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Abstract — A sectorised horn antenna array, comprising eight
Vivaldi antennas and a single-pole multiple-throw RF MEMS
rotary switch, has been demonstrated for the first time. Details
of the design and fabrication are presented, together with
preliminary measurements for a proof-of-concept prototype
which confirm the principle of operation. It is believed that
with further work a much higher performance can be achieved.

Index Terms — Sectorised antenna array, horn antenna, RF
MEMS, rotary switch.

l. INTRODUCTION

Radio frequency microelectromechanical systems (RF
MEMS) technology can offer enhanced performance
compared to solid-state devices (e.g. switches and varactor
diodes), in terms of factors that can include performance
figure-of-merit and RF power nonlinearity [1]. There are a
number of notable examples of antennas that employ RF
MEMS devices. These can be divided into two distinct
categories: generic RF MEMS antennas and RF MEMS
antenna circuits. The former have radiating elements that
physically move under some form of actuation mechanism,
while the latter have fixed position radiating elements that
employ RF MEMS switches or variable capacitors to alter
their electrical behaviour [1].

The first generic RF MEMS antenna was reported just over
a decade ago by Chiao et al. [2, 3]. Here, the arms of a Vee-
antenna were independently controlled using linear scratch
drive actuators. As a result, the azimuthal pointing direction
and directivity of the main beam could be controlled
independently. More recently, a V-band single-platform
beam steering transmitter [4] was demonstrated by employing
an antenna having two degrees of rotational freedom around
torsion bar hinges, with an external magnetic force being
used for actuation [5, 6].

There are many examples of RF MEMS antenna circuits.
Multi-band operation has been demonstrated using RF
MEMS switches within fractal antennas [7]. Strategically
placed switches can control the currents in the branches of
the antenna, modifying the resonance behaviour of the entire
structure and its radiation pattern. For example, using a
Sierpinski Gasket design, a reconfigurable antenna was
demonstrated based on this principle [7]. More recently,
much simpler dual-frequency reconfigurable slot dipole
arrays for X- and Ka-band [8] and Ka- and V-band [9] were
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reported in which RF MEMS switches were placed across the
slots. Similarly, a single-arm spiral antenna with RF MEMS
switches located along the line was reported for X-band
operation [10].

Thermo-compression wafer bonding techniques have also
been employed to realize a 3-layer tuneable coplanar patch
antenna (TCPA) with RF MEMS varactor [11-12]. Also, a 35
GHz coupled patch antenna array has been demonstrated
within a multi-layer LTCC module [13]. Here, flip-chip
mounted RF MEMS phase shifter chips were integrated
between the feed network and a serially fed patch antenna
array, to implement 1D beam steering. Moreover, wafer
bonding by cross linking SU8 was realized in a MEMS
programmable lens-array (MPLA) antenna [14].

In addition, at X-band, a 4 x 8 patch antenna array was
realized on a Teflon substrate, with a hybrid integration of
silicon RF MEMS phase shifters for performing beam
steering [15]. The same team went on to demonstrate a data
link at Ka-band, with the RF MEMS phase shifter chips
placed within 3-layer LTCC cavities [16].

In this paper we report on the design, fabrication and
measured performance of a novel RF MEMS antenna circuit
in the form of a sectorised horn antenna. The device consists
of eight Vivaldi antennas fabricated on a flexible organic
substrate, with a central single-pole-eight-throw (SP8T) RF
MEMS rotary switch for antenna selection.

The Vivaldi antenna is an end-fired tapered slot antenna
(TSA) [17]. The slot is smoothly tapered from narrow to
wide to give it an ultra-wideband (UWB) performance [18].
Vivaldi antennas generally exhibit high gain and linear
polarization. Compared to other UWB solutions, Vivaldi
antennas benefit from compactness, simplicity and an
adjustable beamwidth. Since 1974 [19], various Vivaldi
antenna designs have been reported [20-28]. Moreover, the
issue of mutual coupling effects on bandwidth in Vivaldi
antenna arrays has also been investigated [29-30]. While it is
believed that mutual coupling can improve bandwidth, when
compared to an isolated Vivaldi element [31] it has been
shown that mutual coupling has a negative effect on
bandwidth, although this can be improved by including
chokes that attenuate currents between elements. Vivaldi
antennas have already been used with RF MEMS. Examples
include a 10 GHz analog slotline true time delay (TTD) phase
shifter [32], an UWB near-field imaging system [33] and a
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16-element phased sub-array with Ka band phase shifters
[34].

