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a b s t r a c t

Suspended structures are an important element in the vast majority of electromechanical systems. The definition of this kind of structures is a not totally
resolved problem in printing electronics where the definition of a smooth sacrificial layer makes difficult their fabrication. Based on a previous work using a
sacrificial substrate, we present in this paper a significant improvement of this technique in terms of reproducibility and yield rate. The sacrificial substrate is a
commercial polyvinyl alcohol film which can be removed by water. The structural material is silver paste which has shown better performance during the
removal of the sacrificial substrate than the previous approach based on an acetone bath. Furthermore, this sacrificial material is biodegradable as well as its
solvent. In this paper, we show the fabrication process for printed cantilevers, including a characterization of their peak to peak displacements as a function of
the applied acceleration and frequency. Moreover, the variation of the capacitance for different acceleration values is presented.

      

 

       

       

        

     

        

          

        

          

         

         

        

       

       

        

      

        

1. Introduction

Suspended mechanical structures are useful in many different
applications such as accelerometers, pressure sensors, actuators or
fluidic devices [1]. Traditionally, these structures have been manu-
factured with micro-electromechanical system (MEMS) fabrication
techniques and integrated with CMOS technology [2]. With this
regard, the deposition of a sacrificial layer to support and define
the suspended part while manufacturing is essential. This layer
is removed at the end of the fabrication process depending on
the particular process that is being used. Although many different
strategies and materials have been used to fabricate these sus-
pended structures based on silicon MEMS technologies, there are
other processing technology platforms such as printed electronics
where this development is not so advanced yet.

The advantages of printed electronics such as low-cost equip-
ment, flexible substrates, low-cost materials, degradability and
biocompatibility, open a wide range of new applications for
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example, radio frequency identification (RFID) tags, smart clothing
or flexible displays. This technology is based on traditional printing
techniques, such as gravure, screen printing, flexography and inkjet
printing [3]. Many advances have been achieved in devices such as
organic light-emitting diodes (OLED), thin film transistors (TFT),
solar cells and printed antennas [4,5] but there are still some aspects
that should be improved in terms of performance and reliability.

Great efforts and very valuable achievements have been done to
develop printed sensors, mainly chemical sensors, and bioelectron-
ics, but limited developments have been achieved in mechanical
suspended structures. One of these not-resolved aspects is sus-
pended structures by using only printing techniques. The main
problems to face with respect to surface micromachining process
are the smoothness of the sacrificial layer, its removal process [6],
the stability of the pillar on a plastic substrate and the roughness
of the plastic film. The sacrificial layer has to be smooth to properly
define another layer on top of it. In addition to this, the removal
method should not affect the rest of the layers. The most com-
mon method to remove the sacrificial layer is the chemical bath.
It is not easy to find suitable materials to act as sacrificial layer,
whose solvents do not affect the structural materials. The mechan-
ical properties of the structural material are fundamental to the
stability of the suspended structure but, with respect to the flexible
substrate, it results more complicated to maintain the suspended
part when the substrate is not rigid.
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     Fig. 1. Schematics of the cantilever.

       

          

       

         

           

           

          

         

          

           

          

           

          

        

        

          

     

          

          

          

    

           

          

            

        

        

        

         

      

       

        

        

           

         

      

Regarding the sacrificial layer, different strategies have been
followed to reach these requirements. Lam et al. [7] used a
poly(methyl methacrylate) (PMMA) sacrificial layer to develop a
cantilever by screen printing with a releasing method based on
chloroform baths followed by drying with a N2 gun. Park et al. [8,9]
also chose PMMA as sacrificial layer. PMMA was also chosen as sac-
rificial material by Chung et al. [10] to develop 4-terminal inverters.
They removed the sacrificial layer by dipping into boiling acetone
and isopropyl alcohol. This latter material was removed in an ace-
tone bath to release a switch made by inkjet printing. Another used
sacrificial layer has been a strontium carbonate (SrCO3) in an epoxy-
type ink which is dissolved by immersing the structure in a weak
acidic solution [11,12]. Nathalie Serra et al. [6,13] employed a solu-
tion based on trimethylolethane removed by thermal treatment to
develop bridges and cantilevers by screen printing. Another sacri-
ficial layer used to manufacture bridges by inkjet printing was a
commercial photoresist Microposit® 1813® from Shipley [14]. In
this case, the sacrificial was removed by dissolving it in acetone.
Shankar et al. [15] selected PMMA as sacrificial layer to develop
ohmic contact RF MEMS switches and this layer was dissolved by
soaking the structure in chloroform.

