wo 20107123977 A1 | IO 0O 0O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) World Intellectual Property Organization /g [} 1M1 D 0000 1.0 00 0T 00 0 0
ernational Bureau V,& ‘ ) |
. . . ME' (10) International Publication Number
(43) International Publication Date \,!:,: #
28 October 2010 (28.10.2010) WO 2010/123977 A1l

(51) International Patent Classification: (US). PINARD, Adam, I. [US/US]; 571 Heald Road,

G02B 7/182 (2006.01) F16F 15/16 (2006.01) Carlisle, MA 01741 (US).

G028 26/10 (2006.01) FI6F 15/12(2006.01) (74) Agents: HILTON, William, E. et al.; Gauthier & Con-

(21) International Application Number: nors LLP, 225 Franklin Street, Suite 2300, Boston, MA
PCT/US2010/031875 02110 (US).

(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every

21 April 2010 (21.04.2010) kind of national protection available): AE, AG, AL, AM,

- . . AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(25) Filing Language: English CA. CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(26) Publication Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

L. HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(30) Priority Data: . KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

61/171,952 23 April 2009 (23.04.2009) Us ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI

(71) Applicant (for all designated States except US): CAM- NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

BRIDGE TECHNOLOGY, INC. [US/US]; 25 Hartwell SE, G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,
Avenue, Lexington, MA 02421 (US), TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(72) Inventors; and (84) Designated States (unless otherwise indicated, for every

(75) Inventors/Applicants (for US only): BROWN, David, C. kind of regional protection available): ARIPO (BW, GH,

[US/US]; 261 West Street, Northborough, MA 01532 GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

[Continued on next page]

(54) Title: SYSTEMS AND METHODS OF PROVIDING IMPROVED PERFORMANCE OF SCANNING MIRRORS COU-
PLED TO LIMITED ROTATION MOTORS

(57) Abstract: A mirror (10) is disclosed for use in a limit-
ed rotation motor system, wherein the mirror includes a
F | G 3 \\IJ Ag body (18), an aperture (16) within the body, and a high
. density material (32) within the aperture. The body,
formed of one or more materials, has an exposed mitror
surface and is mountable with the limited rotation motor
system for rotation with respect to an axis (Ar) of mirror
rotation. The aperture is positioned at least proximate to a
portion of the axis of mirror rotation. The high density ma-
terial is provided within the aperture such that it is capable
of movement within the aperture, and the high density ma-
terial has a density that is greater than a density of the ma-
terial of the body of the mirror.




WO 20107123977 A1 0000 00O A0 OO

TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, Published:

ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, .y .

MC, MK, MT, NL, NO, PL, PT, RO, SE, SL SK, SM. with international search report (Art. 21(3))
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

ML, MR, NE, SN, TD, TG).



10

15

20

WO 2010/123977 PCT/US2010/031875

SYSTEMS AND METHODS OF PROVIDING IMPROVED PERFORMANCE OF
SCANNING MIRRORS COUPLED TO LIMITED ROTATION MOTORS
PRIORITY
The present application claims priority to U.S. Provisional Patent Application Ser.

No. 61/171,952 filed April 23, 2009, the disclosure of which is hereby incorporated by

reference in its entirety.

BACKGROUND

The present invention generally relates to vibration reduction systems in limited
rotation motor systems, and relates in particular to mirrors for use with high speed limited
rotation motor systems such as galvanometer scanning systems.

In typical galvanometer scanning systems a mirror is mounted to the output shaft
of a limited rotation motor and the limited rotation motor is controlled by a control loop
that seeks to cause the rotor of the motor, and therefore the mirror, to follow a position
and velocity command waveform with arbitrarily high fidelity.

There are limits, however, on the fidelity with which the system may follow the
command. For example, the acceleration of the mirror within the system is limited by the
rate of rise of current in the motor windings. The positional precision is limited by the
signal to noise ratio of the feedback method. The bandwidth of the system (which is its
ability to move from position 4 to position B at a desired high velocity and to then settle
at position B precisely in the shortest possible time), is limited primarily by vibrations in
the moving parts. The bandwidth of the system will nominally be %2 the first torsional
resonance in the moving structure.

