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Abstract
Cubic SiC cantilever resonators designed for electrothermal actuation are presented. Metal electrodes with both open circuit and short circuit
designs have been deposited and patterned on top of the 3C–SiC cantilevers. Pt electrodes on single crystal 3C–SiC cantilevers and NiCr electrodes
on poly-crystalline 3C–SiC cantilevers have both been fabricated and tested in order to investigate the material property effect on the performance
of the devices. An analytical model has been developed to understand the electrical power distribution in the cantilevers for the different material
systems as well as the different metal terminations. Electrothermal actuation of resonance has been successfully achieved in all the fabricated
cantilevers. The dynamic performance of the cantilever resonators has been systematically studied including resonance frequencies, amplitude
response with voltage and actuation efficiencies. During the discussion of these results, the mechanism of the electrothermal actuation in these
devices has been identified which allows actuation frequencies up to 100 MHz to be possible.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction
Many methods for actuation of microelectromechanical
system (MEMS) structures have been demonstrated, these
include electrostatic, thermal, piezoelectric and electromagnetic. Among these methods, capacitive actuation has most
commonly been used because of its low power consumption and
short actuation times. However, capacitive actuation requires
two electrodes separated by an insulator. One electrode is fixed
and the other is attached or formed from the structure to be actuated. This requires the formation of a layered structure which
in some cases can unnecessarily complicate the design and fabrication process and demands that the insulator be completely
free of electrical shorts. A far simpler alternative is electrothermal actuation which only requires an electrical conductor to be
deposited onto the surface of the structure to be actuated and
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the electrical power to be used to heat and hence mechanically
strain the structure. Furthermore, capacitive actuation is often
associated with a large closing gap in order to achieve high
isolation and avoid pull-in [1,2] and stiction problems, which
results in large actuation voltages [3]. In contrast, electrothermal actuation can be operated at relatively low voltages and
is therefore compatible with standard IC voltage levels and it
can also result in larger displacements and higher contact force
with more compact structures [4]. These advantages of electrothermal actuation are particularly attractive for the actuation
of MEMS switches [5], micromirrors [6], microtweezers [7] and
AFM tips [8]. In addition, like capacitive actuation, electrothermal actuation can also function as a frequency mixer/filter due
to the induced mechanical force being a function of the applied
voltage squared [9].
Silicon Carbide (SiC) is a good candidate for microsensor
and microactuator applications in harsh environments including
locations of high temperature and abrasive and corrosive media.
The progress on 3C–SiC deposition onto various large area substrates [10] and the development of surface micromachining
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Table 1
Dimensions and electrical properties of the cantilevers and electrodes

Single crystal SiC cantilever
Pt electrodes
Polycrystalline SiC cantilever
NiCr electrodes

Length (m)

Width (m)

Thickness (m)

Resistivity ( cm)

200
200
50
50

15
5
34
7

3
0.5
2
0.28

1.5
0.0017
200
0.0001

techniques for the fabrication of SiC devices [11,12] in recent
years has stimulated the use of SiC as a structural material for
MEMS. Due to its high Young’s modulus and the relatively low
mass density, SiC resonant structures can present much higher
resonant frequencies compared to the same dimensioned Si or
GaAs structures [13]. In addition, with a higher thermal conductivity than other conventional semiconductor materials, SiC
MEMS can be heated and cooled more rapidly. These desirable properties of SiC suggest that electrothermally driven SiC
resonant actuators can be particularly advantageous in many
applications such as RF switches, AFM tips and mixer/filters
where both high frequency and high mechanical performance
are required. A variety of micromachined SiC resonators and
microactuators have been developed and the majority of them
reported to date employ electrostatic actuation [12,14]. To the
best of our knowledge, there is little reported work on SiC electrothermally driven resonators.
In this paper, SiC cantilever resonators with electrothermal
actuation have been designed and successfully fabricated using
both single crystalline and polycrystalline 3C–SiC epitaxial
films. These crystalline forms, which are grown on different substrates, differ in their mechanical properties and in their electrical
properties (see Table 1), consequently, differences in device performance can be anticipated. Metal elements for carrying current
have been deposited and patterned directly onto the SiC beam
surface. The effect of the electrical termination (i.e. open circuit
or short circuit) on the performance of the actuators has also
been investigated.
2. Design considerations
Two basic electrothermal actuation designs are considered.
These consist of suspended SiC cantilevers on top of which are

