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INTRODUCTION

This paper is the development of the
initid idea presented in “high-torque
micro-motor for MEMS and MOEMS
applications.” 'Y The linear micro-motor
condgs of a beam with dadtic fins and
linear actuators such as eectrogatic
comb-drives located on both sides dong
the ral the beam travedls. The micro-
motor is powered by the mechanical
rectification of oscillatory motion of the
actuators.

The design and the fabrication of the test
dructures  will be discussed. The
principle of operation of each test
dructure is then briefly discussed. The
cdculations and the andyss of the test
dructures will be given to veify the
performance and the expected results of
the test structures and the overal system.
Findly, the agpplications of our liner
micromotor will be presented.

DESIGN/FABRICATION

MUMPS is a three-layer polyslicon
surface-micromachining process. It is
chosen for prototyping the design, not
for the find product runs. The
advantages of usng a prototyping
foundry are the extremdy low cost and
reasonable turnraround time.  The low
cost and frequently scheduled fabrication
runs of many commeda foundry
processes reduced the scheduing and
financid rik. Hence, the desgner is

free to try many vaidions which
encourages credtivity. One disadvantage
of MUMPS is tha the operationd
characteristics of many MEMS devices
are process dependent, so the test
gructures may have to be readjusted for
the final production process. [

The MUMPS process of the finned beam
darts with a thick CVD oxide growth on
top of the substrate. The oxide layer is
patterned with anisotropic reactive ion
etching (RIE) to give openings for the
fins  The fins are then deposted with
low-pressure chemica vapor depostion
(LPCVD). Consequent  Chemica
Mechanicd Planarization (CMP) is
performed to enhance the adheson of
the fins to the beam. Then, a blanket
layer of polyslicon (for the beam
dructure) is deposited and patterned; and
another layer of thick CVD oxide is
grown and patterned with RIE for fin
openings. Findly, the fins are deposited
(LPCVD) and planarized (CMP). After
the sacrificid oxide eich, the tedt
Sructure is released and the fins are free
to move. One drawback of this MUMPS
process is that the materid chosen for
the fins must be able to withsand the
high  temperaiure  (>600°C) CVD
process. In addition, the symmetry for
the fins on both sdes of the dructure is
hard to achieve.

An dternative and better gpproach is by
2-gtep DRIE of SOI gructure.  The first
sep of DRIE (dry SFsO, plasma etch) is



done to define the high-aspect-retio fin
openings on both sdes as shown in
Fig.l. Then the fin materid is deposited
with LPCVD, and followed by CMP to
planarize and remove unwanted fin layer
on top of the substrate. Then second
DRIE gep is peformed to rdesse the
fins.  If poly glicon is used as fin
materid, an additiona lithography step
is needed to protect poly dglicon fins
while second DRIE dep is beng
performed. Finaly, isotropic oxide etch
is performed to reease the whole test
structure.

TEST STRUCTURES

The liner micro-motor consss of a
dider (a beam with dadic fing and
linear actuators such as €dectrogtatic
comb-drives located on the sde dong
the ral the dider travdls. The micro-
motor is powered by the mechanica
rectification of oscillatory maotion of the
actuators.

When the actuators engage with the fins,
the force applied by the actuators cause
the fins to bend; and this bending of the
fins in turn put motion into the dationary
dider. The norma forces exerted on the
opposite sdes of the fins canceled each
other but the axid forces dong the dider
cause the linear motion of the dider, and
the direction of the movement depends
upon which pars of actuators being
resonated. When the actuators are
disengaged, the fins are dlowed to get
back into their origind pogtions. Once
disengaged, the diction force between
the dider and the substrate tend to
prevent movement.

Continuous directiond motion of the
micrco-motor can be achieved by

matching the oscillations of the actuators
and the movement of the dider. The
mation of the micro-motor depends on
the type of actuators used (therefore the
force and the oscillatory motion of the
actuators), the length and the dadtic
property of the fins the tilt angle of the
fins with respect to the beam, and the
number of fins

Fig. 1. Sider and itsfinned structure

Fig. 2. Linear micro-motor system
components

As illugraes in Fg. 2, the sydem
condgts of a linear dider (a beam with
eadtic fins) located between two pairs of
electrogatic comb-drive actuators, which
can exet forwad and backward
vibratory forces on the dider, depending
on which par of the actuators is
resonated.

Fg. 3. illudrates two-step operation of
the liner micro-motor. Firs, the
forward-drive par of comb-drive is
resonated, causing the force exerted on
the forward fins and this in turn puts
forward mation into the dider. Next, the
backward-drive par of comb-drive is
resonated. The force exerted on the



backward fins causes the backward
motion of the dider.

Fig. 3. Two-step operation of the
linear micro-motor

Many types of actuation have been used
in MEMS desgns.  The choices include
megnetic, thermd, piezodectric, and
electrodatic actuators.  Although each
has its paticular  dtributes  an
electrogtatic actuator has the advantage
of fader response over its themd
counterpart, and dso unlike magnetic
actuators, eectrostatic actuators do not
need external sources.

Fig. 4. Electrostatic comb-drives

EXPECTED RESULTS

The dynamic behavior of the whole
gysem is quite complex. For example,
cdculaion of the enegy transer
between two resonatiing comb-drives on
opposite Sdes is not trivid. However, a
amplified modd can predict the
behavior of the sysem. The smplified
andysis is broken down into two parts.
It begins with andyticd descriptions of
the comb-drive actuators and followed
by the motion and diglacement of the
dider when its fins and the comb-drives

engage.

The force in the x-direction out of the
comb-drives is condant and can be
written as;
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is the overlap capacitance on both sides
of a finger and x here is the overlgp
length of two fingas If the applied
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The comb-drive dso sidfies the
standard driven damped system equation
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where



M = total mass of the comb structure,
b = couette damping coefficient,
kx= spring congtant of the folded beam.

The steady state solution is then
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And the trangent solution can be found

asfollow:
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Fig. 5. smulation plot of displacement vs. time
at resonant frequency w, = 7.4kHz with

t=L=g=2rmm, Ny=50, V4=50V, Vac=12V.
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Fig. 3 electrostatic comb-drive



