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Optical Scanners Realized by
Surface-Micromachined
Vertical Torsion Mirror

Guo-Dung J. Su, Shi-Sheng Lee, and Ming C. Wigmber, IEEE

Abstract—We report on a novel vertical torsion mirror fab- (‘ Folysiicon Frame
ricated by surface-micromachining for optical scanner applica-

tions. Driven by an electrostatic actuator, the scanning mirror
has a resonant frequency of 0.5 kHz and an optical scan range o, \
of 26°. The maximum achievable number of resolvable spots for %
this 300 um x 250 pm scanner is 238.

Index Terms—Electrostatic actuator, microelectromechanical " incoming Beam Back Electrode Plate
systems, microoptoelectromechanical systems, optical scanner. Stopper

Scratch Drive Actator
far Assembly (SDA)

I. INTRODUCTION

PTICAL scanners are widely used in scientific and

industrial applications ranging from laser imaging to (@
printers and scanning displays. Present optical scanners are
generally based on rotary or galvanometric systems. They are
usually heavy, expensive, and have poor reliability. The mi-
cromachining technology is very attractive to reduce the size,
weight, and cost of the scanners. Previously, optical scanners
have been realized by both bulk and surface micromachining
technologies [1]-[5]. Surface-micromachined optical scanners
with out-of-plane mirrors are particularly interesting because
they can be integrated with other micromechanical and/or
optoelectronic devices. Surface-micromachined scanners with
microhinge (staple-and-pin hinge) [1] and torsion bar hinge [5]
supports have been reported. The angular position accuracy (b)
of the torsion mirror scanner was shown to be five timgsy 1. schematic diagram illustrating the operation of the vertical torsion
better than the scanner with staple-and-pin hinge [5]. Howeverisror.
the loose staple-and-pin joints used to connect the out-of-

lane mirrors and in-plane comb drive actuators can stj N . . .
P . P tf e schematic diagram of the vertical torsion mirror scanner.
cause angular inaccuracy and constant wear and tear.T & scanner consists of two main components—a vertical
this letter, we report on the performance of an out—of—plaqe . . : ) .
orsion mirror and a fixed back electrode; both are fabricated

vertical torsion mirror scanner. We employ an angular gaB— . L
: - inaY the three-layer surface micromachining technology. The
closing actuator, thus avoiding the use of any loose hingée

in the scanner. An optical scan range of 26hd a resonant m:;rodm;rror' IS attqched tq a [t)f? lysilicon lframe lny al p‘?‘ll.r of
frequency of 0.5 kHz have been experimentally demonstraté‘a. ed ftorsion Springs using the same fayer ol polysilicon,

This device is compact, lightweight, and can be mass-produ is designed to rotate up _to °2(Dnecha_1nica|ly toward
at potentially low cost. the back electrode. The polysilicon frame is folded up from

the substrate and fixed vertically by the side latch. The tips
extruded from the side latch (see Fig. 1) serve as mechanical
stoppers to prevent the torsion mirror from contacting the back
The scanner is realized by the surface-micromachinetectrode. The back electrode plate is integrated with a scratch
micro-optical bench technology (FS-MOB) [6]. Fig. 1 showsirive actuator array for self-assembly [7]. The self-assembly
Manuscript received October 30, 1998; revised January 20, 1999. This weOCess 1S C_Omp'et?'y contr_olle(_j by electrical bias, and no
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Fig. 2. The scanning electron micrograph of the vertical torsion mirror.

joints are used to connect the micromirror or the actuator,
this scanner is expected to have better pointing accuracy.
Because there is no constant wear and tear, this scanner is
also expected to be more reliable. The actuation mechanism
is similar to Texas Instruments’ Digital Micromirror Device 0 10 20 30 40 50 60 70 8O
operating in the analog regime, which has been shown to be Applied Voltage (Volt
very reliable [8]. (b)

