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Abstract—Piezoelectric  actuators are widespread  in the design 
of  micro/nanorobotic  tools  and  microsystems,   as  they  have  a 
very interesting  electromechanical coupling factor,  in addition  to 
their high dynamics and resolution performances. Studies toward 
the  integration of such  actuators in complex micromechatronic 
systems   require  the   size  reduction  of  these   actuators   while 
retaining a wide range  of performances. Two main  fabrication 
processes  are  currently used for  the  fabrication of piezoelectric 
actuators, providing   very  different   behaviors:   (i) the  use  of a 
bulk  layers  and  (ii) the  use of thin  film growth.  In  this  study, 
we propose  to develop micropositioning actuators and  platform 
whose performances are  a  trade-off  between  the  performances 
from  these two technologies. The proposed  trade-off  technology 
allows the development  of microsystems  with high stiffness, high 
torque  and high dynamics  (from technology (i)), as well as, large 
motion,  low voltage and  small size (from  technology  (ii)). Using 
this  technology  we  designed  and  fabricated a  thick  film PZT 
platform   containing   eight  unimorph  beam  bending   actuators. 
The  Platform  allows a  high  level of performances, both  in the 
static (displacement)  and dynamic (first resonance frequency) 
regimes.  The  purpose  of the  fabricated platform  is to improve 
the micromanipulation and microassembly  processes, to the point 
where  approaching and  manipulating very  small  object  with  a 
high precision  will be a very  fast  and  simple operation.  Theses 
devices were  obtained  through a room temperature  mechanical 
thinning  of a  PZT  thick  layers,  after  the  deposition  of Nickel 
on  the  bottom  side.  The  piezoelectric  beam  bending  actuators 
have a 80 µm  thick  PZT  layer  on top of a 10 µm  thick  Nickel 
layer,  a length  of 5 mm  and  a width  of 0.5 mm.  Experimental 
characterization has shown that the static displacements  obtained 
are in excess of 1.33 µm/V   and the resonance frequencies  are up 
to 1814 H z, which are very convenient in high dynamics microp- 
ositioning applications  such as microrobotics and microassembly 
tasks. 

 

Keywords: piezoelectric, micro-fabrication, unimorph beam 

bending actuator, PZT thinning, Laser etching. 
 

I.  INTRODUCTION 

Lead Zirconate Titanate (PZT) piezoelectric materials are 

widespread in Micro-ElectroMechanical System (MEMS) ap- 

plications because of their exceptional electromechanical cou- 

pling factor, high dynamics and high resolution performances. 

Piezoelectric ceramics (especially PZT) are able to work under 

most harsh environmental conditions, including oil, dirt, and 

most chemical atmospheres. They are not easily damaged, by 

severe shock and/or vibration, and they perform well over a 

wide temperature range [1]. They offer a wide range of appli- 

cations from classical ultrasonic devices [2-6], fuel injection 

systems [7-10], smart structures [11-14], high precision 

positioning equipment [15-17] for electronic manufacturing 

and other domains, energy harvesting [18-24] and gas 

sensing [25]. These systems are particularly supported by the 

cleanroom technology, using the increasing possibility of 

micro fabrication techniques, to integrate active materials and 

designs with compliant structures. However, the integration of 

different physical components in such a miniaturized system 

while allowing a high performances can be a real challenge, 

such as, having a  large range of  motion/deformation, high 

bandwidth, high stiffness, high resolution, small size, low 

energy  consumption and  sensing  possibility, all  within  the 

same actuator. This is why, piezoelectric ceramics are usually 

the materials of choice when it comes to the miniaturized 

systems, thanks to their abilities to satisfy most of the needed 

requirements, their  availability and  their  easy  manufacture. 

There is a fair number of designs and structures of piezoelec- 

tric systems, but one of the most used structures is the beam 

bending actuator structure. These actuators have cantilever 

structure  generally  clamped-free.  These  kinds  of  actuators 

can be utilized in scanning probe microscopes [26-27], precise 

and highly dynamic positioners in micromanipulation and 

microassembly [28-29], or actuators for laser scanning in 

medical applications [30]. The beam bender structure can also 

be utilized as sensors, opening the door to promising studies 

in mass detection sensors, microscale force sensors and 

biosensors [31]. There are two main ways to fabricate the 

beam benders: 

Bulk Technology: they are made of bulk layers of piezo- 

electric  ceramic  materials  (typically  more  than  200  µm), 

giving them a high inherent stiffness, good dynamics (KHz 

frequency range)  but  in  counterpart small  output  displace- 

ments (typically a few tens of µm).  Moreover, due to the 

thickness of such actuators, the required voltages to ac
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                                                       (a)                                                                                                   (b) 
 

Fig. 1.   Theoretical (Ballas’s linear model [32]) (a) displacement and (b) first resonance frequency for different kinds of unimorph beam bending actuator: 
influence of (hp ) the PZT layer thickness for four Nickel layer thicknesses (hm ), with a length L = 4.5 mm. 

