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Abstract : A novel capacitive microwave MEMS switch with a silicon/ metal/ dielectric as a membrane is fabricated

succesd ully by bonding and etching-stop process. Its principa ,desgn ,and fabricating process are described in detail .

A patterned dielectric layer , Ta2Os ,with dielectric constant of 24 is reached. Experiment results show this novel

structure ,where the switch’ s diglectric layer is not prepared on the transmission line ,features very low insertion

loss. The insertionlossis 0. 06dB at 2 GHz and lower than 0. 5dB in the wider range from DC up to 20GHz ,especialy

when the transmisson line metal isonly 0. 4 m thick.
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1 Introduction

Microwave switches are widely applied in
wireless communication systems, such as phase
shifters,receivers,and transmitters. MEMS tech-
nology has made it posshle to develop microme
chanical switches with high performance for switc-
hing microwave signals. Recently ,there has been
much research work on micromechanical micro-
wave switches® *. Compared to conventional elec-
tromechanical switches,the micromachined variety
have many advantages including, small dsze,low
power disspation,high throughput ,integration car
pability ,etc. Compared to solid-state switches,they
have higher breakdown voltage, lower insertion
loss ,and much higher off-state red stance.

The capacitive microwave M EM S switches are
mainly composed of three parts:the CPW ,the die-
lectric layer ,and the membrane. They are mostly
actuated electrostatically. In most reports,the die-
lectricis dlicon nitride or dioxide deposited on the
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transmisson line. Available research indicates that
the membrane is made of metal deposited by elec-
troplating process. Capacitive microwave MEMS
switches have relatively high actuation voltage and
low isolation.

In this paper,a novel capacitive microwave
MEMS switch with dlicon as membrane and glass
as substrate material fabricated by bonding and
etching-stop is success ully fabricated. The dielec
tric layer ,Ta:Os ,and its principal performance are
described.

2 Principal and design

Figure 1 is a schematic graph of the structure
of our capacitive microwave MEMS switch. Com-
monly microwave MEM S switches consst of sub-
strate,dielectric layer ,lower electrode,and upper
multi-layer-slicon membrane. When a DC voltage
is applied between the upper and lower €electrodes,
the thin membrane deflects downward due to the e-
lectrostatic attraction between the electrodes.
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When the applied voltage is higher than the pull-in
voltage of the switch,the membrane reaches the
substrate ,thus forming a low impedance pass to
the ground and the switch is off.
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[ransmission line
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Fg.1 Structural schematic of the switch

There are several apparent key factors that af-
fect the performances of this RF MEMS switch.
The actuation voltage is mainly decided by the me-
chanical performancesof the membrane. The actua
tion voltage of the micro-mechanical switch is de-
termined by the applied voltage ,the membrane ge-
ometry ,the membrane material properties,and the
gap sze between the movable plate and the low e
lectrode. The driven voltage can be calculated by

Ve = EoWw g(a) (1)
where k is the effective spring constant of the
membrane ,W is the width of the low electrode ,w
is the width of multi-slicon membrane, g is the
gap between the two electrodes€oistheinitial die-
lectric constant. k can be described by

k:32_LEt33JN+87_(l-T\L)_tW (2)

The other important factor is the on/off capaci-
tance ratio of the switch ,which can be described by

Cun ZED“Q +€ohp (3)
Cort €ohp

where€o €p are the dielectric constants of air and
dielectric material respectively , ho is the thickness
of the dielectric layer, g is the gap between the
membrane and the low electrode. Snce the isola
tion of the switch is directly proportional to Con/
Gt ,the highest possble dielectric constant is de-
sSred.

The membrane of our microwave MEMS

switch has a dlicon/ dielectric/ sandwich structure.
The metal layer condsts of Au/ Cr deposited by
sputtering. Ta2Os is used as the dielectric layer to
realize high dielectric property. The dielectric layer
is deposited not directly on the transmission line
like most other papers,but on the surface of mem-
brane opposite to the transmisson. It isin such a
structure that a microwave M EM S switch with ex-
tremely low resistive loss or insertion loss can be
designed and fabricated. The mechanical properties
of the dlicon membrane are better than that of
metal 0 it can function with high stability and
high reliability. In addition ,its switching time could
be shorter and lifetime could be longer.

