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ELECTROSTATIC LATCH MECHANISM FOR HANDLING PROJECTION
ON ARRAYED VERTICAL MOTION SYSTEM
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Abstract: We have previously proposed an arrayed vertical motion system based on a tulip-shaped
electrostatic clutch for producing haptic displays. The system has an advantage in that it is able to
individually operate arrayed end-effecter elements with high-power and large strokes (Output: 600 mN

and displacement: 60 pum). We added

a new electrostatic latch mechanism to the system to

individually control the projection state. We used MEMS technologies to fabricate a 4x4 array
electrostatic latch mechanism. The total size of the mechanism was 6.0 x 6.0 x 0.5 mm. We evaluated the
relationship between the applied voltage and a holding force of a few mN was obtained for the spring

device.
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1. INTRODUCTION

Many types of micro-sized actuators have been
proposed and applied to MEMS devices, and
various types of power sources, such as
electrostatic-, thermal-, magnetic-, piezo-electric-,
and optical-force, have been used for their
operation. Miniaturized actuators are also
expected to produce a new type of haptic display
for blind people and for internet shopping to
transmit product information (for example, text
and surface condition of a product).

Makishi, et al. developed a small-sized actuator
based on a shape-memory alloy spring and
produced a palm-top sized haptic display system
for use of blind people [1]. The total size is 25 x
25 x 80 mm. The arrayed pins are individually
driven up and down in a vertical direction.
However, the system has disadvantages in that the
size is still large and the structure is complicated.
Gu, et al. proposed a braille display based on a
piezoelectric type actuator [2]. This system can
drive up its pins large power and large strokes.
This method does not enable a reduction in the
total size of the system because the micro actuator
is enlarged to put out large power. Yoshikawa, et
al. proposed a novel type of mm-sized haptic
display [3]. They used micromachined beam
structures and deposited a shape-memory alloy
film on it to reduce the size of the display. The
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device can be used in tactile displays for internet
shopping. The displacement and generative force
produced are 30 um and 4.2 mN, respectively. The
device has an advantage in that it can drastically
reduce the volume of the system, however, the
device’s actuation method has to be improved to
generate a larger force. MEMS technologies are
now able to produce micro-sized actuators an
arrayed manner for haptic displays. However
difficulties will be experienced when trying to
obtain relatively large generative forces required
to operate haptic display applications if the size of
the total system becomes smaller.

We previously proposed a novel type of arrayed
vertical motion system to overcome this problem

[4] (Fig.1).
Frame Minute Projections
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Fig. 1 Schematic view of arrayed vertical motion
system.
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The system consists of an arrayed end-effecter
element, a clutch mechanism as the force and
displacement transmitter, and a single mm-sized
actuator as the large power and displacement
generator, as shown in Fig. 2.

The micro-machined clutch device selectively
connects the power output from the mm-sized
actuator to the arrayed end-effecter element. The
operation principle of the system is as follows:
First, the clutch mechanism moves a block by
using a tulip-shaped electrostatic actuator (Fig.
2(a)). Next, the mm-sized actuator lifts the power
transmitter. When the block of the clutch
mechanism meets the mesa structure of the
arrayed end—effecter element, the power and the
displacement of the mm-sized actuator is
transmitted to the end-effecter element (Fig. 2(b)).
The system is therefore able to obtain a large
generative force because it uses a conventional
mm-sized actuator and is able to drive the arrayed
end-effecter individually by using a selective
connection on the electrostatic clutch device.
However, all the projection lower simultaneously
(initial state) when the system drives each
end-effecter element, as shown in Figs. 2(c) and
2(d). The system has a drawback in that it cannot
to move up the end-effecter element at different
timings. In this paper, we added a new
electrostatic latch mechanism on the system so
that the projection state could be controlled
individually.
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Fig. 2 Principle of previously proposed arrayed
vertical motion system.
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2. WORKING PRINCIPLE AND
FABRICATION

The electrostatic  latch  mechanism to
individually control the projection state during
vertical motion is shown in Fig. 3. The mechanism
was placed on the system and basically consists of
an electrostatic latch plate and projection pins. The
motion of the end-effecter element is transmitted
to a projection pin, and the pin is held on the latch
plate by using electrostatic forces (Fig. 3(b)).

