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ABSTRACT

This paper reports a new design for an electrostatic
actuated microgripper with a ratchet self-locking
mechanism. The self-locking mechanism enables
long-time gripping without continuously applying the
external driving signal, such as an electrical, thermal or
magnetic field, which significantly reduces the effect and
damage on the gripped micro-scale objects that are induced
by the external driving signals. The microgripper is
fabricated using a silicon-on-insulator (SOI) wafer with a
30um device layer. The jaw gap is 100 pum, and the
ratchet locking interval is 10 um. A metal wire is
successfully gripped to demonstrate the feasibility of the
ratchet self-locking mechanism.

INTRODUCTION

Microgrippers with inherent advantages in operating
micro-scale objects have found important applications in
micro-assembly and biological research. = Numerous
microgrippers with different actuating mechanisms, such
as electrostatic[1], thermal[2], piezoelectric[3],
magnetic[4], pneumatic[5], and direct mechanical contact
approaches[6], have been reported in recent decades.
However, the existing microgrippers may encounter
problems in manipulating micro-devices and biological
tissue in the experiments that last for hours or longer. The
electrostatic, thermal, piezoelectric and magnetic actuating
mechanism may affect or even damage the micro-devices
and biological tissues with its electrical, thermal and
magnetic power. Accurately controlling the small
movement on a micron scale is difficult using the
pneumatic and direct mechanical contact method.

In this paper, we introduced a ratchet self-locking
mechanism into our existing microgripper[7] to reduce the
damage caused by the additional electrical, thermal or
magnetic fields. The ratchet mechanism is a one-way
intermittent motion mechanism and has been successfully
used in micro electro mechanical systems (MEMS)
actuators[8] as a locking mechanism. However, the
ratchet pawl in [8] is a passive mechanism and cannot
separate from the ratchet tooth by control. In our design,
the ratchet pawl can separate from the ratchet tooth when
an electrostatic actuator is used to release the objects. The
designed ratchet self-locking mechanism that enables the
microgripper only requires a driving signal in the moment
of gripping and releasing the objects, which significantly
reduces the duration of exposure of the objects to electrical,
thermal or magnetic fields, and it is particularly remarkable
in long-time experiments.

DESIGN

The operating principle of the ratchet self-locking
mechanism is schematically shown in Figure 1: (a) original
state of the ratchet self-locking mechanism; (b) rotation or
movement of the ratchet tooth forces the ratchet pawl to
move upward; (c) when it crosses the tip of the ratchet
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tooth, the ratchet pawl engages with the ratchet tooth and
inhibits the inverse of the ratchet mechanism; and (d) when
the ratchet pawl and ratchet tooth are separated by an
external force, the ratchet mechanism is free and can return
to the initial position. Thus, the ratchet self-locking
mechanism can lock the microgripper when objects are
manipulated without a driving signal.
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Figure 1: Operating princzple of the ratchet self-locking
mechanism.
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Figure 2: Schematic view of the microgripper.

As shown in Figure 2, the designed microgripper
consists of an anchor that fixes the entire microgripper on
the substrate; support beams that suspend the remainder of
the microgripper and supply the elastic deformation, which
is caused by the rotary actuator that drives the main beam;
the main beams and the arms, which transfer and amplify
the displacement; jaws that directly contact the targets; and
the ratchet self-locking mechanism, which restricts the
opening of the jaws and dominates the release of the target.
In detail, the ratchet self-locking mechanism consists of
multiple parts: spring beam, translational actuator, ratchet
pawl, ratchet tooth and stop cusp. The engagement of the
ratchet pawl and ratchet tooth prevents the jaws from
inverse movement and locks the targets, and the
translational actuator can set the targets free by separating
the ratchet pawl and ratchet tooth. The stop cusp is
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designed to prevent the pulling-in of the translational
actuator.

The intermittent displacement of jaws is determined
based on the size of the ratchet pawl and ratchet tooth,
which is confined using the MEMS fabrication process.
Considering the mentioned confine, the geometric
structure is optimized. As shown in Figure 3, the ratchet
teeth are designed to be 3 pm tall and 4 um wide. The
angle of the pawl is 5 degree smaller than the tooth root
angle of 60° to easily engage and separate. The tip of the
ratchet pawl is on the root circle of the ratchet teeth, and the
root circle coincides with the rotation center of the
microgripper. The angle between the tip of the ratchet
pawl and the root of the first ratchet tooth is 0.4°, and the
angle for each tooth is 0.2°.  For the designed
microgripper, the jaws are closed with a 50 um movement
when the main beam rotates 1°.  Thus, the first
engagement occurs when the jaw moves 20 pum, but
subsequent engagement occurs when the jaw moves 10 um.
The engagement and separation occur when the jaw
reaches a displacement of 20 pm, 30 um, 40 um and 50 pm.
The space between the jaws ranges from 0 to 100 pm, so
the microgripper can grip a target with a size of 20 um,
40 pm and 60 um. Considering the elastic deformation of
the slender arms, the designed microgripper can also grip
objects that are slightly larger than 20 pum, 40 pm and
60 um.

