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Fabrication of the microcantilevers using the traditional methods is time-consuming and costly. With the advancement of additive 
manufacturing methods, the fabrication of functional microcantilevers is possible. This work presents the fabrication of elastomeric 
microcantilevers using the SLA 3D printing technology. Different microcantilevers are fabricated. The mechanical characteristics 
of the fabricated cantilevers are identified by performing micromechanical tests. Results show that the cantilevers’ measured 
stiffnesses are comparable with those reported in the literature. The method explained in this work reveals the possibility of 
employing SLA 3D printing and soft elastomeric printing materials to fabricate microcantilevers.
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Microcantilevers are simple structures with numerous physical,
biological, and chemical sensing applications. They have been
employed for the determination of the fluid viscosity and density,1

detection of biomolecular interaction,2 and the level of ammonia in
the ambient atmosphere.3 The silicon-based microcantilevers are the
most common type of these microdevices. However, the biological
and physical applications of other polymeric and polymer-composite
microcantilevers have been reported in the literature.4,5

Microcantilevers might be in rectangular, triangular, or double-
legged shapes6 with long or short lengths in a single7 or array8 form.
The size and stiffness of the cantilevers are the parameters that affect
the deflection of the microcantilevers. Commonly, microcantilevers
can operate in two modes: static and dynamic. In the dynamic
operation, the cantilever’s resonance frequency is the desired
parameter to be measured. However, the magnitude of the structural
deflection in the static operation shows information about the
process.9 The dynamic behavior of the microcantilever can be
occurred by the loading caused by the mass adsorption or desorption
from the medium, elasticity changes during the operation, or viscous
damping of the fluid medium.9 Asymmetric-induced surface stresses
or external forces are the causes for inducing static deformation in
microcantilevers.6 Microcantilevers with low stiffness and long
length can undertake large deflections, suitable for performing the
static mode detections. In contrast, the cantilevers with high stiffness
and short length are used for dynamic detection.10

The polymeric cantilevers have lower Young’s modulus than
those made of silicon and are more sensitive to static deflection
measurement.11 The movement of the operational cantilevers can be
detected by employing common detection techniques, including
piezoresistive, capacitive, and optical methods.12 These techniques
are capable of measuring the small movements of the cantilevers.
Among these methods, the non-contact optical detection method is
accurate enough to measure the movements in a range of nanometers
to micrometers.6

Micromachining and lithography are two common technologies
employed in fabricating microcantilevers.10,13 Polydimethylsiloxane
(PDMS) and SU-8 are common polymers used for fabricating
cantilevers through the soft-lithography process. The advancements
in additive manufacturing (AM) technologies showed that 3D
printing has considerable potential in the fabrication of microfluidic
devices without the need for soft lithography.14,15 In the conven-
tional 3D printing process, the three-dimensional prototypes of
functional objects are fabricated from computer-generated three-

dimensional (3D) geometry models in a layer-by-layer fashion. In
the layer-by-layer method, the desired object is created by succes-
sively stacking up multilayers of material. Among the existing AM
technologies, stereolithography (SLA) has been widely used to
fabricate complex microfluidic devices.16 Comparing the SLA with
conventional soft lithography for fabrication of the microfluidic
devices reveals that this method is more convenient, quicker, and
cost-effective than soft lithography.17,18 Also, SLA enables the
production of 3D structures that are not conceivable with PDMS
molding.17

Recently, SLA, inkjet 3D printing, and digital light processing
(DLP) technologies were used for the fabrication of the polymeric
microcantilevers,19–21. Credi et al.19 employed SLA technology to
build bimaterial cantilevers with the dimensions of 9 mm × 0.6 mm
× 0.2 mm (length × width × thickness) to investigate the applica-
tion of ferromagnetic photopolymer in the manufacturing of func-
tional microstructures. The polymeric cantilevers can be employed
in chemical, bio, and flow sensing applications,,20,22–2420,22–24 Stassi
et al.20 used the DLP technology for building an array of polymeric
microcantilevers for biosensing applications with the size of 3 mm ×
0.7 mm × 0.2 mm (length × width × thickness) and elasticity
modulus of 0.9 GPa. To study the usage of 3D printed microcanti-
levers as part of sensors or actuators, Kawa et al.21 presented the
mechanical characterization of the plastic microcantilevers using an
inkjet 3D printer. Cantilevers were fabricated in different dimen-
sions (2 mm ∼ 8 mm length, 2 mm width, and 0.2 mm ~ 0.6 mm
thickness). Kawa reported the elasticity modulus of 0.28 GPa to
1.17 GPa for the fabricated microcantilevers.

