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Abdtract : This paper reports a contact cantilever M EMS switch. The designed switch has a metal cantilever that
acts as an electrostatically activated switch with processing options to achieve dielectric isolation of the control-
voltage path from the signal path. To obtain good material properties,an ANSYS FEA tool is used to optimize the
structure. The RF M EMS switch is fabricated via a surface micromachining process. The switch has an actuation
voltage of 12V ,which is close to the simulated value of 11V . The measured and the HFSS simulated isolations are
both higher than - 20dB from 0. 05 to 10GHz. The measured insertion loss is less than - 0. 9dB ,relatively larger
than the simulated loss of less than - 0. 2dB from 0. 05 to 10GHz. This is because a contact resistance introduced
due to poor physical contact between the bottom lines and the metal cantilever.
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1 Introduction

The emerging M EMS technology has been at-
tracting alot of interest in the microwave commu-
nity due to its excellent RF performance. Most of
the RF M EMS switches show superior RF charac-
teristics,such as low insertion loss, high isolation,
and even high frequency mechanical switching,
compared to their semiconductor-based counter-
parts’t *.

The cantilever beam is the most commonly
used structure for M EMS components. Cantilever
RF switches have been reported by some
groups'*® . Most of the cantilevers are fabricated
by utilizing a thick silicon nitride integrated with
a thin metal layer and require a very high actua-
tion voltage. In this work,a metal cantilever to-
pology will be discussed. We emphasize the mate-
rial properties and the mechanical reliability of
the design. The designed switch has a relatively
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low actuation voltage.

Material properties and design are important
in the switch operation. Stresses in a suspended
cantilever affect the device operation. Compres-
sive stress is undesirable since it will cause the
cantilever to buckle. High tensile stress is also un-
desirable since it will lead to the curl of the canti-
lever ,dramatically increasing the actuation volt-
age. On the other hand,the dimensions of the can-
tilever beam ,including the length,the width,and
the thickness, also affect the switch operation. If
the length and the width exceed certain values,
the cantilever beam cannot return toitsinitial po-
sition and suffers from a stiction problem when
the beam is bent. If the beam is too short or too
thick ,a large voltage will be needed to move the
beam down to contact the signal line.

To obtain good material performance and
mechanical reliability of the designed switch, an
ANSYS FEA tool is used to optimize the material
and the dimension of the switch.
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2 Sructure design and FEA simula-
tion

The basic concept is sketched in Fig. 1. There
is a coplanar signal line with a gap which blocks
the signal. A conducting cantilever can be moved
down to close the gap. A voltage applied to the ac-
tuator supplies the force that closes the switch.
This design scheme of fers some advantages. First ,
the cantilever beam is electrically connected to
the ground plane,separating the actuation signal
from the RF signal. The intermodulation between
the actuation voltage and RF signal can be allevi-
ated. This also leads to an extremely broadband
RF characteristic.

e

RF in RF out
==

On
[ccrsanr mos e

Fig.1 Schematic of the DC contact series switch

To obtain good mechanical performance and
a relatively low actuation voltage,an ANSYS FEA
tool is used. First ,two different Al and Au materi-
als are compared. Figure 2 shows that the actua-
tion voltage of the Al cantilever,11. OV ,is lower
than that of the Au cantilever, 14. OV , with the
same cantilever dimensions of 204 m in length
and 12 m in width. This is mainly because there
is less tensile stress in the Al film than in the Au
film. Then the Al cantilevers with different di-
mensions are analyzed. Figure 3 shows that the ac-
tuation voltage depends on the dimensions of the
cantilever ——the shorter the cantilever ,the high-
er the actuation voltage. As shown in Fig. 3,the
actuation voltage rapidly rises to 17V when the
cantilever is shortened to 15Q4 m. If the cantilever
is shortened to 12Q4 m, the cantilever cannot be
pulled down unless a voltage of more than 50V is
applied. Such high voltage operation will make RF
M EMS devices impractical in many wireless com-
munication applications. The voltage can be de-
creased by lengthening the cantilever. However ,a
long cantilever cannot return to its primary posi-
tion after it is moved down. According to the AN-
SYS analysis, a cantilever with a dimension of
120 m x 12QU m is optimal ,and Al combined with

photoresist gives the lowest tensile stress. Moreo-
ver ,the curl can be further alleviated by thinning
the metal cantilever and using holes in the metal
layer to release the residual stress of the cantile-
ver.
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Fig.2 Simulated actuation voltages of Al and Au can-
tilevers with the same dimensions using ANSYS analy-
sis
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Fig.3 Simulated actuation voltages of Al cantilevers
with different dimensions

