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Abstract: T he improvements of the design and the compatibility with silicon IC of RF MEMS switch are presented. T he
compatibility with silicon 1C is realized by dielectric isolation technology, and the decrease of the pull voltage of the switch
is done by etching some holes on the metal membrane. T he preliminary test results are as follows: C 5 and C,, are 0. 32pk,
6pF, respectively: the pull down voltage is about 25V . T he package of the RF M EMS switch is done by micro-stripline, and

the isolation and the insertion loss are 35dB, 2dB, respectively at 1. 5GHz; the switching speed is about 3Hs by oscilloscope.
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1 Introduction

Compared with p-in switch, RF MEMS switch
has low insertion loss and high isolation for eliminat-
ing the use of semiconductor prn and metal semicon-
ductor junctions, significantly reducing the resistive
losses in the device, so it will be the fundamental base
upon which radar and communication systems are de-
veloped, and will replace the p-in switch!'™ . How-
ever, there are some drawbacks in compatibility with
silicon IC, actuation voltage, and reliability. For exam-
ple, Yao et al.’ s switch is made on the high resistivi-
ty substrate ( high resistivity silicon; sapphire and
GaAs wafer), the actuation voltage of the switch is
about SOV'®!. Zhu et al.’ s switch is manufactured by
using highrresistivity silicon of 3000Q+ em as sub-

stratel . But the resistivity of substrate of silicon 1C
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is very low (1~ 10Q+cm) for speedily transferring
heat, so these RF MEMS switches are not compatible
with silicon IC. Zhang et al.’ s polysilicon microma
chined switch is made on the dielectric polysilicon
substrate, and compatible with silicon IC by dielectric
isolation technology!*, but the polysilicon microma-
chined switch has high insertion loss because it is dif-
ficult to reduce the polysilicon film resistivity close to
metal resistivity. In this paper, the improvements on
the design and compatibility with silicon 1C of RF
MEMS switch were introduced, the polysilicon film
was replaced with Al film to decrease the insertion
loss, and a RF MEMS switch was produced. The
switch was made on the dielectric polysilicon by di
electric isolation technology, the compatibility with

silicon IC was completed * %7 the reliability was im-
proved by bridge capacitance micro mechanical metal

membrane switch structure, and the actuation voltage
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was decreased by etching some holes on the metal
membrane. It is easy for the RF MEMS switch to be
integrated monolithically with silicon 1C for radar and
communication system applications. The RF perfor-
mance of the RF MEMS switch was measured, the
isolation and the insertion losses were 35dB, 2dB, re-
spectively at 2GHz, and the isolation had the advan-
tage over the pin switch. So the RF MEMS switch
could be the basis for developing RF switch systems
with IC for radar and reconfigurable antenna applica

tions.
2 Design and fabrication

The RF MEMS switch is an electrostatic actua
tion switch, and realizes switch function by electro-
static actuation, as showed in Fig. 1. As it is shown,
the switch utilizes an air-bridge design, in which a
metal membrane hangs over the bottom electrode,
separated by an air gap. When the switch is in the up
state, the RF signal passes the bottom metal electrode
without blockage, as shown in Fig. 1 (a). When an
electrostatic potential is applied to the bottom elec

trode, the attractive electrostatic force pulls the metal

Fig. 1 Schematic of the RF MEMS switch

membrane down onto the bottom dielectric film, the
dielectric film serves to prevent the metal membrane
from DC shorting, and provides a low impedance AC
path between the two contacts, the RF signal would
be shorted by the low impedance AC path, and the RF
signal is blocked, as shown in Fig. 1(b). When the
electrostatic potential is removed, the membrane re
turns to its original position due to the restoring
movement. The electrostatic force applying to the

metal membrane is gi byl 4
F E given by

V?
2d- v(x))?

where v (x) is the deflection of the metal membrane,

flx) = (1)

d is the distance between the metal membrane and
the bottom electrode, V is the potential of applying to
the bottom electrode. When the metal membrane is
not actuated, the air dielectric between the two con-
tacts exhibits a very low capacitance, given by

1
hp h, (2)

€|)A * E()A

Cor =

where Cis the capacitance of the switch in the off
state, €y and € are the dielectric constants of air and
dielectric material used, respectively, hp is the dielec
tric layer thickness, h, is the air gap between the
membrane and dielectric layer when the switch is in
the up- position, and A is the contact area between the
metal membrane and bottom electrode. When the
switch is actuated, the metal membrane dielectric bot-
tom electrode sandwich possesses significant capaci-
tance ( C,,), described as

€|)A
hp

The goals for the design of the RF MEMS

switch are low bottom potential voltage, low insertion

Cnn = (3)

loss, and high switch speed. The bottom potential is
reduced by etching some holes on the metal mem-
brane because of the reduction of the elastic force of
the metal membrane. Reducing the insertion loss is
done by replacing silicon substrate by dielectric
polysilicon substrate in order to eliminate the parasiti-
cal capacitance of silicon substrate, and the compati
bility with IC is easily completed. The switch circuit-
ry consists of RF MEMS switch which has an
impedance of 50Q that matches the impedance of the
system. The design of the RF MEMS switch is as fol-
lows: the metal membrane is 280Mm long and 3008m
wide, the bottom electrode with width of 180Hm is in
the middle of two ground lines, and the spacing is
508m.