The electrical potential of the projection pins is
zero because we applied +V and -V to each

electrode respectively. The system is, therefore,
AY

Projection pin
Latch plat latch electrode Yy
N
(a) Right side block moves (d) Left side block move
d d +V-V +V-V

o7 v

(b) Lift up all transmission (e) Lift up all transmission
+V -V

(¢) Go down all transmission

Fig. 3 Principle of arrayed vertical motion system
with electrostatic latch system.
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Fig. 4 Fabrication process of electrostatic latch
system.
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able to actuate different projection pins by keeping
the previous state (Figs. 3(c), 3(d), and 3(e)).

We used MEMS technologies to fabricate the
electrostatic latch mechanism. The process to
fabricate the latch mechanism is shown in Fig. 4.
We formed a recessed Si structure by applying
KOH anisotropic wet etching (Figs. 4(a) and 4(b)).
A Si0; layer was used as a masking material. An
etched depth of 56 um corresponded to the stroke
of the projection pin. We used a glass plate as an

insulator to form the electrode pattern for the latch.

The holes were formed on a glass plate by using a
mechanical drill, and the Cr/Au electrodes were
patterned by using a lift-off process (Figs. 4(c) and
4(d)). Two substrates were bonded together by
using a glass adhesive. We coated the bonded
structure by using parylene film to form an
insulation layer on the surface (Fig. 4(e)). The
base of the projection pin was separated by
mechanical dicing (Fig. 4(f)), and the cylinders
were placed into the hole in the glass plate (Fig.
4(2))-

Figure 5 shows the dimensions and photographs
of each part in the fabricated electrostatic latch
mechanism. The diameter and length of the
cylinder were 300 um and 600 pm, respectively.
We formed a 4x4 array electrostatic latch. The
total size was 6.0 x 6.0 x 0.5 mm.

3. LATCH PERFORMANCE

We evaluated the relationship between the
applied voltage and the electrostatic holding
device (Fig. 6). The load was applied to one end of
a beam, and the relationship was calculated from
the deflection of the beam. The experimental
results are shown in Fig. 7.

The force increased proportionally with the
square of the applied voltage, and a holding force
of a few mN was obtained for the spring device.
We then theoretically calculated the relationship
between the air-gap and the electrostatic force to
compare with the experimentally obtained force
values. The model used in the calculation and the
obtained results are shown in Fig. 8. The force
obtained in the experiment was 2.48 mN when the
applied voltage was 100 V. By using the obtained
results and information from the graph, we assume
that there is almost 3.43 um gap between the latch
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Fig. 5 Fabricated electrostatic latch system.
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Fig. 7 Relationship between voltage and
electrostatic force.

plate and the bottom of the projection pins. We
now think that we can reduce the gap by
improving the surface flatness of the latch plate to
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increase the electrostatic gripping force.

The developed electrostatic latch mechanism
will be mounted on arrayed vertical motion
systems, as shown in Fig. 9, in the future works.

4. CONCLUSION
We added a new electrostatic latch mechanism

to the system to control the projection state
individually. We used MEMS technologies to

fabricate a 4x4 array electrostatic latch mechanism.

The total size was 6.0 x 6.0 x 0.5 mm. We
evaluated the relationship between the applied
voltage and the electrostatic holding force by
using a double cantilever spring device. The force
proportionally increased proportionally with the
square of the applied voltage, and a holding force
of a few mN was obtained for the spring device.
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Fig. 9 Electrostatic latch mechanism mounted on
arrayed vertical motion systems.
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