In regard to the used substrates, Fuller et al. [16] developed sil-
ver cantilevers on glass by inkjet printing. A silicon substrate was
used by Park et al. [8] to fabricate printed switches and to develop
4-terminal inverters [10]. Wei et al. [17–21] fabricated piezoelec-
tric cantilevers on cotton by screen printing. Alumina substrate
has been chosen to manufacture suspended structures for several
authors [6,12,13,22–24]. A few examples can also be found using
plastic surfaces: a microelectromechamical switch developed on
polyimide substrate by lamination techniques [25,26], switches on
Kapton polyimide [15], electrostatic microactuators made of a flex-
ible sheet [27], or printed bridges on polyethylene terephthalate
(PET) [14] or a cantilever also developed on PET by screen printing
[28]. In this previous work, the design, fabrication and characteri-
zation of a printed cantilever were reported.

 

     

Table 1

Dimensions of the designed suspended structure.

Parameter Value Description

 Length (mm)      5.0 Length of the beam
 Width (mm)      2.5 Width of the beam

 Gap (�m)  120     

   

Distance between the back electrode
and the beam (z-axis)

 Space (mm)       

   

  

1.0 Distance between the back electrode
and the beam (y-axis)

Thickness (�m) 15    Thickness of the beam

          

          

           

        

               

           

        

         

        

          

           

             

        

         

         

     

         

          

            

            

          

          

       

   

 

        

         

        

        

        

        

         

       

 

         

       

Here, we present some advances in the fabrication of a printed
cantilever on a plastic substrate. As described in our previous work
[28], our fabrication process differs from others on the use of a
commercial film, PMMA, as sacrificial material. The main differ-
ence remains in the role of this layer: it is also used as a substrate for
printing the beams and the pillars, and then this substrate is flipped
and bonded to the printed electrodes substrate. These electrodes
had been previously printed on another substrate. After a bonding
process, the sacrificial substrate is removed. The structure pre-
sented here are essentially made using the same process flow, but
while in our previous work the sacrificial substrate had to be chem-
ically etched, we have used now a different material so that it can be
eliminated with a different solvent without virtually inferring with
the structural material. Hence, while we stated that our previous
process was similar to the wafer bonding procedure developed to
obtain Silicon-On-Insulator wafers in microelectronic technology,
this new procedure is similar to the UnibondTM method that does
not require to etch the whole wafer [29]. An important advantage
of this new procedure is that there is no degradation of any layer
during the removal of the sacrificial substrate because it is a layer of
transference. In addition to this, the substrate is a plastic substrate,
which provides more flexibility to the final device but less stability
during the manufacturing process of the suspended structures.

2. Materials and methods

2.1. Design

To design this structure, we have implemented the same
approach we developed in our previous work [28] to directly
compare results. Given the complicated geometry of the printed
cantilever, we skipped the development of an analytical model
and we directly used a multiphysics numerical simulator, COMSOL
(Comsol Inc., Stockholm, Sweden), based on solving partial differ-
ential equations with the finite element method. This software has
previously been used to calculate displacements and resonance

Table 2

Comparison between numerical and experimental physical dimensions of the can-
tilever beams with PMMA layer and PVA layer.

