
This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

JOURNAL OF MICROELECTROMECHANICAL SYSTEMS 1

A New Temperature-Tolerant RF MEMS Switch
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Abstract— In this paper, the design and fabrication of a new
radio frequency (RF) microelectromechanical system (MEMS)
switch structure is presented. This RF MEMS switch is developed
to get the minimum permanent deformation on the micro-
bridge after 200 °C thermal treatment. The residual stress-based
buckling on the MEMS bridge is simulated for 5–40-MPa/μm
stress gradient (�σ) with 5-MPa/μm steps. The temperature-
dependent extension and deformation on the MEMS bridge are
modeled up to 270 °C. The temperature-dependent permanent
deformation on the MEMS bridge is reduced by optimizing the
dimensions of the bridge. The electromechanical and electromag-
netic simulations are carried out to find the actuation voltage
and the RF performance at Ka-band. The actuation voltage is
measured as 22 and 25 V before and after 200 °C thermal
treatment for 2-μm air gap (g0). The RF performance of the
switch is measured before and after 200 °C thermal treatment
to observe the temperature effect on the MEMS bridge. The
persistent insertion loss (<0.35 dB) and the isolation (<−20 dB at
28–40 GHz) are measured before and after thermal treatment.
The RF MEMS switch is fabricated on quartz wafer using an
in-house surface micromachining process with an amorphous
silicon sacrificial layer structure. [2015-0134]

Index Terms— Amorphous silicon (a-Si), buckling, RF micro-
electromechanical systems (RF MEMS), thermal treatment,
sacrificial layer, stress, temperature.

I. INTRODUCTION

RF MEMS switches are promising candidates as compo-
nents for communication system due to their low loss

and high isolation properties at high RF frequencies [1]–[3].
One of the research issues on the RF MEMS switches is the
temperature dependent buckling and permanent deformation
on the mechanical parts [4], [5]. Especially, MEMS packaging
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temperature can cause the micro bridge to deform [6], [7]. This
deformation affects the RF and electromechanical performance
of the switch [8], [9]. An RF MEMS shunt switch has a
mechanically movable micro bridge on the t-line to short
the signal line to the ground when the switch is actuated.
Generally, this MEMS bridge consists of a very thin single
metal layer with respect to its length. This MEMS bridge has a
high aspect ratio and can be buckled or permanently deformed
under high temperature due to thermal expansion. The bridge
buckling or permanent deformation is an undesired effect since
the RF performance of the shunt switch depends on the air
gap (bridge height). The temperature dependent buckling on
the MEMS bridge can be reduced by using different bridge
materials and well-designed bridge geometries [10]–[14].
In these works, the switch performance after high tempera-
ture (≥200 °C) treatment did not investigate. Therefore, the
temperature for switch failure can not be predicted. In this
work, the switch failure temperature is investigated, as well.
On the other hand, the fabricated switch shows relatively low
pull down voltage (<25 V).

Fixed-fixed beam type MEMS bridge structures obstruct
the thermal expansion based lateral movement of the bridge.
Therefore, the thermal expansion leads to out of plane deflec-
tion in this structure [15]. Moreover, the compressive effects of
the temperature on the bridge leads to permanent deformation
on the MEMS bridge.

In this study, the MEMS bridge geometry was designed to
reduce the thermal expansion based out of plane deflection
by allowing the bridge movement in lateral direction. This
movement of the bridge reduces the stress level on the
bridge structure and prevents the permanent deformation of
the MEMS bridge. Therefore, the bridge shows the lateral
movement at high temperature and returns to its original
position when the temperature is restored. Based on the
requirements (200 °C) of our in-house MEMS packaging
process, MIMOSA, temperature dependent buckling on the
MEMS bridge was modeled up to 270 °C to observe the device
failure. The fabrication based residual stress and stress gradient
are defined on the MEMS bridge to find the buckling values
on the MEMS bridge at room temperature.

The actuation voltage of the RF MEMS switch was esti-
mated by modeling electrostatic forces on the MEMS bridge
due to potential difference between bridge and actuation
electrode. The actuation voltages were estimated as <30V for
1.5 and 2 μm bridge height.
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RF design of the switch was carried out to get low loss
(<0.35 dB) in upstate and better than 20 dB isolation in
downstate at Ka-band for radar applications. The designed
MEMS bridge has four mechanical support areas (anchors)
which are placed on the ground and on the wafer to obtain
desired mechanical and RF performance.

