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Abstract—Bond-wire antennas (BWAs) are an attractive con-
cept for integrated radio front-ends at millimetre-wave frequen-
cies, but have a relatively narrow radiation pattern that makes
them less attractive for many applications. In this paper, a
circular BWA array antenna concept is presented that has a
broad and omnidirectional radiation pattern. The relationship
between array geometry and the shape of the gain pattern
has been extensively explored through a series of parametric
simulations. A prototype was built and measured in order
to verify simulation results. The main suggested cause for a
difference between simulated and measured data are inaccuracies
in the design and manufacturing process of the feed network.

I. INTRODUCTION

An ever-continuing trend in the area of (tele)communication
technology is the pursuit of higher data transfer rates. For
short range wireless communication purposes such as Wi-Fi
and point-to-point networks, the 60 GHz Industrial, Scientific
and Medical (ISM) band provides 7 GHz of license-free
bandwidth in most parts of the world. This band is thus
gaining popularity for its enormous application potential [1].
With shorter wavelengths, antennas can also be made much
smaller, which is leading to new antenna designs that can
be fully integrated with the front-end electronics. The two
types of integrated antenna concepts that have received most
attention are the Antenna on Chip (AoC) and the Antenna in
Package (AiP) [2]. A third, hybrid, antenna model is the Bond-
Wire Antenna (BWA) [3], which combines a relatively high
radiation efficiency with excellent integration possibilities. It
comprises of a bond-wire that is placed in a semi-circular
arc shape above a (reflecting) ground plane. It does not
require an extra transmission line between the front-end and
the antenna and furthermore, the BWA can be very easily
manufactured using equipment already widely available to
chip manufacturers, which makes it a low-cost option.

The free-space signal attenuation is very high at 60 GHz
(68 dB at a 1 m distance). Thus, in a wireless communication
system, the combined antenna gain between receiver and
transmitter will need to be high in order to have a sufficient
carrier-to-noise ratio. For example, in order to achieve a
2 Gbps data rate with QPSK modulation in a 10 m line-of-
sight (LOS) situation, a combined antenna gain of 33 dBi is
required [2]. Therefore, it makes sense that much research
is done into making integrated antennas directive. For a Wi-
Fi access point type application, however, an antenna with a

microstrip bond-wire
transmission line antenna

N -""‘

/

ground plane

substrate

Fig. 1: Artist’s impression of a MS-fed circular BWA array.

broad radiation pattern is much more practical. A suggested
option is to use a directive antenna at the connecting client’s
side (for example, a phased array with active beam steering
embedded in a mobile device) and an antenna with a broader
radiation pattern at the access point. An extensive study on
the feasibility of such communication channels was done in
[4].

In this paper we propose a circular BWA array concept, as
is shown in Fig. 1, with an omnidirectional radiation pattern
that can be used as a non-directive access point antenna for
60 GHz wireless communication. In Section II, the design
is introduced. A prototype was manufactured and measured
as described in Sections III, with measurement results and
analysis in Section IV. Conclusions and recommendations for
future work are given in Section V.

II. ARRAY ANTENNA DESIGN

A. Bond-Wire Antennas

The BWA is introduced in [3], where wire length is /\7

For an antenna that operates at 60 GHz, this means that a
wire length of [ = 2.5 mm should be used, which corresponds
to a half-loop with a radius of b ~ 0.8 mm. A prototype was
successfully demonstrated at 40 GHz in [5], including a study
of the influence of the size of the ground plane.

A single BWA in combination with a ground plane may be
considered an electrically large loop antenna (through image



Fig. 2: 8-element BWA array parameters, birds-eye view.

theory). As such, it has a fairly narrow radiation pattern. By
placing BWAs in a circular array (concept shown in Fig. 1)
we can achieve a radiation pattern that is fairly broad along 6
and close to omnidirectional in ¢.

