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ABSTRACT

The concept of an electromechanically reconfigurable multi-slit mask has been proposed using a
3-poly surbce micromachining technolagyhe fbricated prototype @&e consists of a 3Q0n

by 1.2mm shutter along with a thermal actuator based stepper. Mb&stepper motor has a
10um strole and consumes 300mW pearcle of operation. A flange-type guide rail design has

been incorporated in the shutter to permit linear translation in only one axis.
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INTRODUCTION

The general principle of the reconfigurable slit mask is illustrated in Figure 1. Each slit unit con-
sists of a pisical opening (slit) along with a sliding plate (shutter). An actuation mechanism (lin-
ear stepper motor) mes the plate such that the opening can beered or unceered

electromechanically

Figure 1.Reconfigurable slit mask laput
A two dimensional array of this design shoin Figure 2, wuld form a reconfigurable multi-slit
mask for MOS studies.
Each shutter is addressed byvfoolumn decoding techniques using greged difusion type
diodes. Diodes act l&k switches and are turned on when a &dwbiasing wvltage is applied
across them. As is siwa in Figure 3, diodes connected in series with the actuators are connected

between eachwverlapping rav and column line. By peering and grounding the appropriate lines,
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the required actuators can be turned on or of

Figure 2.Multi-slit mask
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Figure 3.Row/Column addressing of indvidual actuators
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The rav/column decoding technique permit one set of actuators to be turned on at a time. Hence,
the total time ta&n to open/close multiple shutters is a sum of the timentll¢ indvidual shut-

ters.

Until now, we hae designed and tested imdiual shutters with auilt-in actuation mechanism.

The following sections of this report discuss the design and test results obtkever hae per-

formed so ar.
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DESIGN

The design of the shutter and actuation mechanism is based on a 3 polysilicon lage surf
micromachining technology [1]. The design is a combination of a sliding shutter with an actuation
rack and a linear stepper motor asvehan Figure 1. The stepper motor consists af tmthogo-

nally placed thermal actuator arrays connected to a.ylke yok and actuation rack &a mat-

ing teeth structures to couple the motor with the shuBgrtiming the two actuator arrays
appropriatelythe shutter can be med in either direction as sha in Figure 1. Under quiescent
conditions, friction between the shutter and the underlying substrate is used for locking the shutter

in place [2].

Overview of the 3 poly surface micromachining technology

Surface micromachining refers taldrication of mechanical structures on the aefof a silicon
wafer using processes adapted from thedl@i€ation techniques. Three dimensional structures
are constructed by depositing multiple layers of poly (polysilicon) separated by glags®iO
the wafer After processing is complete, glass is etchedyalearing only the poly structures
remaining as shan in Figure 4. The compkay of mechanical structures that can be constructed
by this technique is dependent on the number of structural poly layelabte. The prototype
shutter/actuator as constructed using the commerciallgitable 3 poly process called MUMPS

provided by MCNC, North Carolina [1].
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Figure 4.(a) SEM micrograph of a surface micomachined poly 1 slider and a poly 2 bearing
(b) Enlarged view of the slider/bearing separation

Shutter Design

The designed shutter is a 300 by 1.2mm rectangular plate made of RQLThe toothed rack is
connected along the central axis. Thisvatica uniform distriaition of force to the shutter for
actuation. In order to permit the shutter to translate in only one axis, three flange type guide rails,
were incorporated (see Figure 5) [3]. Aswhotwo guide rails are placed along the shutter edges
while the third one is placed at the center of the rack. These three guide railthalkshutter to

move in one axis and at the same timevpre: the shutter form ypoting about its center of griy

during translation. The flange of the guide rail is made ofY20kith a 0.7m separation from

POLY1.
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Guide Rail 1

Guide Rail 2

Guide Rail 3

Figure 5.Shutter design

Linear Sepper Motor

The actuation mechanism is a linear stepper motor using thermal microactuators [4]. The actua-
tors work on the principle of thermakpansion. The actuator is a U-shaped structure made of pol-
ysilicon with one arm wider than the other [5]. On passing a current through this structure, the
narraver arm &periences a higher ohmic heating than the wider one. Consequieatfsee end
deflects as illustrated in Figure 6. Literature reports that such actuators are capable of generating
around BN of force for 25mW of electrical peer [6]. In order to attain greater dng force,

these actuators can be coupled in a parallel arrangement [4].

