wo 2016/123265 A1 || I NN OO0 LA A AR

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/123265 Al

4 August 2016 (04.08.2016) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
G02B 7/00 (2006.01) HO2N 2/04 (2006.01) kind of national protection available): AE, AG, AL, AM,
. .. AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/US2016/015219 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
27 January 2016 (27.01.2016) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . L
62/109,458 29 January 2015 (29.01.2015) Us (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: NEWPORT CORPORATION [US/US]; GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
1791 Deere Avenue, Irvine, CA 92606 (US). TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
. .. . . . TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(72) glxe;“tggs I(JIIJ,Sg-.Iongql, 515 Cringle Drive, Redwood City, DK, EE, ES, FL, FR, GB. GR. HR. HU. IE, IS, IT, LT. LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(74) Agents: ANDERSON, William et al.; c/o CPA Global, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
900 Second Avenue South, Suite 600, Minneapolis, Min- GW, KM, ML, MR, NE, SN, TD, TG).
nesota 55402 (US).
[Continued on next page]
(54) Title: INTEGRATED PICOMOTOR MOUNT
(57) Abstract: An adjustable compact
mount that may include an integrated
configuration that is suitable for use in
2 contined spaces. Some adjustable com-
148 pact mount embodiments may include a

FIG. 1

threaded drive screw that is completely
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INTEGRATED PICOMOTOR MOUNT

Related Patent Applications

This application claims priority under 35 U.S.C. section 119(e) from U.S.
provisional application Ser. No. 62/109,458 filed January 29, 2015, by Hongqi Li titled
"INTEGRATED PICOMOTOR MOUNT" which is incorporated by reference herein in its

entirety.

Background

Optical devices or elements such as lenses, mirrors, wave plates, filters,
volume Bragg gratings, prisms and the like are often mounted to an optical system, and
particularly an experimental optical system, with an adjustable mount. An example of an
optical system may include an optical bench or base having multiple optical devices and
components mounted to the base with an orientation so as to provide an optical path which
directs a light beam from one optical device to the next. Beams from lasers or other light
sources are generally used for such applications. For such systems, an adjustable mount
provides a mechanism to securely fasten an optical element or the like to the optical bench
or other component of the optical system and allow for some adjustment of the orientation
and/or position of the optical element. For many applications, the adjustable mount should
be operable within a confined space without protuberances that interfere with nearby

equipment during the adjustment process.

Some existing adjustable mounts may include a first plate configured to have an
optical element secured thereto and a second plate disposed adjacent the first plate with
the first plate being displaceable relative to the second plate. In some cases, a
piezoelectric type drive motor may be used to rotate a screw coupled between the plates in
in order to drive the relative displacement between the first plate and second plate. For

many such mounts, the drive screw, piezoelectric drive motor or other components of the
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adjustable mounts may extend outside of an outer perimeter of the first and/or second
plate during relative displacement between the first and second plate. In addition, the
magnitude of the moment of inertia required to efficiently operate the piezoelectric drive
motor may result in a large and bulk mount device that may be unsuitable for use in
confined spaces for various applications. Also, the outer surfaces of some components of
such mount systems may become worn over time and reduce the efficiency of operation of

the adjustable mount.

What have been needed are adjustable mounts that operate efficiently and also
allow for compact sizes for use in confined spaces. What have also been needed are
adjustable mounts that do not have drive screws or other components of the mount
extending beyond the outer perimeter of the plates of the mount during use to further
enhance the applicability for use in confined spaces. What have also been needed are
adjustable mounts that include components which are durable for efficient and reliable use

over an extended period of time.

Summary

Some embodiments of a compact adjustable mount include a base having a flat
mounting surface on a bottom portion of the base. The adjustable mount may also include
a stage that is substantially fixed relative to the base in all degrees of freedom except a
single linear degree of freedom such that the stage may translate in the linear degree of
freedom over a predetermined distance with respect to the base. The stage may also
include a flat mounting surface on an upper portion of the stage for mounting of optical
elements or the like. Such a stage may also be suitable for mounting non-optical
components that need to be accurately repositioned during use relative to a fixed mounting
surface. The adjustable mount may also include an elongate threaded drive shaft that has
a longitudinal axis, a threaded length having a threaded outer surface with at least one
thread groove concentrically disposed about the longitudinal axis and driven portion having
an outer surface. The threaded drive shaft may be fixed in an axial direction along the
longitudinal axis with respect to the base and disposed within an outer perimeter of the

base at all times during use. The threaded drive shaft may also be fixed in directions
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transverse to the longitudinal axis of the shaft with respect to the base and rotatable about
the longitudinal axis of the shaft with respect to the base. The adjustable mount may
further include a nut which is secured to the stage, which includes a bore disposed about
the threaded drive shaft and which includes an engagement structure within the bore that
is configured to engage the thread groove of the threaded outer surface of the threaded
drive shaft. The nut may be secured to the stage in a configuration that prevents rotation
of the nut in a rotational direction about the longitudinal axis of the threaded drive shaft
such that rotation of the threaded drive shaft relative to the base results in rotation of the
thread groove relative to the engagement structure of the nut and subsequent axial
movement of the nut and stage along the longitudinal axis relative to the base as a resullt
of rotation of the threaded drive shaft. An inertia drive motor may be disposed within the
base and include a first contact surface and a second contact surface, the second contact
surface being disposed in a spaced and substantially opposed relation relative to the first
contact surface. In some cases, the first and second contact surfaces may be operatively
engaged with the driven portion of the threaded drive shaft such that actuation of the drive
motor imparts reciprocating motion between the first contact surface and second contact
surface resulting in rotational motion of the threaded drive shaft relative to the base. At
least one disk shaped end cap may be secured in fixed relation to an end of the threaded
drive shaft. Such end cap embodiments may be disposed within the outer perimeter of the
base, include a high density material and include a moment of inertia sufficient for efficient
operation of the inertial drive motor.