 

 

(a)                                           (b) 
 

Fig. 2.  The design of the platform (a) the full design with eight beam bending 
actuators and (b) a single beam bending actuator: There are two gold top 
electrodes (yellow) for each of the eight PZT (blue) based bean bending 
actuators, in addition to the bottom electrode (ground). 

 

 
 

the needed displacements is very high (a few hundreds volts). 

Consequently, these actuators are mostly, bulky, and have to 

be very long (tens of mm at least), to reach the appropriate 

needed displacements. 

Thin  Film  Technology: this technology is quite the op- 

posite  of  the  first one:  instead  of  using  bulk  piezoelectric 

ceramic materials, they are deposited in a very thin layers 

(typically few µm),  and considering their thickness, higher 

electrical fields than bulk actuators are obtained for the same 

driving voltage. Therefore, these actuators can reach very high 

displacements (a few hundreds µm) for low voltages and for 

smaller lengths(typically less than one mm). In counterpart, 

they have a low stiffness, which makes them inefficient for 

structures that require a high torque. Furthermore, they are 

characterized by low dynamics (much smaller than one KHz). 

In attempt to close the gap between the two technologies, 

the Thick  Film  Technology [31] was adopted in this work. 

With actuators thicknesses ranging from 5 µm  to 150 µm, 

this technology makes use of the advantages offered by both 

technologies, thin film technology (large motions, low voltage, 

small sizes), and bulk technology (high stiffness and torque, 

high dynamics). 

Nonetheless, in order to integrate PZT actuators, a lot of 

process flow approaches were proposed [33]. The common 

point of these proposed fabrication methods is the use of bi- 

layered structures: an active layer (piezoelectric) and passive 

layer. The performances of  these devices are  correlated to 

the ratio of the thicknesses of the both layers (see fig. 1). 

Moreover, using the thick film technology, opens the door 

for a lot of new technical challenges during the fabrication 

process. Such  as,  high  mechanical stress  between the  two 

layers, long and difficult fabrication steps and inefficient 

process flow. Therefore, in this paper, a direct process flow was 

proposed, which has two major distinctions from the classic 

microfabrication processes: 

1. No gluing of any kind of the PZT layer to a support 

layer (usually made of Si wafer) is required, which is 

normally a necessary step considering that without the 

support layer the PZT layer will not survive the process 

flow; 

2. The use of Ni layer has a triple purpose. A support layer 

during the fabrication process, a  passive layer for the 

unimorph actuators and also a bottom electrode (ground). 

As a result, the number of the fabrication steps was reduces, 

significantly. Furthermore, a second and an even simpler and 

shorter  process  flow,  based  on  microfabrication  and  laser 

etching technologies, was introduced as well, in this paper. 

The aim of the paper is to propose a direct process flow, for the 

fabrication of a PZT based microassembly/micromanipulation 

platform. The purpose of  the latter, is  to  improve the mi- 

cromanipulation and microassembly processes, to the point 

where approaching and manipulating very small objects with 

a high precision will be a very fast and simple operation. 

In section II, the adopted design and the utilized materials 

is  introduced. Then, using Finite Element Methods (FEM)
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Fig. 3.  The actuation mechanism of a single beam bending actuator with two 
top electrodes and a bottom electrode (ground). 

 

 

(a)                                               (b) 
 

Fig. 4.  A representation of the actuation mechanism of the unimorph beam 
bending actuator (a) for a vertical displacement (when the voltage applied 
to both of the top electrodes is the same) (b) for a horizontal displacement 
(when the voltage applied to one of the top electrodes is the opposite of the 
other one). 