Parameter Model 

 

Experimental
PVA procedure

 

 

Experimental PMMA
procedure [28]

 Length (mm)  5.0   4.97 ± 0.05   4.98 ± 0.05
 Width (mm)  2.5   2.56 ± 0.06   2.59 ± 0.05

  Gap (�m) 120      125.7 ± 1.5 132 ± 2
  Thickness (�m) 15   16.8 ± 0.1    17.3 ± 0.1

 Capacitance (pF) 3.85   3.62 ± 0.01   3.51 ± 0.01



            

         Fig. 2. Fabrication flow (a) Lateral view, (b) Top view.

         

         

       

          

          

            

          

frequencies in similar structures [30,31]. In order to simulate this
structure, we followed the same procedure as explained in [28],
using the electromechanical module. We performed several para-
metrical analyses to obtain a sensitivity of about 0.1 pF/g, where
g is the gravity acceleration, a detectable value of capacitance in
equilibrium of at least 1 pF, and a resonance frequency above 1 kHz
to avoid fractures while oscillating. For this reason, we chose the

            

           

          

          

 

dimensions shown in Table 1. Fig. 1 illustrates a z–x view of the
cantilever.

In order to test the fabrication process, we also printed the same
design of cantilever but we reduced the gap between the substrate
and the suspended structure, from 120 �m to about 40 �m.

Fig. 3



            

                     Fig. 3. Image of the screen printed cantilever (a) on the experimental set-up for displacement measurements; (b) lateral view of the cantilever.

        Fig. 4. Profiling system captions (a) 3D, (b) 2D.

  

          

           

          

         

      

         

        

           

          

         

           

           

           

          

        

      

           

           

         

       

2.2. Fabrication process

Although many of the steps needed to fabricate our printed can-
tilever are the same that were used in our previous work [28],
we are detailing here the whole process flow. The cantilever was
printed on a polyethylene terephthalate (PET) substrate of 75 �m
thickness (ES301061 Goodfellow Cambridge Ltd., Huntingdon, UK)
with a Serfix III screen printing machine (Seglevint SL, Barcelona,
Spain). The alignment was performed with a semi-automatic pick
and place system, ProtoPlace S from LPKF AG (LPKF Laser & Elec-
tronics AG, Garbsen, Germany) with a resolution of 500 �m. The
screen used to manufacture the patterns by screen printing had
a mesh density of 43 Nylon thread per centimetre (T/cm) in an
aluminium rectangular structure of 50 cm in width and 35 cm in
length. We chose this mesh density in order to reduce the number
of printing layers to achieve the desired thickness of the structural
material [32], finding a compromise between roughness and manu-
facturing time. The DMP-2831TM Dimatix printer (Fujifilm Dimatix
Inc, Santa Clara, USA) was used to print the electrodes. We decided
to define them by inkjet printing because we only needed a thin
layer to form the electrical contact to measure capacitance. They
were made of silver nanoparticles (U5603 SunTronic Technology,

         

            

        

          

         

         

        

        

        

           

        

        

           

          

        

          

           

         

           

           

        

San Diego, USA). The advantage of mixing these printing techniques
is to achieve thicker patterns in the beam and pillar but not in
the electrodes. Therefore, screen printing results more suitable for
defining the pillar and the beam whereas inkjet printing is more
convenient for the electrodes [32]. Anyway, only one printing tech-
nique would be enough to fabricate the structures with minimal
modifications.

The structural materials of the cantilevers were conductive sil-
ver ink CRSN 2569 (Sun Chemical Corporation, Parsippany, USA)
and epoxy EPO-TEK H20E (Epoxy Technology, Inc., Billerica, USA)
because it allows to glue both printed parts and provide them elec-
trical conductivity. The sacrificial substrate is a polyvinyl alcohol
(PVA) film (MAVINSOL® available from Coemmo, Spain) of 50 �m
thickness. This is one of the main innovations of our new structure
over the previous one, which used PMMA as the sacrificial material,
with the additional advantage of avoiding the destructive chemical
etching, as mentioned above, and substituting it by a water bath
less invasive with the structural materials. The direct use of a com-
mercial film assures a smooth surface and avoids problems related
to its deposition. Furthermore, the thickness of this film is not crit-
ical to the manufacturing process because it is used as a sacrificial
substrate instead of the classical sacrificial substrate which defines



            

                 Fig. 5. Cantilever (120 �m gap) peak to peak displacement as a function of acceleration at 10 Hz.