Some embodiments of a compact adjustable mount include a base and a stage that
is fixed relative to the base in all degrees of freedom except a single linear degree of
freedom such that the stage translates in the linear degree of freedom. Such compact
adjustable mount embodiments may also include an elongate threaded drive shaft that
includes a longitudinal axis, a threaded length having a threaded outer surface with at least
one thread groove concentrically disposed about the longitudinal axis and driven portion
having an outer surface, the threaded drive shaft being fixed in an axial direction along the
longitudinal axis with respect to the base, disposed within an outer perimeter of the base,
fixed in directions transverse to the longitudinal axis with respect to the base and rotatable

about the longitudinal axis with respect to the base. A nut may be secured to the stage,
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the nut including a bore disposed about the threaded drive shaft. The bore of the nut may
include an engagement structure within the bore that is configured to engage the thread
groove of the threaded outer surface of the threaded drive shaft such that rotation of the
threaded drive shaft relative to the base results in axial movement of the nut and stage
along the longitudinal axis relative to the base. An inertia drive motor may be disposed
within the base and include at least one contact surface operatively engaged with the
driven portion of the threaded drive shaft such that actuation of the inertia drive motor
imparts reciprocating motion of the at least one contact surface resulting in rotational
motion of the threaded drive shaft relative to the base. In addition, at least one end cap
may be secured in fixed relation to the threaded drive shaft with the end cap being
disposed within an outer perimeter of the base. The end cap may have a moment of
inertia which is configured to be sufficient for efficient operation of the inertia drive motor.
Some embodiments of a piezoelectric inertia drive motor may include an actuator
frame having a first support element which includes a first contact surface and a second
support element which includes a second contact surface. The second contact surface is
disposed in a spaced and substantially opposed relation relative to the first contact
surface. The actuator frame may also include a bias spring clip which is engaged with the
first support element and the second support element and which is configured to provide a
resilient restoring force that resists perpendicular displacement of the first contact surface
away from the second contact surface. The actuator frame may further include a
piezoelectric element cavity disposed between a first mount surface of the actuator frame
and a second mount surface of the actuator frame. A piezoelectric element may be
disposed within the piezoelectric element cavity. The piezoelectric element may have a
first end secured to the first mount surface and a second end secured to the second mount
surface. The piezoelectric element may be configured to expand and contract in response
to an electrical driver signal transmitted to the piezoelectric element and be configured
such that an expansion or contraction of the piezoelectric element results in respective
substantially parallel reciprocating displacement between the first contact surface and the

second contact surface.
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Certain embodiments are described further in the following description, examples,
claims and drawings. These features of embodiments will become more apparent from the
following detailed description when taken in conjunction with the accompanying exemplary

drawings.

Brief Description of the Drawings

FIG. 1 is a perspective view of a compact adjustable mount embodiment which is
operatively coupled to a controller and which is secured to a mounting surface of an optical
table.

FIG. 2 is an exploded view in perspective of the compact adjustable mount
embodiment of FIG. 1.

FIG. 3 is a bottom view of a stage of the compact adjustable mount embodiment of
FIG. 1.

FIG. 4 is a perspective view of the base and some other associated elements of the
compact adjustable mount embodiment of FIG. 1.

FIG. 5 is a top view of the base shown in FIG. 4.

FIG. 6 is a transverse cross section view of the compact adjustable mount
embodiment of FIG. 1 taken along lines 6-6 of FIG. 1 with the stage displaced in a linear
position which has the threaded nut disposed towards the piezoelectric drive motor.

FIG. 6A is an enlarged view of the threaded drive shaft section indicated by the
encircled portion 6A shown in FIG. 6.

FIG. 7 shows the transverse cross section view of the compact adjustable mount
embodiment of FIG. 6 with the stage displaced in a linear position which has the threaded
nut disposed away the piezoelectric drive motor.

FIG. 8 is a perspective view of a subassembly of the compact adjustable mount
embodiment of FIG. 1 that includes the threaded drive shaft, the piezoelectric drive motor,
the threaded nut and the end caps and rotation bearings.

FIG. 9 is a perspective view of the threaded drive shaft of FIG. 8.

FIG. 10 is an exploded view in perspective of a two piece embodiment of the
threaded drive shaft.
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FIG. 11 is a perspective view of the piezoelectric drive motor embodiment of the
compact adjustable mount embodiment of FIG. 1.

FIG. 12 is an exploded view in perspective of the piezoelectric drive motor
embodiment of FIG. 11.

FIG. 13 is a top view of the piezoelectric drive motor embodiment of FIG. 11 with
the spring bias clip not shown for purposes of illustration.

FIG. 14 is a side view of the piezoelectric drive motor embodiment of FIG. 11 with
the spring bias clip not shown for purposes of illustration.

FIG. 15 is a perspective view in section of the piezoelectric drive motor embodiment
of FIG. 14 with the spring bias clip not shown for purposes of illustration.

The drawings illustrate embodiments of the technology and are not limiting. For
clarity and ease of illustration, the drawings may not be made to scale and, in some
instances, various aspects may be shown exaggerated or enlarged to facilitate an

understanding of particular embodiments.

Detailed Description

This application is directed to certain compact adjustable mount embodiments that
may be used for mounting a large variety of devices to a stable surface such as a flat top
mounting surface of an optical bench or any other suitable surface. The embodiments
discussed herein enable a device, such as optical devices or elements, which are mounted
to an upper flat mounting surface of a stage of such a compact adjustable mount to be
translated in a precise and repeatable fashion relative to the mounting surface of an optical
bench or the like. As discussed above, such compact adjustable mounts may be used to
mount optical components or elements to a stable mounting surface, such as an optical
table and permit precise adjustment of position of the optical element relative to the optical
bench or other optical elements disposed on the optical bench. For some embodiments, a
stage having a mount surface may be coupled to a base by one or more precision bearing
assemblies that are configured to permit relative axial translation between the stage and
the base with a high degree of linear precision. The relative linear displacement between

the stage and the base may be implemented by a threaded drive shaft which may rotate
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about its longitudinal axis of the drive shaft and remain axially stationary relative to the
base.

A threaded nut or the like may be operatively coupled to a threaded portion of the
threaded drive shaft and also secured to the stage such that rotation of the threaded nut
relative to the stage is restricted. In this way, rotation of the threaded shaft results in
relative linear displacement between the stage and the base. In some embodiments, the
threaded drive shaft may be rotated by a piezoelectric drive motor also mounted within the
base and operatively coupled to a driven portion of the threaded drive shaft. The
piezoelectric drive motor may be coupled by wires or the like to a controller that is
configured to generate a drive signal that actuates the piezoelectric drive motor to impart
torque to the driven portion of the threaded drive shaft thus rotating the threaded drive
shaft by an inertia type drive method. This inertia type drive method may be used to rotate
the threaded drive shaft in a rotational direction and angular magnitude to generate a
desired amount of angular displacement of the threaded drive shaft and corresponding
linear translation of the threaded nut and stage relative to the base. Although the
exemplary embodiments shown and discussed herein have the drive motor and threaded
drive shaft in the base of the compact adjustable mount, these elements may be suitably
disposed within the stage with the threaded nut thus being secured to the base for any of
the embodiments shown or contemplated herein.