3 Experiment

The fabrication process of our capacitive RF
MEMS switch is shownin Fig.2. The formation of
the RF MEMS switch structure started with a
52% m thick 100 slicon wafer € =11 9) and a
Pyrex 7740 glass wafer. First, a 21 m shallow
trench ,which determined the gap size between the
membrane and the transmisson line ,was prepared
by KOH etching the silicon wafer. Second ,the sli-
con surface was heavily doped by boron diff uson
higher than 5 x 10°cm™® in order to form an etch-
ing-stop layer and determine the thickness of the
membrane. Third ,a Ti/ Au thin film was sputtered
and defined via liftoff process. Fourth ,athin Ta:Os
film as dielectric layer (about 250nm) was depos-
ted on the Au/ Ti layer by sputtering. In order to
reduce the resdual stressthe Ta:Os layer was di-
vided into small squares patterned by liftoff. Fifth,
the Au/ Ti layer as transmisson and ground lines
was deposited and patterned on Pyrex 7740. Sxth,
the slicon wafer and Pyrex 7740 wafer were anodi-
cally bonded together face to face. Seventh ,the sili-
con wafer was wet etched from the back in KOH
solution,and the etching was terminated at the
heavily doped layer. Finally ,the membrane struc-
ture was released and patterned by ICP.
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Fig.2 Processflow

4 Resultsand discussion

To obtain high Gn/ G ,the TaOs thin film
was investigated before fabrication. The dielectric
layer was fabricated on Au by magnetron sputte-
ring. An Oz2/ Ar mixture gas of 50/ 30 ratio under a
working pressure of 0. 93Pa was used for the depo-
stion. The TaOs thin film is amorphous through
XRD measuring. The dielectric constants of TaOs
material s were measured by preparing MIM (met-
al/insulator/ metal) capacitor. The dielectric con-
stant of thefilmisrelative to the thickness,depos-
tion methods,process,and the substrate. Table 1
shows the dielectric constants of the varying thick-
ness of TaOs thinfilmson Au electrode discussed

in this paper.
Tablel TaOs thickness versuse .
Thickness nm 104.3 137 245
€ 16 20 24

Figure 3 is a photograph of the capacitive mi-
crowave MEM S switch sample. The up structureis
made of heavily doped slicon layer with a thickness
of 2 4 m. The dze of the beam is 9 m x 3 m
and the membrane szeis 14Q m x 14 m. The up-
per electrode and TaOs are under the heavily

doped slicon layer and suspend above the sub-
strate. The thickness of TaOs is 250nm. The bot-
tom isthe transmisson line and ground lines which
are made of Au/ Cr whose thicknessis 0. 3 m.

Fig.3 Photograph of the switch

The pull-down voltage is approximately 38V.
Theinsertion loss and isolation for the switch were
measured by WIL TRON 369B Network Analyzer
and the results are shown in Fig. 4. The insertion
lossis O 06 at 2GHz and less than 0. 5dB when the
frequency isfrom DC to 20GHz in the un-actuated
state with only a 0. 1 m Au/ Cr transmission line.
This very low insertion loss means that the dielec-
tric layer not prepared directly on the transmisson
lineis useful to reduce the switch insertion loss.
The isolation is weak due to the very low on/ off
impedance ratio. The reason is most likely due to
thefact that the TaOs layer is divided into many
small squares which include more brims, thereby
increasing the dielectric layer’ s roughness and low-
ering the capacitance.
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Fig.4 Insertion loss and isolation versus f requency

5 Conclusion

A novel capacitive microwave MEMS switch
with a dlicon/ metal/ dielectric as a membrane is
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studied. Usng bulk micromachining process, this
novel microwave switch with the slicon/ metal / di-
electric as the movable plateis success ully fabrica
ted. The switch’ s dielectric layer is not on the
transmisson line which achieves less than 0. 5dB
insertion loss from DC to 20GHz when the trans
misson line metal isonly 0. 34 m thick. Research is
being done to improve isolation.

The fabrication of the dielectric
and measurements of the switch were accomplished
in The Nanjing Electronic Devices Institute.
Thanks to the effortsof Li Fuxiao Jiang Youquan,
Chen Tangsheng,Sun Guoping,and Ling Haibo in
preparing the Ta:Os thin films. And we would al s
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