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Wide Band Series Switch Fabricated Using M etal As Sacrificial layer
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Abdract — Series switches with metal-to-metal
contact have been fabricated to operate from dc to
40 GHz Theinsertion loss hasbeen measured to be
lessthan 04 dB at 5 GHz and 0.8 dB at 40 GHz
when switch is on and the isolation ranges from 38
dB at 2 GHz to 15 dB at 40 GHz when the switch is
off. Theresultsagreewdl with smulation by Zeland
IE3D. Cantilever beam is used as the mechanical
gructure and CPW line works as the transmisson
line. Thecantilever ismade of SO, and Al isused as
thesacrificial layer.

| .INTRODUCTION

MEMS switches have been developed for
low loss RF control circuits [1-3]. The ultimate
goal of this research is to build wide band, high
isolation and low- loss single pole multi-through
switches for deep space telecommunications.
The current work is focused on designing,
modeling, fabricating and testing a SPST switch
using cantilever beam as the mechanical
structure and coplanar waveguide (CPW) as the
transmission line. The switches (Fig.1) have
been fabricated with SiO, as the beam material
and Al asthe sacrificial layer.

Fig. 1 Series switch fabricated with cantilever beam and Au-Au contact.
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Fig 4. Simulated insertion loss and isolation when switch is

II.DESIGN AND SMULATION

The cantilever beam is made of SIO, and is
200 pm in length, 20 um in width and 1 pm in
thickness. The electrostatic actuation pad is made
of 1 um Au and has lateral dimension of 200 um
X 200 um. When the switch is off, the gap
between the switch contact underneath the
silicon dioxide cantilever beam and the top of the
center conductor of the CPW lineis2 um. The
Au CPW transmission lineis 2 um thick and the
Au contact is 1 um thick. The CPW line has

Fig 2. Top view of the switch.
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dimensions of (S'W/S = 40/60/40pum) chosen for
the 50 Q transmission line at 30 GHz (see Fig. 2
and 3). The width of finite ground is 200 pm.
The switch has been implemented on a high
resitivity silicon substrate and has been
designed to actuate at 20 V. The Zeland 1E3D
simulated results are shown in Fig 4. and Fig. 5.
Clearly, this type of switch will have isolation of
40 dB (at dc) to 15 dB (at 40 GHz) when is off
and 0 dB insertion loss when is in on state since
the simulation includes zero Ohmic losses when
the switchison.
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Fig. 3 Side view of the switch.
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Fig 5. Simulated insertion loss and isolation when
switchison.



I11. FABRICATION

The fabrication steps are: 1) sputtering 2¢ m
Al 2) lithography and etch of Al to make the mold
for Au evaporation; 3)evaporation of 2+ m Au
and lift-off to form the circuit; 4) lithography and
evaporation of another 2 « m Au and lift-off to
deposit another 2 « m onto the anchor portion of
the circuit; 5) sputtering of another 2 « m Al as
sacrificial layer, 6) evaporation of 1 « m Au and
lift-off to form the contact; 7) deposition of 1
* m silicon dioxide; 8) RIE etch of the silicon
dioxide to form the beam and open a via on the
anchor part. This via provides contact of the
center electrode to the anchor; 10) evaporation of
2000 « Au and lift-off to make the center
dectrode. 11) etch of the sacrificia Al and
releasing of the switch using critical point drying.

IV. MEASUREMENT

The measurements are based on an on-wafer
TRL calibration. From dc to 40 GHz, the
isolation ranges from 38 dB at 2 GHz to 15 dB at
40 GHz when the switch in off state (Fig. 6). The
off-state result agrees very well to the smulated
result indicating that the structure has been
fabricated according to the design and was
released successfully. This process is simple and
easy to implement. Since no polyamide or photo-
resist is needed as sacrificia layer, the thickness
is easy to control and can sustain high
temperature process. Metal is evaporated as
sacrificial layer as well as circuit; hence, it is
easy to control the vertical and lateral dimension.
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Fig.6 Measured Insertion loss and isolation
from 2 GHz to 40 GHz when switch is off

The insertion loss has been measured to be 0.4
dB at 5 GHz and 0.8 dB at 40 GHz when switch
ison (Fig. 7). We think this is due to the large
holes on the RF contact which is designed to
help to reduce dampening and assist the etch of
sacrificial layer. The RF has been forced into
narrow current and loss is increased; otherwise,
the loss is expected to be 0.2 dB around 20 GHz
if no holes on the RF contact. We will modify
the design and the latest results will be presented
at the conference.
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Fig.7 Measured Insertion loss and isolation
from 2 GHz to 40 GHz when switchison
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