This RF MEMS switch was fabricated on quartz wafer
and the fabrication process was developed at the Middle
East Technical University-MEMS Research and Application
Center (METU-MEMS). The amorphous silicon (a-Si) layer
was used as a sacrificial layer. The a-Si is a good candidate
as a sacrificial layer for suspended MEMS devices due to its
coating and etch process advantages with respect to polymer
sacrificial layers. A thin SixNy dielectric layer was coated on
the signal line to form a capacitance between signal line and
ground in the downstate position of the bridge. The MEMS
bridge structural material was selected as 2 μm Au layer.

RF MEMS switch actuation voltage and RF measurements
were taken before and after 200 °C thermal treatment to
observe the temperature effect on the MEMS bridge. The
thermal treatment was applied in the oven for 30 min.
Electromechanical and RF performances are compared before
and after this thermal treatment.

II. RF MEMS SWITCH DESIGN

The compressive stress on the fixed-fixed beam leads to
buckling of the beam structure and device failure. This stress,
known as the critical stress, is given for a fixed-fixed beam
by (1) [16]. The residual stress can be tensile or compressive
but in general, the beam structures are fabricated with residual
tensile stress to avoid the beam buckling. Beside this, the
spring constant of the beam increases with increasing tensile
stress and leads to higher pull down voltage. On the other
hand, initial tensile stress of the beam reduces with increasing
temperature. Moreover, at higher temperatures the beam stress
becomes compressive and leads to buckling of the beam and
device failure. Total beam stress at temperature T is given
by (2), with σres is initial beam stress at temperature To, E is
Young’s modulus of the beam, αb and αs are thermal expansion
coefficient of beam and substrate, respectively.

σcr = Et2π
2

3l2(1 − v)
(1)

σt (T ) = σres + (αb − αs)E(T − To) (2)

Our typical fixed-fixed beam RF MEMS switch with
180 μm length (l), 80 μm width (w) and 1.2 μm thick-
ness (t) has 18 MPa calculated critical compressive stress,
for E = 70 GPa and v = 0.44. This critical stress value
was calculated by using (1). When the stress exceeds this
compressive stress value, the bridge deflects in z-direction (out
of plane deflection) and effects the RF and electromechanical
performance of the switch. To observe the deflection and
maximum stresses on the bridge the simulations were carried
out for σx = σy = 0, 10, 20, 30, 40, 50 MPa, in-plane biaxial
tensile stress. As it can be seen from Figure 1 the tensile stress
on the beam reduces with increasing temperature and becomes
compressive at 49 °C for 50 MPa stressed structure. Then, the

Fig. 1. Beam structure deflection and maximum von Mises stress levels on
the bending region with temperature (l = 180 μm, w = 80 μm, t = 1.2μm).

Fig. 2. (a) Un-chamfered MEMS bridge edges and points (A and B),
(b) chamfered MEMS bridge structure illustration, (c) layered MEMS bridge
model to build up a stress gradient on the MEMS bridge.

beam starts to buckle at 60 °C due to temperature dependent
compressive stress. On the other hand, for σx = σy = 0 MPa
the beam starts to buckle at lower temperature (< 35 °C).
It can be seen the beam with high tensile stress is more robust
to the temperature depended buckling, but this tensile stress
leads to increase the pull in voltage of the switch.

The MEMS packaging process requires high temperatures
(≥200 °C). Due to our in-house packaging temperature
is 190-200 °C, a folded leg rotatable bridge structure was
designed to avoid permanent deformation of the bridge at this
temperature range.

First, the MEMS bridge was designed with four anchors and
sharp corners on the mechanical legs (Figure 2a) and then the
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TABLE I

T2 MEMS BRIDGE DIMENSIONS

edges were chamfered to reduce the buckling at these points
(labeled as A and B in Figure 2b). The un-chamfered and the
chamfered designs were named as T1 and T2, respectively.
Figure 2b shows the chamfered MEMS bridge geometry and
the dimension labels. The corners A and B (Figure 2a) were
cut 30 μm and 20 μm through edge, respectively. The dimen-
sion parameters of the T2 MEMS bridge are given in TABLE I.

During the switch design, mechanical legs of the RF MEMS
switch were extended and folded to get enough thermal
expansion tolerance and to get low actuation voltage. The
mechanical leg dimensions of l1 and l2 are selected as
120 μm and 40 μm. Beside this consideration, the anchor
points of the structure are placed at appropriate region for
RF design of the CPW and the MEMS bridge structures.

