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Abstract
A novel three arm microgripper design is presented in this paper. It is a SU-8 based design with integrated microheaters.
It is composed of three microactuators: two are based on a design for bi-directional beam deflection and the other is a tridirectional actuator. The actuators are simulated and analyzed using COMSOL Multiphysics tool. The first actuator has
displacement of about 12 μm and 35 μm respectively when heaters h1 and h2 are used in operation and the heater
temperature is about 200°C. The second actuator has a displacement of about 12 μm in all three directions. This
microgripper is flexible and can be used to grasp a wide range of sizes of micro-particles. In addition, it has more freedoms
of control by using the different combinations of the 8 embedded microheaters for electrothermal actuation. Copyright ©
2018 VBRI Press.
Keywords: Microgripper, micromanipulator, electrothermal actuator, SU-8.

Introduction
Well controlled microgrippers are versatile and essential
tools to manipulate microscale objects because precise
control in grasping or placement is not possible even by
highly skilled manual operation. In addition,
microgrippers eliminate the exposure to risk in
biological laboratories [1–2]. Different materials have
been used to fabricate microgrippers such as polysilicon
[3], silicon [4], and polymer [5]. In addition, different
actuation methods have been used to operate these
microgrippers, such as external actuation [6] or
integrated design based on pneumatic action [7], SMA
(Shape Memory Alloy) [8], electrostatic force [9],
piezoelectric effect [10] or joule heating effect [5].
However, the piezoelectric and electrostatic actuators
require high voltage operation [11]. In addition, the
externally actuated microgrippers require an assembly
process for fabrication [6–8].
The joule effect device is based on translating the
thermal expansion into actuation [12]. The appropriate
material is SU-8, because it has a high CTE (Coefficient
of Thermal Expansion) of 52 ppm/K) [13] comparing
with silicon of 14.2 ppm/K [14] and polysilicon of 2.6
ppm/K [15], higher CTE results in higher actuation
displacement.
The previous microgrippers have been designed
based on either normally closed [16 - 17] or opened [18
- 20] mode operation in one dimension, or in two
dimensions of movement [21] which have been
employed to design four degrees of freedom devices
[22]. However, these microgrippers were based on two
moving arms which are used to grasp particles with
Copyright © 2018 VBRI Press

limited capability and the maximum displacement of
about 80 μm.
To design a flexible microgripper which can be used
to grasp a wide range of micro-particles of different
sizes, in this paper a novel three arm microgripper is
presented.
Actuator Design
A bidirectional actuator design is shown in Fig. 1(a). The
movable arm is supported at two points, however each of
them is connected to a microheater. By operating them
separately, a different direction of beam deflection can
be obtained as it is indicated by the arrows. The total
length of this design is 1.3 mm, the arm width is 50 μm,
and the thickness is 20 μm. The maximum displacement
for both directions is directly proportional to the length
of the moveable arm and the heater’s length. This
actuator has been designed for operation as an arms of a
microgripper but it can also be used as a two-way microswitch.
Fig. 1(b) presents a tri-directional actuator
design. It consists of four heaters to achieve three
directions of displacement by operating them in proper
combinations. For example, when heater h3 or h4 is in
operation, the arm deflects horizontally, and when the
heaters h5 and h6 are used, the arm is deflected
vertically. The effects of these heaters on actuation are
indicated by the arrows. The total length of this actuator
is 1.6 mm. The heater length and the arm length are
directly proportional to the horizontal displacement,
however the length of the arm does not affect the vertical
displacement.
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𝜎(𝑇) =

1
𝜌° (1 + 𝛼(𝑇 − 𝑇𝑟𝑒𝑓 )

(1)

The solid mechanics study was only applied to the
SU-8 structures because the air and the metal layer have
negligible effect on the produced beam deflection, while
the electric current simulation is limited to the metal
heaters. In addition, meshing is set to the COMSOL’s
physics-controlled configuration with normal element
sizes.