Referring to the figures, a compact adjustable mount embodiment 10 is shown
secured to a mounting surface 12 of an optical bench 14 in FIG. 1. A generic optical
element 16 is shown secured to a mounting surface in the form of a top mounting surface
18 of the stage 20 of the compact adjustable mount 10 for purposes of illustration. The
compact adjustable mount 10 is coupled by a wire harness 22 to a controller 24 which is
configured to generate a drive signal which is communicated through the wire harness 22
to an inertia drive motor such as the piezoelectric inertia drive motor 26 of the compact
adjustable mount 10 as shown in FIG. 2. The compact adjustable mount embodiment 10
includes a base 28 having a mounting surface 30 on a bottom portion of the base 28 that
may have a flat configuration. The mounting surface 30 on the bottom of the base 28 may
be seen in FIGS. 6 and 7. The base 28 may also include one or more mounting holes 32

(see FIGS. 2-5) that are suitable for passage of a mounting fastener that may be used to
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secure the base to a mounting surface 12. For embodiments that include a plurality of
mounting holes 32, the mounting holes 32 may be spaced in a periodic or regularly spaced
arrangement that is consistent with the periodic or regular spacing of corresponding
threaded holes or the like in the mounting surface 12 of an optical bench 14. Such a
periodic spacing may include mounting holes 32 which are disposed on whole increments
of 1 inch centers.

The compact adjustable mount embodiment 10 shown in the figures includes a
stage 20 that is substantially fixed relative to the base 28 in all degrees of freedom except
a single linear degree of freedom. Use of the term substantially fixed in this context means
fixed except for incidental movement as a result of imperfections or tolerances of bearings,
races, bearing or contacting surfaces or the like of components of the compact adjustable
mount 10. In this way, the stage 20 may translate in the linear degree of freedom over a
predetermined distance with respect to the base 28 as shown in FIGS. 6 and 7. The
relative linear motion between the base 28 and the stage 20 may be controlled and
facilitated by at least one linear bearing assembly operatively disposed between the base
28 and the stage 20. For the embodiment shown in the figures, a pair of linear ball bearing
assemblies is operatively disposed between respective bearing races of the base 28 and
the stage 20. In particular, a first linear ball bearing assembly 34 is operatively disposed
between a first bearing race 36 of the base 28 and a first bearing race 38 of the stage 20.
A second linear ball bearing assembly 40 is operatively disposed between a second
bearing race 42 of the base 28 and a second bearing race 44 of the stage 20 as shown in
FIG. 2. The bearing assemblies may be captured in place by a plurality of threaded
screws 45. For the embodiment shown, the bearing races 36, 38, 42 and 44 are straight
grooved structures that extend parallel to each other and parallel to the single linear
degree of freedom of the stage. An underside of a body of the stage 20 may include one
or more relief slots that provide clearance for structures associated with the base that
might otherwise hinder or interfere with movement of the stage 20 relative to the base 28.
For the embodiment shown, a first end cap relief slot 46 and a second end cap relief slot
48 are cut into the bottom surface of the stage 20. The first end cap relief slot 46 and
second end cap relief slot 48 are configured to provide clearance for outer perimeter

surfaces of the respective first end cap 50 and second end cap 52 which may have a disk



10

15

20

25

30

WO 2016/123265 PCT/US2016/015219

shaped configuration and which are secured to opposite ends of a threaded drive shaft 54
of the compact adjustable mount 10. In some cases, the first and second end cap relief
slots 46 and 48 may have a cylindrical section shape and a depth of about 0.01 inches to
about 0.1 inches measured from a plane defined by the nominal bottom surface 56 of the
stage body 20 as shown in FIG. 3.

In some cases, the linear range of translation of the stage 20 relative to the base 28
may be determined by a slot-pin structure disposed between the base 28 and the stage
20. In particular, the linear range of motion may be controlled by the length and position of
a longitudinal slot 58 in the bottom surface 56 of the stage 20 and a mating pin 60 secured
to and extending upward into the longitudinal slot 58 from a top surface of the base 28.
The pin 60 and longitudinal slot 58 are mutually sized such that the pin 60 will freely slide
within slot 58 until it reaches either end of the longitudinal slot 58 at which point any further
motion between the stage 20 and base 28 will be prevented. The longitudinal slot 58 is
oriented parallel to the linear degree of freedom of displacement of the stage 20 relative to
the base 28. In addition to the slot-pin structure, the linear range of motion of the stage 20
relative to the base 28 may be restricted by a corresponding linear range of the threaded
nut 62 over the threaded portion 64 (see FIG. 9) of the threaded drive shaft 54 as well as
the spatial limitation of the threaded nut 62 within the boundaries of the threaded drive
shaft cavity 66 of the base 28. In particular, FIG. 6 shows the stage 20 displaced from a
neutral or center position (as shown in FIG. 1) to a linear position which has the threaded
nut 62 disposed towards the piezoelectric drive motor 26 (or to the left in the figure). FIG.
7 shows the stage 20 displaced from a neutral or center position to a linear position which
has the threaded nut 62 disposed away from the piezoelectric drive motor 26, or to the
right in the figure.

The stage embodiment 20 shown may also include a mounting surface such as the
top mounting surface 18 on an upper portion of the stage for mounting of optical elements
16 or the like. The top mounting surface 18 may have a flat configuration suitable for
mounting standard optical components and fixtures. Such a stage embodiment 20 may
also be suitable for mounting non-optical components that need to be accurately
repositioned during use relative to a fixed mounting surface 12. For some embodiments,

the base 28 and stage 20 of the compact adjustable mount 10 may be made of any
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suitable high strength stable material such as steel, including stainless steel, aluminum,
composites, including carbon fiber composites and the like. For some embodiments, the
compact adjustable mount 10 may have a height from the bottom surface 30 of the base
28 to an upper stage mounting surface 18 of the stage 20 of about 0.3 inches to about 1
inch. In some instances, the compact adjustable mount 10 may have a transverse outer
dimension along a direction of translation (and with the stage 20 axially aligned with the
base 28 as shown in FIG. 1) of about 0.75 inches to about 4 inches. For some
embodiments, the compact adjustable mount 10 may have a transverse outer dimension
along a direction of translation (and with the stage aligned with the base) of about 1.5
inches to about 3 inches.

