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Abstract: This study presents the effect of temperature on the mechanical and tribological properties
of SU-8 polymer. The temperature of investigated samples increasing during testing and the variation
of mechanical and tribological properties were monitored. The samples for tests were SU-8 hard
baked at different temperatures. The hard bake temperature changes the mechanical and tribological
properties of polymers. The aim of this research work is the reliability design improvement of
SU-8 microstructures from electro-thermally actuated devices where a thermal gradient produces
the softening and modification of SU-8 behavior. As a function of the hard baked temperature,
different mechanical and tribological properties were experimentally determined using the atomic
force microscopy (AFM) technique. The mechanical properties of interest are the modulus of elasticity
and hardness. The investigated tribological properties involve the adhesion and friction forces. The
modulus of elasticity and hardness decrease if the operating temperature increases based on the
thermal relaxation of material and their viscoelastic behavior. The adhesion force between AFM tip
and investigated samples increases if the operating temperature increases, respectively. The same
evolution was experimentally observed in the case of friction force. Moreover, for the same testing
temperature, the modulus of elasticity and hardness increase, and the adhesion and friction forces
decrease if the SU-8 is hard baked at high temperature.
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1. Introduction

The SU-8 is an epoxy-based negative photoresist material that was first developed
and patented by IBM in 1989 [1,2]. This material has adequate mechanical properties that
make it capable of flexible structures manufacturing or as a support for other components.
The SU-8 is directly used as a polymeric material to produce mechanical components in
the area of Microelectromechanical Systems (MEMS) [3,4]. This polymer exhibits good
biocompatibility and has been successfully implemented in Bio-MEMS [5,6].

Additionally, this material is insoluble in water and after polymerization has good
chemical durability [3]. The SU-8 allows obtaining surfaces with good roughness, which
is a basic need for reliability design of MEMS structures with adequate mechanical and
tribological characteristics [3].

First, the SU-8 was developed as a thick-film resist for electroplating in the LIGA
process, but it soon became a popular material in other areas of microfabrication including
microfluidic, biological, and optical MEMS applications [7].

The fabrication of flexible MEMS structures from SU-8 material shows some advan-
tages over the silicon MEMS technology [8]. For example, the voltage required to operate
an electrostatic actuator fabricated from SU-8 can be reduced due to its lower modulus of
elasticity that provides smaller mechanical stiffness of structure [9]. In some applications,
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the MEMS structures are multilayer fabricated using the SU-8 polymer as the structural
layer close to the other metal layer as gold or aluminum [9]. The reliable operation of such
MEMS structures strongly depends on the tribological and mechanical properties of SU-8
layer and its behavior under different operating conditions including temperature, humid-
ity, and the medium pressure. The operating temperature has influence on the mechanical
behaviors of materials as it was already demonstrated based on the other experimental
tests including tensile analysis [10].

The tribological and mechanical properties of SU-8 are very sensitive to the processing
conditions including the hard bake temperature [2]. Unfortunately, processing uniformity
and reproducibility are critical for large-scale industrial manufacturing [3]. In this con-
text, the characterization of the material itself became a vital need to obtain the reliable
components reproducibly.

The data of mechanical and tribological properties of SU-8 published in the literature
vary substantially as a function of the processing conditions, testing method and the
operating parameters [10-12]. Different experimental methods have been used to determine
the modulus of elasticity of this material. The experimental results of modulus of elasticity
obtained by nanoindentation vary between 3.5 GPa and 7.5 GPa as a function of the
processing conditions and the testing method [13]. For the SU-8 thin films, nanoindentation
testing method is successfully used to characterize the mechanical properties where the
modulus of elasticity and hardness can be determined based on the load-indentation
depth experimental curve [13,14]. These mechanical parameters depend on the hard bake
temperature and are strongly influenced by the operating conditions. Advantages of SU-8
for MEMS application are also highlighted by the fact that it can be used at high temperature
environment [10]. Therefore, this material characterization at elevated temperature is
essential for the reliability design of MEMS structures [10].