 
 

simulations, the operating mechanism of the platform is ex- 

plored. In section III, the proposed direct process flows, is 

described, and the final devices are presented. In section IV, 

an experimental validation of the principle is conducted. The 

results (displacements and resonant frequencies) are compared 

to the FEM simulations, and then both presented. In section V, 

some projects about the characterization of the full platform 

and its applications are given. 

 
II.  PRESENTATION OF THE DESIGN AND OF ITS 

FUNCTIONING 

The design is a platform used for micromanipulation and/or 

microassembly applications. This new platform was designed 

with the purpose of making the micromanipulation processes 

easier, simpler and more accurate. The object to be manip- 

ulated will be placed on top of the platform, then the latter 

moves the object with a high precision and accuracy which 

otherwise can’t be achieved with commercially available posi- 

tioning systems. The platform itself is made of eight beam 

bending piezoelectric actuators (as shown in fig. 2). The 

actuators  are  unimorph  beam  bending  actuators  and  made 

of a piezoelectric active layer and an elastic passive layer, 

with electrodes. The top electrodes are made of a very thin 

layer  of  Au,  because of  its  high  electrical proprieties and 

resistance to oxidation. The active layer is made of PZT, as 

(a) 

(b) 

(c) 

 

(d) 
 

Fig. 5.  The actuation mechanism of the full platform (a) in the plan (X,Y) 
(b) along the Z axis (c) the rotation around the X/Y axis and (d) the rotation 
around Z axis. 

 

 
in the case of piezoelectric ceramic materials, coupling proper 

design with the right selection of materials allows for a very 

interesting range of properties: A dynamic behavior, ranging
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from lower than 1 Hz to above several MHz, a static behavior 

(displacements) in the mm range and force variation, from mN 

to kN. 

Finally, a metal passive layer was chosen because no bottom 

electrode is needed, which was not the case in the old process 

made also by Bienaimé et al [31], where a Si layer was used 

as a passive material and Au as a top and a bottom electrodes, 

thus,  resulting in  a  few  additional steps  in  the  fabrication 

process the devices. The metal chosen in this case is Ni. The 

choice of Ni is based on it’s stiffness. The Ni deposited is 

obtained by the electroplating process which permits to obtain 

thick layers (10 to 15 µm  thickness), it is not possible to 

obtain such values by using sputtering or evaporator systems. 

Depending on the thickness of the PZT layer (20 to 100 µm 

thick), the Ni layer thickness must be thick enough to generate 

high displacements. 
 

 
A. Presentation of 2-DOF unimorph actuator 

The platform contains 8 unimorph beam bending actuators. 

Each actuator has 3 electrodes, 2 top electrodes, one on the 

right and one on the left, and a bottom electrode (the ground), 

as shown in fig. 3. If the same driving voltage with the same 

sign (meaning, V1   = V2 ), is applied to both top electrodes, 

the actuator will induce vertical deflection (z) (fig. 4.A), but 

if the same driving voltage is applied, with opposite signs 

(V1  = −V2 ), the actuator will bend with horizontal deflection 

(y) (fig. 4.B). 
 
 

B. Presentation  of the 6-DOF platform based  on unimorph 

actuators 

The displacements of the platform are achieved by combin- 

ing the deflections of the 8 beam bending actuators. Moreover, 

the overactuation (8 actuators for 6 DOF) allows a high quality 

guiding of the platform, to obtain a high quality linear motion. 

So, basically the platform can move up and down, in z- 

direction (piston motion) using the vertical deflection of all 

the 8 actuators. Likewise, it can move in y-direction using the 

horizontal deflection of 4 actuators, and in x-direction using 

the horizontal deflection of the remaining 4. Moreover, the 

same principle is also valid for the 3 rotations: combining the 

right vertical and horizontal deflections, will lead the desired 

rotation angle, as shown in tab. I. The platform has 6 degrees 

of freedom, 3 translations and 3 rotations, as shown in fig. 5. 
 

 
TABLE I 

TH E AC T I VAT E D AC T UATO R S F O R A L L O F T H E P L AT F O R M ’S 

D I S P L AC E M E N T S. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

PZT   Ni     Au 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f)

 
 

Fig. 6.  The fabrication of the 6-DOF micropositioning platform using micro- 
fabrication techniques (left: side view, right: top view) (a) the deposition of a 
nickel layer on the bottom side of a PZT plate by an electroplating process, 
then (b) the PZT plate was mechanically thinned and polished, before the 
deposition of (c) the gold top electrodes on the top side, followed by (d) the 
deposition of a nickel mask, which is needed for the next step (e) the plasma 
etching and finally (f) the etching nickel mask was chemically removed.