The compact adjustable mount embodiment 10 shown includes the elongate
threaded drive shaft 54 that has a longitudinal axis 68, the threaded length 64 having a
threaded outer surface 70 with at least one thread groove 72 concentrically disposed on
the threaded outer surface 70 of the threaded drive shaft 54 about the longitudinal axis 68
and driven portion 74. In some cases, the threaded outer surface 70 of the threaded drive
shaft 54 may include a nitride coating to improve lubricity and durability of the threaded
outer surface 70. In some embodiments, the driven portion 74 may include an outer
surface that may be a grooved outer surface 76 as shown in FIG. 9. The grooved outer
surface 76 may include circumferential grooves which are disposed on and/or formed into
the grooved outer surface 76. A first contact surface 78 and second contact surface 80 of
the piezoelectric drive motor 26 may have corresponding first and second grooved contact
surfaces 82, 84 (see FIG. 11) including grooves which are configured to engage the
grooved outer surface 76 of the driven portion 74 of the threaded drive shaft 54 as shown
in FIGS. 6 and 7. The grooved first and second contact surfaces 82, 84 of the
piezoelectric drive motor 26 may be configured to mesh with the grooved outer surface 76
of the driven portion 74 of the threaded drive shaft 54 such that ridges 86 of the grooved
outer surface 76 of the driven portion 74 are disposed within valleys 88 of the grooved
surfaces 82, 84 of the contact surfaces 78, 80 and vice versa. Such an arrangement may
be useful to maintain a stable and consistent mechanical coupling between the
piezoelectric drive motor 26 and the driven portion 74 of the threaded drive shaft 54. For

some threaded drive shaft embodiments 54, an axial length of threaded portion 64 may be
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about 0.5 inches to about 3 inches, an axial length of the driven portion 74 may be about
0.1 inches to about 1 inch, and an overall axial length of the threaded drive shaft 54 may
be about 1 inch to about 3 inches. For some embodiments, the threaded length 64 of the
threaded drive shaft 54 may include a threaded outer surface 70 with a 6-80 UNS-3A type
thread specification or the like. In addition, the groove structure of the outer surface 76 of
the driven portion 74 may be consistent with a thread corresponding to an 8-36 UNF-2A
thread having a zero pitch angle. However, any suitable thread type may be used for
either the threaded portion 64 or driven portion 74. A non-grooved outer surface 76 may
also be suitable for the driven portion in some instances. For some embodiments, the
threaded drive shaft 54 of the compact adjustable mount 10 may be made of any suitable
high strength stable material such as steel, including stainless steel, aluminum,
composites, including carbon fiber composites and the like. In some cases, the threaded
outer surface 70 of the threaded length 64 of the threaded drive shaft 54 and/or the
grooved outer surface 76 of the driven portion 74 of the threaded drive shaft 54 may have
a coating (as shown in FIG. 6A), such as a nitride coating 90, to improve lubricity, durability
or any other desired characteristic of the threaded outer surface 70.

In some cases, the threaded drive shaft 54 may be made from a monolithic single
piece of continuous material, such as the threaded drive shaft embodiment 54 shown in
FIG. 9. In other cases, it may be desirable to fabricate the threaded drive shaft from two or
more subcomponents, such as for the threaded drive shaft embodiment 54 shown in FIG.
10. For the threaded drive shaft embodiment 54 shown in FIG. 10, the driven portion 74 is
included on a sleeve 92 that is secured to a driven portion end 94 of the main shaft 96 of
the threaded drive shaft 54. The exploded view of the threaded drive shaft 54 in FIG. 10
shows the sleeve 92 detached from the main shaft. The sleeve 92 may be secured to the
main shaft 96 in any suitable manner for such embodiments including by welding,
soldering, brazing, adhesive bonding, press fit, sweat fit or the like. Such two piece
embodiments may be useful to facilitate processing or manufacture of the threaded drive
shaft 54 as well as permitting the use of different materials for the threaded portion 64 and
driven portion 74 of the threaded drive shaft 54.

The threaded drive shaft 54 may be fixed in an axial direction along the longitudinal

axis with respect to the base 28 and disposed within an outer perimeter 98 (as indicated by
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the dashed line seen in FIG. 5) of the base 28 at all times during use and displacement of
the stage 20 in a linear fashion relative to the base 28. By maintaining the threaded drive
shaft 54 within the outer perimeter 98 of the base 28, the compact adjustable mount 10
remains compact during use and adjustment thereby facilitation use of the compact
adjustable mount 10 in confined spaces and also reducing the risk of interference with the
operation of the mount 10 by structures adjacent the mount 10. The threaded drive shaft
54 may also be fixed in directions transverse to the longitudinal axis 68 of the threaded
drive shaft 54 with respect to the base 28 and rotatable about the longitudinal axis 68 of
the threaded drive shaft 54 with respect to the base 28. Such an arrangement whereby
the threaded drive shaft 54 is fixed in all degrees of freedom except one rotational degree
of freedom may be achieved by mounting the threaded drive shaft 54 to the base 28 with a
pair of rotary bearings such as first rotary bearing 100 and second rotary bearing 102
shown in FIGS. 2 and 8. The first and second rotary bearings 100,102 may include ball
bearings. Each rotary bearing 100,102 may have a cylindrical outer profile which is
configured to fit closely within a respective inner surface of a corresponding bore 104,106
of the base 28. In some cases, fitting closely may include a close fit sufficient to allow the
mount 10 to operate within desired spatial motion tolerances. In some cases this closely
fitted relationship may include a press fit or slip fit. Each of the first and second rotary
bearings 100,102 may include an axis of rotation 108 that is aligned and co-linear with an
axis 110 of the corresponding first bore 104 and second bore 106 of the base 28 as shown
in FIG. 2. When the compact adjustable mount 10 is in an operative configuration, the
longitudinal axis 68 of the threaded drive shaft 54, axes of rotation of the two rotary
bearings 108 and axes 110 of the first and second bore 104, 106 in the base 28 will all be
co-linear with each other to facilitate smooth rotation of the threaded drive shaft 54 about
the longitudinal axis 68 thereof within the drive shaft cavity 66 of a body of the base 28.
The compact adjustable mount 10 includes the nut 62, which may be a threaded nut
62 which is secured to the stage 20, which includes a bore 112 disposed about the
threaded drive shaft 54 and which includes an engagement structure within the bore of the
nut that is configured to engage the thread groove 72 of the threaded outer surface 70 of
the threaded portion 64 of the threaded drive shaft 54. The nut 62 may be secured to the