It is customary, therefore, to make the moving parts as stiff as possible within the

constraints of the allowable system inertia. Since the torque required of the motor to
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reach a specified acceleration is directly proportional to the inertia and is proportional to
the current (whose rate of rise is limited as noted above), it is often the case that when the
system parameters are optimized for a particular inertia, some component, typically the
mirror, even when made of a very high stiffness-to-inertia material, is not as stiff as is
required to reach system bandwidth goals. In this case, extra material is added to the
mirror to increase its stiffness, but, at the cost of additional inertia, requiring a larger,
more expensive motor as well as a control loop that is capable of driving the additional
inertia.

There is a need therefore, for a limited rotation motor system that provides
improved bandwidth without requiring a larger, more expensive motor and

accompanying control system.

SUMMARY

In accordance with an embodiment, the invention provides a mirror for use in a
limited rotation motor system, wherein the mirror includes a body, an aperture within the
body, and a high density material within the aperture. The body, formed of one or more
materials, has an exposed mirror surface and is mountable with the limited rotation motor
system for rotation with respect to an axis of mirror rotation. The aperture is positioned
at least proximate to a portion of the axis of mirror rotation. The high density material is
provided within the aperture such that it is capable of movement within the aperture, and
the high density material has a density that is greater than a density of the material of the

body of the mirror.
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In accordance with another embodiment, the invention provides a scanning
system including a limited rotation motor coupled to a mirror. The limited rotation motor
includes a rotor shaft, and the mirror includes a body and a high density material within
an aperture in the body. The body includes an exposed mirror surface and is coupled to
the rotor shaft for rotation with respect to an axis of mirror rotation. The high density
material is capable of movement within said aperture with respect to the body of the
mirror, and the high density material has a density that is greater than a density of the
body of the mirror.

In accordance with a further embodiment, the invention provides a method of
damping vibrations in a scanning system that includes a limited rotation motor including
a rotor shaft, and includes a mirror that is coupled to the rotor shaft. The method includes
the steps of rotating the mirror about an axis of mirror rotation through application of a
torque applied to the mirror by the limited rotation motor via the rotor shaft; and
accelerating a high density material within the mirror due to vibrations in the movement
of the mirror, whereby the acceleration of the high density material within the mirror

absorbs energy from the vibrations thereby damping vibrations in the scanning system.

BRIEF DESCRIPTION OF THE DRAWINGS

The following description may be further understood with reference to the
accompanying drawings in which:

Figure 1 shows an illustrative diagrammatic view of a mirror in accordance with

an embodiment of the invention;
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Figure 2 shows an illustrative diagrammatic view of a limited rotation motor
system employing the mirror of Figure 1;

Figure 3 shows an illustrative diagrammatic sectional view of the mirror of Figure
1 taken along line 3 — 3 thereof;

Figures 4A and 4B show illustrative diagrammatic enlarged cross-sectional views
of a portion of the mitror of Figure 1 prior to and after a torque motion is applied to the
mirror;

Figure 5 shows an illustrative diagrammatic enlarged cross-sectional view of the
top portion of the mirror of Figure 1;

Figure 6 shows an illustrative diagrammatic enlarged cross-sectional view of a top
portion of a mirror in accordance with another embodiment of the invention;

Figure 7 shows an illustrative diagrammatic enlarged cross-sectional view of a top
portion of a mirror in accordance with a further embodiment of the invention;

Figures 8A — D show illustrative diagrammatic views of target processing
variations from an intended target for four scanning step sizes using a system without
damping;

Figures 9A — 9D show illustrative diagrammatic views of target processing
variations from the same intended target as in Figures 8A — 8D for four scanning step
sizes using a system in accordance with an embodiment of the invention;

Figure 10 shows an illustrative graphical representation of wobble oscillations in
a mirror of the prior art following a non-zero acceleration, as well as comparative wobble

oscillations in a mirror in accordance with an embodiment of the invention;
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Figure 11 shows an illustrative graphical representation of a voltage applied to a
limited rotation motor to move a mirror from point A to point B;

Figure 12 shows an illustrative graphical representation of the associated current
in stator windings in a limited rotation motor responsive to the voltage of Figure 11;

Figure 13 shows an illustrative graphical representation of a response of a limited
rotation motor system using a damped mirror in accordance with an embodiment of the
invention; and

Figure 14 shows an illustrative graphical representation of a response of a limited
rotation motor system using an un-damped mirror.