           

           

          

   

          

            

    

the cantilever gap. In our case, the cantilever gap (or pillar thick-
ness) is directly defined by the number of printed layer by screen
printing as well as the mesh density that determines the thickness
of one single layer.

The process flow contains 6 steps, as summarized below (Fig. 2):

1. The beam is fabricated using the silver CRSN 2569 ink by screen
printing on a PVA film.

            

            

  

            

            

   

2. The pillar is also built by screen printing and aligned with the
beam.

3. A layer of adhesive epoxy is deposited by screen printing on top
of the pillar.

4. Concurrently, a layer of silver U5603 ink is printed on PET sub-
strate by inkjet printing to define the electrodes. A curing of 1 h
at 160 ◦C is required.

                 Fig. 6. Cantilever (120 �m gap) peak to peak displacement as a function of acceleration at 25 Hz.



            

                 Fig. 7. Cantilever (120 �m gap) peak to peak displacement as a function of frequency at 9.8 m/s2 acceleration.

               Fig. 8. Cantilevers peak to peak displacement as a function of applied acceleration at 10 Hz.



            

                 Fig. 9. Capacitance (gap of 120 �m) in time (a) without acceleration (b) with acceleration of 2.9 m/s2.

          

           

       

            

            

         

 

          

        

        

         

          

          

          

           

       

         

       

          

           

         

         

        

5. Then, both PVA and PET substrates are carefully aligned and
pasted thanks to the adhesive epoxy H20. A curing of 30 min
at 80 ◦C is needed to harden the adhesive.

6. The final step is to remove the sacrificial substrate. For this pur-
pose, the device is submerged in water at 60 ◦C during 2 min. The
water only removes the PVA without showing etching effects on
silver layers.

One of the drawbacks of the manufacturing process of the sus-
pended structure previously developed in [28] was the removal
of the substrate layer without interfering the structural layers.
Although we have followed the same fabrication process, the sol-
vent used here to remove the sacrificial substrate does not react
with silver layers, so that the cantilever flatness is virtually not
affected during the release of the sacrificial substrate. As a direct
consequence of this, the yield rate is increased by only changing the
chosen sacrificial substrate, and additionally both materials, sacrifi-
cial substrate and solvent, are biodegradable, which is an advantage
in comparison to the previously used ones [33].

A total of 20 replicas have been fabricated following this pro-
cedure and only 2 of them were broken. This result shows a
preliminary 90% rate of manufacturing success and an increase of
10% compared with the previous strategy based on PMMA sacri-
ficial substrate [28]. The enhancement in manufacturing yield of

         

   

         

             

             

           

            

          

          

        

   

  

        

        

       

        

       

        

         

          

        

     

this improvement of the fabrication process has been verified for
the printed suspended cantilevers.

In our previous procedure, we immersed the structure in an
acetone bath but we had to take care of the duration of this immer-
sion because if it is longer than 2 min, the acetone started to react
with the silver layers. Here, we transfer the cantilever to the sub-
strate thanks to the PVA layer. One of the main advantages of this
approach is the enhancement of the quality of the suspended struc-
tures. Last and foremost, we avoid the problems related to chemical
reactions between the solvents to remove the sacrificial substrate
and the structural materials.

2.3. Characterization set-up

The physical characterization of the patterns has been carried
out using a Dektak XTTM Stimulus Surface Profiling System (Bruker
Corporation, Conventry, UK). The AC electrical characterization for
the fabricated cantilevers has been performed by measuring their
capacitance and dissipation factor, using the four-wire measure-
ment technique, with a precision Impedance Analyzer 4294A and
an impedance probe kit (4294A1) (Agilent Tech., Santa Clara, CA,
USA). The calibration method has been described in [34]. The data
acquisition and analysis have been automated using Labview soft-
ware (National Instruments Corporation, Texas, USA).