The residual and thermal stresses effects on the MEMS
bridge buckling are modeled by using COMSOL Multiphysics
Modeling Software. In order to estimate the buckling on the
MEMS bridge, the fabrication based residual stresses were
modeled as a vertical stress gradient across the bridge thick-
ness. To do this, the MEMS bridge are divided into two layers
with equal thickness (t1 = t2, t = t1 + t2) and different stress
values (σ1, σ2) and calculated by using (3) and (4) [12].
Figure 2c shows the layered MEMS bridge model to introduce
the stress gradient across the MEMS bridge. The bridge
buckling values were modeled for the stress gradients (�σ)
5-40 MPa/μm with 5 MPa/μm step. The intrinsic stress
(residual stress) of the layer 1 is assumed more tensile than
that of the layer 2 and taken as σ1 > σ2.

�σ = (σ1 − σ2)/t (3)

σavg = (σ1t1 + σ2t2)/t (4)

The −z direction buckling values on the inner and outer
edges change with the stress gradient. On the other hand,
the maximum buckling values depend on the edge geome-
try of the MEMS bridge. The outer edge (point a) maxi-
mum buckling values of the T1 and T2 MEMS bridges for
�σ = 5 MPa/μm, are 0.11 μm and 0.06 μm, respectively.
The inner edge (point b) maximum buckling value of the
T1 and T2 MEMS bridges for �σ = 5 MPa/μm, are
0.1 μm and 0.08 μm, respectively (Figure 3 (a,b)). As it
can be seen, the outer and inner edge buckling values were
decreased by 45% and 20%, respectively, by cutting the
A and B corners. The increased deflection with the �σ value
is expected result, as well. The inner edge (point b) deflections
of the T1 and T2 MEMS bridges are 0.6 μm and 0.41 μm

TABLE II

T1 AND T2 MEMS BRIDGE DEFLECTION VALUES ON INNER AND

OUTER POINTS FOR DIFFERENT STRESS GRADIENTS

Fig. 3. (a,b) T1 (non-chamfered) and T2 (chamfered) MEMS bridge
deflections for �σ = 40 MPa/μm, (c) the deflection values at labeled points
on T1 and T2 MEMS bridges for �σ = 5-40 MPa/μm (with 5 MPa/μm
step).

for �σ = 40 MPa/μm. As a result, the deflection values of the
inner and outer edges of the cut edge T2 design are less than
that of the T1 design for all �σ values. The inner (point b)
and outer edge (point a) maximum deflection values for both
designs are given in TABLE II and Figure 3 (c) shows the
deflections at a,b,c and d points for each �σ value.

Our in-house sputtered 2-μm-thick gold layer has an aver-
age in-plane stress of 20 MPa and a vertical stress gradient of
�σ ≤ 10MPa/μm (typically 5 MPa/μm).

As it can be seen, the T2 design is more acceptable than
the T1 design in terms of residual stress dependent buckling
tendency. Therefore, the models are carried out only for
T2 MEMS bridge design after this point.

The temperature effects and the buckling values on the
T2 MEMS bridges were investigated for compressive and
tensile in-plane stresses. The maximum deflections on the
middle part of the bridge are 0.14 μm and 0.21 μm for 50 MPa
tensile and compressive stresses, respectively (Figure 4(a,b)).
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Fig. 4. The MEMS bridge deflection model for T2 design for 50 MPa tensile
and compressive stresses at 200 °C. (a,b) out of plane deflection, (c,d) in-plane
rotational movement model (σavg = −50, 50 MPa, �σ = 0 MPa/μm).

The MEMS bridges axial rotation behavior at the 200 °C
is another important design issue for these MEMS bridges.
Figure 4(c,d) show the axial rotational behaviors of the MEMS
bridge for tensile and compressive stresses at 200 °C. As it can
be seen, the bridge structure shows the rotational movement
due to the expansion of the MEMS bridge material (Au)
at 200 °C. This movement decreases the deflection of the
MEMS bridge parts in z direction. Especially, the MEMS
bridge middle part deflection in the +z direction is reduced
with this rotational movement at high temperatures. The exten-
sion in the y direction is 0.23 μm and 0.32 μm for 50 MPa
tensile and compressive stresses, respectively (Figure 4(c,d)).

