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The design of a two-dimensional high-frequency electrostatic microscanner is presented, and an improved
method for routing isolation trenches is investigated to increase the reliability and mechanical stability of
the resulting device. A sample device is fabricated and tested using an optimized micromachining process.
Measurement results indicate that the sample device oscillates at inherent frequencies of 11586 and 2047
Hz around the two rotational axes, thereby generating maximum twisting angles of ±7.28◦ and ±5.63◦,
respectively, under two square waves of 40 V. These characteristics confirm the validity of our design and
satisfy the requirements of a laser projector with VGA standards.
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The excellent compactness and portability of laser
projectors based on two-dimensional (2D) microscan-
ners allow the integration of these devices into mobile
phones, notebook computers, and other portable elec-
tronic equipment. Such devices have been an important
research focus in recent years[1−3]. Generally, this type
of projector requires that the 2D microscanner, as the
key element, possess high resonance frequencies around
the fast axis of up to thousands of hertz (Hz) to produce
acceptable projecting effects[4,5]. This requirement has
motivated various research groups to conduct studies on
high-frequency microscanners.

Actuators, which could be adopted by microscanners
with high resonance frequency, are mainly classified as
magnetic actuators or electrostatic actuators depending
on their driving mechanism [6−13]. Magnetic actuators
generally offer large driving forces but their volume after
packaging tends to be bulky because of the assembly of
permanent magnets. In addition, coils deposited over
the mirror complicate the micromachining process of the
device and result in heating because of their natural re-
sistance to electricity flow; thus, the device is restricted
to short operating hours. In this regard, electrostatic
actuators are more advantageous than magnetic ones
because the former presents a simple structure, small
volume, and easy micromachining process; however, the
driving force of electrostatic actuators is relatively small.
A 2D microscanner actuated electrostatically uses two
actuators and filled isolation trenches to achieve mechan-
ical connection and electrical isolation for oscillation in
two perpendicular directions. Therefore, the stability of
2D microscanners is closely related to the quality of the
filled isolation trenches.

This letter demonstrates a design for a 2D high-
frequency electrostatic microscanner and presents an
improved method for routing isolation trenches to in-
crease the reliability and mechanical stability of the
resulting device. The micromachining process is then

optimized to enhance the filling quality of polysilicon
in the trenches. Finally, a sample 2D microscanner is
fabricated for testing.

Figure 1 shows a schematic diagram of the designed
2D microscanner. The microscanner consists of a mirror,
movable frame, and fixed frame linked by rectangular
torsional beams. In addition to the two electrostatic ac-
tuators and the filled isolation trenches for oscillating in
two perpendicular directions, localization in a movable
frame is also utilized to achieve mechanical connection
and electrical isolation. Figure 1(b) shows the layout
of the insulators. The insulators on the movable frame
are arranged symmetrically and some of the insulators
are dummies that do not actually insulate electrically to
avoid unbalanced dynamic deformations during oscilla-
tion.

The route of the isolation trench has a significant effect
on stress distribution; thus, this route is an important
consideration in the design of high-frequency microscan-
ners. The cantilever beam connected to a free-form iso-
lation trench route is modeled in Fig. 2(a) to study the
relationship between stress distribution and route. When
an upward concentrated force (F ) is applied at the free
end of the beam, the shear stress on the isolation trench

Fig. 1. Schematic diagram of the designed 2D microscanner.
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cross-section (τ) can be expressed as[14]

τ =
Fs

S
, (1)

where Fs is the shear force and S is the cross-sectional
area. In addition, the maximum normal stress on a cross-
section (σmax) can be expressed as

σmax =
Mmax

W
, (2)

where Mmax is the bending moment and W is the section
modulus in bending for a cross-section. W can be defined
for a rectangular cross-section as

W =
bh3/12

h/2
=

bh2

6
, (3)

where b and h are the length and height of a cross-section.
The length of the isolation trench must be increased to

decrease the shear stress as well as the maximum normal
stress on the cross-section. Figure 2(b) shows the im-
proved routing of the isolation trenches. The radius at
the corners is increased to prevent voids in the corners
of the filled isolation trenches. Table 1 shows the main

Fig. 2. (a) Model of cantilever beam connected to an isolation
trench. (b) Improved routing of isolation trenches.