            

              Fig. 10. Variation in capacitance vs applied acceleration at 10 Hz (gap of 120 �m).

        

        

          

          

         

         

       

            

          

         

        

          

  

   

           

         

        

       

         

         

        

  

       

          

        

        

         

        

      

         

The displacement of the cantilevers has been measured with
an electrodynamic shaker (Type 4811 Brüel & Kjaer, Naerum,
Denmark), an exciter control (Type 1050, Brüel & Kjaer; and Type
2712, Brüel & Kjaer) by applying an oscillation at varying frequency
and an acceleration as mechanical input. A laser Doppler vibrom-
eter (LDV) from Polytec (Waldbronn, Germany) has been used to
measure the peak-to-peak displacement during the excitation. This
set-up has been previously used by Ruan et al. [35] to test piezoelec-
tric cantilevers as harvesters while they are vibrating at a desired
frequency and we have already employed it to measure displace-
ment in printed cantilevers [28]. depicts the fabricated suspended
structure placed in the set-up for the peak to peak displacement
and capacitance measurements.

3. Results and discussion

In this section, we present the results of the physical and electri-
cal characterization of five cantilevers and its comparison with the
previous fabricated cantilevers presented in [28]. First, the physi-
cal characterization was carried out, showing the reproducibility
of this fabrication process. Then, the resistance to different fre-
quencies was studied. Finally, the peak to peak displacement and
capacitance were measured and compared with the numerical sim-
ulations.

3.1. Physical characterization

After the fabrication, we characterized the dimensions of
our devices (Fig. 4), twenty replicas of each cantilever. Table 2
shows the differences between the dimensions measured with a
profiling system and the targeted dimensions for these devices.
We have also included in Table 2 the dimensions obtained
with the fabrication process described in our previous work
[28] for comparison purposes. Uncertainties were calculated
as one standard deviation of the experimental data. Let us

          

          

 

          

          

          

         

            

          

        

          

           

        

         

          

            

         

            

             

            

           

           

       

           

            

           

         

 

          

               

         

         

          

remember that the gap size has been defined being the dis-
tance from the substrate to the bottom of the beam (see
Fig. 1).

In general, the real dimensions and the targeted ones are sim-
ilar, the highest difference being found in the cantilever gap. This
discrepancy could be caused by the fact that the superposition of
several screen printed layers leads to a more homogenous deposi-
tion than the single layer case [32]. But this difference (<5%) is lower
than the one obtained with the previous proposed method based on
PMMA (∼10%). Moreover, this cantilever presents a more homoge-
nous surface in terms of beam straightness than the one fabricated
on PMMA. In particular, this cantilever only shows a peak to peak
displacement at the free end which affects homogenously about
15% the total area of the cantilever. Whereas cantilevers fabricated
using PMMA presented peak to peak displacements not only at their
free end but also at different locations in the cantilever, the not flat
surface represented around 30% the total area of those cantilevers.
A flatter surface is achieved now due to the no alteration of silver
layers by the water bath to remove the PVA layer. Here, we can also
observe a not totally parallel beam to the plan formed by the back
electrode, but there is an angle that represents a gap bigger than
expected due to this displacement of the beam. This angle is only
appreciated at the free end of the beam.

As we have already mentioned, the PVA film tested was 50 �m
thick, but the thickness of this layer is not critical. The thickness of
the pillar and the beam is directly controlled by the chosen density
mesh for the screen printing steps shown in Fig. 2.