In the analysis of the mechanical properties of SU-8 by using the nanoindentation
method, additional difficulties are caused by viscoelastic behavior, especially if the com-
ponents are operating at high temperature [12]. Polymers show different behaviors when
indentation is made in various contact conditions. For this reason, viscoelastic behavior
of this material depends on the contact geometry and the indentation depth, loads and
environmental conditions [12].

The experimental values of hardness and modulus of elasticity of samples were analyzed
in this research work based on the load-displacement curve using the Oliver and Pharr method.
Since 1992, this method proposed by Oliver and Pharr has been established as the standard
procedure for determining the hardness and elastic modulus from the indentation load-
displacement data during one cycle of loading/unloading of bulk materials [15]. However,
the Oliver and Pharr method is frequently used by researchers to interpret the indentations
performed on thin films to obtain the film properties regardless of the substrate effect on
the measurements [13,15]. Although it was originally intended for application with sharp,
geometrically self-similar indenters like a Berkovich triangular pyramid.

The objectives of this paper are focused on the influence of temperature on the me-
chanical and tribological advantages of SU-8 and to highlight the experimental results to
obtain quantitative analyses, the elastic/plastic response and the nanotribological behavior.
The slight fluctuation of the results for common SU-8 materials is most likely due to the
methods used to measure their properties. The experimental characterization of mechanical
and tribological properties of SU-8 processed at different hard bake temperature were
performed using the atomic force microscopy (AFM) technique. The relationship between
the material properties and processing conditions can be used to optimize its application
for the reliability design of MEMS. The tribological behavior is discussed in terms of the
adhesion and friction forces. In order to investigate the temperature effect on mechanical
and tribological properties of this material, the experimental tests were performed under
different testing temperature.

The atomic force microscopy is a powerful characterization tool for the polymer
science [16-19]. In the AFM technique, a sharp tip attached to a cantilever is moved across
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the sample surface to measure the surface morphology on the atomic scale and the friction
during scanning. The force between the tip and sample is monitored by the deflection of
AFM cantilever. The AFM cantilever also can be vertically monitored for the spectroscopy-
in-point analysis and nanoindentation. Spectroscopy-in-point is used for adhesion and
stiffness measurements of flexible microcomponents under a controlled force [9,20,21]. In
the non-contact mode of AFM, a tip attached to the cantilever is hovering very close to the
surface, making it possible to measure the polymeric samples without surface alteration.
This technique has been successfully applied for the characterization of multilayer MEMS
cantilever fabricated in SU-8 structure [9] and recently for the investigation of a new
Poly(3-hydroxybutyrate) material [19].

The scope of experimental analysis is the reliability design improvement of MEMS
with integrated SU-8 polymer as the main structural layer. Recent research works developed
by authors involved polymeric microgrippers design, their fabrication, and characteriza-
tion [22,23]. Two-type V-shaped electro-thermally microgrippers were designed using the
principle of electrically driven thermal actuation and the V-shaped configurations [22]. The
other polymeric microgripper based on SU-8 with a double in-plane action of the arms and
a large displacement also had been developed [21]. This microgripper is electro-thermally
actuated using three pairs of chevron actuators. The temperature generated in the gripper
structure has influence on the SU-8 material behavior with effect on the stiffness and the
clamping force of the gripper jaws.

The aim of the mechanical tests was to determine the temperature influence on modu-
lus of elasticity and hardness. The other experimental tests were performed to analyze the
temperature effect on the adhesion and friction forces.

2. Materials and Methods
2.1. Materials

The processing procedure includes spin coating, soft-baking, UV exposure, post-
exposure baking and hard-baking. Standard silicon wafers of n-type have been cleaned and
used as the substrate for the experimental samples. The SU-8 2015 polymers (Micro-Chem,
Newton, Massachusetts) were spined and samples with a thickness of 10pm had been
obtained. After, these samples were selected as the testing materials. The SU-8 polymer
is an epoxy biocompatible negative photoresist, and it was used in the last period for
micro- and nano-fabrication of MEMS devices such as microgrippers for handling and
manipulation cells and bio-particles [22-24] or lab-on-a-chip systems [8,25].