B. Array Configuration

A circular array introduces many degrees of freedom in the
design process. These include the number of elements (/V),
the array radius (c) and the rotation of each element around
its own axis (?0¢1). Also, we can change the relative phase of
each element’s feed port (pg.c). The geometrical parameters c
and 1 for an 8-element array are indicated in Fig. 2, where
the angle v is the same for each element. Varying these
parameters has consequences for the total radiation pattern.
Obtaining the right radiation characteristics therefore takes
some tuning of the design.

C. Tuning the Design

We will characterize our radiation pattern by means of its
angle of maximum gain (fy,ax), the value of this maximum
gain (Gpax) and the half-power beamwidth (HPBW), each
with respect to 6 (definitions from [6]). Relationships between
the radiation pattern and the array geometry were obtained
from parametric simulations in Ansoft HFSS [7].

Simulations were performed in the form of parametric
sweeps over the geometric variables described in II-B as well
as the relative phase of the antenna element ports ¢g... The
data were then studied to analyze the consequences for the
radiation pattern. In general, we may state that the radiation
pattern becomes more omnidirectional as we increase the
number of elements. As a compromise between manufacturing
feasibility and omnidirectionality, we choose to fix the number
of elements at N = 8. Furthermore, we see that varying the
element angle 1, has minimal influence on the radiation
pattern and thus it was fixed to 1, = 0°, as this architecture
is the easiest to manufacture. Fig. 3 shows how the radiation
pattern changes for such an array at a fixed relative element
port phase @g,. = 45° for different values of c. Fig. 4 goes
on to show how the extracted antenna parameters change for
varying c, for three different relative element port phases. In
the leftmost two plots, the sudden jump in the ¢g, = 0° line
at ¢ ~ 3.4 mm occurs due to the second lobe of the radiation

mm
mm
mm
mm
min
mm
min
mm

|G| [dB]

UL O~JUTCO—

40
0 [deg]

Fig. 3: Antenna gain (F-plane) for 1)) = 0°, port phase @g,c =
45° and a varying array radius c.
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Fig. 4: Angle of maximum directivity, value of maximum
directivity and HPBW for varying c at three different values
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pattern becoming dominant. The polarization of the far field is
vertically linear; similar to that of an infinitesimal z-oriented
electric dipole at the center of the array.

III. PROTOTYPE

In order to verify the simulation results, a prototype BWA
array with a radius of ¢ = 2.5 mm was designed and manufac-
tured to perform at 60 GHz. The relative excitation port phase
was chosen to be @g. = 45°.

The feed network was designed in Agilent ADS [8] and
manufactured using Rogers Duroid 6002 substrate [9] with a
thickness of 254 pm and a conductor thickness of 35 pm.
Transmission lines were made using a high precision CNC
milling machine and the substrate was glued onto a brass
ground plane. The BWA array elements were made of AW-14
wire with a 25 pm radius and were placed using an industry
standard bonding machine. The complete prototype is shown
in Fig. 5.
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Fig. 5: Photograph of the manufactured prototype structure.
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Fig. 6: Array antenna mounted on the radiation pattern mea-
surement setup during an H-plane measurement.

IV. ANTENNA MEASUREMENTS

Measurements were performed in the far field of the array
antenna, i.e. for an observation distance R > % = 10 mm,
with D =~ 5 mm the largest dimension of the array. Nearby
surfaces were covered in an RF-absorbing material. The mea-
surement setup is depicted in Fig. 6.

The H-plane slice of the radiation pattern is shown in Fig. 7,
in comparison to simulation results. In the figure, there is a
missing section in the measured values. This is due to the
fact that the measurement probe could not reach those angles
in the employed measurement setup. The polarization matches
that of the simulation data. Overall, the results show that there
are similarities between the measured and simulated data. The
deviation is, however, too large to speak of a good match. Two
causes are suggested.