Figure 6.Operation of a U-shaped thermal micoactuator
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Figure 7 shws the layout vier of the stepper mechanism. The mechanism consistodfets of
actuator arrays and a y@kArray A consists of sen actuators and the array B comprises of 3
actuators connected in a parallel manmee two arrays are arranged orthogonally and connected
to the yole via a flaure and a sliding joint. As a result of the orthogonal arrangement of the actu-
ators, the yo& can be made to trarse in a clockwise or anti-clockwise path by appropriately tim-

ing the actuation signals.

Figure 7.Linear stepper motor

The overall design is illustrated in Figure 8 and an SEM micrograph ofattwéchted dece is

shawvn in Figure 9.
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Figure 9.Scanning electon micrograph of the fabricated device
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TESTING

In order to test the performance of the miatwfcated shuttean werlapping-phase test-signal
was applied to the actuator arrays. The motion of the shuéterobsered though an optical
microscope. The tarphase signal as generated using a free running 555 timer circuit and a pair
of T flip flop’s as illustrated in Figure 10. In order toyad® suficient drive current, a single stage
transistor switch w&s added to the output of the flip flop. The timer circais @wesigned to operate

at 1Hz so that the operation of the mechanism could be inspected visually
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Figure 10.Schematic of timing circuit

The performance of thermal actuators is dependent on a number of design parameters [5,6]. Our
actuators were seen to achaetheir full strole of 1Qum while draving 4mA at 6V Actuator

arrays hwever, being in a parallel connection, require a higlwtage signal to achie the same

strolke as indridual actuators. @ translate the shutter by 300, 20 actuation ycles were
required with eachycle consuming approximately 300mW ofiger. For our design, a 7 actuator

array pra@ided suficient force to @ercome friction and dve the 30Qm by 1.2mm shutteiHow-

ever, further work needs to be done to characterize the force requirement$eo¢lifsized shut-
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ters.

Problems Encountered

It was obsered that reliable actuation can bepded to the shutter as long as the strok the
actuators matched the pitch of the gear teeth (see Figure 1yajiffemence between the actua-
tion strole and gear pitch results in the tips of the rack ane ye&th to line up with each other
and preent meshing of the teeth (see Figure 11b). Although this meshing problem caidee a
by electronically fine tuning the lateral steoko match the teeth pitch, a rugged mechanical

design would be preferred. Nedesigns are being loe# into to address this problem.
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Figure 11.Teeth alignment during actuation br (a) proper meshing and (b) impoper meshing
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ONGOING WORK

A major concern with the present design is thve fidl factor (ratio of slit area to theverall area)
of 30%. Optimizing the present design will impecthe fill factor lut not by a dramatic amount.
To take the fill factor closer to the 50% mark, wevhaedesigned the actuation mechanism. In the

new design, vibrating thermal actuators are made to impact theaidef the shutterAs shevn

in Figure 12, tw pairs of thermal actuators are laid out at @atfgle to the shutter sidall. The
upper pair causes the shutter to slide up (uwerctne slit) while the Mer pair causes the shutter to
slide davn (covering the slit). The actuation mechanism is much simpler and requires lesser real

estate. A prototype @leee based on this design is currently beialgricated.

Actuator pair for uncovering slit

SHUTTER

Actuator pair for covering slit

Figure 12.Vibromotor based actuation
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CONCLUSION

We hare demonstrated a prototypevae using a thermal actuator based stepper motor combined
with a slider mechanism to translate a shuietieep RIE silicon etch process can be combined
with our design to create the opening and form the slits. This is being curreetyigated. A

new vibrating actuator based actuation mechanism has also bgiayesl. The ne actuation

mechanism is much simpler andwd result in a higher fillafctor
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