In order to investigate the processing conditions effects on the material properties, the
SU-8 were hard baked at different temperatures to complete the crosslinking of the polymer.
Four samples of SU-8 were selected for experimental characterizations with the hard bake
temperature of 125 °C, 165 °C, 195 °C and 215 °C. These samples were experimentally
investigated to determine their mechanical and tribological behavior variation under
different operating temperatures.

Approximatively, Glass Transition Temperature (Tg) of SU-8 is 210 °C. For this reason,
four temperatures of investigated samples were selected in order to study the behavior of
the polymer before Tg and near/after Tg, keeping in mind the possible applications of this
material and the effect of the hard bake temperature step.

2.2. Methods

The experimental tests presented in this paper were performed using the AFM XE-70
(manufactured by the Park System Co., Suwon, South Korea) and a thermal controlled
stage. The tests were repeated at least 4 times for each analysis and the average results are
further presented and discussed.

The testing procedure involves: (i) the analysis of the surface roughness as a function
of the processing temperature; (ii) nanoindentation tests for modulus of elasticity and
hardness measurements as a function of the processing and operating temperatures; (iii)
determination of the adhesion force between the AFM tip and investigated samples for
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different temperatures; (iv) analysis of the temperature effect on the friction force between
the AFM tip and the investigated samples.

The AFM probe used in the surface characterizations is the PPP-NCHR probe with
a thickness of 4 um, a width of 30 um, a length of 125 um, a force constant of 42 N/m
and a 330 kHz the resonant frequency. This AFM probe has high operation stability and a
fast-scanning ability. The scan rate during measurement was selected of 0.75 Hz, the set-
point of 2 nm and 20 nm the amplitude of oscillations. The scanning area was 1 pm x 1 um
(51 pixels x 51 pixels).

The AFM probe chosen for the nanoindentation tests was TD 21464 with a Berkovich—
shaped tip and a force constant of 156 N/m. Each sample was indented 4 times (in a
2 x 2 matrix) with a force of 50 uN and the average results were considered and presented
in this paper. The tests were performed at different operating temperatures: 20 °C, 40 °C,
60 °C, 80 °C and 100 °C.

The AFM probe used in the adhesion analysis was a PPP-NCHR probe with a force
constant of 42 N/m and the tip radius of 7 nm (the same probe used in the surfaces
characterization). The adhesion tests were repeated 4 times (in a 2 x 2 matrix) for each
sample and the average values were considered.

In order to avoid the scratch of investigated polymers during friction analysis, an
AFM probe type PPP-LEMR optimized for high sensitivity to lateral force was used. The
characteristics of AFM probe are: the force constant of 0.2 N/m, length 225 um, width
48 pm, thickness 1 um, the tip height 15 um.

3. Results
3.1. Surfaces Topography

The surface parameters have an important influence on the adhesion and friction
effects from MEMS devices with movable components.

In order to determine the effect of hard bake temperature on the surface parameters
of investigated polymers, the surfaces scanning was carried out by using the non-contact
mode of AFM (NC-AFM). The NC-AFM mode measures the surfaces topography based on an
attractive atomic force in the relatively larger distance between the AFM tip and the samples.
This method is selected to avoid the scratch and deterioration of the polymeric samples.

The hard bake temperature of SU-8 changes the roughness parameters of surfaces.
Figure 1 presents the roughness parameters of investigated samples hard baked at 125 °C
(Figure 1a) and at 215 °C (Figure 1b). The roughness parameters of surfaces are changed if
the hard bake temperature is modified.

The arithmetical mean roughness value (Ra) is one of the most effective surface
roughness commonly adopted in the general engineering practice. On the scanning size of
lum X 1pm (51 pixels x 51 pixels), the measured Ra roughness is 0.303 nm for SU-8 hard
baked at 125 °C, it decreases to 0.296 nm for 165 °C the hard bake temperature, 0.268 nm in
the case of 195 °C the hard bake temperature and 0.216 nm for the polymer hard baked at
215 °C. At nanoscale, some researchers suggest the root mean square roughness (Rq) as a
useful parameter for the analysis of the polymer surfaces [26].