The first suggested cause of deviation in the radiation pat-
tern is an inevitable difference in the wire length. Placing the
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Fig. 7: H-plane slice of the gain pattern of the prototype,
measured at 6 = 30°.

elements by hand using a standard bonding machine introduces
an inaccuracy that has consequences for the resonant frequency
of the antenna elements. This has implications in an array
configuration, as even a small variation in the wire length
can have consequences for the amount of radiated power per
element when all elements are working at the same frequency.
An analysis in [10] predicts that the manufacturing yield of
single BWAs in mass production at 60 GHz with a resonance
frequency within a 10% frequency band will be above 99%.
In our array configuration, even this relatively small deviation
in resonance frequency can potentially cause fluctuations of
several dB in the antenna gain for a single element and as
such also for the total gain pattern.

Furthermore, it is very likely that there are inaccuracies in
the design as well as the manufacturing process of the feed
network. The transmission line network was designed using
Agilent ADS, which does not incorporate errors like rounded
edges (caused by the milling process) and other non-idealities
that may play a significant role at 60 GHz. Moreover, the
milling machine, although very accurate, may introduce other
side-effects that can have a parasitic influence. For examples,
the edges of the transmission lines were fairly jagged, and
thus fringing of the fields may have occurred here. Besides
removing the conductive material, the milling process also
removed a thin layer of substrate which alters the characteristic
impedance. The accumulation of design and manufacturing
inaccuracies most probably has had an effect on the matching
of the power lines to the antenna elements (and thus the power
transfer) and it is also expected that there is a phase error in
the signals delivered to the radiators. A complete set of VNA
measurements of (sections of) the feed network may provide
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Fig. 8: Simulated gain pattern at § = 30° for deliberately
introduced feed port errors. Port errors were introduced in a
single element, in two adjacent elements and in two opposite
elements of the array.

answers. Unfortunately, the measurement equipment required
for this was not at hand.

In order to identify the most likely cause of error in the
radiation pattern, extra 3D simulations were performed in
which deliberate errors were introduced into the feed ports
of the array elements. Two types of errors were introduced:

¢ One or more elements do not receive any power.
e One or more elements have an error in the port phase.

For each case, a situation was considered in which the same
error occurred for one element, for two adjacent elements and
for two opposite elements in the array. The simulation results
are shown in Fig. 8. The phase errors that were introduced
are +5° and +10°. In Fig 8a we can see that disabling one
or two antenna elements does not have large implications for
the shape of the gain pattern in the § = 30° slice. However, if
we look at the effects of a phase error in Fig 8b and Fig. 8c,
we can see that if more than one element has a significant
phase error, there are also large consequences for the shape
of the radiation pattern in the § = 30° plane. Considering
that drastic improvements can still be made to the design and
manufacturing processes of the prototype’s feed network we
identify phase errors in the feed network (for possibly all ports)
to be the most likely cause of the discrepancy between the
measured and simulated radiation patterns.

V. CONCLUSIONS AND FUTURE WORK

A circular array concept for integrated bond-wire antennas
was presented with a broad and omnidirectional radiation pat-
tern. Through a series of parametric simulations, trends were

studied that relate the geometry and relative array element
excitation phase to parameters in the radiation pattern. A pro-
totype was manufactured and measurements were performed.
The manufacturing inaccuracy of the antenna feed network
is suggested to be the main cause for a difference between
measured and simulated radiation patterns. A variation in the
targeted antenna element phase can cause a major fluctuation
in the radiated power in a certain direction, as was demon-
strated with an extra set of simulations.

Future work will include improvements to the design and
manufacturing process of the feed network in order to mini-
mize its inaccuracies. Plans include the study and manufactur-
ing of a feed network that uses coplanar waveguides, which
will provide a more constant ground plane. To make a reliable
prototype, other manufacturing processes will need to be
explored in order to guarantee a higher accuracy. Furthermore,
it is desirable to perform measurements of solely the feed
network before the placing of the bond wires, in order to
verify its performance. Finally, extra attention needs to be
given to the bonding process, to ensure that antenna elements
have uniform length.
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