The stress on the MEMS bridge changes from tensile to
compressive with increasing temperature. Because of that, the
bridge, which has compressive in-plane stress, buckles much
more than that of the tensile stressed bridge structures.

Figure 5 shows the middle part deflection of the MEMS
bridge under tensile and compressive stresses for different
temperature. There is no significant deflection on the middle
part of the MEMS bridge for 50 °C and increases gradually
with increasing temperature. For σx = σy = −50 MPa biaxial
in-plane stress, the maximum deflection on the middle part
is 0.32 μm and decreases to 0.23 μm with changing biaxial
in-plane stress of the structure from compressive to tensile
at 270 °C. The deflection on the middle part of the MEMS
bridge at our in-house packaging temperature (200°C) is found
as 0.2 μm for σx = σy = −50 MPa and decreases to 0.14 μm
for σx = σy = 50 MPa.

Another important parameter for this design is “wa” dimen-
sion (Figure 2(b)). The temperature dependent buckling of
inner and outer parts depend on the dimension of the wa.
The rotational movement of the MEMS bridge and the stress
level on inner and outer corners due to temperature depends
on this dimension, as well.

Fig. 5. MEMS bridge middle point deflection for 50, 100, 150, 200, 250,
270 °C and σavg = 50, 20, 0, −20, −50 MPa.

Fig. 6. The wa dimension effects on the MEMS bridge deflection for 100,
150, 200, 250 °C. The maximum deflection on the MEMS bridge middle
point increase with increasing wa dimension. The deflection dependency on
the wa dimension is not linear and increase sharply after wa = 13 μm.

Figure 6 shows the wa dimensions and the maximum
deflections on the inner and outer parts of the MEMS
bridge for 100-250 °C temperature range. Maximum deflection
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Fig. 7. The inner corner of the MEMS bridge structure. The temperature
dependent rotational movement cause the stress on this corner. The stress
levels on these corners is depend on the wa dimension.

Fig. 8. The von Mises stress at the inner corners at 50, 100, 150, 200,
250 °C for wa = 10, 15 μm and σavg = −50, 20, 50 MPa in-plane stresses.
The stress level on the corner increases with increasing wa.

on the middle part of the bridge increases sharply after
wa = 13 μm. At 200 °C (for σx = σy = −50 MPa) the
deflection decreases from 0.47 μm to 0.18 μm for wa = 15
and 10 μm, respectively. For 250 °C (for σx = σy = −50 MPa
in-plane stresses) the deflection decreases from 1.62 μm to
0.25 μm for wa = 15 and 10 μm, respectively. Therefore, the
deflection is decreased with 62 % and 85 % for 200 °C and
250 °C, respectively for −50 MPa. This behavior attributed
to rotational movement tendency of the MEMS bridge with
decreased wa dimension.

The wa dimension effect on the stress level inner corner is
another important issue for permanent deformation of MEMS
bridge. Figure 7 shows the inner corner on the MEMS
bridge. The MEMS bridge rotational movement with temper-
ature cause increasing the stress level on these corners. This
stress level dependency on wa dimension are investigated for
50-250 °C temperature range via von Mises stress at these
corners. For wa = 15 μm, the inner corner stress level at
200 °C is 239 MPa and 171 MPa for −50 MPa and 50 MPa
in-plane stress, respectively. For wa = 10 μm, the inner corner
stress level is reduced to 146 MPa for −50 MPa and 106 MPa
for 50 MPa at 200 °C. Figure 8 shows the von Mises stresses
on this corner for 50-250 °C temperature range and 50, 20
and −50 MPa in-plane stresses.

The actuation voltage was estimated by using COMSOL
MEMS module. Figure 9 shows the MEMS bridge and actu-
ation electrode. The MEMS bridge was selected as 2 μm Au.
The dielectric layer was selected as 0.3 μm (td) SixNy with the

Fig. 9. The MEMS bridge and actuation electrode of the RF MEMS switch.
The pull down electrode is named as dielectric (SixNy).

TABLE III

MEMS BRIDGE DIMENSIONS

TABLE IV

ACTUATION VOLTAGES

dielectric constant of 7. The actuation voltage was estimated
for 1.5 and 2 μm air gap (g0) between the MEMS bridge
and pull down electrode. TABLE III shows the MEMS bridge
dimensions.