3.2. Displacement

First, the peak to peak displacement of the cantilever was mea-
sured from 10 Hz to 50 Hz, in steps of 5 Hz. Above 50 Hz, the
uncertainty in the peak to peak displacement measurement was too
high to differentiate values. In addition to these experiments, the
devices were subjected to an acceleration of 9.8 m/s2 in a frequency



            

           

         

          

         

          

        

           

         

        

          

            

            

           

         

         

            

            

           

          

          

          

           

   

         

         

        

         

          

            

          

         

         

        

        

          

      

         

          

          

          

         

         

         

         

        

      

          

        

          

            

        

        

         

          

          

           

  

 

         

           

         

         

       

range from 10 Hz to 1 kHz without crashing. After this experiment,
we measured again the capacitance and peak to peak displacement
without noticing any variation in the measurements. As it can be
expected due to the fact that structural materials and dimensions
are the same, these results are in agreement with those deduced
from the frequency behavior of the previous developed cantilevers
[28].

The peak to peak displacement at the free end of the cantilever
was measured as a function of acceleration at different frequencies.
Several experiments were carried out varying the applied acceler-
ation and the frequency of operation. We set the frequencies from
10 Hz to 50 Hz. The range of acceleration varied from 0.98 m/s2

to 54 m/s2, depending on the frequency. Fig. 5 shows the peak to
peak displacement of the cantilever at 10 Hz. Peak to peak displace-
ments below 2.9 m/s2 were not possible to measure because the
signal noise was comparable to the detected signal. The maximum
applied acceleration at 10 Hz with this system was 12 ± 5 m/s2 (see
Fig. 5). In order to know the response for higher acceleration, we set
the frequency of oscillation at 25 Hz. At this frequency, the system
can achieve acceleration values up to 54 m/s2 (Fig. 6). The curve
obtained at 10 Hz presents a quite linear response (R2 = 0.9569)
from about 4.9 m/s2 to 10.8 m/s2 and above this value the response
shows saturation, whereas the behavior at 25 Hz shows a trend to
saturation above 49 m/s2.

The simulations and experimental results are compared in Fig. 5.
There is a quite good agreement between modeled and exper-
imental slope values. The slope obtained with the simulations
is 13.45 �m/m/s2 whereas the one obtained with real data is
13.97 ± 1.02 �m/m/s2. The slope obtained with this cantilever is
more similar to the modeled one than the slope obtained in the pre-
vious developed cantilever [28]. In both cases, the linear fits have
been calculated from 4.9 m/s2 to 11.8 m/s2 because the readout of
the peak to peak displacements at lower values of acceleration
presented higher variations. The errors have been calculated as
the standard deviation of measurements taken from different can-
tilevers. In the case of the acceleration, errors bars come directly
from the error of the measurement set-up.

The dependency between the frequency of work and the peak
to peak displacement of the cantilever beam has also been studied
(Fig. 7). For this purpose, we measured the displacement at dif-
ferent frequencies for an applied acceleration of 9.8 m/s2. There is
an exponential response with a decay constant of −0.169 �m/Hz.
Due to this strong decay with frequency, displacements could not
be measured above 50 Hz with enough accuracy to discriminate
values. In our previous work the decay constant was smaller
(−0.09 �m/Hz), these differences could be related with the
non-parallel beam obtained after the acetone bath.

As we mentioned in the design section, we developed the same
cantilever with a shorter gap between the suspended structure
and the substrate. Fig. 8 displays the peak to peak displacement
of both cantilevers at 10 Hz. The short cantilever shows a slope of
3.77 �m/m/s2 until 9.8 m/s2 where its response is saturated. Both
curves present similar displacements at low acceleration values but
around 5.9 m/s2 the short cantilever evolves slower than the big
one. This behavior can be explained by the damping effect which
is more appreciable when the gap between the cantilever and the
substrate is reduced. The effect of damping is a decreased peak to
peak displacement [36,37].

