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ABSTRACT

-

for low voltage operation[8] and reported a promising
low voltage operation of 14V and excellent RF
performance over frequencies up to 4OGHz[9]. In
this paper, we will demonstrate improved low voltage
hinged MEM switch performance with a sub-10 volts
operation, an insertion loss of less than 0.1 dB, and
an isolation of better than 25 dB over the frequency
band of 0.25-40GHz. An RF Model of the MEM
switch was also established. We believe the hinged
RF MEM switches have the potential to achieve a
lower actuation voltage comparable to that of the
FET-based switches and will provide a solution to
RF-MEMS-based RF systems.

We demonstrate a sub-lovolts RF MEM switch
built on a semi-insulating GaAs substrate. The
fabrication process is a 7-mask-layer process
compatible with GaAs MMIC processes. The
insertion loss is less than 0.1 dB and the isolation is
better than 25 dB over frequencies up to 40 GHz.
The MEM switches will provide a solution as a
broadband, low voltage building block for RF
communication applications.

I. INTRODUCIION
The low insertion loss, high isolation radio
frequency (RF) Microelectromechanical (MEM)
switches have been thought of as one of the most
attractive devices for space-based recodigurable
antennas and integrated circuit applications[11. They
provide GaAs phase shifters, for example, with
reduced insertion loss for switching between different
line lengths or between high and low-pass filters[241. As the loss of the phase shifter arrays decreases,
fewer amplifiers are required in phase antenna arrays.
The cost, weight, and heat dissipation problems can
be drastically reduced.
Many RF MEM switch topologies have been
reported up to date. Typically, they are categorized
as rotary, cantilever, and membrane switches. All of
them have showed superior RF characteristics to their
semiconductor counterparts. Most of the RF MEM
switches, however, require very high actuation
voltages (usually 30-50 volts). The high voltage
operation mode will make RF MEM devices
impractical for many wireless communication
applications. Low voltage RF MEM devices have
thus become a critical issue of the validation of RFMEM-based communication systems. Much effort
has gone into the search for low voltage RF MEM
switches[5-71. However, most of these low voltage
designs require a large area and the improvement on
the actuation voltage may be limited. There is a need
for an innovative structure to address the drawbacks
of known devices in order to realize the low actuation
voltage RI? MEM switches. At the University of
Illinois, we proposed a novel hinged RF MEM switch
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II. DEVICETOPOLOGYAND FABRICATION
PROCESS

Fig. 1A SEM photograph of a fabricated RF MEM
switch

Shown in Fig. 1 is an SEM picture of a fabricated
RF MEM switch on a S.I. GaAs substrate. The RF
signal is guided by a coplanar waveguide. The top
and bottom electrodes along with a metal pad
inserted in between constitute a single-pole-singlethrow, dual-electrode hinged MEM switch. The
electrodes facilitate the application of the actuation
voltages.
The actuation voltage provides an
electrostatic force to make the conductive pad move
up and down. When a voltage is applied on the
bottom electrodes, the pad contacts the signal line
and ground planes and provides a through path for
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signals. The input RF signal from one port will short
to the ground and no RF signal will flow through to
the other port, which corresponds to the switch ‘off
state. When a voltage is applied to the top electrodes,
the conductive pad is attracted upward. RF signals
flow through the output port without much insertion
loss. This corresponds to the switch ‘on’ state. The
switching operation can therefore be realized by
applying two out-of phase pulses on the top and
bottom actuation electrodes.
EBBj Metal
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Theoretically, the minimum electrostatic force
required for actuation is equal to the sum of the
weight and the friction of the conductive pad. The
minimum actuation voltage required for the switch
operation
can
be
expressed
as:
V,, = J2(mg + Fm)/&oAwd 9 where d is the gap
between the conductive pad and electrodes, mg is the
weight of the conductive pad, FmCtion
is the friction
force, A* is the area of actuation pad, and & is the
permitivity of the air. Assuming that the friction force
FFe is proportional to metal pad area A d the
mnimum actuation voltage is independent of the
metal pad area. The device size can thus be relatively
small to enable direct scaling to higher frequency
applications. In addition, the metal pad is virtually
fiee of mechanical strain in contrast with cantilever
and membrane structures. The high actuation voltage
due to mechanical stress can therefore be reduced,
and with a proper choice of conducting pad metal, the
actuation voltage may be less than three volts.
Shown in Fig. 2 is the hinged RF MEM switch
process flow. The device fabrication is a 7 masklayer process compatible with conventional GaAs
MMIC process. First, a 1-pm thick Au layer is
evaporated and patterned to form the CPW and the
bottom electrodes. A layer of PECVD silicon nitride
is deposited, followed by a via-hole etch (Fig. 2a). A
Polyimide sacrificial layer is spun on and a 1 p
thick Au layer is evaporated to form the conductive
pad (Fig. 2b). A second polyimide layer is spun on
(Fig. 2c) and is pattemed for top electrode support
posts (Fig. 2d). A 0 . 8 p thick low-temperature
PECVD silicon nitride layer is deposited followed by
a 0 . 5 - p of Au deposition to form top electrodes.
The silicon nitride layer is then etched in an RIE
system and the sacrificial layers are removed by wet
etch. Finally, the devices are released using a carbondioxide supercritical drying technique[lO].
Gold is chosen for the conductive pad metal
because of its low material stress. This leads to less
warping of the conductive pad, and results in smaller
parasitic capacitances in the switch, providing a
lower insertion loss when the switch is in the on
state. It is worth noting that the growth temperature
of the silicon nitride for top electrode support should
be low enough to prevent the polyimide underneath
from reflowing. A lower temperature PECVD silicon
nitride may also prevent voltage-induced charges
from building up in the dielectric layer during
switching.
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Fig. 2 Hinged RF MEM Switch Process Flow