TABLE IV shows the gap, pull down and pull out voltage
values. The estimated actuation voltage for 2 μm and 1.5 μm
air gap are 23 V and 15.7 V (Vps), respectively. The zipping
effect was neglected during the simulation.

The CV measurements were carried out to find the pull
down, pull out voltages and capacitance level in down state.
Figure 10 shows that the bridge shows a zipping effect before
fully actuated. First, the bridge middle part is pulled down
(point Pi1 in CV graph) and then the bridge fully actuated
(point Pi2 in CV graph). RF MEMS switch actuation voltage
(Vp, point Pi2) and fully pull out voltage (Vo, point Po)
were found as 22 V and 6.5 V before heat treatment. The
capacitance level was measured as 0.6 pF in down state
position. After 200 °C heat treatment the actuation voltage
(Vpt, point Pi2) and fully pull out voltage (Vot, point Po)
were found as 25 V and 10 V. No significant degredation
was observed on RF performance of the switch after thermal
treatment.

The RF MEMS switch was designed for high isolation and
low loss at Ka-band. The coplanar waveguide (CPW) structure
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Fig. 10. RF MEMS switch CV curves a) before heat treatment, b) after
200 °C heat treatment.

Fig. 11. The RF MEMS structure and anchor areas.

material was selected as 1 μm Au. The simulations were
carried out for 1.5 and 2 μm air gap. Figure 11 shows the
RF MEMS switch structure with inductive tuning areas. The
MEMS bridge has four anchors. Two of them is electrically
connected to the ground and the others to the quartz substrate
for mechanical support. This allows easier inductive tuning on
the device. The inductive tuning allows getting high isolation
at Ka-band. In the next section measurement results are given
following the fabrication details.

III. FABRICATION AND MEASUREMENTS

The RF MEMS switch was fabricated on quartz wafer.
The CPW structure was fabricated by using 1 μm sputtered
Au layer and a 20-nm-thick Ti layer was used as adhesion
layer between the Au and quartz. The dielectric layer was
selected as 0.3 μm PECVD SixNy layer to make a capaci-
tance between ground and signal line in downstate position.
A 2-μm-thick amorphous silicon (a-Si) layer was used as
a sacrificial layer to define the air gap. The a-Si layer was
deposited by using PECVD. The MEMS bridge anchor areas
was defined lithographically and a-Si is etched at these areas
by using DRIE system.

The structural layer (bridge layer) was coated after anchor
opening process. Then the bridge structure and electroplat-
ing seed layer were formed by patterning this Au layer.
The structural layer was fabricated as 2 μm sputtered

Fig. 12. Fabrication process for RF MEMS switch. i. Ti/Au CPW metal
coating/etching and SixNy dielectric deposition. ii. SixNy dielectric etching
and a-Si sacrificial layer deposition. iii. a-Si sacrificial layer anchor area
opening and structural layer deposition. iv. Structural layer patterning and
electroplating. v. Structural layer etching. vi. Releasing the MEMS bridge.

Fig. 13. SEM image of the suspended RF MEMS switch.

Au and Ti was used as an adhesion layer. The anchor areas
were electroplated to strengthen these areas. The seed layer
was etched after electroplating step. The fabrication steps are
shown in Figure 12 and are listed below.

i. Ti/Au CPW metal coating/etching and SixNy dielectric
deposition.

ii. SixNy dielectric etching and a-Si sacrificial layer
deposition

iii. a-Si sacrificial layer anchor area opening and structural
layer deposition

iv. Structural layer patterning and electroplating.
v. Structural layer etching

vi. Releasing the MEMS bridge

The MEMS bridge release process was done after seed layer
etching step. The a-Si sacrificial layer etching was done by
using XeF2 etch system.

Figure 13 shows the released RF MEMS switch structure.
As it can be seen, the MEMS bridge has four anchor, but just
two of them are electrically connected to the ground. The other
two anchors were formed on quartz wafer for mechanical sup-
port. This mechanical design simplifies the RF design, as well.

The deflection on the MEMS bridge was measured before
and after thermal treatment. The measurements were taken
at 20 °C, and then the switch was heated up to 200 °C in
an oven. After 30 min. thermal treatment the temperature
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Fig. 14. The fabricated RF MEMS switch surface profiler measurements.
(a) at 20 °C after fabrication, (b) at 20 °C after 270 °C thermal treatment.