Results and discussion
Fig. 1. Two actuator designs, (a) bi-directional actuator (b) tridirectional actuator. The arrows show the effect of each heater on the
movement of the arms.

Modeling and simulation
The 3D module, Joule Heating and Thermal Expansion
Multiphysics interface in COMSOL, is used to simulate
the behavior of the actuator. The thickness of the two
SU-8 layers was set to be 10 μm each, and the metal layer
of (Cr/Au/Cr) to be 10/300/10 nm. The properties of the
SU-8 and metal are shown in Table 1. The TCR and the
resistivity values for the metal are those of pervious
measurement [18 - 19]. Since the chromium films are
much less than the gold layer, so the other properties of
the metal layer (heaters) assumed to be those of the gold.
The change in the conductivity with temperature in the
metal layer is given in Eq. 1, where σ (T) is the
conductivity of the metal layer as a function of
temperature, α is the measured TCR, T is the
temperature, Tref is the reference temperature of the
measured TCR and it is 20°C. For the air medium, the
pre-set values in COMSOL are used.
To consider the air cooling effect on the actuators,
the structures are surrounded with a cubic box of air with
dimensions of 1 cm. The cubic surfaces are set to have a
convective heat flux and the heat transfer coefficient is
set to be 10 W/(m2.K).
Table 1. Properties of SU-8 and metal layers.
SU-8 properties [17, 23-26]
Parameter

Value

Unit

Young's modulus

2

GPa

Poisson's ratio

0.22

Thermal conductivity

0.3

W/(m·K)

Coefficient of thermal expansion

52x10-6

1/K

Density

1.2

g/cm3

Heat capacity at constant pressure
1.2x10
Metal layer (Cr/Au/Cr) properties [18,19,27]

3

J/(kg·K)

Parameter

Value

Unit

Gold Thermal conductivity

318

W/(m·K)

Density

19.3

g/cm3

Heat capacity at constant pressure

129

J/(kg.K)

TCR

0.00147

1/°C

Resistivity

6.8

μΩ.cm
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Fig. 2 shows the results when each heater is operated
separately for the actuator design shown in Fig. 1(a). At
the actuation voltage of 1.2 V on heater h1 the average
temperature is about 200°C and the beam deflection is
about 35 μm. While at the same voltage for heater h2, the
same average temperature is produced but the beam was
deflected in the opposite direction for about 11 μm.
Therefore for a gripper using a pair of the actuator design
shown in Fig. 1(a), a maximum displacement of 70 μm
can be obtained in closing mode and about 22 μm in
opening mode.

Fig. 2. Simulation results of the bi-directional actuator (Fig. 1(a)). (a)
displacement and (b) temperature distribution when a voltage of 1.2 V
is applied to heater, (c) displacement under the operation of each heater
separately, (d) and (e) displacement and temperature distribution when
heater h2 is driven at 1.2 V, and (f) average temperature in heaters (h1
and h2) when they are operated separately.

Fig. 3 shows the simulation results for the tridirectional actuator design shown in Fig. 1(b). When the
temperature of heater h3 is increased to about 200 °C,
the deflection of beam tip is 12 μm to the right side when
a 1.2 V is applied. In a symmetric fashion when the same
voltage produces the same average temperature in heater
h4, but with 12 μm of displacement to the opposite (left)
side. Heaters (h5 and h6) are designed to work
simultaneously. Applying 1 V of voltage to each of them,
the average temperature in these heaters is about 200 °C,
a deflection of about 12 μm of the beam is obtained in
the vertical direction.
693

Research Article

2018, 9(10), 692-695

Advanced Materials Letters

In this paper we have presented the results of design
and simulation of two actuator designs which can be
combined to develop a novel 3 arm microgripper with
multiple degrees of control. The microgripper can be
fabricated for cell and particle manipulation and
assembly applications. Horizontally the end tips of the
two outer arms can each be deflected by up to 35 μm or
12 μm depending on the actuation voltage. The tip of the
middle beam can be operated in three directions with the
maxiumum deflection of 12 μm.
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