3 Fabrication process

A high-resistivity silicon wafer is chosen as a
substrate to reduce the signal loss, and the RF
M EMS switch is fabricated by using surface mi-
cromachining techniques. The 5-mask fabrication
process includes the steps of sputtered metal depo-
sition, PECV D and L P-CV D dielectric deposition,
electron-beam metal deposition, sacrificial layer
patterning,selective wet etching,and reactive-ion
etching(RIE) . A brief description of the processis
as follows:A M m-thick layer of silicon dioxide is
used as a buffer layer. A 0. @ m sputtered Cr/ Au
seed layer is first deposited and patterned to de-
fine the signal lines and bottom electrode,and the
bottom electrode is covered with a 200nm-thick
PECVD Ta0Os layer for DC isolation. A 300nm
layer of sputtered gold is deposited on the overlap
region between the cantilever beam and the signal
line as the contact metal. A 31 m-thick electron
beam Al alloy layer is deposited and wet etched to
define the posts for the membranes. A 31 m-thick
sacrificial layer of photoresist is spin-coated and
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patterned to create the air-gap. A M m sputtered
Al alloy layer is deposited and wet etched to de-
fine the membranes. Holes of &l m in diameter are
formed in the membrane to facilitate the release
of the membrane and to reduce damping to im-
prove the dynamic performance. The sacrificial
material is removed by oxygen plasma etching to
release the membrane.

4 Resultsand discussion

The fabricated switch is shown in Fig. 4. The
cantilever is 20 m long and 12Q4 m wide,and the
bottom electrode is 10U m x 14Q4 m. The contact
resistance is 1 1. X2. The contact area is around
20 m X 4Q) m on each side of the switch,and the
gap in the t-line is 44 m. The measured actuation
voltage is 12V ,which is close to the simulated val-
ue of 11V.If kept in good condition,the designed
switch can work for a long time. However, the
switch reliability is limited by the oxidation of the
aluminum bridge. If the switch is properly pack-
aged ,the oxidization of the aluminum bridge can
be avoided and the reliability can be improved.

Fig.4 SEM image of the fabricated switch

RF performance is measured using an HP
network analyzer. External electrical control sig-
nals are applied on the fabricated switch for actu-
ation,and Sparameters of the input and output
ports are extracted using a network analyzer as
shown in Fig.5. At the same time,the full wave e-
lectromagnetic simulation of the switch is carried
out by a finite element method using an Ansoft
high frequency structure simulator (HFSS) . In the
simulation,a size of 80 m X 804 m X 100QJ m is
used and boundary radiation conditions are im-
posed on the six sides of the box. Then the full
wave analysis is performed. S-parameters extrac-
ted in the frequency range from 0. 05 to 10GHz
are also shown in Fig. 5. The insertion loss meas-

ured during the* ON’ state denotes the parasitic
signal loss from coupling to the ground and in-
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Fig.5 Measured and HFSS simulated RF characteris-
tics of the fabricated switch

creases as frequency goes up. The insertion loss of
the switch is characterized by measuring Sa pa-
rameters through the input and output terminals
in the ON’ state with the cantilever actuated
downward. The measured and simulated insertion
losses are less - 0.9 and - 0. 2dB from 0. 05 to
10GHz,respectively. The measured insertion loss
is relatively large compared to the simulated | oss.
This is because a contact resistance introduced
during the measurement ,and a good physical con-
tact has not been made between the bottom metal
lines and the cantilever due to some residues stress
after removing the photoresist sacrificial layer. To
reduce the insertion loss,the introduced resistance
should be alleviated.

The isolation represents the performance of
the’ OFF' state and was measured with the Sa
parameters along the signal lines with no electri-
cal control signal. The measured isolation is higher
than - 20dB from 0. 05 to 10GHz. The simulated
and measured isolations have the same behavior,
but the measured value is appreciably smaller than
the simulated one. The reason for this is that the
cantilever is not perfectly flat after the removal
of the photoresist sacrificial layer.

5 Conclusion

M easurements and numerical analysis demon-
strate that the direct contact cantilever switch has
good mechanical and RF performance. The meas-
ured values,such as the actuation voltage and iso-
lation ,are close to the simulated values. The meas-
ured insertion loss is relatively large compared to
the simulated value. The insertion loss is mainly
caused by the contact resistance introduced during
the measurement. In future work, more attention
should be paid to this resistance. This switch of-
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