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Abstract
This paper describes the design, simulation, fabrication and characterization
of a polymeric microgripper with integrated thermal actuators. The
microgripper was fabricated by a polymeric surface micromachining
process, which utilizes SU-8 as the functional material and silicon as the
sacrificial material. A thin double layer of titanium and platinum was
evaporated on the gripper structure and served as the electrically conducting
and heat dissipating material. The polymeric microgripper offers the
advantage of large displacement and gentle handling forces, which may be
ideal for handling bioparticles such as cells. Furthermore, an operating
temperature below 100 ◦C allows the handling of living cells and tissues.
The unique characteristic that SU-8 does not soften at elevated temperature
allows the use of thermal actuation for the microgripper. To the best
knowledge of the authors, the presented device is the first polymeric
microgripper with integrated actuators. Each thermal actuator consists of
two thin arms and one thick arm. Heat is generated by electrical current
passing through the thin titanium/platinum on top of the 100 µm thick SU-8
structure. Based on an electrical/thermal/structural coupled simulation, the
gripper can operate in both normally closed mode and normally open mode.
The different electrical configurations of the gripper arms allow this
flexibility. Results of the simulation and the measurement are also presented
in this paper.

1. Introduction

Microgrippers have been one of the typical applications
of MEMS technology. Microgrippers were developed for
systems that can handle microparts or manipulate cells. For
the latter application, biocompatibility and gentle handling are
often required.

Most of the microgrippers reported in the past are based
on silicon micromachining. Thus, most of these components
are made of silicon [1] or glass [2]. Using alternative
microtechnologies such as LIGA or laser cutting, metals
can also be used as structural materials for microgrippers.
Grippers were made of nickel [3], steel [4] or titanium–nickel
alloy [5]. All the above grippers are made of relatively stiff

materials, which require a large actuation force and may
cause harsh handling conditions such as higher operating
temperatures and large forces. Furthermore, incompatibility
with the biological samples could be another drawback of the
above microgrippers. Polymers offer a much lower Young’s
modulus, and thus much lower actuation force and handling
force. Recently SU-8, a thick-film negative resist, was used as
the structural material for microgrippers [6].

Different actuators such as electrostatic comb-drives [1],
piezoelectric stacks [2], shape memory alloy (SMA) [5], or
thermal actuators [4] were used in microgrippers. Since
polymers such as SU-8 are not electrically conducting, only
external actuators such as a pneumatic actuator [6] or SMA
actuator [7] have been used with the passive SU-8 parts.
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The thermal actuating concept originally proposed by
Guckel et al [8] is an alternative for actuating microgrippers.
This so-called heatuator consists of two electrically conducting
and connected arms. Due to different widths and consequently
different resistance and heat dissipating properties, the thinner
arm has a higher temperature than the thicker one. The two
arms are joined at the free end. The thicker arm has a thin
flexure acting as a compliant joint. As a result of thermal
expansion, the joined tip moves laterally in an arc motion
towards the thick-arm side. Because of the electrical nature
of this actuator, both arms used are made of an electrically
conducting bulk material such as polysilicon [9] or steel [4].
Until now polymers have not been used for this actuator
type, because most of them are electrically non-conducting.
Furthermore, the low glass temperature of polymer restricts
the use of a thermal actuator.

The thick-film resist SU-8 has a unique characteristic: it
does not soften at elevated temperatures. Higher temperatures
cause better cross-links and make SU-8 even harder. Thus,
SU-8 is suitable for use with thermal actuators. To the best
knowledge of the authors, no integrated actuator has been
made of SU-8. In this paper, we present for the first time an
SU-8 microgripper with integrated thermal actuators. Since
SU-8 is not conductive, a thin titanium/platinum on top of
the SU-8 structure was used as the heater. Due to the large ratio
between the thickness of the metal layer (about one hundred
nanometres) and the SU-8 part (one hundred microns), vertical
bending due to thermomechanical mismatch is negligible
compared to lateral bending. With an Young’s modulus of
4.02 GPa [10] SU-8 is almost 40 times softer than silicon, while
its thermal expansion coefficient of 52 ± 5 × 10−6 K−1 [10] is
superior to that of silicon (2.4×10−6 K−1 [11]). Thus, an SU-8
microgripper with a thermal actuator offers a much lower
operating temperature, lower power and more gentle handling
force than its silicon counterparts. This paper describes the
design, simulation, fabrication and the characterization of
these novel polymeric microgrippers.