Ill. RESULTS AND DISCUSSION
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The S-parameters of the devices are measured
from 0.25GHz to 40GHz using an HP851OC vector
network analyzer and 150 pm pitch RF coplanar
probes. An on-wafer calibration scheme is adopted
to eliminate pad parasitics. The calibration standards
are built on a semi-insulating GaAs substrate with
short, open, load, and through (SOL") patterns. The
pads effectively become a part of the measurement
system after the on-wafer calibration, and the
measured data are the s-parameters of the two-port
located between the pads[ 111.

to the resistive coupling of RF signals from the center
conductor to ground planes, which is unique
compared with other capacitively-coupled shunt
MEM switches. The extremely broadband frequency
response will lessen the complexity of RF circuit
design using RF MEM switches. The minimum
actuation voltage is 9 volts. The reduced actuation
voltage compared with our previous work can be
attributed to improved flatness of the conductive pad
and utilization of a carbon-dioxide supercritical
release procedure. The use of this technique can help
reduce the sticking problem during the sacrificial
layer release [101.
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Fig. 3 Measured data of RF MEM switch for (a)
switch-on and (b) switch-off states
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Fig.4 MEM switch equivalent circuit model and
extracted device parameters for (a)switch-on and
(b)switch-off states

The measured data are shown in Fig. 3. For the
switch-on state (Fig. 3a), it shows an insertion loss of
less than 0.ldB with a return loss of better than 23 dB
for frequencies up to 40 GHz. The insertion loss is a
collective result of substrate radiation loss and the
stray capacitance of the metal pad hanging on top of
the CPW section for the switch-on state. For the
switch-off state (Fig. 3b), an isolation of higher than
25 dB over the 40 GHz bandwidth is achieved. The
flat frequency response for the switch-off state is due

The equivalent circuits and the extracted device
parameters are shown in Fig. 4. Rll, Rl2, L11, and
L12 represent the finite length of transmission line
lying in the MEM switch section. Cp accounts for the
parasitic capacitance between the metal plate and the
coplanar structure due to non-uniform metal contact.
Cs and Rs are the on-state capacitance and the offstate shunt resistance, respectively. An off-state
resistance of 1.2 and an on-state capacitance of 38
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fF are extracted from the model. The parasitic
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capacitance is negligible, indicating the metal pad
flatness is well controlled. A lower off-state
resistance results in a higher isolation, and a smaller
on-state capacitance indicates a lower insertion loss.
The conductive pad size, therefore, becomes a tradeoff parameter in hinged RF MEM switch design. The
resulting device models show that the MEM switch is
a very linear device for frequencies up to at least 40
GHZ.

IV.CONCLUSION
We demonstrate a sub-lovolts RF MEM switch
built on a semi-insulating GaAs substrate. The 7mask layer fabrication processes are developed to be
compatible with GaAs MMIC processes. The
insertion loss is less than 0.1 dB and the isolation is
better than 25 dB over the frequency band of 40 GHz.
The hinged RF MEM switches will provide a
solution for low voltage and highly linear switching
methods for the next generation of broadband RF,
microwave, and millimeter-wave circuits.
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