metal elements with different terminations, as shown in the insets
of Fig. 1.
2.1. Open circuit termination
In this case, the metal electrodes run along the top surface
of the cantilever but are not connected at the free end, as shown
in the inset of Fig. 1(a). In this design, the 3C–SiC layer is
connected in series with the metal electrodes and therefore the
power dissipated in both the metal electrodes and the SiC layer
should contribute to the electrical heating of the cantilever.
2.2. Short circuit termination
In this form of termination, as shown in the inset of Fig. 1(b),
the two electrodes are connected together at the free end of the
cantilever. This design attempts to minimise the current through
the 3C–SiC layer and hence its contribution to electrical heating.
3. Fabrication process
3.1. Pt/SiC cantilevers
These cantilevers were fabricated from nominally undoped
3 m thick single crystal 3C–SiC film that was heteroepitaxially
grown on a Si (1 0 0) wafer [15]. The details of their fabrication
have been previously reported [11]. The cantilevers are 15 m
wide and 200 m long. Focused ion beam (FIB) techniques were
used to deposit platinum (Pt) with a thickness of 0.5 m and a
width of 5 m on top of the beam to form the electrodes as the
scanning electron microscope (SEM) micrographs for each form
of termination shown in Fig. 1.

Fig. 1. SEM micrographs of fabricated SiC cantilever with platinum electrodes of (a) open circuit termination and (b) short circuit termination. The insets show the
corresponding designs with different terminations of the top metal electrodes.
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metal layers into the required electrode shapes. A 3 m thick
PECVD SiO2 layer was used as a SiC etching mask. Suspended
SiC cantilevers were obtained by etching in inductively coupled
plasma using an SF6 /O2 gas mixture. The plasma first anisotropically etched the SiC layer and then continued to isotropically
etch the underlying poly-Si sacrificial layer until the cantilever
was released [11]. The SiO2 etch mask was then removed by
reactive ion etching to expose the metal layer underneath. Electrical measurements have shown that the influence of the thin
Al layer to the device properties was negligible. Fig. 3 shows
typical SEM micrographs of the fabricated SiC cantilevers with
both top views and side views. Reasonably straight cantilevers
of 34 m wide and of 50 m long for both designs have been
achieved.
4. Theoretical modelling

Fig. 2. Schematic process flow for the fabrication of NiCr/polySiC electrothermal cantilevers.

3.2. NiCr/polySiC cantilevers
In order to study the effect of the chosen metal and SiC materials on the performance of the devices, SiC cantilevers have also
been fabricated from polycrystalline 3C–SiC which has been
heteroepitaxially grown onto a substrate consisting of a 2 m
thick polycrystalline Si film deposited onto a thermally oxidized
Si wafer of 100 mm diameter [16]. Fig. 2 shows the crosssectional schematic illustration of the fabrication sequence. A
280 nm thick nichrome (NiCr) (Ni:Cr = 80%:20%) layer followed by a very thin Al layer was deposited onto the SiC. The
purpose of the thin Al layer on top is to enable a good electrical contact during the later wire bonding process for the final
devices. Photolithography has been performed to pattern the

Electrothermal actuation of a cantilever results from
mechanical strain induced by thermal expansion resulting from
temperature variations due to electrical heating of an electrode
attached to the surface of the cantilever. For a cantilever with
thin electrodes, the mechanical strain either arises from the difference in thermal expansion coefficients between the electrode
material and the cantilever material [17] or from a temperature
gradient within the thickness of the cantilever [18], or a combination of both. In the case of the electrothermally actuated SiC
cantilevers discussed in this paper, the materials used and their
associated thermal expansion coefficients are approximately:
SiC (2.5 E-6 K−1 ), Pt (9 E-6 K−1 ) and NiCr (14 E-6 K−1 ) which
are sufficiently different to permit both actuation mechanisms
to exist. Since both single and polycrystalline SiC were
grown in the same manner only with different substrates, no
significant difference of the thermal expansion coefficients is
expected to exist between them. The value quoted here is a
representative value and will be used for both SiC crystalline
forms.
4.1. Dynamic analysis
The electrical power dissipated in a resistance R is given by
V2 /R. In general terms, if the device is actuated simultaneously

Fig. 3. SEM micrographs of the fabricated NiCr/polySiC of (a) open termination design and (b) short termination design. The insets show the side views of the
cantilever end terminations.
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The solution to the above equation is of the form Vn = αkn from
which k can be found as