The SU-8 is a thermal resin and as such its properties continue to change when exposed
to higher temperatures. We consider that the roughness decreases based on the thermo-
chemical transformation of the polymer and the cross-link realizations during the hard
bake process. It is well known that the hard bake step is useful for annealing any surface
cracks that may be evident after development.

3.2. Temperature Effect on Modulus of Elasticity and Hardness

The mechanical properties such as modulus of elasticity and hardness of SU-8 are
influenced by the hard bake temperature and the operating conditions. These mechanical
properties were investigated based on the nanoindentation module of AFM.

The temperature influence on hardness and modulus of elasticity of investigated sam-
ples was experimentally monitored. As the testing temperature increases, the mechanical
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properties are changed. This modification is based on materials thermal relaxation and
their viscoelastic behavior [12].

Statistics
Region Min(nm) Max(nm) Mid(nm) Mean(nm) Rpv(nm) Rq(nm) Ra(nm) Rz(nm) Rsk Rku
¥ Red -1.234 1.883 0.325 0.000 3117 0.383 0.303 2.584 -0.032 3.357

Statistics
Region Min(nm) Max(nm) Mid(nm) Mean(nm) Rpv(nm) Rq(nm) Ra(nm) Rz(nm) Rsk Rku
¥ Red -0.896 0.830 -0.033 0.000 1.726 0.271 0.216 1.582 0.176 2.895

(b)

Figure 1. Topography (3D image) and the roughness parameters of: (a) SU-8 hard baked at 125 °C;
(b) SU-8 hard baked at 215 °C.

Figure 2 presents the temperature effect on hardness and modulus of elasticity of
SU-8 hard baked at 125 °C. Under the same indentation force, the contact depth increases
from 91.69 nm (Figure 2a) to 121.17 nm (Figure 2b) if the testing temperature is increased
from 20 °C to 100°C. This effect has influence on the hardness and modulus of elasticity as
shown in Figure 2. In the case of SU-8 hard baked at 125 °C, the hardness decreases from
194.03 MPa to 107.66 MPa and the modulus of elasticity from 3.85 GPa to 2.09 GPa if the
testing temperature increases from 20 °C to 100 °C. The same influence was observed for
all investigated samples.

In order, to visualize the indentation depths, the samples surfaces were scanned using
the non-contact operating mode of AFM. Figure 3 presents the indentation depth of SU-8
hard baked at 125 °C and tested at 20 °C (Figure 3a) and 100 °C (Figure 3b). The indentation
depths correspond with those provided by the load-displacement experimental curves
(Figure 2). Under the same indentation force, the indentation depth increases if the testing
temperature increasing, respectively. The substrate influence on the modulus of elasticity
and hardness is neglected because the indentation depth is much smaller compared with
the samples thickness (10 pm). Generally, in the nanoindentation analysis, it is accepted
that, if the indentation depth is smaller than 10% of the film thickness, the influence of the
substrate can be neglected [27,28].
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Figure 2. Nanoindentation of SU-8 hard baked at 125 °C, tested at 20 °C (a) and 100 °C (b).
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Figure 3. Nanoindentation depths of SU-8 hard baked at 125 °C, tested at 20 °C (a) and 100 °C (b).

nm
80

40

-40
-80
120

o

pm

(b)

The hard bake conditions such as temperature severely affect the material properties

of SU-8 polymers.

First, the nanoindentation tests were carried out for all investigated SU-8 samples at
20 °C under an indentation force of 50 uN. Figure 4 presents the influence of the hard bake
temperature on the modulus of elasticity. The hard bake temperature effect on hardness is
presented in Figure 5. The modulus of elasticity and the hardness increase if the hard bake
temperature increasing, respectively. Secondly, for each sample the testing temperature
is step-by-step increased from 20 °C to 100 °C. Figure 6 presents the effect of testing
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temperature on the modulus of elasticity of investigated samples. The hardness variation

as a function of the testing temperature is presented in Figure 7.
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Figure 4. Modulus of elasticity of SU-8 hard baked at 125 °C, 165 °C, 195 °C, 215 °C tested at 20 °C.
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Figure 5. Hardness of SU-8 hard baked at 125 °C, 165 °C, 195 °C, 215 °C tested at 20 °C.
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Figure 6. Testing temperature influence on modulus of elasticity of SU-8 hard baked at different

temperatures (error amount percentage less to 5%).
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Figure 7. Testing temperature influence on hardness of SU-8 hard baked at different temperatures
(error amount percentage less to 5%).