In the past single-pole multiple-throw RF MEMS switches
have been realized mainly by integrating a number of single-
pole single-throw (SPST) switches. However, as the number
of bits increases, this solution can be unwieldy and result in
yield and reliability issues. For example, a discrete single-
pole eight-throw (SP8T) switch may require about 15 times

the real estate of an SPST switch and 8 separate moving parts.

In contrast, and as a new application demonstrator, the
switch used in the present work is relatively compact and has
only one moving part [35]. This switch has already been
demonstrated within a 2-bit digital TTD phase shifter
application [36].

Il. ANTENNA DESIGNS AND FABRICATION

Figure 1 shows the overall layout of the sectored antenna
array. The SP8T RF MEMS switch was fabricated on a 500
um-thick quartz substrate with gold and nickel metallization
layers, while the Vivaldi antenna array was made on a 250
um-thick Taconic RF-35 laminate with gold-plated copper
cladding.

The RF MEMS rotary switch is based on the axial-gap
wobble motor principle. In this kind of device, the rotor is
tilted, with its centre on a raised bearing and one side pulled
down by electrostatic attraction to underlying drive
electrodes so that a point on its periphery rests on the stator
[35]. By exciting the drive electrodes in sequence, the rotor
can be made to perform a precessional motion whereby the
physical contact between rotor and stator rotates continuously
around the periphery of the device. To allow RF switching,
the stator has one input CPW transmission line which extends
underneath the rotor and connects to the central bearing, and
eight output CPW lines which terminate at points around the
periphery. The RF signal is continuously fed to the rotor via
the inherent Ohmic contact between the touching surfaces of
rotor and bearing, and the signal may be routed to any
desired output port simply by moving the rotor until it also
forms an Ohmic contact with the corresponding output CPW
line.

Gold bond wires were used to connect the CPW lines on
the switch to microstrip lines on the Taconic RF-35 laminate,
as illustrated in Fig. 1(a). The RF signals from the microstrip
lines are coupled to the associated slotlines beneath, and then
radiated via the tapered slots of the Vivaldi antennas, as
shown in Fig. 1(b). The individual Vivaldi antennas were
housed in their own pyramidal horns in order to greatly
increase directivity. Separation slots were introduced into the
RF-35 laminate to accommodate the horns, as illustrated in
Fig. 1(b).

It can be seen in Fig. 1(a) that the main RF input signal is
fed to the SP8T switch via an SMA connector underneath the
Taconic RF-35 laminate and bond wires above. The dc bias
pin connectors were connected in a similar way as the SMA
connector. Ground connections between the antenna and the

CPW-to-microstrip transition were made using plated-

through vias.
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Fig. 1. Schematic views of complete antenna array (not to scale)
showing: (a) switch/antenna integration; and (b) top (red) and
bottom (yellow) metallization of Taconic RF-35 laminate.

In designing the antenna, the value for the effective
thickness of the substrate, normalized to the free space
wavelength at centre frequency, should be within the optimal
range given by equation (1) [24]:
(V2 1)

A

0.005 < <0.03 (1)

where & and t are the dielectric constant and physical
thickness of the radiating substrate, respectively, and 4, is the
free-space wavelength at the centre frequency of operation.
The beam width will be too wide on thinner substrates,
whereas the main beam will break up for thicker substrates.