T he fabrication process of the RF MEMS switch
is as follows: the wafers with resistivity of 7~ 10Q-

cm are used as substrates. A 1Hm thick insulating
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thermal oxide is first grown on the substrate, pattern
for the switch substrate is defined. the silicon is
etched with KOH, and the depth is 50~ 60km, fol-
lowed by 5008m dielectric polysilicon deposited. T he
silicon area for making IC and the dielectric polysili-
con area for making the switch are obtained by grind-
ing/ polishing process, and thus the substrate for fabri
cating the switch is prepared. The process for making
the RF MEMS switch is as follows: one micrometer of
insulating thermal oxide is grown on the substrate,
pattern for the bottom electrode is etched by RIE, fol-
lowed by IEm thick insulating thermal oxide, and the
groove is done so that the metal membrane can sus-
pend the bottom electrode at a certain high level. A
1. 28m thick AFSi layer is sputtered, and patterned to
define the bottom electrodes, followed by a 150nm
PECVD silicon nitride dielectric layer deposited and
patterned to define the electrode viaholes. A poly-
imide sacrificial layer is spun on and patterned, which
followed by a 2m thick Al layer is sputtered and pat-
terned to form the metal pad as well as the metal
membrane. T he sacrificial layer is then removed by
wet etching. Finally, the switch is released using an

ethanol drying technique.

3 Results and discussion

On the basis of above fabrication process, the RF
MEMS switch was fabricated. To decrease the pull
down voltage, the RF MEMS switch was modified by
etching some holes on the metal membrane, and
showed in Fig. 2. The RF MEMS switch was mea
sured by TE2819 capacitance instrument. T he prelim-
inary results are as follows: Cyr and C,, are 0. 32pF,
6pF, respectively; the pull down voltage is about 25V,
as showed in Fig. 3. The ratio of the off-state capacr
tance to omrstate capacitance is about 20, less than the
designed ratio, which may be affected by the packag-
ing and measuring conditions. The low pull down
voltage is suitable for the RF applications, the fabrica
tion process is compatible with silicon IC process, so it
is easy for the RF MEMS switch to be integrated

monolithically with IC for radar and communication

systems.

Fig. 2 Photograph of the RF MEMS switch
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Fig.3 Capacitance versus actuation voltage of the RF

MEMS switch

The package of the RF MEMS switch was done
by micro-stripline, and measured by HP8753C net-
work analyzer. The isolation of the RF MEMS switch
is 35dB at 1.5GHz, showed in Fig. 4, and is more
than that of the pin switch, which is usually less than
20dB. The insertion losses of the RF MEMS switch is
2dB at 1.5GHz, showed in Fig. 5, and is more than
that of the designed which is less than 0.2dB. It is
only close to that of the pin switch, which is usually 1
~ 1. 5dB. By analyzing the results, it is found that the
insertion loss of the isolation capacitance and the mr
crostripline affects enormously the insertion loss of
the RE MEMS switch, and the isolation capacitance
and the micro-stripline will be optimized by selecting
the high frequency performance capacitance and opti
mized structure of the micro-stripline.

The measured switch speed is shown in Fig. 6.
The top trace of the oscilloscope shows the corre-
sponding drive signal with 40kHz, 20V. T he modulat-
ed 200MHz signal is shown at the bottom trace. The

modulated signal shows a time delay of 3Hs from the
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Fig.4 RF performance of the RF MEMS switch for

off state

Fig. 5 RF performance of the RF MEMS switch for

on slate

switching-off state to the switching-on state. This
time delay is defined as the switch speed of a switch,

so the switch speed is about 3Hs.

4 Conclusion

A RF MEMS switch is fabricated, demonstrating
that the pull down voltage is decreased to 25V, and
the fabrication process is compatible with silicon 1C
process. The package of the RFE MEMS switch is done
by micro-stripline, and the RF performance of the RF
MEMS switch is measured. As a result, the isolation
and the insertion losses are 35dB, 2dB, respectively,
the switch speed is 3Hs, and the isolation has the ad-
vantage over the pin switch. So the RF MEMS switch

Fig. 6

switch  The control signal is shown at the top trace and

A switch speed measurement of RF MEMS

the modulated signal is shown at the bottom trace.

could be a basis for developing RF switch systems
with IC for radar and reconfigurable antenna applica

tions.
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