V-Band Circularly Polarized Wire-Bond Antenna Design
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Abstract—A V-band wide-coverage left-handed circularly
polarized wire-bond antenna is presented. The proposed antenna
mainly comprises of four wire-bonds surrounded a series-type
power divider network to achieve circularly polarized radiation.
In the talk, the design principle of wire-bonds with wide-coverage
characteristics is presented. Also, the design method of power
divider is included. The antenna has been fabricated with IPD
process and measured. The simulation and measurement
regarding antenna reflection coefficient, radiation pattern, peak
gain, and axial ratio are conducted for design validation. The
measured results show that the antenna can operate in V-band

and the impedance bandwidth with ‘Sn‘ less than -10 dB is from

51 GHz to 67 GHz or more ( > 28% ). The measured maximum
gain is -1.0 dBi at 60 GHz with beamwidth of about 180 degree.
In addition, the measured axial ratio is less than 3 dB in from 55
to 65 GHz.
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I. INTRODUCTION

In recent years, millimeter-wave (mmW) wireless systems
have been developed for high data-rate, wide-bandwidth, and
short-range wireless applications to meet the growing demand
of high quality communication [1-2]. The idea of integrating
antenna with RF front-end active circuits in chip or package
level to miniaturize the size and the trace loss of system
circuits becomes available in mmW wireless systems.
However, implementing antenna in CMOS-based process has
been proved to gain poor antenna efficiency because of lossy
silicon substrate [3-4]. Even for providing high security of
mmW wireless communications, circularly polarized system
was also required in the system specification.

A wire-bond is possible to be used as an antenna at mmW
frequency range and has been proposed to improve antenna
gain and efficiency [5]. Because the antenna structure of wire-
bond is away from the silicon substrate, it would alleviate the
phenomenon of most energy confined in the silicon substrate
and be easy to radiate in free space. Quadrifilar helix antennas
(QHAs) are quite suitable to be equipped for circularly
polarized applications with some attractive features as
compact structure, cardioid-shaped radiation pattern and high
front-to-back ratio [6].

In the talk, a V-band wide-coverage circularly polarized
antenna design using bond-wire structures is presented. The
proposed design, which is implemented with IPD process,
consisting of a 1-to-4 series-type microstrip power divider of
ring shape and four radiators which are implemented with bond
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Fig. 1. (a) The configuration and (b) microphotograph of proposed V-
band circularly polarized wire-bond antenna.
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Fig. 2. The simulated and measured reflection coefficients of the
proposed antenna in Fig. 1.

wires. The power divider provides excitations with equal
amplitude and 90-degree phase difference to radiators. The
bond wires are deployed along the edges of the ground plane,
to obtain wide-coverage radiation patterns. The performance of
the proposed antenna is validated by full-wave simulation and
measurements.

II. ANTENNA DESIGN

The configuration of the proposed circularly polarized
wire-bond antenna is shown in Fig. 1. It consists of a 1-to-4
power divider network with 90 degree phase difference
fabricated on IPD process and four wire-bonds antenna array
system. It is fed by a microstrip line embedded in 18- zm thick
dielectric material with ¢, = 2.65. The width and thickness of
the microstrip signal trace are 10 gm and the thickness
between the signal and the ground plane is 5 gm . Considering
its silicon substrate dielectric constant of 11.9, which is greater
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Fig. 3. The simulated and measured results: (a) y-z plane and (b) x-z plane
radiation patterns at 60 GHz, (c) peak gain, and (d) axial ratio.

than 60 GHz equivalent length of /4 transmission line, easily
lead to dielectric resonator mode, the thickness H ,,, of silicon
substrate IPD must be thinned to 200~300 gm to avoid
excessive resonance interference happened on 60 GHz band
and then lead to reduction of antenna gain. The effectively
length of the wire-bond is A/2 and its end is shorted to ground
plane. Due to image theory, we expect this structure to have
similar characteristics to a full loop antenna of
circumference 4 . The resonant frequency of the antenna is
mainly controlled by H and L . The antenna was simulated in
Ansoft HFSS and the parameters were designed for center
frequency at 60 GHz: L;=1400um, L,=450 pm, and H=

950 um. The simulated peak gain is 2.6 dBi and radiation
efficiency is 97%.

III. MEASUREMENT RESULTS

Fig. 2 shows the simulated and measured reflection
coefficients of the proposed antenna. The coefficients are
measured by using Agilent network analyzer model E8361C
with 4-port measurement capabilities. The simulated and
measured results are in good agreement. The measured
bandwidths are 7 GHz (57-64 GHz).

Fig. 3(a) and 3(b) shows the simulated and measured
radiation patterns. The pattern measurements are conducted in
an anechoic chamber and calibrated with standard gain horns.
In the fig. 3(a), it is found that the antenna radiation is affected
by the presence of the probe station. Nevertheless, the
comparison is satisfactory. Fig. 3(c) shows the simulated and
measured peak gains. The measured peak gain and beamwidth
at 60 GHz are -1 dBi and more than 180 degree, respectively.
Fig. 3(d) shows the simulated and measured axial ratios. The 3-
dB AR bandwidth is from 55 GHz to 65 GHz.

IV. CONCLUSIONS

In the talk a novel design of a circularly polarized antenna
operating in the unlicensed V-band fabricated by using IPD
process and bonding wire technology is presented. The size of
the fabricated antenna is 2.4 x 2.4 mm®. The use of wire-
bonds surrounding structure with a series-type power divider
network  successfully achieved circularly  polarized
characteristics. The proposed bond-wire antenna has been
validated by measurements, and satisfactory performance is
obtained. The antenna is well suited for low-cost, compact,
and high performance system-in-package mmW radio front
ends.
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