The scanning electron micrograph (SEM) of the vertic&lg. 3. Scan angle versus applied dc-bias voltage for different (a) angle and
torsion mirror is shown in Fig. 2. The microstopper integrateld spacing between the mirror and back electrode plate.
on the side support plate is clearly visible. This device is

fabricated at the MEMS Technology Application Center ghe mirror and back electrode are plotted in Fig. 3(a) and
North Carolina (MCNC) [9]. All structures are made of(p), respectively. One can see that the driving voltage can

polysilicon deposited by low-pressure chemical vapor depge decreased by reducing the angle and spacing between the
sition (LPCVD) The mirror is BOQLm wide, 250um tall, and mirror and the back electrode.

Mirror Angle (°)
D =2 N W A O N X O

1.5 pm thick. The folded torsion beam is 91an long, 2um In our experimental device, the angle and spacing between
wide, and 1.5:m thick. the micromirror and back electrode plate aré 4&d 30:m,

respectively. The measured optical scan angle versus the dc-

. M EASUREMENTS AND DISCUSSIONS bias voltage and its frequency response are plotted in Fig. 4(a)

) . ) and (b), respectively. The torsion mirror has a pull-in voltage
The vertical torsion mirror scanner employs an angular gap 1365 v and a release voltage of 115 V. The operating

closing actuator. Electrostatic force is generated when volta\g&tage can be reduced by decreasing the spacing between the
is applied between the micromirror and back _eIectrode. Th@cromirror and the back electrode, as shown in Fig. 3. The
torque exerted on the mirror is calculated by integrating ﬂfﬁlll-in voltage can be reduced to 110 V when the spacing
product of electrostatic force and the distance to the pivolghcreases from 30 to Bm. The optical scan angle is %0
point over the entire mirror area. It is given by before the micromirror hits the stopper. The stable optical
N scan range is 26 The resonant frequency is measured to
T = lé’wVQ N / ;2 de (N—m) (1) be 0.5 kHz. The experimental data agrees very well with the
2 o (wtan(d) +d,) theory.
Even though the bias voltage is higix 100 V), the power

wherew and h are the W'dth and the height of the mlrr(_)r’consumption is very low because it is basically a capacitive
andd, and@ are the spacing and the angle between the M54 and does not consume dc current. For example, the

and the back electrode, respectively. The electrostatic forcesb%nner consumes about 609/ when it operates at 300 Hz.
balanced by the restoring force of the torsion spring attachgfle efore, the scanner can be operated by battery and the high
to the micromirror. The torsion force is given by [10] voltage can be generated by a dc voltage convérter.
Gt 192 ¢ o The _torsion mirror can op_erate in either small-signal_ or
T = 2% 9<1 — = x — tanh (_)> (N —m) large-signal regime. In small-signal operation mode, the mirror
3l ™oow 2t 2) scans up to 26 optically and can be used as scanners. For

a one-dimensional (1-D) scanner application, the maximum

whered is the shear modulus, and, I, and are the width, number of resolvable spots [11] for the scanning mirror with
the length and the thickness of the torsion spring, respectively. area of 300um x 250 um is 238 for the HeNe laser

The deflection angle of the mirror at a given voltage can

calculated t_)y setting. = Tm'_ The calculated m|rr9r angles 1For example, see the PICO Electronics Inc., Mt. Vernon, NY, Catalog
versus applied voltage for various angles and spacings betweers, p. 68.
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90 [ IV. CONCLUSION

80 | A novel surface-micromachined optical scanner has been

® Experimental Data

[Cha ) ) successfully demonstrated using an out-of-plane vertical tor-
| = Theoretical Calculation . . .

60 sion mirror. An optical scan angle of 26and a resonant

50 |- frequency of 0.5 kHz have been achieved. Its applications

include optical scanners, displays, switches, and on-chip op-
tical choppers for monolithic microoptical instruments. The
device consumes very low power (about Go&) and can be
operated by battery.
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