The stiffness of a microcantilever affects its sensitivity25 and may
be used to compare the performance of sensors of various
dimensions.26 This parameter can vary either by increasing the
aspect ratio (length/thickness) of the microcantilever or utilizing a
soft structural material provided that the self-standing property of the
structure is not compromised. In 3D printing of a self-standing
microcantilever from a soft polymeric material, the structural aspect
ratio can be reduced to improve the structure’s stability while
maintaining the microcantilever’s sensitivity. Reducing the dimen-
sions of the cantilever might decrease the size of the final
mechanism and reduce the volume of the test samples in real
applications. Therefore, in the present work, fabrication, and
mechanical characterization of the soft plastic microcantilevers
with different geometrical aspect ratios for being employed in
sensing applications are presented.

Materials and Methods

Fabrication.—Four types of microcantilevers with different
dimensions were designed using the “Solidworks” software.zE-mail: mohsen.habibi@concordia.ca
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Table I presents the dimensions of the designed cantilevers and their
corresponding aspect ratios (Length/Thickness).

The CAD files were transferred in stereolithography (STL)
format to the SLA 3D printer Form 2 (Formlabs Co. USA) with a
resolution of 150 μm in XY directions (laser spot diameter of
150 μm) and the minimum layer thickness of 25 μm. The Flexible
resin (Formlabs, USA) was used as a building material. This resin is
in grey color, and the minimum layer thickness for printing by using
Form 2 is 50 μm. The characteristics of the resin are presented in
Table II.

Several microcantilevers have been built to find the optimized
dimensions in which the self-standing property of the structure is
maintained. Different printing orientations for the fabrication of the
microstructures were examined. Choosing the printing orientations
other than the vertical orientation requires considering the removable
structural supports for the fabrication process. Although these
supports will be removed upon completing the 3D printing, some
spots will remain on the cantilever, which changes the beam’s
geometry. As a result, to avoid any extra structural supports, the
microcantilevers were fabricated in a vertical orientation perpendi-
cular to the surface of the building platform. The layer thickness of
the 3D printer was set to 100 μm, and for each design category
presented in Table I, four microcantilevers were 3D printed. The 3D
printing of all cantilevers took 2.5 h. Upon finishing the printing, the
cantilevers were detached from the platform and washed with
isopropanol (IPA) to remove uncured resins and dried with air.
Then, to complete the solidification process, the microcantilevers
were exposed to UV light in a Stratalinker UV Crosslinker 2400
(wavelength = 254 nm, Stratagene, USA) for five minutes. Then, the
cantilevers were washed in IPA to remove any remaining sticky
materials from the surface of the cantilever. Figure 1 illustrates the
microcantilever CAD design and 3D printed cantilevers on the
building platform before and after postprocessing. The final micro-
cantilevers were used to perform the mechanical characterization.
The base supports indicated in Fig. 1 a were considered for
facilitating the handling of the microcantilevers during the experi-
ments.

Measurements.—After the preparation process, the Confocal
Laser Scanning Microscope (Olympus Inc.) was used to measure the
dimensions and surface roughness of the microcantilevers. The
roughness was measured by scanning the area of 1 mm by 0.2 mm
over the top surface of the beams. The cutoff value of 0.25 mm was
set for the measurements. The dimensions and surface roughness
data were gathered using the 5× and 10× lenses, respectively.
Figure 2 illustrates a captured image of a 1 mm microcantilever
using the confocal microscope.

Due to the nature of the layer-by-layer process implemented in
SLA technology, the defects in sawtooth form can be observed at the
surfaces of the 3D printed cantilevers, which results in the dimen-
sional variation of the final objects. Therefore, to investigate the
dimensional resolution of the fabricated microcantilevers, the depth
of the notches (d) and the angles between two consecutive layers (α)
were measured by using the confocal microscope, as shown in
Fig. 2.