Table 1. Main Structural Parameters of the
Microscanner

Structural Parameter Value (µm)

Diameter of Mirror Plate 1 000

Diameter of Outer Frame 2 000

Inner Torsional Springs

Length 300

Width 25

Outer Torsional Springs

Length 400

Width 20

Combs

Length 90

Width 5

Gap 4

Fig. 3. Flow chart of the SOI micromachining process for
fabricating the microscanner.

structural parameters of the microscanner.
The 2D microscanner designed in this letter is fabri-

cated with a silicon-on-insulator (SOI) wafer (100) with a
30-µm device layer thickness, 1-µm buried oxide (BOX)
layer, and 400-µm handle layer. The flow chart of the
SOI micromachining process is shown in Fig. 3. The pro-
cess begins with etching of the trench in the device layer
by lithography and inductively coupled plasma (ICP)
etching (Fig. 3(a)). Next, oxygen cleaning and ICP
isotropic etching are successively performed to form the
trench with inverted trapezium cross-section, which is
used to revise the defect of the trench generated by ion
reflection (Fig. 3(b)). Then, an oxide film with 100-nm
thickness is grown by wet oxidation and the trench is
filled with polysilicon via low-pressure chemical vapor
deposition (Fig. 3(c)). The polysilicon over the wafer is
then removed by chemical mechanical polishing, and the
aluminum film is patterned by wet etching (Fig. 3(d)).
The silicon underneath the moving parts is removed by
ICP etching to produce the movement space of the mir-
ror, and the structures are constructed using the same
micromachining process shown in Fig. 3(a) (Fig. 3(e)).
Finally, the BOX layer below all of the movable compo-
nents is removed by HF etching (Fig. 3(f)).

Figure 4 shows scanning electron microscopy (SEM)
photographs of the sample device. The device exhibits
structural integrity and the filled isolation trenches are
arranged symmetrically on the deflectable frame, which
is consistent with the design. Furthermore, the trenches
in both real and dummy isolation demonstrate the excel-
lent filling quality of polysilicon because of the inverted
trapezium cross-section. Figure 5 shows a photograph
of the microscanner chip after wire bonding and packag-
ing. The optical window tilted at 15◦ covers the bright
spot projected at the image center, which is caused by
the direct reflection of the incoming laser beam on the
protective glass window.

A laser Doppler vibrometer, which features accuracy,
real-time applicability, and non-destructiveness, was used
to characterize the sample device via resonance frequency
measurements[15]. The measuring equipment and test
results are shown in Fig. 6. Clearly, the sample device
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could oscillate at an inherent frequency of 11 586 Hz
around the inner torsional spring and at an inherent fre-
quency of 2 047 Hz around the outer torsional spring.
Laser trigonometry was used to obtain the deflection at
these inherent frequencies, and the maximum twisting
angles obtained are ±7.28◦ and ±5.63◦ under two square
waves of 40 V. The measurement results confirm the va-
lidity of our design, and the sample device satisfies the
requirements of a laser projector with VGA standards
(640×480). Moreover, the sample device could work con-
tinuously for 4 d without any noticeable degradation in
performance; by comparison, an ordinary microscanner
without our improved micromachining process could be
continuously operated for only 3 d. Thus, the optimized
micromachining process increases the filling quality of
polysilicon and further enhances the reliability and me-
chanical stability of the device. The operating current of
the sample device is extremely small because the electro-
static actuation and power consumption do not exceed
several milliwatts.

In conclusion, a 2D electrostatic high-frequency mi-
croscanner is designed, and the effects of different routes
on the stress distribution are investigated to determine an
appropriate insulation route. The sample device is then
fabricated and tested. Measurement results indicate that

Fig. 4. SEM photos of the fabricated microscanner: (a) whole
device; (b) real isolation and dummy isolation; (c) cross-
sectional view of the filled isolation trench.

Fig. 5. Photo of the microscanner chip after wire bonding and
packaging.

Fig. 6. (a) Measuring equipment; (b) inherent frequencies
of the sample device around the inner torsional spring; (c)
inherent frequencies of the sample device around the outer
torsional spring.

the sample device could oscillate at inherent frequencies
of 11 586 and 2 047 Hz around the two rotational axes,
which verifies the validity of our design and satisfies the
requirements of a laser projector with VGA standards
(640×480). Moreover, the sample device could be oper-
ated continuously without any noticeable degradation in
its performance for longer hours than an ordinary mi-
croscanner. Thus, the optimized micromachining process
enhances the reliability and mechanical stability of the
device. Further study is necessary to produce a laser pro-
jector with VGA standards using this fabricated sample
device.
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