stage 20 in a configuration that prevents rotation of the nut 62 in a rotational direction
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about the longitudinal axis 68 of the threaded drive shaft 54. For the embodiment shown
in the figures, the threaded nut 62 is secured to the stage 20 by a pair of threaded screws
114 (see FIG. 6); however, any other suitable means of attachment may be used, including
adhesive bonding, welding, soldering, brazing or the like. In the configuration shown in the
figures, the engagement structure of the threaded nut 62 includes a threaded inner surface
of the bore112 of the threaded nut 62 with the threads of the nut 62 corresponding to the
threads of the threaded portion 64 of the threaded drive shaft 54. The threaded inner bore
of the nut 62 may be sized to precisely engage the threaded outer surface 70 of the
threaded drive shaft 54 to minimize backlash or other factors that might affect the accuracy
or repeatability of linear movements of the compact adjustable mount 10. For such an
embodiment, rotation of the threaded drive shaft 54 relative to the base 28 results in
rotation of the thread groove 72 of the threaded outer surface 70 of the threaded drive
shaft 54 relative to the engagement structure (threaded inner surface of the bore of the
nut) and subsequent axial movement of the nut 62 and stage 20 along the longitudinal axis
68 of the threaded drive shaft 54 relative to the base 28 as a result of rotation of the
threaded drive shaft 54. For some embodiments, the nut 62 may be made of any suitable
high strength stable material such as steel, including stainless steel, aluminum,
composites, including carbon fiber composites and the like. The nut 62 may also be made
from alloys that include bronze, such as aluminum bronze, in order to enhance self-
lubricating properties of the nut 62.

For some embodiments of the compact adjustable mount 10, the inertia drive motor
26 may be used to impart rotation motion on the threaded drive shaft 54 to thus translate
the stage 20 relative to the base 28. As discussed above, the inertia drive motor 26
includes a piezoelectric drive motor 26 that is disposed within a drive motor cavity 116 of
the base 28. In some cases, the piezoelectric drive motor 26 may be secured to the base
28 so as to allow reciprocating motion between the first contact surface 78 and second
contact surface 80 against the outer surface 76 of the driven portion 74 and so as to
prevent rotation of the inertia drive motor 26 itself about an axis 118 disposed between the
first and second contact surfaces 78, 80 (see FIG. 11) relative to the base 28. The
piezoelectric inertia drive motor 26 includes the first contact surface 78 and a second

contact surface 80, the second contact surface 80 being disposed in a spaced and
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opposed, or substantially opposed relation relative to the first contact surface 78. The first
and second contact surfaces 78, 80 may be operatively engaged with the driven portion 74
of the threaded drive shaft 54 such that actuation of the inertia drive motor 26 imparts
reciprocating motion between the first contact surface 78 and second contact surface 80
resulting in rotational motion of the threaded drive shaft 54 relative to the base 28. As the
first and second contact surfaces 78, 80 of the piezoelectric drive motor 26 are generally
configured to engage the outer surface 76 of the driven portion 74 of the threaded drive
shaft 54, the separation of the first contact surface 78 from the second contact surface 80
will be determined essentially by the outer transverse dimension (or diameter) of the driven
portion 74 of the threaded drive shaft 54. However, in some instances, a nominal
transverse distance between the first contact surface 78 and the second contact surface
80 of the piezoelectric drive motor may be about 1 mm to about 5 mm.

In some cases, at least one end cap may be secured in fixed relation to an end of
the threaded drive shaft 54 in order to provide sufficient moment of inertia for the threaded
drive shaft assembly to achieve efficient operation of the inertia drive motor system. By
efficient operation of the inertia drive system, this generally means that the threaded shaft
54 has enough angular inertia to allow the contact surfaces 78, 80 to slip over the threaded
shaft 54 while the threaded shaft 54 remains substantially motionless in some cases as
discussed below. Each end cap or end caps 50, 52 may be secured to the threaded drive
shaft 54 or associated structures of the threaded drive shaft 54 by any suitable method or
device such as threaded bolts or screws, welding, soldering, brazing, adhesive bonding or
the like. Such end cap embodiments 50, 52 may be disposed within the lateral outer
perimeter of the base 28, include a high density material and include a moment of inertia
sufficient for efficient operation of the inertial drive motor 26. For the illustrated adjustable
mount embodiment 10, the first disk shaped end cap 50 is secured to a first end 120 of the
threaded drive shaft 54 and a second disk shaped end cap 52 is secured to a second end
122 of the threaded drive shaft 54. Each of the first end cap 50 and second end cap 52 is
disposed within an outer lateral perimeter 98 of the base 28 to maintain the compactness
of the mount profile and prevent interference with adjacent devices or structures during
used and adjustment of the compact adjustable mount 10. For some embodiments, either

or both of the first end cap 50 and second end cap 52 may include or be made entirely of a
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material which has a density equal to or greater than that of stainless steel. In some
cases, either or both of the first end cap 50 and second end cap 52 may include or be
made entirely of a material which has a density equal to or greater than that of tungsten
and either or both may be made from tungsten. For some embodiments, the end caps 50,
52 may include a high density material having a density that is greater or equal to a density
of stainless steel. For some embodiments, either or both of the end caps 50, 52 may each
have an outer radius of about 2 mm to about 6 mm, more specifically, about 4 mm to about
5 mm, an inner radius of about 0.5 mm to about 1 mm, a height of about 1 mm to about 3
mm, a density of about 0.015 g/mm3 to about 0.02 g/mm3, more specifically, about 0.016
g/mm3 to about 0.018 g/mm3, and a moment of inertia of about 20 gmm? to about 30
gmm?. In some cases, either or both of the first and second end caps 50, 52 may each
have a moment of inertia of about 10 gmm? to about 15 gmm?. For some embodiments,
the end caps 50, 52, may have a combined moment of inertia of about 10 gmm? to about
15 gmm?, more specifically, a combined moment of inertia of about 20 mmg? to about 30
gmm?.

Referring again to the piezoelectric inertia drive motor embodiment 26 illustrated in
FIG. 11, the inertia drive motor 26 includes an actuator frame 124 including a first support
element 126 which includes the first contact surface 78 and a second support element 128
which includes the second contact surface 80. The second contact surface 80 is generally
disposed in a spaced and opposed, or substantially opposed relation relative to the first
contact surface 78. A bias spring clip 130 is engaged with transverse grooves 131 of the
first support element 126 and the second support element 128 and configured to provide a
resilient restoring force that resists perpendicular displacement of the first contact surface
78 away from the second contact surface 80. A piezoelectric element cavity 132 (see
FIGS. 12, 13 and 15) is disposed between a first mount surface 134 of the actuator frame
124 and a second mount surface 136 of the actuator frame and is sized to receive a
piezoelectric element 138. The piezoelectric element 138 is disposed within the
piezoelectric element cavity 132 with a first end of the piezoelectric element 138 being
secured to the first mount surface 134 and a second end of the piezoelectric element 138
being secured to the second mount surface 136. The piezoelectric element 138 is

configured to expand and contract in response to an electrical driver signal transmitted to

15



10

15

20

25

30

WO 2016/123265 PCT/US2016/015219

the piezoelectric element 138 through the wiring harness 22 from the controller 24 such
that an expansion or contraction of the piezoelectric element 138 results in respective
substantially parallel reciprocating displacement between the first contact surface 78 and
the second contact surface 80. This reciprocating relative displacement between the first
and second contact surfaces 78, 80 causes rotation of the threaded drive shaft 54 by
inertia drive means. Use of the term substantially parallel reciprocating displacement in
this context means that the first and second contact surfaces 78, 80 move back and forth
relative to each other while each surface 78,80 is still in contact with the threaded drive
shaft 54. The contact surfaces 78, 80 may not necessarily be completely parallel to each
other and therefore may or may not engage in completely parallel reciprocating relative
displacement. For some embodiments, the contact surfaces 78, 80 should be within about
10 degrees of parallel to each other.