R 2
R
1+
±
−1
(4)
k = 1+
r
r
Since
ρ1 d2
R
=
dx2 = λ2 dx2
r
d1 hρ2 H

Fig. 4. Lumped resistance model for power distribution calculations.

by both an ac (Vac ) and a dc (Vdc ) voltage, then V2 is given by
V = (Vac sinωac t + Vdc ) = 2Vac Vdc sinωac t
2

2

2
2
(1 − cos 2ωac t) + Vdc
+ 0.5Vac

(1)

where ωac is the angular frequency of the applied Vac . Under
these conditions, resonance will be achieved via the Vac Vdc term
in (1) when the electrothermal actuation frequency is the same as
the mechanical resonance frequency (f0 ). If only Vac is applied,
2 term which will require that
actuation will occur via the Vac
fac = 0.5f0. With both forms of actuation, the vibration amplitude
of a mode should be linearly dependent on the corresponding
actuation term in (1).
4.2. Power distribution

In+1 =

Vn−1 − Vn
and In =
;
2R

Vn − Vn+1
2R

(2)

R
Vn+1 − 2 1 +
r

(7)
If the solution for Vn is expressed as
Vn = α1 k1n + α2 k2n

(8)

it may be shown that Eq. (3) can be rewritten as
d2 V
= 2λ2 V
d2 x
the solution of which is given by
V (x) = Ae−

√
2λx

+ Be+

(9)

(10)

Applying the boundary conditions to determine the constants A
and B, when x = 0, namely at the root of the cantilever,
V (0) = V0 = A + B

(11)

When x = L, namely at the free end of the cantilever,
dVm
(RL ||r)
R

dVx=L
dV 
=
(RL ||r) = µ
2R
dx x=L

V (L) = I(RL ||r) =

where
h1 d1
µ=
RL
2ρ1
Therefore in general,
√
(1 + 2λµ) +√2λ(L−x)
e
V (x) = V0
∆
√
(1 − 2λµ) −√2λ(L−x)
− V0
e
∆
where
√
√
√
∆ = 2 sinh 2λL + 2 2λµ cosh 2λL

(12)

(13)

(14)

(15)

We can therefore conclude that power dissipation in SiC layer
per unit length at x is

therefore,


(6)

The two solutions for k can be written to the order dx2 as
√
√
k1 = 1 − 2λ dx + λ2 dx2 ; k2 = 1 + 2λ dx + λ2 dx2

√
2λx

Both Pt patterned single crystalline SiC and NiCr patterned
polycrystalline SiC cantilever resonators have been formed and
studied in this work. The dimensions and electrical properties
of the materials are listed in Table 1. The resistivities quoted are
typical values for these materials produced in our laboratories
for this work.
In order to determine the power distribution along a cantilever
and also the division of power between the metal and the SiC layers, the electrical circuit of the SiC cantilever and its electrodes
was represented by the lumped resistance model shown in Fig. 4.
Here, R and r are the resistances of the metal electrode and SiC,
respectively, over a distance dx along the cantilever length and
RL is the termination resistance at the end of the cantilever.
In this model the dimensions and resistivities of the metal
and SiC layers are represented as follows: H is the length of SiC
between metal electrodes, d2 the thickness of SiC cantilever, h
the width of metal electrode, d1 the thickness of metal electrode,
L the length of cantilever, ρ1 the resistivity of metal, and ρ2 is
the resistivity of SiC.
From the circuit in Fig. 4 we can deduce that,
Vn = r(In − In+1 )

where


ρ1 d2 1/2
λ=
d1 hρ2 H

(5)


Vn + Vn−1 = 0

(3)

PSiC (x) =

V (x)2
d2
V (x)2
=
r dx
ρ2 H

(16)
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Fig. 5. Power dissipation along the length of the Pt/SiC cantilever with open circuit termination (a) in SiC (b) and in Pt (c) ratio between Pt and SiC.

Fig. 6. Power dissipation along the length of the Pt/SiC cantilever with short circuit termination (a) in SiC (b) in Pt and (c) ratio between Pt and SiC.

Fig. 7. Power dissipation along the length of the NiCr/polySiC cantilever for open circuit termination (a) in SiC (b) in NiCr and (c) ratio between NiCr and SiC.

