic at
2.6 GHz. The antenna shows excellent axial ratio performance
over the frequency band as well as the over the radiated beam.
The developed antenna has 3-dB beam width of 130° with axial
ratio less than 3dB making it suitable as radiating element for
+65° beam steering of ESA with scan loss of 3dB. Designed
antenna is potentially suitable candidate as radiating element
for wide scan ESA.

REFERENCES

1. Verma, K. Pramendra; Kumar Raj & Singh, M. Design
of high performance CP radiating element for phased
array antenna for Satcom on move. Int. J. Adv. Microwave
Techn., 2016, 41-45.

2. Kumar, Raj; Verma, K. Pramendra & Kartikeyan, M. V.
Wide scanned electronically steered conformal active
phased array antenna for Ku-Band SATCOM. [Int. J.
Microwave Wireless Technol., 2019, 11(4), 376-381.
doi:10.1017/S1759078718001599

3. Kazemi, R.; Palmer, J.; Quaiyum F. & Fathy, A. E.
Steerable miniaturized printed quadrifilar helical array
antenna using digital phase shifters for BGAN/GPS
applications. [ET Microwave Antennas Propag., 2018,
12(7), 1196-1204.
doi: 10.1049/iet-map.2017.0959

4. Kilgus, C.C. Multi element fractional turn Helices. IEEE
Trans. Antennas Propag., 1968, 16( 4), 499-500.
doi: 10.1109/TAP.1968.1139231

5. Kilgus, C.C. Resonant quadrifilar Helix. [EEE Trans.
Antennas Propag., 1969, 17( 3), 349-351.
doi: 10.1109/TAP.1969.1139459

6. Kilgus, C.C. Shaped-conical radiation pattern performance
of the backfire quadrifilar Helix. /EEE Trans. Antennas
Propag., 1975, 23( 3), 392-397.
doi: 10.1109/TAP.1975.1141084

7.  Amin, M. & Cahill, R. Bandwidth limitation of two-port
fed and self-phased quadrifilar Helix antennas. Microwave
Optical Technol. Lett., 2005, 46(1), 11-15.
doi: 10.1002/mop.20886

8. Sharaiha, A. & Terret, C. Overlapping quadrifilar resonant
Helix antenna. Electronics Letters, 1990, 26(14), 1090-
1092.
doi: 10.1049/e1:19900706

9. Louvigne, J.C. & Sharaiha, A. Broadband tapered printed
quadrifilar Helical antenna. Electronics Letters, 2001,
37(15), 932-933.
doi: 10.1049/e1:20010638

10. Sainati, R.A.; Groppelli, J.J.; Olesen, R.C. & Stanland,
A.J. A Band-switched resonant quadrifilar Helix. /EEE
Trans. Antennas Propag., 1982, AP-30(5), 1010-1013.
doi: 10.1109/TAP.1982.1142892

11. Lamensdorf, D. & Smolinski, M. A. Dual band quadrifilar
Helix antenna. I[EEE Antennas Propag. Symp., 2002, 3,

69



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

70

DEF. SCI. J.,, VOL. 71, NO. 1, JANUARY 2021

488-491.

doi: 10.1109/APS.2002.1018258

Chow, Y.W.; Yung, E.K.N. & Hui, H.T. Quadrifilar Helix
antenna with parasitic Helical strips. Microwave Opt.
Tech. Lett., 2001, 30(2), 128-130.

doi: 10.1002/mop.1241

Louvigne, J. C. & Sharaiha, A. Synthesis of printed
quadrifilar Helical antenna. Electronics Letters, 2001,
37(5), 271-272.

doi:10.1049/e1:20010215

Rabemanantsoa, J. & Sharaiha, A. Size reduced multi-
band printed quadrifilar Helical antenna. /EEE Trans.
Antennas Propagation, 2011, 59(9), 3138-3143.
doi:10.1109/TAP.2011.2161436

Wang, Y. S. & Chung, S. J.A Miniature quadrifilar Helix
antenna for global positioning satellite reception. /EEE
Trans. Antennas Propag., 2009, 57(12), 3746-3751.

doi: 10.1109/TAP.2009.2024132

Letestu, Y. & Sharaiha, A. Broadband folded printed
quadrifilar Helical antenna. IEEE Trans. Antennas
Propagation, 2006, 54(5), 1600-1604.

doi: 10.1109/TAP.2006.874365

Ibambe, M. G.; Letestu Y. & Sharaiha, A. Compact
printed quadrifilar Helical antenna. Electronics Letters,
2007, 43(13), 697-698.

doi: 10.1049/e1:20070571

Byun G., Choo H. & Kim S. Design of a dual-band
quadrifilar Helix antenna using stepped-width arms. /EEE
Trans. Antennas Propag., 2015, 63(4), 1858-1862.

doi: 10.1109/TAP.2015.2398463

Zhang Z., Yang L.; Zuo S.; Rehman M.; Guang F. &
Zhou C., Printed quadrifilar Helix antenna with enhanced
bandwidth. /[ET Microwaves, Antennas Propag., 2017,
11(5), 732-736.

Rao V.S.; Jahagirdar D.R. & Girish K. Design and
development of compact conformal microstrip antenna at
S-band. Def. Sci. J., 2018, 68(5), 519-522.

doi: 10.14429/dsj.68.11944

Han Y.; Wang H.; Wang Z.; Yao Y.; Feng Y.; Hu
K.; Gao Y.; Fan Z. & Yuan S. Dual-band spiral printed
quadrifilar helical antenna miniaturized by surface and
inner dielectric loading. IEEE Acess., 2019, 7, 30244-
30251.

doi: 10.1109/ACCESS.2019.2902308

ACKNOWLEDGMENT
Authors acknowledge their sincere thanks to Director
DEAL for granting permission to publish this work.

CONTRIBUTORS

Mr Raj Kumar obtained his ME in Microwave & Radar from
the University of Roorkee (presently IIT Roorkee). His areas
of interest include microwave and mm-wave antennas design
including omni directional antenna, fan beam antenna, slotted
array antenna, antenna for radiometry, microstrip antennas,
design of waveguide filters, reflector antennas, horn antennas,
conformal antennas, phased array antenna etc. He has been
awarded DRDO Technology Award, Group Technology award,
& Laboratory Scientist of the Year award. He is a fellow of
ATMS Society. He has published more than thirty papers in
international journals and IEEE conferences.

His contribution in the paper is design, simulation and evaluation
of antenna.

Mr Pramendra Kumar Verma received his BTech in Electronics
Engineering from VBSPU, Jaunpur and ME in Microwave
Engineering from GEC, Jabalpur. His area of research includes
design and development of microwave and mmwave antennas,
slotted waveguide omni-directional antenna, conformal phased
array antenna, reflector antenna, waveguide components etc. He
is the recipient of the DRDO Technolody Award, Laboratory
Scientist of the Year Award and Group Technology Award.
He is a Life Fellow of ATMS society and a Life Member of
IETE. He has published more than thirty papers in International
Journals and IEEE conferences.

His contribution in the paper includes the simulation and
evaluation of antenna.

Dr M.V. Kartikeyan (SM’03) received the MSc in physics,
and the PhD in electronics engineering from IIT (BHU)
Varanasi, India, in 1985 and 1992, respectively. He has been
a Full Professor with the Department of Electronics and
Communication Engineering, IIT Roorkee,Roorkee, India,
since 2009. His current research interests include millimeter/
terahertz wave engineering.

His contribution in the paper is over all supervision during
design and development of antenna.