In some cases, the first and second support elements 126, 128 of the actuator
frame 124 may be formed from a unitary frame member that is cut or otherwise formed
from a single piece of high strength resilient material in some cases. Such an actuator
frame 124 or any other suitable frame member may include one or more hinge sections
140 of reduced material cross section disposed and coupled between the first support
element 126 and second support element 128. Such hinge sections 140 may be
configured to facilitate relative reciprocating parallel displacement between the first contact
surface 78 and the second contact surface 80 by elastic deformation of the actuator frame
material in the hinge section 140. The reduced material cross section is reduced relative
to the cross section of the actuator frame 124 immediately adjacent the hinge section 140.
In some cases, the reduction of the material cross section of the hinge sections 140 with
respect to the nominal adjacent actuator frame material cross sections may be about 1%
reduction in cross section to about 30% reduction in cross section, more specifically, about
5% reduction in cross section to about 25% reduction in cross section.

In some cases, the piezoelectric element 138 is configured as a piezoelectric
crystal. The piezoelectric element 138 may have any suitable configuration, such as
rectangular, square, cylindrical or the like. In some cases, the piezoelectric element 138
may have an axial length of about Tmm to about 20mm, more specifically about 4mm to

about 6mm. Further the piezoelectric element 138 may have a transverse dimension of
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about Tmm to about 5mm, more specifically about 2mm to about 4mm. The piezoelectric
element 138 shown in FIGS. 13-15 is disposed within the actuator frame 124 in the
piezoelectric element cavity 132 of the actuator frame. The space between the first mount
surface and second mount surface may serve to define the piezoelectric element cavity
132 in some cases. The piezoelectric element 138 may be fabricated from any suitable
piezoelectric materials. For example, the piezoelectric element 138 may be fabricated
from quartz, berlinite, tourmaline, barium titanate, lithium tantalate or any other suitable
piezoelectric material.

During movement of the stage 20 relative to the base 28, the configuration of
electrical driver signals which are sent to the piezoelectric element 138 by the controller
24 may determine the extent to which the first contact surface 78 and the second contact
surface 80 interact with the threaded drive shaft 54 of the compact adjustable mount 10
during a given drive cycle. A first drive cycle may be configured to rotate the threaded
drive shaft 54 of the compact adjustable mount 10 in a first angular direction during
relative reciprocating motion between the first contact surface 78 and the second contact
surface 80. The first drive cycle may include a first electrical driver signal which is
configured such that the first contact surface 78 and the second contact surface 80
engage with and rotate the threaded drive shaft 54 of the adjustable optical mount in a
first angular direction. The first drive cycle may also include a second electrical driver
signal which is configured such that the first contact surface 78 and the second contact
surface 80 slip over the threaded drive shaft 54 of the compact adjustable mount 10 which
remains motionless or substantially motionless due to the inertia of the threaded shaft 54
and associated structures secured thereto such as end caps 50, 52 being greater than the
rotational force applied to the threaded drive shaft 54 by the contact surfaces 78, 80. Use
of the term substantially motionless in this context indicates that the threaded shaft will
almost certainly undergo some incidental motion as the contact surfaces 78, 80 move in
relative reciprocating motion with each other while in contact with the threaded shaft 54.
However if the threaded shaft 54 remains substantially motionless this means that the
movement of the threaded shaft 54 is far less than the motion of the contact surfaces 78,
80. In some cases, such incidental motion of the threaded shaft 54 may be less than

about 30 percent of the motion of the contact surfaces 78, 80.
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A second drive cycle may be configured to rotate the threaded shaft 54 of the
compact adjustable mount 10 in a second angular direction. The second drive cycle may
include a first electrical driver signal which is configured such that the first contact surface
78 and the second contact surface 80 slip over the threaded drive shaft 54 of the compact
adjustable mount 10 which remains motionless. The second drive cycle may also include
a second electrical driver signal which is configured such that the first contact surface 78
and the second contact surface 80 engage with and rotate the threaded drive shaft 54 of
the compact adjustable mount 10 in a second angular direction.

In order for the first contact surface 78 and the second contact surface 80 to
properly and controllably engage with and rotate the threaded drive shaft 54 of the
compact adjustable mount 10, the electrical drive signal may be configured such that the
magnitude of an applied voltage increases or decreases slowly until a maximum or
minimum respective applied voltage is reached. The relatively slow reciprocating motion
of the first contact surface 78 and the second contact surface 80 results in the restoring
force applied by the bias spring clip 130 overcoming the inertial force of the threaded
drive shaft 54 of the compact adjustable mount 10 thereby resulting in engagement
between the first contact surface 78 and the second contact surface 80 and the threaded
shaft 54 of the adjustable optical mount 10, with the subsequent rotation of the threaded
shaft 54.

In order for the first contact surface 78 and the second contact surface 80 to slip
over the outer surface 76 of the driven portion 74 of the threaded drive shaft 54 of the
compact adjustable mount 10, the electrical drive signal may be configured such that the
magnitude of an applied voltage increases or decreases quickly. The relatively quick
reciprocating motion of the first contact surface 78 and the second contact surface 80
may be configured to result in the inertial force of the threaded drive shaft 54 overcoming
the restoring force applied by the bias spring clip 130. This causes slipping between the
first contact surface 78 and the second contact surface 80 and the threaded drive shaft
54, with the threaded shaft 54 subsequently remaining stationary. The operation of any
embodiment of the piezoelectric drive motor 26 discussed herein may be configured to
operate as an inertia driven system as is discussed in U.S. Patent No. 6,911,763 to

Zeigler et. al., filed May 30, 2003, titled "Closed Loop Mover Assembly with Measurement

18



10

15

20

25

30

WO 2016/123265 PCT/US2016/015219

System", which is incorporated by reference herein in its entirety. Although the illustrated
inertia drive motor 26 discussed above is a piezoelectric inertia drive motor 26, any
suitable inertia type drive motor may be used for the compact adjustable mount
embodiments contemplated herein. For example, magneto-restrictive type inertia drive
motors may be used.