Fig. 8. Power dissipation along the length of the NiCr/polySiC cantilever for short circuit termination (a) in SiC (b) in NiCr (c) and ratio between NiCr and SiC.
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Table 2
Ratios of resistivities and corresponding values of X0 for metal/SiC cantilevers
Device materials

ρ2 /ρ1

X0 (m)

Pt/single crystal SiC
NiCr/polycrystalline SiC

882
2E6

43
3130

Power dissipated in metal layer per unit length at x is


dV (x)2
d1 h dV (x) 2
Pmetal (x) =
=
2Rdx
2ρ1
dx

(17)

4.2.1. Open circuit termination
√
√ In this case, RL = ∞ and µ  1 giving ∆ = 2 2λµ cosh
2λL and from (16):
PSiC (x)
cosh (L − x)/X0
=
PSiC (0)
cosh2 (L/X0 )
2

(18)

where the critical length
1
X0 = √
2λ

(19)

and
PSiC (0) =

V02
ρ2 H/d2

(20)

and from (17),
Pmetal (x)
sinh2 (L − x)/X0
=
PSiC (0)
cosh2 (L/X0 )

(21)

From (18) and (21) the ratio of Pmetal (x)/PSiC (x) is given by
Pmetal (x)
(L − x)
= tanh2
PSiC (x)
X0

(22)

4.2.2. Short circuit termination
√
In this case, RL = 0 and µ = 0 which gives ∆ = 2 sinh 2λL
and from (16)
PSiC (x)
sinh2 (L − x)/X0
=
PSiC (0)
sinh2 (L/X0 )

(23)

and from (17)
Pmetal (x)
cosh2 (L − x)/X0
=
PSiC (0)
sinh2 (L/X0 )

(24)

From (23) and (24) the ratio of Pmetal (x)/PSiC (x) given by
Pmetal (x)
1
=
2
PSiC (x)
tanh (L − x)/X0

(25)

From Eqs. (6) and (19) and values provided in Table 1, the critical length X0 in both Pt/SiC and NiCr/polySiC cantilevers have
been calculated and are listed in Table 2. It is obvious that the significant difference in the X0 values of the two material systems
results from the large difference in the ratio of the resistivities. Using Eqs. (18)–(25), the power dissipated in the SiC and
the metal electrodes have been calculated and are presented in
Figs. 5–8.

Fig. 9. Dynamic measurement system.

In the Pt/SiC system, the power dissipated in the SiC and
Pt decreases rapidly along the beam due to the relatively short
critical length X0 , compared to the length of the cantilever. The
power distribution along the cantilever is unaffected by the terminations due to the power not reaching the end of the cantilever.
Over the initial part of the cantilever, the power dissipated per
unit length in the Pt and the SiC are almost equal.
In the NiCr/polySiC cantilever, there is a profound difference
between the short circuit and open circuit terminations due to the
relatively large value of X0 , compared to the length of cantilever,
making the distribution of power sensitive to the termination. In
the open circuit case, the power is mainly dissipated in the SiC
and is uniform along the cantilever. In the short circuit case, the
power is once again uniformly distributed along the cantilever
but in this case almost entirely in the NiCr.
The substantial difference between the two material systems
is clearly due to the considerable difference in X0 which results
from the relative values of the resistivities of the 3C–SiC and
metal used.
5. Test results and discussion
5.1. Metal/SiC contact
For those situations where the current passes through the
SiC, the electrical characteristics of the contact at the metal/SiC
interface are important. In particular, for a given supply voltage, high contact resistance can unnecessarily limit the current
through the device, and hence limit its actuation performance.
Furthermore, if the contact is rectifying then this will modify the
frequency content of the drive signal again making the thermal
actuation of a mechanical resonance inefficient. Ohmic contacts
were verified for both material systems by conducting I–V measurements on the open circuit terminated devices which showed
linear responses passing through the origin.
5.2. Dynamic performance
The electrothermal actuation of the fabricated SiC cantilever
resonators was tested at room temperature using the arrangement
shown in Fig. 9. The measurement chamber pressure was kept
at less than 1 mBar in order to eliminate damping of the resonance due to the air. A combination of a sinusoidal Vac and a Vdc
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Fig. 10. Fundamental resonance peak of the Pt/SiC cantilever by electrothermal actuation with Vdc = 0.2 V and Vac = 0.3 Vpp (Vpp represents peak to peak
voltage).