Number of the 
activated actuators 

horizontal 
deflection (X/Y) 

vertical 
deflection (Z) 

Displacement                        4 
along X/Y axis 

4 - 

Displacement                        8 
along Z axis 

- 8 

Rotation around                   4 
X/Y axis 

- 4 

Rotation around                   4 
Z axis 

4 - 
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(a)                                               (b) 
 

Fig. 7.  A platform fabricated using (a) plasma etching process and (b) laser 
etching process, each actuator of the platform is 2 mm long, 120 µm  wide 
and 95 µm  thick. 

 
 

III.  PROCESS FLOW 

In this work, the objective is to take advantage of the 

excellent qualities that a bulk ceramic (PZT) piezoelectric ac- 

tuator can offer to the multi-DOF positioning system. Several 

challenges are to be considered, which mainly, would be to 

find a way to overcome the long and complex operations given 

by  the  standard microfabrication process  for  such  devices. 

In this paper, a direct microfabrication process is proposed. 

Several approaches have been proposed: no bonding of PZT 

plates to Si wafers. Usually in this kind of processes, bonding 

the PZT plate to a Si wafer is a standard step in the process. It 

is very critical step, since the PZT layer is very fragile and can 

be broken easily. However, it also requires a few additional 

steps,  which  makes  achieving a  fully  functioning platform 

highly time consuming and quite challenging. Furthermore, the 

proposed approaches consist also of utilizing a passive metal 

layer of Ni. The metal layer has a triple purpose. (i) to act as 

a passive layer for the unimorph beam bending actuators. (ii) 

to prevent the fragile and very thin PZT layers from breaking, 

so  it  will  be  possible to  manipulate the  layers  throughout 

the whole steps of the fabrication process. (iii) to be used 

also, as bottom electrode, hence, no need for the deposition 

of a conductive layer on the bottom side (such as, gold for 

example). These changes enabled the execution of the full 

process flow, with very few steps. Finally, in another attempt 

to push the frontiers of the this process to the limit, laser 

technology was adopted as well, for the etching step, making 

it possible for the process flow to be simple, short, with high 

success rate and high reproducibility. 
 

 
A. Process flow using the micro-fabrication techniques 

In the first attempts a process flow based only on micro- 

fabrication technology was used, from beginning to end (as 

shown in fig. 6). PZT plates with 2.5 inch in diameter and 

180 µm in thickness were utilized. First, a 15 µm thick layer 

of Ni was electrodeposited on the bottom side of the PZT 

plates, using a photoresist mask (6m AZ9260). We started 

with Ni because, otherwise, once the PZT layer is thinned 

(step b-fig. 6), it will be too fragile for future steps. Next, is 

the mechanical thinning and polishing of the PZT plates to a 

final thickness of 80 µm.  The PZT plates were temporarily 

glued to a glass disc using a crystalbond agent. The bonding 

is necessary during the mechanical thinning. The latter was 

done using a cast iron plate and it was divided into two stages: 

first stage where the majority of the material removal is done, 

9 µm  alumina (Al2 O3 ) particles were used to speed up the 

process. As for the second stage, 3 µm Al2 O3  particles were 

used in order to obtain a better finishing surface. Moreover, 

the final polishing was conducted using a polyurethane plate 

and colloidal silica, before removing the PZT plates from the 

glass disc using hot water at 55◦ . Then, a 10/200 nm thick 

layers of Ti/Au were deposited, respectively, on the top side 

of the plates (top electrodes). The deposition step was done 

using cathodic sputtering and the lift-off techniques, for better 

resolution. Ti  was chosen as  seed layer, in  order to  avoid 

the removal of the top electrodes, in the chemical etching 

later on. After, a Ni mask was electrodeposited on the top 

side for the plasma etching. The mask is also 10 µm  thick, 

since the selectivity of Ni to the PZT is around 1:15. Then, to 

prepare for the Plasma etching, the plates were glued by an 

other crystalbond agent to a Si carrier wafer, and using Deep 

Reactive Ion Etching (DRIE) technique, the Plasma etching 

was achieved. Despite the fact that, the crystalbond agent can 

withstand the harsh conditions of the plasma etching, it can 

easily be  removed afterwards, using water at  80◦ .  Finally, 

the bottom side of the plates were covered using photoresist 

(the bottom Ni layer), and the Ni mask (top Ni layer) was 

chemically removed. The final device can be seen in fig. 7.A. 
 