The compact adjustable mount embodiments 10 discussed herein may be used in
either open loop or closed loop systems. For closed loop system embodiments, it may be
useful to include a position measuring system on the compact adjustable mount 10. In
some cases, the compact adjustable mount 10 may include a linear encoder 143 which is
operatively coupled between the base 28 and the stage 20. Such a linear encoder 143
may be configured to measure relative displacement between the base 28 and the stage
20. For some mount embodiments that include a linear encoder 143 for use in a closed
loop system, an encoder strip 144 of the linear encoder 143 may be secured to the stage
20 (as shown in FIG. 3) and a reader 146 of the linear encoder 143 may be secured to the
base 28 (as shown in FIG. 2) adjacent the encoder strip 144 in a position that enables the
reader 146 to read the encoder strip 144 during operation. In some instances, the linear
encoder 143 may include an optical linear encoder such as the optical linear encoder
shown in the figures. For compact adjustable mount embodiments 10 using linear
encoders 143, it may also be useful to have the encoder reader 146 in operative
communication through the wire harness 22 or other suitable signal transmission conduit
with the controller 24. The controller 24 may include a processor 148 that is configured to
process a position signal from the linear encoder 143 as well as generate suitable drive
signals to the piezoelectric drive motor 26. Although a linear type encoder 143 is shown,
any other suitable means of measuring the relative position of the stage relative to the
base or other suitable structure may be used including rotary encoders, interferometers
and the like.

With regard to the above detailed description, like reference numerals used therein
may refer to like elements that may have the same or similar dimensions, materials and
configurations.  While particular forms of embodiments have been illustrated and

described, it will be apparent that various modifications can be made without departing
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from the spirit and scope of the embodiments discussed. Accordingly, it is not intended

that the invention be limited by the forgoing detailed description.

The entirety of each patent, patent application, publication and document
referenced herein is hereby incorporated by reference. Citation of the above patents,
patent applications, publications and documents is not an admission that any of the
foregoing is pertinent prior art, nor does it constitute any admission as to the contents or

date of these documents.

Modifications may be made to the foregoing embodiments without departing from
the basic aspects of the technology. Although the technology may have been described in
substantial detail with reference to one or more specific embodiments, changes may be
made to the embodiments specifically disclosed in this application, yet these modifications
and improvements are within the scope and spirit of the technology. The technology
illustratively described herein suitably may be practiced in the absence of any element(s)
not specifically disclosed herein. Thus, for example, in each instance herein any of the

”ou

terms “comprising,” “consisting essentially of,” and “consisting of” may be replaced with
either of the other two terms. The terms and expressions which have been employed are
used as terms of description and not of limitation and use of such terms and expressions
do not exclude any equivalents of the features shown and described or portions thereof
and various modifications are possible within the scope of the technology claimed. The
term “a” or “an” may refer to one of or a plurality of the elements it modifies (e.g., “a
reagent” can mean one or more reagents) unless it is contextually clear either one of the
elements or more than one of the elements is described. Although the present technology
has been specifically disclosed by representative embodiments and optional features,
modification and variation of the concepts herein disclosed may be made, and such

modifications and variations may be considered within the scope of this technology.

Certain embodiments of the technology are set forth in the claim(s) that follow(s).
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What is claimed is:

1. A compact adjustable mount comprising,

a base including a mounting surface on a bottom portion of the
base;

a stage that is substantially fixed relative to the base in all degrees
of freedom except a single linear degree of freedom such that the stage
translates in the linear degree of freedom over a predetermined distance
with respect to the base, the stage also including a mounting surface on
an upper portion of the stage;

an elongate threaded drive shaft that includes a longitudinal axis, a
threaded length having a threaded outer surface with at least one thread
groove concentrically disposed about the longitudinal axis and driven
portion having an outer surface, the threaded drive shaft being fixed in an
axial direction along the longitudinal axis with respect to the base,
disposed within an outer perimeter of the base, fixed in directions
transverse to the longitudinal axis with respect to the base and rotatable
about the longitudinal axis with respect to the base;

a nut which is secured to the stage, which includes a bore disposed
about the threaded drive shaft, which includes an engagement structure
within the bore that is configured to engage the thread groove of the
threaded outer surface of the threaded drive shaft, the nut being secured
to the stage in a configuration that prevents rotation of the nut in a
rotational direction about the longitudinal axis of the threaded drive shaft
such that rotation of the threaded drive shaft relative to the base results in
rotation of the thread groove relative to the engagement structure of the
nut and axial movement of the nut and stage along the longitudinal axis
relative to the base;

an inertia drive motor disposed within the base including a first

contact surface and a second contact surface, the second contact surface
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being disposed in a spaced and opposed relation relative to the first
contact surface, the first and second contact surfaces being operatively
engaged with the driven portion of the threaded drive shaft such that
actuation of the inertia drive motor imparts reciprocating motion between
the first contact surface and second contact surface resulting in rotational
motion of the threaded drive shaft relative to the base; and

at least one end cap secured in fixed relation to an end of the
threaded drive shaft, the end cap being disposed within the outer
perimeter of the base, including a high density material and including a
moment of inertia sufficient for efficient operation of the inertial drive
motor.
2. The compact adjustable mount of claim 1 further comprising at least one
linear bearing assembly operatively disposed between the base and the stage.
3. The compact adjustable mount of claim 2 wherein the at least one linear
bearing assembly comprises a pair of linear ball bearing assemblies disposed
between respective bearing races of the base and the stage.
4. The compact adjustable mount of claim 1 wherein the engagement structure
of the nut comprises a threaded inner bore of the nut that is sized to precisely
engage the threaded outer surface of the threaded drive shaft.
5. The compact adjustable mount of claim 1 wherein the threaded outer surface
of the threaded length of the threaded drive shaft comprises a nitride coating to
improve lubricity and durability of the threaded outer surface.
6. The compact adjustable mount of claim 1 wherein the inertia drive motor
comprises a piezoelectric drive motor.
7. The compact adjustable mount of claim 1 wherein the driven portion of the
threaded drive shaft comprises circumferential grooves disposed in the outer
surface thereof and the first and second contact surfaces of the inertia drive
motor comprise grooves configured to engage the circumferential grooves of the

driven portion.
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8. The compact adjustable mount of claim 1 wherein the at least one end cap
comprises a high density material having a density that is greater than or equal to
a density of stainless steel.