The modulus of elasticity and the hardness decrease for all investigated polymers
if the testing temperature increases, respectively. The modulus of elasticity decreases by
approximately 47-53% if the operating temperature is increased from 20 °C to 100 °C.
The same evolution also is experimentally determined for hardness. The hardness of
investigated SU-8 polymers significantly decreases (approximately 46-70%) if the operating
temperature increases from 20 °C to 100 °C.

3.3. Temperature Effect on Adhesion

One of the operational failure modes (stiction) of MEMS devices with a direct contact
between elements is based on the surface adhesion effect. The influence of surfaces rough-
ness, operating temperature, and material properties on the contributions of the adhesion
effect must be considered for the tribological reliability issue improvement. The results of
experimental tests developed in this paper can be used for the reliability improvement of
microdevices with integrated SU-8 as a contact layer in order to prevent adhesion failure
mode in terms of roughness, applied contact force and the contact pressure. In the case
of grippers application for manipulation, the adhesion effect between SU-8 layers and
samples can be influenced by the needed temperature for electro-thermally actuation. The
effect of temperature on adhesion effect of SU-8 based on AFM tests is investigated and
presented in this section. The tests involve the adhesion force analysis between SU-8
samples and the AFM tip (5i). The operating temperature influence on the adhesion force is
experimentally analyzed based on the AFM spectroscopy-in-point. This technique is often
used to determine the adhesion between investigated materials and the AFM tip [20,21].

The characteristics of surfaces which are coming in contact, including the roughness
parameters, affect the adhesion force [20].

The spectroscopy-in-point force of AFM curves give information about the direct
measurement of tip and samples interaction forces as a function of the distance between
them. During the approach, no interactions occur between the tip and the sample surface.
As the tip-surface distance becomes sufficiently small, the gradient of the attractive force
overcomes the cantilever spring constant and brings the tip into contact with the sample
surface (the red line from Figure 8). Further approaching causes a deflection of the cantilever.
On the unloading part of the force-displacement curve (the blue line from Figure 8) the
deflection of the cantilever decreases as the tip retracts from the sample surface. When the
elastic force of the cantilever overcomes the force gradient the tip snaps off from the surface
and the cantilever returns to its equilibrium position [29].
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Figure 8. AFM spectroscopy-in-point of SU-8 hard baked at 125 °C, tested at 20 °C (a) and 100 °C (b).

The adhesion force (pull-off force) between the AFM tip and investigated samples as
well as the snap-in force and adhesion energy are directly provided by the XEl interpretation
software. Figure 8 presents the spectroscopy-in-point curves of the SU-8 sample hard baked
at 125 °C and tested at 20 °C and 100 °C. The adhesion force between AFM tip and sample
is 877.867 nN (Figure 8a) for a testing temperature of 20 °C and it increases to 953.613 nN
if the test is performed at 100 °C (Figure 8b). Under the same applied force, the contact
area between AFM tip and samples increases if the operating temperature is increased,
based on viscoelastic material behavior. Therefore, the adhesion force between AFM tip
and investigated SU-8 polymers increases. The same experiments were done for each
investigated sample for a testing temperature of: 20 °C, 40 °C, 60 °C, 80 °C,100 °C.

Figure 9 presents the effect of the testing temperature on the adhesion force between
the AFM tip (Si) and the investigated SU-8 polymers hard baked at different temperatures.
For all investigated SU-8 polymers, the adhesion force between AFM tip and samples
increases as the testing temperature increases, respectively. A thermal gradient of 80 °C
applied on investigated materials increase the adhesion force with 8.6% in the case of AFM
tip in contact with SU-8 polymer hard baked at 125 °C, 25.5% and 29.7% for the polymers
hard baked at 165 °C and 195 °C, and 40.8% for the polymer with 215 °C the hard bake
temperature.