2. Design and simulation

2.1. Design considerations

The gripper was designed for the normally closed operation
mode, which means the gripper is not actuated while holding
an object. Actuation is only needed during the gripping and
release actions. This design minimizes the thermal load on the
object. Figure 1(a) shows the design and the corresponding
geometry parameters of the polymeric microgripper. The
gripper is suspended from a frame. The frame supports the
fragile structures during the release and assembly process
and is removed before use. The gripper consists of two
symmetrical arms. The tip has a gap of 30 µm. The
L-shaped slit on the tip further limits the gripping force,
allowing gentle handling of the object. Each gripper arm
consists of three flexures. Two small flexures with a width of
100 µm act as the ‘hot’ arms of the thermal actuator. The large
flexure works as the ‘cold’ arm of the actuator. Holes with a
100 µm diameter are incorporated in the large flexure to allow
easy etch access for the later release. The circular holes and
the rounded corner arrest possible stress in SU-8 during the
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Figure 1. Design of the microgripper: (a) the SU-8 gripper with the
supporting frame, (b) the window of the silicon stencil for
deposition of the titanium/platinum layer.
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Figure 2. Three different electrical configurations of the gripper
arms: (a) A-BC, (b) A-B and (c) AB-C.

fabrication and avoid cracks in the gripper. With this design the
gripper is attached to the base with six flexures, which ensure
mechanical stability for the relatively long gripper arms.

The metal layers are to be transferred to the polymer
structure through a silicon stencil. The design of the opening,
as shown in figure 1(b) is kept as simple as possible. The stencil
only defines the bonding pads for the gripper arms. The entire
gripper arms are masklessly deposited with the metal layer.

With the three arms A, B and C as depicted in figure 1(a),
there are three possible electrical configurations as shown
in figure 2. The gripper’s arms are represented by resistors
RA, RB and RC. In the first configuration A-BC, the arms B
and C are connected in parallel. Based on the simulation results
described in the next section, this configuration was chosen for
the design of the stencil in figure 1(b). The next configuration
is A-B, where arms A and B are serially connected, and the
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thick arm C is floating. In the last configuration AB-C, the two
small arms are connected in parallel. All three configurations
are subjected to the numerical analysis described in the next
section.

2.2. Numerical simulation

Analytical models were developed for thermal actuators
with one hot arm [11] and two hot arms [12]. However
for a complex geometry such as our microgripper, a
numerical analysis is needed. The numerical analysis of the
microgripper requires the coupled simulation over different
physical domains: electrical, thermal and structural. The
coupled simulation was implemented with ANSYS. While
the electrical/thermal simulation is directly coupled with
the element type PLANE67, the structural simulation is
sequentially coupled with the element type PLANE42. Since
the gripper works in the normally closed mode, heat transfer
to the handled object can be neglected in the simulation.

The heater of the microgripper consists of a 50 nm
titanium layer and a 70 nm platinum layer. Both layers are
on top of the 100 µm thick electrically non-conducting SU-8
structure. Since the metal layers are much thinner than the
SU-8 layer, the electrical/thermal model can use the electrical
properties of the metal layers and the thermal properties of
SU-8. The average resistivity ρ̄ of the two metal layers with
thickness h1 and h2 can be calculated as

ρ̄ = ρ1ρ2(h1 + h2)

ρ1h2 + ρ2h1
, (1)

where ρ1 and ρ2 are the resistivities of the pure metals. With
the resistivity of platinum ρ1 = 10.6×10−8 � m, the platinum
thickness h1 = 70 nm, the resistivity of titanium ρ1 = 55 ×
10−8 � m and the titanium thickness h2 = 50 nm, the average
resistivity used for the simulation is ρ̄ = 13.3 × 10−8 � m.
The thermal conductivity of the gripper is that of SU-8. In this
paper, the thermal conductivity is assumed to be 0.2 W mK−1.
A heat transfer coefficient of 0.0132 was used for the free
convection at the gripper surface. The coefficient was
calculated based on an ambient temperature of 25 ◦C and a
characteristic length of 4 mm [13].

For the thermal/structural coupled simulation, the model
assumes a Young’s modulus of 4.02 GPa, a Poisson’s ratio of
0.25 and a thermal expansion coefficient of 52 × 10−6 K−1

[10].
The electrical/thermal simulation was first carried out

using the element type PLANE67 and applying a voltage
across the gripper in different configurations depicted in
figure 2. Next, the resulting temperature field was used as
the thermal load for the thermal/structural simulation with
the element type PLANE42. Figure 3 shows the simulation
results of the three configurations with a drive voltage of 5 V.
In figure 3, the top row depicts the potential distributions in the
gripper, and the bottom row shows the deformed shapes of the
gripper with the temperature distribution. The results indicate
that the polymeric microgripper can work at a relatively low
temperature.

Figure 4 compares the displacement/voltage
characteristics of the three configurations. The evaluated
values are the displacements between the gripper tips. While
all three curves show typical quadratic behavior, configuration
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Figure 3. Results of the electrical/thermal/structural coupled
simulation with ANSYS (5 V drive voltage, ambient temperature of
25 ◦C): (a) A-BC, (b) A-B and (c) AB-C. The top row shows the
electrical potential distributions (numbers are in volts) and the
bottom row shows the temperature distributions in the gripper
(numbers are the temperature in ◦C).

A-BC shows the best performance for the normally closed
mode. The displacements of configuration AB-C are negative,
which means the gripper closes when a voltage is applied.
Configuration A-BC was chosen for the fabrication, because
of the large opening gap and the reasonably low temperature
at the gripper tips, see figure 3.