3.3. Capacitance

We measured the change in capacitance induced by the applied
acceleration in order to test this device as accelerometer. An array of
201 points containing capacitance values at 10 kHz were read-out
out from the impedance analyzer. The beginning of the measure-
ments and vibrations were synchronized through the external

         

         

           

         

         

           

          

           

        

           

  

          

          

           

       

            

          

           

         

        

          

        

          

 

        

         

        

        

       

         

         

  

 

          

         

         

           

           

         

         

         

        

           

         

           

         

          

          

          

           

         

        

        

 

           

          

       

       

         

           

          

           

        

trigger mode. In order to ensure the measurements of capacitance
versus acceleration, the frequency of work of the shaking setup
was set to 10 Hz, the minimum allowed frequency for this set-up.

Fig. 9 shows two different display captures from the measure-
ments taken with the impedance analyzer. There is a parasitic
capacitance in parallel with the device of 2.7 pF, which was mea-
sured following the same procedure as described in [34]. As can
be observed, the peak to peak changes are around 14 fF without
acceleration and show a noisy behavior, whereas these variations
are about 70–80 fF applying an acceleration of 2.9 m/s2, showing a
clear periodic response.

Due to constraints in the experimental set-up, we were not able
to measure changes in capacitance above 3.9 m/s2. For this reason,
we simulated the change in capacitance with the peak to peak dis-
placement obtained experimentally and the simulated one, shown
in Fig. 5. These all capacitance variations are depicted in Fig. 10. We
have defined the change in the measured capacitance as the differ-
ence between the 85th and 15th percentile of the recorded data. As
can be observed, the predicted capacitance taking into account the
measured peak to peak displacements coincides with the capaci-
tance measured with the impedance analyzer in the whole range of
accelerations and similar results in comparison with our previous
work are obtained. The mismatch between these data is less than
20 fF.

Looking at the modeled capacitance, the expected change in
capacitance is higher than the one obtained with the experimental
displacement but both curves show a similar qualitative behavior.
The higher the displacement induced, the bigger the capacitance
measured. The simulated capacitance from the experimental peak
to peak displacements with this fabrication process shows a less
noisy curve than the one obtained with the manufacturing process
based on PMMA.

4. Conclusions

In this work, we have presented an improvement of a manufac-
turing process for printed suspended structures that could be used
as capacitive pressure or accelerometers. This process is based on
a sacrificial substrate, that is to say, the sacrificial layer is located
on top of the cantilever beam instead of between the beam and
its support layer. These cantilevers have been fabricated by screen
printing on PET providing more flexibility to the final application.
Although this procedure was already proved using silver layer as
structural material and PMMA as sacrificial substrate, the failure
rate was higher and the resulting beams were not totally flat beam.
These imperfections were caused during the removal of the sacrifi-
cial substrate due to the fact that the solvent partially reacted with
the silver layer. We have faced these inconveniences by substitut-
ing the sacrificial material. Concretely, we have used PVA that can
be dissolved in water instead of acetone. Thanks to this material,
we have increased the manufacturing yield as well as the flatness
of the beam. In addition to this, the process is more environmental-
friendly with the use of biodegradable materials. Finally, we have
characterized the peak to peak displacement of these cantilevers
comparing and contrasting their results with the previous devel-
oped structures.

The behaviour of this cantilever is quite similar in terms of dis-
placement and capacitance to the previous one [28] but with the
advantage of higher manufacturing yield and straighter surface
compared with the previous manufacturing process developed. In
addition, we have shown the fabrication of two cantilevers that
only differ in the gap thickness. This difference is only caused by
the number of printed layer for the pillar during the fabrication
process. This result shows that the thickness of the pillar can be
directly controlled by the number of printed layers. Obviously,



            

         

        

     

        

        

      

       

      

         

     

               

          

  

           

        

       

          

 

            

      

           

       

       

       

            

      

      

          

       

       

 

         

     

    

          

     

    

           

         

 

             

          

            

           

 

            

         

     

            

        

      

         

       

               

           

 

               

         

          

               

        

        

  

               

        

    

             

         

     

            

       

             

         

   

the cantilever dimensions can be controlled by only changing the
screen.
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