@ SU8(125°C) © SU8(165°C) A SU8(195°C) O SU8(215°C)
1000

900 ¢ ¢ % i
800 z % &
700 &

600

Adhesion force [nN]

500 T T T T 1
20 40 60 80 100

Temperature [°C]

Figure 9. Experimental variation of adhesion force between AFM tip (Si) and SU-8 as a function of
the testing temperature (error amount percentage less to 5%).

3.4. Temperature Effect on Friction

In order to fabricate reliable and long-term stability MEMS structures with SU-8 as an
integrated layer, attention must be focused on the frictional behavior. Due to the viscoelastic
nature of polymer, the frictional behavior of this material is more complicated than the
friction of metal.

The friction behavior of SU-8 hard baked at different temperatures was investigated us-
ing the lateral mode of AFM. The rotational deflection of AFM probe is optically monitored
while the AFM tip (Si) is moved in lateral direction on samples under a controlled normal
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load. The experimental investigations were performed at different testing temperatures for
all investigated samples.

The AFM probe is moved in a lateral direction with a direct contact between the tip
and investigated polymers. During lateral movement, the dz rotational deflection of AFM
cantilever is experimentally monitored. The rotational deflections of the AFM cantilever
are directly proportional with the friction force between the AFM tip and samples. During
testing, the temperature was sequentially increased from 20 °C to 100 °C. Figure 10 presents
the variation of the torsional deflection (dz) of AFM probe in the case of SU-8 hard baked
at 125 °C and tested at 20 °C and 100 °C. Initially, the AFM probe was moved in the lateral
direction close to the sample but without any contact with it under different temperature,
and the rotational deflection of AFM probe was monitored. No influence was detected of
the thermal field on the rotational deflection of AFM probe.

Z_WMWMWMMMMMN

Sliding direction of AFM probe N

KNI R ot PN n P g o g sy,

Rotational deflection of AFM probe dz [nm]

Pl e i

_3 a
Figure 10. Rotational deflection (dz) of AFM probe during sliding on SU-8 hard baked at 125 °C,
tested at 20 °C and 100 °C.

Based on the torsion beam theory, the friction force between AFM probe and investi-
gated polymers can be determined as [29]:

_dzxrxth3><b

F
f Pxs

)

where dz is the deflection of AFM probe [nm], r—a coefficient equal to 0.33, G—the
shear modulus of the AFM cantilever material, I —the cantilever length, h—the cantilever
thickness, b—the cantilever width, s—tip height of the AFM probe.

The variations of the friction forces for all investigated polymers are presented in Fig-
ure 11. It is known that the contact area has influence on the friction force for polymers [27,28].
Initially, when the testing temperature was smaller, there was a greater contact area between
the AFM tip and SU-8 polymers. Under the same applied normal force (300 nN), the contact
area increases as the temperature increases, with effects on the friction force.
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Figure 11. Friction force variation between AFM tip and SU-8 polymers as a function of the testing
temperature (error amount percentage less to 5%).

4. Discussion

Due to its low modulus of elasticity and high aspect ratio, the SU-8 has emerged as a
structural material in MEMS devices. However, for thermal or electro-thermal applications,
it is critical to consider the mechanical and tribological properties variation as a function of
temperature. The research work presented in this paper was performed based on the AFM
technique for investigation of the mechanical and tribological properties evolution of SU-8
polymer for different processing and operating temperature.