The static deflection-load experiments were performed to mea-
sure the beams’ linear stiffness. The experiments were done using
the FemtoTools FT-MTA02 Micromechanical Testing and
Assembly Station. This device is a micromechanical testing tool
with a wide range of applications for biomaterials testing, micro/
nanosystems characterization, and material science. This apparatus
includes the micro-robotic system with nanometer manipulation
resolution in XYZ, and the universal measurements stand equipped
with the digital microscope. This device is equipped with the sensing
probe with the needle tip section size of (50 × 50 μm), the thickness
of 50 μm, force range of ±100000 μN, and resolution of 5 μN, which
is being mounted on a micro-robotic system. This probe was used for
the tests. The experiments were carried out by continuously applying
a maximum deflection of 300 μm (about 1/3 of the length of the
shortest cantilever) at a distance of ∼100 μm with the tip of the
cantilever. Limiting the maximum deflection of the microcantilever
prevented the probe from sliding over the beam’s surface. The probe
measured the corresponding resistive force exerted by the beam,
which was continuously recorded by the software dedicated to the
system. The measurement process was performed three times for
each microcantilever. Figure 3 shows the sensing probe in contact
with a cantilever at the beginning of the measurement process.

In order to estimate Young’s modulus of the fabricated micro-
cantilevers, the following formula, which is applicable for the
Eulerian beams, will be used. Generally, this equation calculates
the maximum deflection at the free end of the beam due to the
applied point load at that location.

PL

EI3
1B

3
δ = [ ]

where Bδ is the maximum deflection at the free-end (m), P stands for
the magnitude of the point load exerted at the free-end (N ), L is the
length of the microcantilever (m), E denotes Young’s modulus (Pa),
and I is the moment of inertia (m4).

Results

Table III presents the average dimensions of the fabricated
microcantilevers shown in Fig. 1c, measured using the confocal
microscope.

The average measured surface roughness of the microcantilevers
is presented in Table IV. The results were obtained by the fine
scanning of area (1 mm by 0.2 mm) over the surface of the fabricated
cantilevers.

Microcantilevers structure investigation using confocal micro-
scope determined the variation of the angles and the notches depth in
a range of 80.12°∼ 142.6° and 3.62 μm ∼ 29.83 μm, respectively.

Table I. The design dimensions of microcantilevers.

Dimensions (μm)

Microcantilever Length Width Thickness Aspect ratio (Length/Thickness)

Design 1 2000 300 250 8
Design 2 1500 300 250 6
Design 3 1200 300 300 4
Design 4 1000 300 300 3.3

Table II. Material properties of flexible resin.

Tear strength of printed objecta) 13.3–14.1 kN m−1

Ultimate tensile strength of post-cured objecta) 7.7–8.5 MPa
Elongation at failurea) 75–85%
Viscosityb) 7.3 Pa.s

a) Based on material datasheet provided by Formlabs Co. b) Voet et al.27
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The force-deflection experimental results for the microcantilevers
with different geometrical aspect ratios are shown in Fig. 4.

The trend of graphs shows that each graph can be divided into
two semi-linear parts extended between [0 μm ∼ 80 μm] and [80 μm

∼ 300 μm]. The slope of each separated graph presents the stiffness
of microcantilevers with respect to the range of applied displace-
ments. Table V shows the stiffnesses of the microcantilevers for
each segment.

Figure 1. (a) Cad design of the microcantilever (b) Four sets of fabricated microcantilevers on a building platform of SLA 3D printer before wash (c) The
microcantilevers after postprocessing being used for performing mechanical characterization experiments (d) An individual microcantilever.

Figure 2. Identifying the scanned area for a surface roughness measurement, the notch depth, and angle between two consecutive layers using confocal
microscopy (5× lens) for the microcantilever Design 4.

Figure 3. The (a) front view and (b) side view of the sensing probe needle in contact with the tip of the microcantilever.

Table III. Measured dimensions of 3D printed microcantilevers.

Dimensions (μm)

Microcantilever Length (±18.3) Width (±32.3) Thickness (±29.6)

Design 1 2000 300 250
Design 2 1500 300 250
Design 3 1200 300 300
Design 4 1000 300 300
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The calculated stiffnesses show the direct relation between the
microcantilever’s sensitivity and its geometrical aspect ratio.

Table VI indicates the calculated elasticity modulus of the
microcantilevers for the loads generated at the deflections of
80 μm and 300 μm, presented in Fig. 4.

These results were obtained based on the linear elastic beam
theory, which estimates the elasticity modulus roughly. These results
can further be verified by performing experiments such as standard
tensile tests.