9. The compact adjustable mount of claim 8 wherein the at least one end cap
comprises a material having a density equal to or greater than that of tungsten.
10. The compact adjustable mount of claim 9 wherein the at least one end cap
comprises tungsten.

11. The compact adjustable mount of claim 1 comprising a first disk shaped end
cap secured to a first end of the threaded drive shaft and a second disk shaped
end cap secured to a second end of the threaded drive shaft, each end cap being
disposed within an outer lateral perimeter of the base and each end cap
comprising a material having a density equal to or greater than that of tungsten.
12. The compact adjustable mount of claim 11 wherein the end caps comprise a
combined moment of inertia of about 10 gmm? to about 15 gmm?.

13. The compact adjustable mount of claim 11 wherein the end caps comprise a
combined moment of inertia of about 20 gmm? to about 30 gmm?.

14. The compact adjustable mount of claim 1, wherein the stage comprises a
height from a bottom surface of the base to the mounting surface of the stage of
about 0.3 inches to about 1 inch.

15. The compact adjustable mount of claim 1, wherein the stage comprises a
transverse outer dimension along a direction of translation and with the stage
aligned with the base of about 0.75 inches to about 4 inches.

16. The compact adjustable mount of claim 15 wherein the stage comprises a
transverse outer dimension along a direction of translation and with the stage
aligned with the base of about 1.5 inches to about 3 inches.

17. The compact adjustable mount of claim 1 wherein the base and stage
comprise aluminum.

18. The compact adjustable mount of claim 1 wherein the threaded drive shaft
comprises stainless steel.

19. The compact adjustable mount of claim 1 wherein the inertia drive motor is

secured to the base so as to allow reciprocating motion between the first contact
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surface and second contact surface against the outer surface of the driven
portion and so as to prevent rotation of the inertia drive motor about the first and
second contact surfaces relative to the base.

20. The compact adjustable mount of claim 6 wherein the inertia drive motor
comprises a piezoelectric inertia drive motor which comprises:
an actuator frame, comprising:

a first support element which includes the first contact
surface,

a second support element which includes the second contact
surface, the second contact surface being disposed in a spaced
and substantially opposed relation relative to the first contact
surface,

a bias spring clip which is engaged with the first support
element and the second support element and which is configured to
provide a resilient restoring force that resists perpendicular
displacement of the first contact surface away from the second
contact surface, and

a piezoelectric element cavity disposed between a first
mount surface of the actuator frame and a second mount surface of
the actuator frame; and
a piezoelectric element which is disposed within the piezoelectric

element cavity, which has a first end secured to the first mount surface,
which has a second end secured to the second mount surface, which is
configured to expand and contract in response to an electrical driver signal
transmitted to the piezoelectric element and which is configured such that
an expansion or contraction of the piezoelectric element results in
respective substantially parallel reciprocating displacement between the
first contact surface and the second contact surface.

21. The compact adjustable mount of claim 20 wherein the actuator frame

further comprises a hinge section of reduced material cross section disposed and

coupled between the first support element and second support element, the

24



WO 2016/123265 PCT/US2016/015219
hinge section being configured to allow relative reciprocating parallel
displacement between the first contact surface and the second contact surface
by elastic deformation of the actuator frame material in the hinge section.

22. The compact adjustable mount of claim 6 wherein a nominal transverse
distance between the first contact surface and the second contact surface of the
piezoelectric drive motor is about 2 mm to about 5 mm.

23. The compact adjustable mount of claim 1 further comprising a linear encoder
which is operatively coupled between the base and the stage and which is
configured to measure relative displacement between the base and the stage.

24. The compact adjustable mount of claim 23 wherein an encoder strip of the
linear encoder is secured to the stage and a reader of the linear encoder is
secured to the base adjacent the encoder strip in a position that enables the
reader to read the encoder strip during operation.

25. The compact adjustable mount of claim 23 wherein the linear encoder
comprises an optical linear encoder.

26. A compact adjustable mount comprising,

a base;

a stage that is fixed relative to the base in all degrees of freedom
except a single linear degree of freedom such that the stage translates in
the linear degree of freedom;

an elongate threaded drive shaft that includes a longitudinal axis, a
threaded length having a threaded outer surface with at least one thread
groove concentrically disposed about the longitudinal axis and driven
portion having an outer surface, the threaded drive shaft being fixed in an
axial direction along the longitudinal axis with respect to the base,
disposed within an outer perimeter of the base, fixed in directions
transverse to the longitudinal axis with respect to the base and rotatable
about the longitudinal axis with respect to the base;

a nut which is secured to the stage, which includes a bore disposed
about the threaded drive shaft, which includes an engagement structure

within the bore that is configured to engage the thread groove of the
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threaded outer surface of the threaded drive shaft such that rotation of the
threaded drive shaft relative to the base results in axial movement of the
nut and stage along the longitudinal axis relative to the base;

an inertia drive motor disposed within the base including at least
one contact surface operatively engaged with the driven portion of the
threaded drive shaft such that actuation of the inertia drive motor imparts
reciprocating motion of the at least one contact surface resulting in
rotational motion of the threaded drive shaft relative to the base; and

at least one end cap secured in fixed relation to the threaded drive
shaft, the end cap being disposed within the outer perimeter of the base,
and including a moment of inertia sufficient for efficient operation of the
inertia drive motor.

27. A piezoelectric inertia drive motor which comprises:

an actuator frame, comprising:

a first support element which includes a first contact
surface,

a second support element which includes a second contact
surface, the second contact surface being disposed in a spaced
and substantially opposed relation relative to the first contact
surface,

a bias spring clip which is engaged with the first support
element and the second support element and which is configured to
provide a resilient restoring force that resists perpendicular
displacement of the first contact surface away from the second
contact surface, and

a piezoelectric element cavity disposed between a first
mount surface of the actuator frame and a second mount surface of
the actuator frame; and
a piezoelectric element which is disposed within the piezoelectric

element cavity, which has a first end secured to the first mount surface,

which has a second end secured to the second mount surface, which is
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configured to expand and contract in response to an electrical driver signal
transmitted to the piezoelectric element and which is configured such that
an expansion or contraction of the piezoelectric element results in
respective substantially parallel reciprocating displacement between the
first contact surface and the second contact surface.

28. The drive motor of claim 27 wherein the actuator frame further comprises a
hinge section of reduced material cross section disposed and coupled between
the first support element and second support element, the hinge section being
configured to allow relative reciprocating parallel displacement between the first

contact surface and the second contact surface by elastic deformation of the

actuator frame material in the hinge section.
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