was applied to the metal electrodes using an HP 33120A function/arbitrary waveform generator. The dynamic vibration of the
beams as a function of applied Vac frequency fac was optically
detected using a Polytec OFC 3000 vibrometer. The velocity of
the deflection was measured in the first instance which was then
translated into displacement with sub-nanometer resolution. The
detail of the measurement setup has also been described elsewhere [19,20].
5.2.1. Resonance frequencies
Resonance of the fundamental mode was observed by electrothermal actuation when the applied fac was nominally 117.12
and 897.40 kHz for the Pt/SiC and NiCr/polySiC cantilevers,
respectively. The resonance peaks are shown in Figs. 10 and 11.
A small shift in resonance frequency was induced by the change
in the electrode terminations due to the increase in effective
mass of the cantilever. Actuation of the fundamental resonance
was also confirmed by applying Vac at a frequency equal to half

Fig. 11. Fundamental resonance peak by electrothermal actuation of the
NiCr/polySiC cantilever with open circuit termination (Vdc = 1 V and
Vac = 2 Vpp ).

Fig. 12. The amplitude of the fundamental resonance peak for the Pt/SiC cantilevers as a function of Vdc when Vac = 0.1 Vpp .

the fundamental resonance frequencies of the cantilevers. These
results confirm the V2 actuation response expected from Eq. (1).
5.2.2. Voltage response
The vibration amplitude of the cantilevers for both material
systems and terminations was investigated as a function of the
applied voltages Vac and Vdc , respectively. A linear dependence
of the amplitude on the applied voltages was observed when
fac equals the fundamental resonance frequencies of the cantilevers. This linear behaviour as a function of Vdc is shown in
Figs. 12 and 13. These results are in keeping with Eq. (1) and a
linear electrothermal actuation response.
5.2.3. Actuation efﬁciency
When a mixed voltage (Vac + Vdc ) was applied to the devices
at the resonance frequency of the cantilevers, the peak actuation power 2Vac Vdc resulted in electrical heating and this caused
dynamic vibration of the cantilevers. Using the data presented
in Figs. 12 and 13, the electrothermal actuation efficiency of
the fundamental resonance has been calculated by dividing the
vibration amplitude at the free end of the cantilevers by the peak
actuation power, i.e. 2Vac Vdc /Rtotal , where Rtotal is the resistance
of the devices measured between the two metal pads of each cantilever. The results from both material systems and terminations
are given in Table 3.
In the case of Pt/SiC cantilevers, the actuation efficiency
remains almost independent of the electrical termination. This
is in agreement with the calculated power distribution along the
length of the cantilever being independent of the termination due
to the critical length X0 being only a small fraction (22%) of the
length of the cantilever.
In the case of NiCr/polySiC cantilevers, the actuation efficiency is significantly greater for the short circuit case. The
power distribution model, described in Section 4, has revealed
that the power is mainly dissipated in the NiCr for the short circuit case whilst the power is mainly dissipated in the SiC for
the open circuit case. This is due to X0 being many times (63

L. Jiang et al. / Sensors and Actuators A 128 (2006) 376–386

383

Fig. 13. The amplitude of the fundamental resonance peaks as a function of Vdc for the NiCr/polySiC cantilevers with (a) open circuit termination (Vac = 2.0 Vpp )
and (b) short circuit termination (Vac = 0.048 Vpp ).

times) the length of the cantilever. The much greater actuation
efficiency in the short circuit case therefore indicates that the
heat generated in the NiCr is a more efficient source of heat for
electrothermal actuation than that generated in the SiC. In the
latter case, bulk heating of the SiC is present and only a small
temperature gradient is expected in the SiC and NiCr layers.
Under these approximately uniform heating conditions, actuation due to a difference in thermal expansion coefficients would
be expected to dominate. Since the actuation efficiency is at
its lowest for this situation (open circuit termination), one can
conclude that the greater actuation efficiency observed when the
power is dissipated in the metal (short circuit termination) arises
from a temperature gradient through the thickness of the SiC cantilever induced by heating of the metal at its surface. The effect of
a temperature gradient will therefore add to any actuation arising
from a difference in thermal expansion coefficients. This conclusion is also expected to be applicable to the Pt/SiC devices. For
actuation via a temperature gradient, the turn over frequency (ft )
at which the actuation efficiency starts to decrease with increase
frequency is given by 1.9k/ρcd2 , were k is the thermal conductivity of the cantilever material, ρ is its density, d is the thickness and
c is its specific heat [18]. The calculated ft is 35 and 78 MHz for
the Pt/SiC (d = 3 m) and NiCr/polySiC (d = 2 m), respectively
using k = 360 W m−1 K−1 , ρ = 3170 kg m−3 , c = 690J kg−1 K−1 .
Since the fundamental frequencies of the two cantilevers (Pt/SiC