The Taconic RF-35 laminate substrate has a circular shape,
with a 30 cm diameter, 250 um physical thickness, and an 18
um-thick electrodeposited Cu cladding on each side (plated
with 0.5 um-thick gold). The dielectric constant and tand are
35 and 18 x 10™ respectively. Therefore, at a center
frequency of 10 GHz, the normalized effective thickness for
this laminate is 0.0073, which is within the optimum range.
The effective radiating length of the antenna is 54y, i.e.
within the recommended range of 2 to 12 A, [37].
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The assembled sectorised horn antenna array is shown in
Fig. 2. Fig. 2(a) show eight individual 20 dBi gain pyramidal
horns, made from double-clad FR-4 substrate material,
attached at the edges of the horn separation slots in the
Taconic RF-35 laminate substrate. Fig. 2(b) shows a close-up
view of the centre of the antenna array, where the rotary
switch and microstrip lines are located. Microwave absorber
is included to minimize coupling between adjacent antennas.
The side view at the antenna array is shown in Fig. 2(c).

Fig. 2. The assembled RF MEMS sectorised antenna array:
(a) top view; (b) close-up view at the centre and (c) side view.

The diameter of the antenna array was chosen to match the
size of the RF-35 laminate sheet, which was 30 cm x 30 cm.
Each antenna was assigned a 45° slice of the circle. The
dimensions of the microstrip line and slotline feeds were
calculated using Agilent’s LineCalc software. The curvature
of the tapered slotline follows an exponential profile [25, 38],
defined by the following:

y — 0.5e0.04X (2)

where x is the distance along the slotline and y is the width.
This curvature results in an opening flare (in the y-axis) of
36°. This optimized angle is constrained by the width of the
antenna’s aperture and the degree of curvature. The latter
determines the performance of the antenna. Specifically,
when the degree of curvature is increased, the beamwidth is
increased but the bandwidth and return loss are reduced [38].

11l. MEASUREMENTS

The initial design reported here did not include proper
impedance matching for the SP8T RF MEMS rotary switch.
This, together the relatively long (1 to 2 mm length) bond
wire interconnects, resulted in far from optimal performance.
Measurements of the overall input return loss for the
complete antenna array, between 6 and 14 GHz and when the
switch is making contact in all eight positions, are shown in
Fig. 3. It can be seen that best performance is achieved at
approximately 7 and 13 GHz.

Retumn Loss [dB)

[ 1 L1 12 13 1
Frequency (GHz)

Fig. 3. Measured antenna array return loss at all 8 switch positions.

[ ] 7 ]

Due to a lack of suitable resources, the E-plane radiation
pattern could not be measured within an anechoic chamber.
Instead the measurement setup was rather crude and located
inside a large room. While this measurement environment is
far from ideal (due to problems associated with reflections
from walls, windows, ceiling, floor and metal objects) it does
give some preliminary qualitative results for the antenna
radiation patterns in the E-plane.

The antenna was fed by a square-wave-modulated 10 GHz
signal source, protected by an output isolator. A measurement
setup to detect the received power (consisting of a reference
pyramidal horn, a Schottky diode square law detector and a
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high gain IF amplifier) was then rotated around the sectorised
horn antenna array in steps of either 1° or 2°.

With the SP8T RF MEMS rotary switch set to output
position #3, the E-plane radiation pattern for the assembled
sectorised horn antenna array was measured within the non-
ideal environment. The preliminary results are shown in Fig.
4(a). In addition, Fig. 4(b) shows the results for the
individual main beams when the switch is set to all eight
positions.

0dB

(b)
Fig. 4. Measured radiation patterns for the sectorised horn antenna
array (normalized to beam centres): (a) at switch/beam position #3
and (b) superimposed main beams for all eight switch positions.

V. CONCLUSIONS

A sectorised horn antenna array, employing a single-pole
multiple-throw RF MEMS rotary switch, has been
demonstrated for the first time. Even though the design of
this proof-of-concept demonstrator is not optimal, and the
test environment was far from ideal, preliminary
measurements confirm the principle of operation for this
novel antenna array. It is believe that with further work (e.g.
optimization of the switch, individual radiating antenna
elements and array assembly) a higher performance can be
achieved.
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