


This article has been accepted for publication in afuture issue of thisjournal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/TAP.2014.2334358, | EEE Transactions on Antennas and Propagation

0018-926X (c) 2013 IEEE. Personal use is permitted, but republication/redistribution requires | EEE permission. See
http://www.ieee.org/publications_standards/publicationg/rights/index.html for more information.



This article has been accepted for publication in afuture issue of thisjournal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI

10.1109/TAP.2014.2334358, | EEE Transactions on Antennas and Propagation
> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 3

study is carried out to achieve an acceptable return loss.
Circular pads are added to the feed lines to better support the
fabrication of plated vias used to directly connect the
microstrip’s signal line and the spiral arms. Notice that the pads
only slightly affect the antenna performance.
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Fig.4. Configuration details of the developed spiral-helix antenna.

The self-complementary quadrifilar helix has 0.75-turns and
height of 5.08cm and it is electroplated on a hollow Teflon
cylinder as discussed in [9]. The helix parameters are derived
from different parametric studies with a chief goal of achieving
highest gain at the low-end while maintaining overall good
performance over the designated bandwidth. The helix top ends
are carefully soldered to the spiral arms. In order to provide an
acceptable impedance match over the frequency range of
operation, the lumped resistive loading is implemented
between the bottom arm ends of the quadrifilar helix and the
ground plane. Full-wave simulations have shown that the 75Q
resistors (one resistor per arm) provide the best compromise
between the impedance match and efficiency.

The destructive pattern interference that occurs at 3GHz for a
5.08cm (~A/2) cavity [11] is mitigated by inserting a 1.27cm
tall, 14.23cm diameter metal cylinder inside the cavity. This
inset pushes the frequency of the destructive pattern
interference beyond 3GHz while only slightly affecting the
lower-band performance as clearly demonstrated in Fig. 5
where the co-polarized gain (i.e. RHCP gain) of the proposed
spiral-helix is plotted in the cases with and without (w/0) inset.
Although the VSWR performance of the antenna without the
inset is still below 2 (not shown here), the deterioration of gain
and axial ratio as seen in Fig. 5 limits the highest frequency of
operation to 2.25GHz. To choke the currents on the outer
conductor of the coaxial feed cables that may short the spiral
and the helix to the ground plane, ferrite beads (LairdTech.
HFB 15203) are placed around the coaxial cable feeds and
corresponding dummy posts used for symmetry. A single 90°
hybrid (Werlatone QH7902) is used to feed the antenna as
shown in Fig. 1(b). A fully assembled spiral-helix is placed on a
25.4cm diameter circular ground plane. The relevant details of
the final antenna structure are shown in Fig. 4.
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Fig.5. Simulated co-pol. gain and axial ratio at 6=30°of the designed
spiral-helix antenna with and without the cylindrical inset.

III. FREQUENCY-DOMAIN PERFORMANCE

Measured and simulated active VSWRs at the port 1 of the
proposed antenna, shown in Fig. 4, are shown in Fig. 6. As
seen, VSWR less than 2 is measured from 0.5 GHz to 3 GHz
indicating a very good performance of the proposed feeding
approach. The coupling between the antenna’s ports is below
-35dB whereas the other port has similar VSWR as that shown
in Fig. 6. To demonstrate the impact of ferrite beads, the
simulated VSWR of the antenna without the ferrite beads is
also plotted. As seen, the match is significantly deteriorated at
the low-end due to shorting the spiral aperture to the ground.
Effectively, the helix contribution to the total radiated field and
low-frequency impedance match is negated if the beads are not
used.
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Fig.6. Measured and simulated active VSWRs at the port 1 of the spiral-helix
antenna (shown in Fig. 4) with and without ferrite beads.

Measured  normalized  co-polarized (RHCP) and
cross-polarized (LHCP) radiation patterns of the antenna at
different frequencies overlaid over 61 azimuthal cuts from 0° to
180° are shown in Fig. 7. While not commonly used in open
literature, this far-field representation is helpful to visually
assess the consistency of the radiation patterns of wideband
antennas. As seen, consistent and symmetric mode 1 patterns
are obtained over the operating bandwidth. Azimuthal gain
variation less than 2dB is measured up to the elevation angle
6=30° further demonstrating high quality radiation patterns.
Front to back ratio better than 30dB is also measured.
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Fig.7. Measured overlaid radiation patterns of the spiral-helix antenna for 61
azimuthal cuts from 0° to 180° (dark: RHCP, light: LHCP).

The low cross-polarization level at the broadside seen in Fig.
7 is more explicitly observed in Fig. 8 where the ratio is plotted.
As seen, values below 1.8 dB are measured over the operating
bandwidth. Moreover, the axial ratio below 3dB up to the
elevation angle of 6=30° off broadside is obtained. A slight
degradation at the low-end is due to the range imperfections.
The obtained high quality radiation patterns and low axial ratio
clearly demonstrate that the microstrip feed and the entire
antenna construction including its structural parameters have
minimal negative impact. Moreover, due to the feed symmetry,
the impact of 180° hybrid imbalances in Fig. 1(a), is completely
eliminated.