3. Fabrication

The fabrication process consists of three basic steps:
fabrication of the SU-8 gripper, deposition of the
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Figure 4. The simulated displacement between the gripper tips
versus the applied voltage across one gripper arm.
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Figure 5. Process steps for the fabrication of the polymeric
microgripper with integrated thermal actuator.
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Figure 6. The fabricated microgripper: (a) body (b) the tip.

Figure 7. The assembled microgripper for characterization.

titanium/platinum layer and release. The SU-8 body
was fabricated with the polymeric surface micromaching
techniques described in detail in [14]. The basic process in [14]
was simplified by using silicon directly as sacrificial material,
see figure 5(a). The process started with spin-coating SU-8
2100 photoresist (Microchem Corp., USA) on silicon, see
figure 5(b). This SU-8 layer was then soft baked and exposed
to UV light using a mask defining the SU-8 part, see figure 5(c).
The intended thickness of this SU-8 film was 100 µm. After
hard baking, the SU-8 layer was allowed to cool down to
room temperature. They were then developed using propylene
glycol methyl ether (PGMEA), see figure 5(d ).

In preparation for the second step, a stencil was dry-etched
through a silicon wafer using DRIE (deep reactive ion etching).
The stencil only defines the bonding pads for the heaters. The
heater structures themselves are defined masklessly by the
SU-8 structure. Thus the entire gripper body was exposed to
the subsequent evaporation processes. Next, the stencil wafer
was positioned on the handler wafer containing the developed
SU-8 parts. The two wafers are fixed using adhesive tapes.
Subsequently, a 50 nm thick titanium layer was evaporated
through the stencil. Titanium works as the adhesion layer
between the SU-8 and the subsequent platinum layer. A 70 nm
thick platinum layer was evaporated on top of the titanium
layer, see figure 5(e).
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(a) (b)

Figure 8. The images of the gripper’s tips taken for the displacement measurement: (a) normal (b) activated.

In the final step, the SU-8 microgrippers covered by the
metal double layer were released in 30% KOH solution. Etch
access created by many circular holes on the discs allows
fast under etching. After release the grippers were rinsed in
deionized (DI) water, see figure 5( f ). Figure 6 shows the
images of the fabricated gripper.

4. Characterization

For characterization, the microgripper was mounted on a
glass plate using a double-sided adhesive layer (Adhesives
Research, Inc., Arclad 8102 transfer adhesive). Silver-
loaded epoxy adhesive was used to connect the pads of the
gripper to the external wires. Figure 7 shows the assembled
microgripper. For the displacement measurement of the
tips, the gripper was placed under a microscope with a
magnification factor of 10×. A CCD camera captures the
gripper’s images and transfers them to a personal computer.
The displacement was then determined by converting the pixel
number into the real geometry. Figure 8 shows the typical
images of this measurement. The slightly blurred image of the
activated tips indicates that the tips bend out-of-focus due
to stress mismatch between the metal layer and the SU-8
structure. The observed out-of-focus displacement was less
than 5 µm. The drive voltage was varied from 3 V to 10 V.
With a drive voltage less than 3 V, no significant displacement
can be observed. With the total resistance of 1680 ± 10 � in
the inactive state, the maximum power required for the gripper
at 10 V is estimated to be 50 mW.

Figure 9 shows the measured displacement/voltage
characteristics of the gripper. The circles are the measured
data. The solid line is the second-order polynomial fitting
function. Typical quadratic behavior can be observed. At the
same drive voltage, the measured deflection of the gripper’s
arms is larger than the simulated values. The reason could be
the inaccurate material properties assumed for the simulation.
Furthermore, the numerical model does not take into account
the holes in the actual design. However, both simulation
and measurement show a large tip deflection using the A-BC
configuration 2(a).

The large mismatch of thermal expansion coefficients
and the additional thermal stress do not allow the gripper to
work at too high temperatures. All grippers malfunctioned
if the applied voltage was above 13 V. Examinations under
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Figure 9. The measured displacement between the gripper’s tips as
a function of the applied voltage across both arms.

the microscope showed cracks in the metal layer either in
the flexure of the cold arm or in the center of the outer hot
arm. According to the simulation results, these are the regions
with the highest stress or with the highest temperature, see
figure 3(a).

5. Conclusions

This paper presents the simulation, fabrication and
characterization of a polymeric microgripper. The gripper
consists of two thin ‘hot’ flexures and one thick ‘cold’
flexure. There are three different electrical configurations for
these three arms. An electrical/thermal/structural coupled
simulation was carried out for all three configurations. The
simulation results indicate that the gripper can be switched
from one mode to another, allowing a flexible handling
capability. In this paper, only one configuration was
considered for the fabrication and characterization. With one
small flexure connected in parallel to the thick flexure, the
gripper was able to open up to 100 µm with an applied voltage
of 10 V. The microgripper was fabricated using polymeric
surface micromachining with SU-8 as the structural material
and silicon as the sacrificial material. Titanium and platinum
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were deposited through a silicon stencil on top of the SU-8
structure. The metal layers work as the heater for the gripper.
The relatively low operating temperature of less than 100 ◦C
and the gentle gripping force make the gripper suitable for
applications with living cells and bacteria.
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