The drawings are shown for illustrative purposes only.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

During the manufacture of commercial mirrors, and in particular large mirrors,
significant part-to-part variations in the center of mass of each mirror may occur. Such
inconsistencies in the centering of mirror mass with respect to the axis of rotation, cause
off-axis vibrations.

It has been discovered that off-axis vibrations may be damped such that their
effective vibration amplitude is a factor of 5 smaller than that of an un-damped identical
mirror. For example, because settling time is the inverse of bandwidth, a damped
vibration period of 5 x 10~ seconds has a smaller amplitude than the corresponding un-

damped amplitude at 2.5 x 107 seconds, allowing 5 times faster settling or 5 times greater

bandwidth.



10

15

20

WO 2010/123977 PCT/US2010/031875

As shown in Figure 1, a damped mirror 10 in accordance with an embodiment of
the invention includes a reflective surface 12 and a mounting base 14 for coupling to a
limited rotation motor system (as further shown in Figure 2). The mirror 10 also includes
a cylindrical aperture 16 within the body 8 of the mirror 12, and an exposed cap 18 that
seals the aperture from the environment. In accordance with various embodiments, the
aperture 16 contains high density material that is permitted to move within the aperture
16 of the mirror 10.

In particular, a small diameter hole is drilled either part way or most of the length
of the mirror along the nominal axis of rotation to form the aperture 16. The diameter of
the hole, may for example, be between about 100 microns and about 5000 microns, and
preferably may be between about 500 and 2000 microns, and more preferably may be
about 1000 microns. This aperture 16 is filled loosely with high-density particles,
preferably made of Tungsten, Depleted Uranium, Molybdenum, Lead, Bismuth, or
similar high density material. In certain embodiments, the high-density particles may
have a density of greater than about 9.0 g/em’, and in further embodiments, the high
density particles may have a density of greater than about 12.0 g/em® The exposed end of
the aperture 16 is then closed by the cap 18 to retain the high density material.

As shown in Figure 2, a scanner assembly including a scanner motor 20 having a
rotatable rotor coupled to a shaft on which is mounted the mirror 10. The scanner
assembly also includes a transducer 22 for monitoring the position of the shaft attached to
one end of the rotor. The mirror 10 and the position transducer 22 may each be attached
to the rotor at the same end thereof. The system also includes a feedback control system

24 that provides a command signal 26 to the motor 22 responsive to an input command
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signal from an input node 28 and a feedback signal 30 from the position transducer 22 to
control the speed and/or position of the motor. The mirror 10 may be coupled to the
motor shaft via any of a variety of conventional techniques known to those skilled in the
art.

When the mirror is driven so as to cause a laser beam that is reflected by the
surface 12 toward a work-surface to move from a first position (e.g., point 4 on the work-
surface) to a second position (e.g., point B on the work-surface), the motor must first
overcome the inertia of the mirror (e.g., from a stand still), rotate the mirror very quickly,
and then stop the movement of the mirror very quickly at the second position so that laser
processing at point B may begin. Manufacturing variations and imperfections in the
mirrors may cause resonances to occur at various frequencies that may cause the
positioning of the laser to be compromised.

With reference to Figure 3, which is a cross-sectional view of the mirror of Figure
1 taken along line 3 — 3 thereof, the aperture may be filled with damping material
comprising high density particles 32, of for example, Tungsten, Depleted Uranium,
Molybdenum, Lead and Bismuth, and having a particle size of about 0.1 micron to about
100 microns, and preferably from about 1 micron to 10 microns, and more preferably
about 3 microns. The body 8 of the mirror 10, on the other hand, may be formed of one
or more low density materials such as any of aluminum, steel, glass, semiconductor
material such as silicon and/or germanium, carbon, titanium and beryllium as well as
combinations thereof. In certain embodiments, the low density body material may have a
density of less than about 9.0 g/cm3 , and in further embodiments, the low density body

material may have a density of less than about 5 glem’,
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Because the damping material is at or very near the center of rotation of the
mirror (4g), it adds little inertia in spite of its high density. During acceleration of the
mirror by the motor, the damping material is shifted away from the center of rotation by
centrifugal reaction. When there is no vibration, the material 32 should pack along the
walls of the hole 16 in a stable uniform layer, leaving a small area gap along the axis of
rotation as shown in Figure 4A. In the presence of vibration however, the shape of the
mirror is deformed at the frequency of the vibration, and the deformation of the walls of
the hole accelerates the material 32 into itself and into the walls at a high rate of speed as
shown in Figure 4B. The kinetic energy of the vibration is therefore converted into
kinetic energy of the damping material, which is then converted to heat in the collisions.
By conservation of energy, since energy is removed from the vibration, the vibration is
reduced in amplitude.