B. Process flow combining micro-fabrication and alternative 

techniques 

Despite the fact that the developed process above is simple 

and fully functioning (fig. 6). It still has some drawbacks, such 

as: The double-sided alignment, between the Ni mask (top Ni 

layer) and the Ni passive layer (bottom Ni layer), which can 

be very technically challenging. Moreover, During the DRIE 

process, mechanical stress is generated between the PZT active 

layer and the Ni passive layer. As a result, a slight bending 

of the layers can be observed. In addition to the fact that, it 

still there is a room for the number of steps of the process 

flow to  be  made  even  shorter.  Therefore,  a  second  direct 

process flow using laser etching technique [34], [35] instead of 

plasma etching [36], was proposed. This made the fabrication 

process even simpler, faster and more efficient. The process 

(fig. 8) starts the same as above, with the electrodeposition 

of a Ni passive layer on the bottom side of the PZT plates, 

which as already mentioned acts as a support layer during 

the fabrication process. However, in this case, no need for a 

photoresist mask, the Ni is deposited full plate, to be etched 

later on with the PZT layer, during the laser etching step. Then, 

the cathodic sputtering of the top electrodes on the top side of 

the PZT plates (10/200 nm thick layers of Ti/Au, respectively). 

Finally, the laser etching of both the PZT active layer and 

the Ni passive layer at once, which ensures a very good 

alignment between the too layers, each time (see fig. 7.B), 

without inducing any residual mechanical stress. 
 

IV.  VALIDATION OF THE PRINCIPLE 

To validate the approach discussed above, two type of sys- 

tems were fabricated, then characterized. First, simple beam

2 mm 2 mm 
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Experimental results     FEM simulation     Ballas’s model Experimental results     FEM simulation     Ballas’s model 

Displacement (µm/V )                    0.48                            0.76                        0.52 1.33                            1.29                        0.78 

Resonant frequency (Hz)                  1607                           1662                       1652 1814                           1771                       1819 

 

 

 
TABLE IV 

UN I M O R P H S I M P L E B E A M R E S U LT S. 
 

Beam 1                                                                                         Beam 2

 
 
 
 
 
 

 

(a) 

 
 
 
 

 
TABLE III 

P L AT F O R M R E S U LT S. 
 

Experimental results FEM simulation 

Displacement along                            - 
X/Y axis (µm/V ) 

0.4 

Displacement along                         0.53 
Z axis (µm/V ) 

0.3 

Rotation around                                  - 
X/Y axis (degrees/V ) 

5 × 10−3
 

Rotation around                                  - 
Z axis (degrees/V ) 

4.8 × 10−3
 

 
 
 
provoked by the fabrication of such systems. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

PZT   Ni     Au 

 

 
(b) 

 

(c) 

 

(d) 

 

 

A. simple beam actuators 

Two different simple beam bending actuators were released, 

each with a different thickness of the Ni passive layer. De- 

positing thick layers of Ni can generate some stress on the 

PZT layer, so comparing two beams with different Ni layer 

thicknesses, can shed some light on its influence, as well as 

its effect on the performances of the actuators. Both simple 

beam  bending  actuators  in  tab.  IV,  were  fabricated  using 

laser etching. Then, they were mounted in the characterization 

setup, by two small parts, which were screwed closer together 

to act as a gripper, as shown in fig. 9. The electrical contacts 

were made, using gold coated contact tips. A laser displace- 

ment sensor, Keyence (LC-2420) was utilized to measure the 

bending of the cantilever actuators. It was tuned to have a 

measurement resolution  of  10  nm,  a  precision  of  tens  of 

nanometer and a range of ±150 µm. The experimental results 

were compared to theoretical results, and they are presented 

in  tab.  IV.  Two  different types  of  theoretical results  were 

presented. The results of the analytical model, which is based 

on Ballas’s linear model [32], and the results of finite element 

method (FEM) simulations. Both beam bending actuators have
 
Fig. 8.   The fabrication of the 6-DOF micropositioning platform using micro- 
fabrication and alternative techniques (left: side view, right: top view) (a)  
the deposition of a nickel layer on the bottom side of a PZT plate by an 
electroplating process, then (b) the PZT plate was mechanically thinned and 
polished, before the deposition of (c) the gold top electrodes on the top side 
and finally (d) the device was etched using high precision laser machining. 