Measured and simulated realized gain and radiation
effeciency are shown in Fig. 9. As seen, the realized gain is
above 5dBic over the majority of operating bandwidth
(nominal 6dBic) with 0dBic measured at 530MHz. The
importance of the ferrite beads is also demonstrated in Fig. 9.
When compared to the case without the beads, notice the gain
improvement of up to 6dB through 0.9GHz. The gain slightly
reduces at higher frequencies due to losses in the ferrite. The
radiation effeicency is greater than 50% starting from 730MHz
and reaches maximum of 92% at the mid-band around 1.5GHz.
Its nominal value is ~80%. A reduced efficiency at the low-end

is due to the power loss in the resisitve termination. The
proposed spiral-helix shows similar and even better
performance compared to the center-fed spiral-helix antenna in
[9]. Notice that the operational bandwidth of the proposed
antenna is limited by the used 90° hybrid. The full-wave
modeling showed that this antenna can operate with good
radiation characteristics over almost 10:1 bandwidth.
Throughout this section a good agreement between the
measurements and HFSS-simulations is obtained.
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Fig.8. Measured and simulated axial ratio of the spiral-helix antenna at
boresight and 6=30°.
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Fig.9. Measured (solid) and simulated (dashed) co-pol. realized gain (RHCP),
and radiation efficiency. The realized gain without ferrite beads is also shown.

IV. TIME-DOMAIN PERFORMANCE

To characterize the time-domain performance of the
fabricated antenna, its transfer function is determined first. The
link’s transfer function ( S,; ) of two nearly identical
spiral-helix antennas is measured in anechoic chamber using
the vector network analyzer Agilent PNA-x 5245A. After
obtaining the antenna transfer function at the boresight
(6 =0°¢ =0% following the procedures in [12], one
antenna which will be considered as reference antenna is kept
fixed while the antenna under test (AUT) is rotated in azimuthal
and eclevation planes with A8 = Ap =3° in order to
characterize the time-domain performance over the full-field of
view. Measurements are conducted from 0.3 GHz to 4 GHz
with 10 MHz resolution. Then, the measured link’s transfer
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function is used to evaluate the transmitting antenna transfer
function (i.e. radiation transfer function) [13].

The measured and simulated group delays derived from the
phase response of the transfer function at boresight along
xz-plane are shown in Fig. 10. As seen, low group delay
variation is obtained indicating good dispersion characteristics
which is expected since the spiral has only a single turn. The
measured radiated pulses of the antenna, obtained from the
measured transfer function and inverse fast Fourier transform
(IFFT) at different elevation angles are shown in the inset of
Fig. 11. The simulated radiated pulses obtained from direct
time-domain analysis in CST Microwave Studio are also
included. As seen, high quality pulse radiation is obtained over
the wide elevation angles. The used source pulse waveform is
the second derivative Gaussian pulse (o = 145 ps) [14] (see
the inset of Fig. 11) with the 10 dB power spectral density
(PSD) bandwidth from 0.40 GHz to 3.2 GHz.
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Fig.10. Measured and simulated group delay of the spiral-helix antenna at the
boresight along xz-plane.
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Fig.11. Measured and simulated (with and without ferrite) fidelity factors

averaged over 61 azimuthal cuts. Inset: Measured (solid) and simulated
(dashed) radiated pulses at different elevation angles xz-plane.

To characterize the quality of the radiated pulses, fidelity
factor, which represents the maximum cross correlation
between input and radiated pulses obtained for varying time
delay, is used [3],[13]. Measured and simulated fidelity factors

averaged over 61 azimuthal cuts from 0° to 180° are shown in
Fig. 11. The fidelity factor > 90% with the maximal azimuthal
variation of about 8% is further proof of antenna’s excellent
time-domain response. The highest and lowest fidelity factors
measured at broadside when the antenna rotates in the ¢-plane
are 0.95 and 0.88, respectively. The used ferrite chokes have
slight effect in time-domain since they are only affecting the
transfer function magnitude response (i.e. realized gain) at the
low-end where the source pulse has low PSD.

V. CONCLUSION

A spiral-helix antenna with excellent time- and
frequency-domain performances and simple feeding scheme is
presented. The proposed combined embedded coaxial / planar
tapered dual-microstrip feeding arrangement allows a simple
beamformer realization while preserving excellent radiation
characteristics. In doing so, it is seen that the ferrite chokes are
critically important for the proposed feed scheme to work over
the entire bandwidth. VSWR < 2, broadside axial ratio < 1.8dB,
radiation efficiency > 80% over most of the bandwidth,
consistent patterns and fidelity factor > 90% over wide field of
view are obtained experimentally and in simulations. The
realized low-profile and low-cost spiral-helix antenna is a
viable candidate for different frequency- and time-domain
applications including communications and electronic warfare.
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