Figure 3: Detailed geometrical specification of the ratchet
pawl and ratchet tooth.

FABRICATION

The microgripper is fabricated on an SOI wafer. The
SOI wafer has a 400 pm thick substrate, 4 um thick SiO,
and 30 pm thick device layer. The fabrication process
flow is shown in Figure 4.
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Figure 4: Microgripper fabrication process based on an
SOI wafer.

In step (a), the SOI wafer is cleaned with a
hydrofluoric acid solution to enhance the adhesiveness of
the photoresist; step (b) is patterning by photo resist and
dicing but reserving 150 pum; step (c) is a high-aspect-ratio
deep reactive ion etching (DRIE) process with several
minutes over etching; and step (d) removes the photoresist
and is the wet-release step. The fabricated microgripper
can freely move after the releasing by the hydrochloric acid
solution. Then, the chip is split, and the fabrication is
completed.

A scanning electron microscope (SEM) image of the
fabricated microgripper is shown in Figure 5: (a) shows the
global view of the fabricated microgripper, and the general
size is 3,000 x 4,000 um; (b) is the local view of the ratchet
mechanism and shows the morphology of the ratchet tooth
and ratchet pawl; and (c) shows the jaws, and the space
between the jaws is 100 pm.

SEM HV: 20.0 kV. WD: 14.69 mm
: 50 x Det: SE
.15 mm |Date(midly): 1212713

Figure 5: SEM of the fabricated microgripper.

EXPERIMENTAL SETUP AND RESULTS

A peripheral control and observing system is
necessary to operate the microgripper. As shown in
Figure 6, the control and observing system consists of a
printed circuit board (PCB) as the microgripper carrier, a
position platform with three degrees of freedom (3-DOF)
to control the microgripper position, a transport probe to
inject samples, a voltage source to supply the driving
voltage, a high voltage amplifier to increase the driving
signal, and a microscope for observing.
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Figure 6: Apparatus setup and arrangement.
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Without gripped targets, the voltage is recorded every
time the ratchet pawl engages or separates with a ratchet
tooth. As presented in Figure 7, the red dots are the
measured value of the driving voltage when engagement
occurs, and the black line is the analytical relationship
between the voltage and the displacement. The dotted line
is the fitting curve of the measured value of the driving
voltage. Table 1 shows the measured voltage that
separates the ratchet tooth and ratchet pawl for different
position of the jaws. The deviation between the analytical
value and the measured results mainly comes from the
approximation in the formula derivation, machining error
in the MEMS fabrication and, particularly, the effect of
adhesion and friction, which is caused by the contact of the
ratchet tooth and ratchet pawl.
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Figure 7: Relationship between the driving voltage and
displacement of the jaw.

Table 1: Voltage to separate the ratchet tooth and ratchet
awl.

Dlsplacement 20 301 40 |50 Analytical
of jaw (um) value
Separation
voltage (V) 585 165|705 |76 22

The performance of the designed microgripper is
assessed by gripping a metal wire with a diameter of
1.6 mil (40.64 um). The experiment is shown in Figure 8:
(a) positioning the microgripper and preparing to handle
the metal wire; (b) the rotary actuator is applied with a
driving voltage of 35.5 V to grip the metal wire; and (c) the
metal wire is released with a voltage of 77 V on the
translational actuator.

(a) (b) (c)

Figure 8: Experimental demonstration of gripping.
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The diameter of the metal wire is 0.64 um larger than
40 pm, and the actuator must overcome the elastic force
produced by the arm deformation to lock and release the
metal wire. Thus, the voltage applied on the rotary
actuator and the translational actuator is larger than the
corresponding value in Figure 7 and Table 1. Hence, the
deformation of the slender arm can tolerate the size
deviation to some extent and make the microgripper more
practicable and flexible.

CONCLUSION

An electrostatic microgripper with a ratchet
self-locking mechanism is presented. The feasibility of
the microgripper has been successfully demonstrated by
gripping a metal wire. Currently, the microgripper can
handle targets with a size of approximately 20 um, 40 pm
and 60 pum, but the range can be expanded to several
microns or hundreds of microns according to the
requirement by adjusting the position of the ratchet tooth
and the space of the jaws.
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