As shown in Figure 5, the aperture 16 may be filled with the particles 32 such that
little or no space exists between the particles 32 and the inner surface of the end cap 18.
In an embodiment, the particles 32 may be packed into the aperture or may settle into the
aperture by subjecting the entire mirror 10 to ultrasonic vibration. This prevents the high
density material from undergoing too much movement during use that might alter the
center of mass of the mirror, which may cause significant imbalances and therefore
vibrations.

With reference to Figure 6, in accordance with another embodiment of the
invention, an aperture 46 in a body 48 of a mirror may be filed with high-density
particulates 50 (such as for example, any of Tungsten, Depleted Uranium, Molybdenum,

Lead and Bismuth, and having a particle size of about 0.1 micron to about 100 microns,
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and preferably from about 1 microns to 5 microns) that are mixed within an elastomeric
material 52 and retained by a cap 54. The chosen elastomeric material 52 (such as for
example, any common elastomeric material such as rubber, silicone, viton, polyurethane
and the like serves to retain the particles and acts as a spring to ture the response of the
damper to a desired frequency or range of frequencies. In other words, through
appropriate selection of an elastomeric material, the mirror may be designed to reduce
vibrations at a particular frequency or range of frequencies due to the movement of the
particles being limited by the elastomeric material.

With reference to Figure 7, in accordance with a further embodiment, an aperture
66 within a mirror 68 may includes a high-density fluid 70 (such as Mercury), which
dissipates the energy as heat in friction with itself and with the walls. In certain
embodiments, the high-density fluid may have a density of greater than about 9.0 g/crn3 ,
and in further embodiments, the high-density fluid may have a density of greater than

about 12.0 g/cm’

. Again, a cap 72 seals the high density fluid within the aperture such
that only a small amount of movement is permitted.

V Figures 8A — 8D show diagrammatic views of illustrative target processing
variations from an intended target at x=0, y=0 for four scanning step sizes (d;, ds, ds, dy)
using a system of the prior art comprised of a pair of mirror-galvanometer-servo systems
arranged mutually at 90 degrees to each other so that one system moves the laser beam in
the x direction while the other moves the laser beam in the y direction. These scatter
plots show a multiplicity of attempts at achieving a step-wise motion from point 4 to

point B (x=0, y=0), point B being shown in each of the charts. The distance from point 4

to point B is the variable, increasing in each step d0 to d1 to d2 to d3 to d4. The overall
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size of the scatter map in the x and the y directions respectively is a measure of the error
of the system in achieving the desired motion between point 4 and point B.

The accelerating current impulse at time t; causes a vibration in both systems, as
discussed in more detail below. In the damped system, the vibration dies out before the
reverse direction acceleration pulse is applied (as discussed further below with reference
to Figure 13). Conversely, in the un-damped system the vibration persists (as discussed
further below with reference to Figure 14). When the reverse direction impulse is applied
to the un-damped system the impulse adds geometrically with the phase of the original
vibration, and is in principle unlimited in amplitude. The new amplitude is
approximately 10 times the original amplitude, and under these conditions will persist at
an obnoxious amplitude for many milliseconds after the end of the position change
command pulse.