Discussions

The 3D printer’s resolution is the parameter that significantly
affects the geometrical accuracy of the printed object. The presented

microcantilevers were fabricated in a layer-by-layer process by
stacking up the 100 μm layers along the object’s length. The Form 2
printing process includes frequent movements of the resin tank and
building platform in horizontal and vertical directions. Due to the
cantilevers’ small dimensions, the resin’s high viscosity, and
flexibility of solidified material, the movements cause slight devia-
tions of the beams from its axis and non-uniform stacking up of the
consecutive layers and formation of the sawtooth defects over the
surface of the beams. However, this effect is less prominent while
printing the rigid microcantilevers from the corresponding resin (ex.,
Clear resin). The sawtooth surface defects influence the printed
microcantilevers’ dimensional resolution and produce non-unifor-
mity in the cross-sectional areas of the beams along their length.
Results show that the surface roughness is independent of the
geometrical dimensions of the microcantilevers. Therefore, either
the resolution of the 3D printer or movements during the printing
process might affect the dimensional accuracy and the surface
roughness of the beams. However, for future investigation on the
performance of the microcantilevers and choosing proper coating or
read-out methods, the other accurate surface roughness measurement
methods, such as fractal-based statistical measurement, can be
carried out.28,29

Investigation of the Force-Deflection experiments’ results reveals
the bilinear response of the cantilevers, as illustrated in Fig. 3, due to
the tiny deflection imparted on all microcantilevers irrespective of
their size. In addition, variation of the cross-sectional areas along the
length of cantilevers and the eccentricity of the neutral axis might
also affect the cantilever’s structural behavior. The microcantilevers
react stiffer in the presence of the low deflections. When the samples
deflect beyond 80 μm, the linear relationship between force and

deflection may be seen.
Results show that the stiffness of the cantilevers is affected by

their geometrical aspect ratio. The low mechanical stiffnesses of
Design 1 and 2 are comparable with the cantilever’s stiffness

k 0.46N

m( )= made from polydimethylsiloxane (PDMS) through the

soft lithography method reported by Nezhad et al.24 In addition,
Young’s modulus of the microcantilevers presented in Table VI is
comparable with the elasticity modulus of the 3D printed cantilevers
reported by Stassi20 (0.9Gpa) and Kawa21 (0.28 GPa to 1.17 GPa).
This achievement justifies the approach used in this work to fabricate
the microcantilevers.

Table IV. The measured surface roughness of the microcantilevers.

Microcantilever Average surface roughness (μm)

Design 1 9.56
Design 2 10.04
Design 3 9.88
Design 4 11.573

Figure 4. Induced force due to applied deflections at the tip of micro-
cantilevers.

Table V. The stiffness of the microcantilevers calculated from graphs presented in Fig. 3.

Microcantilever
Stiffness (N

m
)

Deflection [0 μm ∼ 80 μm] Deflection [80 μm ∼ 300 μm]

Design 1 0.47 0.33
Design 2 1.11 0.92
Design 3 3.34 2.56
Design 4 4.07 3.50

Table VI. The calculated Young’s modulus of the microcantilevers for the loads and deflections presented in the graphs of Fig. 3.

Young’s modulus (GPa)

Microcantilever Maximum deflection at 80 μm Maximum deflection at 300 μm

Design 1 3.26 2.53
Design 2 3.23 2.86
Design 3 2.87 2.38
Design 4 2.03 1.83
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Conclusions

This study reports additive manufacturing of the polymeric
microcantilevers with different dimensions using SLA 3D printing
technology for micro-sensing applications. The desktop SLA 3D
printer “Form 2” was used to build multiple microcantilevers with
different sizes. The microcantilevers’ mechanical characterization
was done by performing the stiffness and surface roughness
measurements. The experimental results of stiffness were compar-
able with the polymeric microcantilever made of PDMS reported in
the literature. This work reveals the possibility of fabricating
functional microcantilevers using the commercial SLA 3D printers.
Although this study presented the mechanical characteristics of the
polymeric flexible microcantilevers, employing different light-based
AM technologies and soft polymeric materials to fabricate the
microcantilevers, as well as further investigations on the perfor-
mance of the microcantilevers such as mass absorption for the
specific applications, pave the way for future research on additive
manufacturing of polymeric microcantilevers with variety of desired
mechanical properties at low cost and reasonable fabrication time.
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