First, the experimental tests were performed at a temperature of 20 °C on SU-8 samples
hard baked at 125 °C, 165 °C, 195 °C and 215 °C. The technical SU-8 datasheets recom-
mended a controlled hard bake to further cross-link the SU-8 structures when they will
remain as part of the device. The entire process of fabrication should be optimized for
the specific application anyway. This step is usually required if the final device or part is
subjected to thermal processing during operation. A hard bake or final cure step is added
to ensure that SU-8 properties will not change in its use. The SU-8 is a thermal resin and
as such its properties can continue to change when exposed to a higher temperature than
previously encountered. The technical datasheet provided by MicroChem recommend
using a final bake temperature 10 °C higher than the maximum expected device operating
temperature. Depending on the degree of cure required, a bake temperature in the range of
150 °C to 250 °C and for a time between 5 and 30 min is typically used.

As the processing temperature increases from 125 °C to 215 °C, the modulus of
elasticity increases by 35% and the hardness by approximately 70%. For the same applied
force, the adhesion force between AFM tip (5i) and the investigated samples decreases
approximately 32% if the hard bake temperature increases from 125 °C to 215 °C. As the
hard bake temperature is increasing, the hardness increases and the contact area between
the AFM tip and investigated samples decreases under the same applied force, which leads
to reducing the adhesion forces. The same effect was observed in the case of the friction
force between AFM tip (5i) and investigated samples. For a constant normal force, the
friction force significantly decreases (approximately 85%) if the hard bake temperature is
increased, the high friction force corresponds to the SU-8 hard baked at 125 °C and the
smaller one to the SU-8 hard baked at 215 °C. As the hard bake temperature increases, the
hardness of investigated polymers increases, and the AFM tip slips much more easily on
the contact surfaces. However, the mechanical and tribological properties of SU-8 are very
sensitive to the processing temperature. After being baked at high temperature, due to
the increase in the cross-link density, the material becomes harder with the effect on the
investigated mechanical and tribological properties.

Secondly, the testing temperature is step-by-step increasing from 20 °C to 100 °C using
a thermal controlled stage and the influence of operating temperature on mechanical and
tribological properties of SU-8 was analyzed. The mechanical properties as modulus of
elasticity and hardness decrease if the testing temperature increases. The modulus of elasticity
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decreases with 47-53% and the hardness with 46-70%; if the testing temperature increases
from 20 °C to 100 °C, the smaller value is determined for the SU-8 hard baked at 125 °C.

Moreover, the investigated tribological properties as adhesion and friction forces
increase if the operating temperature increases, respectively. A thermal gradient of 80 °C
applied to investigated materials increase the adhesion force with 8.6% for the AFM tip
in contact with SU-8 hard baked at 125 °C, with 25.5% and 29.7% for the SU-8 hard baked
at 165 °C and 195 °C, and with 40.8% for the SU-8 with the hard bake temperature of
210 °C. The friction forces are modified with 60-86% if the testing temperature increases.
The smaller value is determined for the SU-8 hard baked at 125 °C. As the operating
temperature increases, the hardness decreases and the area between contact elements
increases. This aspect leads to an increase in the adhesion and friction forces between AFM
tip and investigated samples.

From the results interpretation, it can be concluded that the SU-8 has viscoelastic
behavior dependance on temperature. As a material for many MEMS applications under
electro-thermal actuation, the variation of the mechanical and tribological properties as a
function of temperature must be considered for the reliability design improvement.

5. Conclusions

The effect of processing and operating temperatures on the mechanical and tribological
properties of SU-8 polymer were investigated to characterize their behavior in a broad
range of temperature.

The hard bake temperature has influence on the mechanical and tribological proper-
ties of SU-8 polymer. The effect of hard bake temperature on modulus of elasticity and
hardness was observed as well as the hard bake temperature influence on the adhesion and
friction forces.

Moreover, the effect of operating temperature on the elastic and viscoelastic material
properties of SU-8 hard baked at different temperatures, with influence on the material me-
chanical and tribological behavior, was analyzed. The operating temperature has influence
on the thermal relaxation of investigated materials and on their viscoelastic behavior. The
modulus of elasticity and hardness are decreasing, and the adhesion and friction forces are
increasing, if the operating temperature increases, respectively.

The results presented in this paper, concerning the evolution of the mechanical and
tribological behavior of SU-8 as a function of temperature, are useful for MEMS designers
in order to maintain the rigidity of the structure and the output parameters of systems at
different operating temperatures.
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