The effect of this phase dependence is seen in Figures 8A through 8D where the
arbitrarily chosen distances between point 4 and point B each have a different phase
difference between that vibration initiated at time t; and that vibration initiated at time ts,
with the result that the smallest step d0-d1 in Figure 8A and the largest step d3-d4 in
Figure 8D both have phase differences near 180 degrees, so that the vibration from the
second impulse nearly cancels the vibration from the first impulse, with the result that the
amplitude of the scatter is small and acceptable, while both intermediate distance steps
d1-d2 (Figure 8B) and d2-d3 (Figure 8C) have phase differences close to zero, and so the
vibrations resulting from the impulses at time t; and time t; add together in amplitude,

increasing the amplitude of the scatter substantially.
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As may be seen in Figures 9A through 9D, which are scatter plots of the same
system with a damped identical mirror performing identical steps, the result of the
damping is to produce approximately the same size scatter plots for all the steps,
regardless of the phase of the vibrations. Since it is impractical to predict the phase of the
vibrations resulting from a particular step size with a particular system, the damping
particle size may be chosen to provide damping within a range suitable to damp the entire
vibration spectrum of interest.

The illustrations of Figures 8A — 8D and 9A — 9D are intended to show that using
the same imperfect mirror, both with (Figures 9A — 9D) and without the additional high
density material (Figures 8A — 8D), improvements may be obtained in target processing
for all step sizes dj, da, ds, and ds. These drawings are shown for illustrative purposes
only.

Figure 10 shows an illustrative view of wobble oscillations in a prior art mirror as
well as a mirror in accordance with an embodiment of the invention. As shown at 100, a
prior art mirror oscillates significantly for more than 0.25 seconds (2.5 x 10%), and in fact
experiences the greatest amplitude of oscillation (as shown at 102) after the motor has
stopped (at 0.00). As shown at 104, a mirror in accordance with an embodiment of the
invention begins to reduce the amplitude of oscillations immediately after the motor stops
(at 0.00), and significantly reduces the oscillations after only 0.01 seconds (1.00 x 107) as
shown at 106. The damped response of a system of the invention, therefore, never
reaches the peak amplitude of motion of the un-damped system, and further by 5 x 107
seconds after the end of command the vibration is already below that of the un-damped

system at 2.5 X 107 seconds, providing a gain of a factor of 5 in settling time.
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With reference to Figures 11 — 14, the movement of the mirror due to a control
signal to that drives a mirror from a first position (providing a first laser point 4) to a
second position (providing a second laser point B) is as follows. Generally, Figure 14
shows movement vibrations of an un-damped mirror on a time scale common with the
voltage across the motor, (as shown in Figure 11), current through the motor, (as shown
in Figure 12). Figure 13 shows the damped response of the system on the same time
scale. The accelerating current impulse at time t; causes a vibration in both systems as
shown in Figures 13 and 14. In the damped system (Figure 13), the vibration dies out
before the reverse direction acceleration pulse is applied as shown in Figure 13.
Conversely, in the un-damped system, the vibration persists as shown in Figure 14.

In particular, Figure 13 shows that a voltage to a stator of a limited rotation motor
is initially increased to a +v voltage and the voltage potential on the stator quickly ramps
up to this voltage during time t; to ty as shown at 110. The voltage is then ceased at time
t,, and then at time t3, a negative voltage is applied to stop the rotor as shown at 112.
Similarly, the current ramps up from time t; to time t; as shown at 120, then falls off until
time t;. From time t; to time t4, a negative current is applied to stop the movement of the
mirror as shown at 122. The current then again falls off until time ts when the mirror
stops.

As shown in Figure 13, the movement of a damped mirror in accordance with an
embodiment of the invention has some initial oscillations (as shown at 130) when the
positive current is first applied at time t;, but these oscillations quickly die out long
before the negative current (reverse direction acceleration pulse) is applied at time ts.

Again, when the negative current is first applied at time t3, the mirror has some initial
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oscillations (as shown at 132) that quickly die out long before the mirror reaches the
desired position at time ts. Conversely and as shown in Figure 14, when using an un-
damped mirror, the mirror has some initial oscillations (as shown at 140) when the
positive current is first applied at time t;, but these oscillations do not die out prior to time
t3, at which point they are amplified (as shown at 142 and 144). Although these
oscillations do reduce prior to time ts, some oscillations remain (as shown at 146), and
these oscillations will negatively impact the accuracy of any laser processing that occurs
at time ts. When the reverse direction impulse is applied to the un-damped system the
impulse adds geometrically with the phase of the original vibration, and is in principle
unlimited in amplitude. As shown in Figure 14 the new amplitude is approximately 10
times the original amplitude, and under these conditions the vibration will persist at an
obnoxious amplitude for many milliseconds after the end of the position change
command pulse.