 
 

TABLE II 
 DI M E N S I O NS. 

 

                      Length  (mm)      width  (mm)      PZT/Ni  thicknesses  (µm)   

   Beam  1                5                        0.5                               80/5   

   Beam  2                5                        0.5                              80/10   

 
 

bending actuators, as they represent the basic units for the 

platform. Secondly, the full platform, since this approach was 

developed mainly to overcome, the challenges and difficulties, 

high  static/dynamic behaviors, thanks to  the  characteristics 

offered by the thin bulk technologies, which also means that 

the  mechanical stress created by  the Ni  layer has  little to 

none  influence on  the  performances  of  the  actuators.  The 

theoretical results (displacements) were slightly smaller than 

the experimental ones, because the linear theoretical model 

(Ballas’s linear model), do not take into account the hysteresis 

phenomenon fig. 10. For small voltages, both results are very 

close (the model and the experimental results), then when the 

voltage goes higher, the experimental displacement starts to 

deviate. 
 

 
B. Platform 

To characterize the platform, the laser etched devices were 

utilized, as they were slightly better (they had zero damage),
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and also because they can be somewhat easier to reproduce. 

For the sake of convenience, the characterization was limited 

to the vertical displacement of the platform (the displacement 

in the Z-axis direction, as shown in fig. 5.B). The full 

characterization of the platform can be very helpful, to deter- 

mine the performances of the platform as micromanipulation 

or microassembly device. However, the characterization of the  

platform is an ongoing work (measuring all of these degrees 

of freedom is no way near a simple task), which goes behind 

the scope of this paper, since the only concern of the section 

is to validate the developed direct process flow. 

In  order to  characterize the vertical displacement of  the 

platform, the bottom face of the latter (the bottom electrode) 

was glued on top of a small gold coated PCB chip (28 × 28 

 

 

 

 

 

 

 

 

 

 

 

   mm2 ), using a conducting glue (silver based glue), then cured 

for 48 hours at room temperature. Next, the top electrodes 

of the platform were connected using wire bonding. Finally 

using laser sensor the vertical displacement of the platform 

was measured (fig. 11). The results were compared to the FEM 

simulations and presented in tab. III. Both experimental result 

shown by the platform and the simple beam bending actuators 

tend to validate the approach of the paper. 

 

 
 

 
 

 

Fig.  11.    The  vertical  deflection of  the  Micropositioning platform  in  Z- 
direction in response to a step voltage input of 5 V. 
 

 
 

V.  CONCLUSION 
 

The objective of the paper was the development of a direct 

process flow, for the fabrication of a micromanipulation and/or 

microassembly, miniaturized platform, for PZT thick film 

technology. 

The  new  process  flow  is  very  simple,  which  makes  it 

less time consuming, less complicated and highly efficient.
 

 
 Furthermore, the laser etching, enables the process to become 

even simpler, and to have even less technical challenges. The 

characterization of the 5 mm long beam bending actuators (80 

µm PZT layer and 10 µm Ni layer), shows that the generated 

displacement is 1.33 µm/V , which is, as expected, slightly 

higher than the results given by Ballass linear model. It also 

shows that the first resonant frequency is of a value of 1814 

H z. Moreover, the approach used here, enables the realization
 
Fig.  9.    Experimental  setup  for  unimorph  simple  beam  actuators:  laser 
machined beam actuators were fixed using a gripper like device, furthermore 
two gold coated contact tips were used for the electrical contact (one for 
each side) and finally a laser displacement sensor was utilized to measure the 
displacements of the cantilevers. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 10.   The variation of the displacement by the voltage of beam 2, the 
hysteresis was obtained at a frequency of 0.1 Hz. 

of very complex MEMS architectures in very fast, accurate and 

reliable way. The conducted experimental work also validates 

the high performances that can be obtained (large motions, 

high dynamics) for very small devices, which allows, high 

integration potential and high accuracy for robotic application. 

The next step is the full characterization of the platform. The 

results we did get from the simple beam bending actuators are 

20 µm)  would allow the full exploitation of the advantages 

given by the thick film technology, which can be feasible, 

using the direct process flow. 
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