and NiCr/PolySiC) studied here are significantly below these
values, the difference in their actuation efficiencies cannot be
explained in terms of a reduction in the heat induced mechanical
force with frequency. The remaining factors which can contribute to the difference in the actuation efficiencies include the
magnitude of the induced temperature gradient and the distribution of heating along the cantilever length which controls the
distribution of thermally induced mechanical forces that drive
the cantilevers into resonance. The distribution of heating in the
Pt/SiC cantilever is concentrated near its root which is known to
be a more efficient location for inducing strain to excite the fundamental mode and therefore will in part account for the higher
actuation efficiency in the Pt/SiC cantilever.
5.2.4. Variation of resonance frequency with actuation
voltage
It was observed that the fundamental resonant frequencies of
electrothermally actuated NiCr/polySiC cantilevers decreased
slightly with the applied actuation voltage. Fig. 14 shows that
the frequency decreases by 12 ppm when the applied Vdc is

Table 3
Actuation efficiencies for both material systems and terminations
Material/design

Pt/SiC cantilever with open circuit
termination
Pt/SiC cantilever with short circuit
termination
NiCr/polySiC cantilever with open
circuit termination
NiCr/polySiC cantilever with short
circuit termination

R ()

Actuation
efficiency
(nm/W)

1.2 k

6

1.1 k

7

18.2 k
41

4 × 10−3
90 × 10−3

Fig. 14. The shift of the fundamental resonance frequency vs. input Vdc
(Vac = 48 mVpp ) for a NiCr/polySiC cantilever with short circuit termination.
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increased from 25 to 100 mV. In contrast to a bridge type structure, thermal tensile stresses are not induced in a cantilever and
therefore it should have no effect on the resonant frequencies of
the cantilevers. A similar decrease has been observed in other
NiCr/poly3C–SiC cantilevers by increasing the temperature of
the cantilever and consequently, we believe the decrease in resonant frequency with voltage is mainly due to the decrease in
the elastic moduli of the 3C–SiC and NiCr with increase in temperature against a background of a small increase in frequency
due to dimensional changes [21,22]. A decrease in frequency of
12 ppm was therefore found to correlate with an average increase
of 0.3 ◦ C in temperature.
6. Conclusion
3C–SiC cantilever resonators were successfully fabricated
from single crystalline and polycrystalline 3C–SiC films and
electrothermally actuated into resonance. The electrothermal
response of the devices showed a linear dependence of the resonance amplitude on peak actuating power.
The effect of the termination of the metal electrodes on
the power distribution along the cantilever is governed by the
relative values of the resistivities of the metal and SiC used
which determines the critical length X0 for thermal actuation.
In the NiCr/polySiC device, the ratio of the two resistivities
(SiC/metal) was ∼2268 times greater than the ratio for the Pt/SiC
device. This was mainly due to the substantial difference in the
resisitivities of the two forms of SiC being amplified by the more
modest difference in the metal resistivities. This resulted in the
heat being confined to the root of the Pt/SiC cantilevers, whilst,
for the NiCr/polySiC cantilevers, the power dissipation was
spread uniformly along the whole cantilever length. This was
in part responsible for the greater actuation efficiency observed
in the Pt/SiC devices due to the induced strain being at the root of
the cantilever where the modes of vibration are more effectively
excited.
From interpreting the actuation efficiency measurements of
the devices with the power distribution model it was deduced
that a temperature gradient through the thickness of the SiC
cantilever which was induced by heating of the metal was the
main mechanism responsible for electrothermal actuation. With
this actuation mechanism, SiC cantilevers with thicknesses in
the micron region can be expected to be actuated at frequencies
up to a 100 MHz without any loss in actuation efficiency [18].
The resonance frequency of the fundamental mode slightly
decreased with increase in applied voltage. This was explained as
being mainly due to the elastic moduli of SiC and NiCr decreasing with increase in temperature. Besides being a useful indicator
of average device temperature which in this case was less than
one degree centigrade, this could also be potentially advantageous for the post-package fine tuning of the electrothermal SiC
resonators.
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