The effect of this phase dependence is seen in Figures 8A through 8D where the
arbitrarily chosen distances between point 4 and point B each have a different phase
difference between them in connection with which a vibration was initiated at time 1, and
a further vibration was initiated at time t;, with the result that the smallest step d0-d1 in
Figure 8A and the largest step d3-d4 in Figure 8D both have phase differences near 180
degrees, so that the vibration from the second impulse nearly cancels the vibration from
the first impulse, while both intermediate distance steps d1-d2 (Figure 8B) and d2-d3
(Figure 8C) have phase differences close to zero, and so the vibrations resulting from the

impulses at time t; and time t3 add together in amplitude.
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Those skilled in the art will appreciate that numerous modifications and variations
may be made to the above disclosed embodiments without departing from the spirit and

scope of the invention.

What is claimed is:
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1. A mirror for use in a limited rotation motor system, said mirror comprising:

a body formed of at least one material and having an exposed mirror surface, said
body being mountable with the limited rotation motor system for rotation with respect to
an axis of mirror rotation;

an aperture within the body of the mirror, said aperture being at least proximate to
a portion of said axis of mirror rotation; and

a high density material within said aperture and capable of movement within said
aperture with respect to the body of the mirror, said high density material having a

density that is greater than a density of the at least one material of the body of the mirror.

2. The mirror as claimed in claim 1, wherein said high density material is provided

as particles of a solid material.

3. The mirror as claimed in claim 2, wherein said particles are provided within an

elastomeric material within said aperture.

4. The mirror as claimed in claim 2, wherein said particles each have a size between

about 1 micron and about 5 microns.

5. The mirror as claimed in claim 2, wherein said high density material is formed of

any of tungsten, depleted uranium, molybdenum, lead and bismuth.
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6. The mirror as claimed in claim 1, wherein said high density material is provided
as a fluid.
7. The mirror as claimed in claim 1, wherein said fluid is mercury.
8. The mirror as claimed in claim 1, wherein said aperture is substantially coincident

with at least a portion of the axis of mirror rotation.

9. A scanning system including a limited rotation motor coupled to a mirror, said
limited rotation motor comprising a rotor shaft and said mirror comprising:

a body having an exposed mirror surface and being coupled to the rotor shaft of
the limited rotation motor system for rotation with respect to an axis of mirror rotation;

a high density material within an aperture in the body of the mirror, said high
density material being capable of movement within said aperture with respect to the body
of the mirror, and said high density material having a density that is greater than a density

of the body of the mirror.

10.  The scanning system as claimed in claim 9, wherein said high density material is

provided as particles of a solid material.

11.  The scanning system as claimed in claim 10, wherein said particles are provided

within an elastomeric material within said aperture.
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12.  The scanning system as claimed in claim 10, wherein said particles each have a

size between about 1 micron and about 5 microns.

13.  The scanning system as claimed in claim 10, wherein said high density material is

formed of any of tungsten, depleted uranium, molybdenum, lead and bismuth.

14.  The scanning system as claimed in claim 9, wherein said high density material is
provided as a fluid.

15.  The scanning system as claimed in claim 9, wherein said fluid is mercury.

16.  The scanning system as claimed in claim 9, wherein said aperture is substantially

coincident with at least a portion of the axis of mirror rotation.

17. A method of damping vibrations in a scanning system that includes a limited
rotation motor including a rotor shaft, and a mirror coupled to the rotor shaft of the
limited rotation motor, said method comprising the steps of:

rotating the mirror about an axis of mirror rotation through application of a torque
applied to the mirror by the limited rotation motor via the rotor shaft; and

accelerating a high density material within the mirror due to vibrations in the
movement of the mirror, whereby the acceleration of the high density material within the
mirror absorbs energy from the vibrations thereby damping vibrations in the scanning

system.
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18.  The method as claimed in claim 17, wherein said high density material is

provided as particles of a solid material.

19.  The method as claimed in claim 18, wherein said particles each have a size

between about 1 micron and about 5 microns.

20.  The method as claimed in claim 17, wherein said high density material is formed

of any of tungsten, depleted uranium, molybdenum, lead and bismuth.
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