TABLE V

MEMS BRIDGE DEFLECTION FOR DIFFERENT TEMPERATURES

was decreased to 20 °C to repeat the measurements and
no change was observed on the MEMS bridge buckling up
to 200 °C. The measurements were taken for 250 °C and
270 °C thermal treatment and the permanent deformation was
observed at these temperatures. Figure 14 shows the surface
profiler measurement results for 20 °C and 270 °C thermal
treatment. The deflection (�z) on the middle part (on signal
line) of the MEMS bridge was measured as 0.2 μm and
0.27 μm after 250 °C and 270 °C thermal treatment.

The simulation and measurement results of bridge deflection
with temperature are given in TABLE V. The measurements
results are in agreement with simulation results. As it can be
seen the bridge deflection is 0.15 μm at 200 °C according to
model but 0.05 μm deflection is measured after heat treatment.
It can be said that, the MEMS bridge is expanded with
temperature and rotated on the z axis at 200 °C. When the
temperature is decreased to 20 °C the MEMS bridge returns
to its original position with minimum deformation. However,
the bridge can not return to its original position after 250 °C
thermal treatment due to plastic deformation on the bridge.

The RF measurements were done before and after 200 °C
thermal treatment to understand the thermal effects on RF
performance of the switch. The switch actuation voltage and
RF measurements were carried out after fabrication and then
the switch was placed into the oven and the temperature was
increased up to 200 °C. After 30 minutes of thermal treatment
the actuation voltage and RF measurements were recorded
again. Figure 15(a) shows the upstate S11 parameters of the
switch. As it can be seen, there is no significant fluctuation in
S-parameters and S11 < −15 dB up to 40 GHz, before and
after 200 °C thermal treatment. The measured insertion loss is
< 0.35 dB up to 40 GHz (Figure 15 (b)). The RF performance
of the switch before and after thermal treatment was not
effected. Therefore, the RF MEMS switch can be packaged
at 200 °C. The isolation is another important parameter for
desired frequency. The RF MEMS switch was design to get
maximum isolation at 35 GHz but the measurement shows
that the maximum isolation frequency is 33 GHz (37 dB). The
dielectric layer was designed as 0.3 μm but in this fabrication

Fig. 15. S-parameters, simulation and measurement results, (a) Up state S11,
(b) up state S21 and, (c) down state S21 values of RF MEMS switch.

the thickness of this layer is 0.27 μm. It can be attributed to
thinner SixNy layer than designed value. Figure 15(c) shows
the simulated and measured isolation of the RF MEMS switch
for 0.3 and 0.27 μm-thick SixNy. The isolation band for
<−20 dB was measured as 28-40 GHz.

Fig.16 shows the equivalent circuit model of the RF MEMS
switch. The switch capacitance at up/down state, inductance
and resistance values were extracted by fitting the circuit
model to the measured S-parameters. Up state capacitance
values of the switch were extracted as 54 fF (Cu) and 51 fF
(Cu2) before and after 200 °C thermal treatment, respectively.
The downstate capacitance (Cd) is 0.6 pF at room temperature.
The bridge inductance and resistance are found as 39 pH and
0.48 � from the model, respectively.
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Fig. 16. Equivalent circuit model of RF MEMS switch.

IV. CONCLUSION

The temperature effect on the RF MEMS switch is an impor-
tant issue. Especially, packaging temperature can damage
MEMS bridge structure and result in permanent deformation
on the bridge.

In this study, a new bridge geometry was designed to
reduce the thermal expansion based permanent deformation
on the MEMS bridge. This bridge has four fixed anchor and
laterally movable mechanical arms under high temperature.
The measurement results show that this lateral moving of the
mechanical arms reduces the thermal expansion based stress
level and permanent deformation on the MEMS bridge.

According to measurement results the electromechanical
and RF performance fabricated RF MEMS switch are not
changed after 200 °C thermal treatment. The switch shows
permanent deformation with �z = 0.2 and 0.27 μm at 250 °C
and 270 °C respectively. The insertion loss and isolation are
measured as < 0.3 dB and < 20 dB at 28-40 GHz band and in
a good agreement with the simulation results. The actuation
voltage is relatively low and measured as 22 V and 25 V
before and after thermal treatment, respectively. The measured
RF performance is compatible with the simulation result for
2 μm gap. According to the simulation results, the RF MEMS
switch shows very low loss for 1.5 μm gap. In the future work,
the switch will be fabricated with 1.5 μm air gap. This reduced
gap will decrease the actuation voltage, as well.
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