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TOOL AND METHOD FOR CHANDELIER SHOWERHEAD
INSTALLATION

CLAIM OF PRIORITY
{8861} This application claims the benefit of priority to U.8. Patend
Application Senal No. 62/705,522, filed on July 1, 2020, which is incorporated

by reference berein in s entirety.

FIELD
[6602] The present disclosure relates gencrally to a tool and method for
chandelier showerhead instaliation, and more particularly to an alignment
device and toolkit that enable precision installation of heavy chandelicr-siyle

showerheads.

BACKGROUND
{6001} In some current semiconductor manufacturing operations,
showerheads are installed manually and rely on alignment of a key lock
feature in the showerhead and cooling plates. The manual installation
process typically produces damage on the thermal interface between these
twa parts, significanily affecting heat transfer and limiting tool performance
(up to 30Y% less heat transfer, which affects total tool throughput and process
capability). The keying feature is often too sraall to handle the increased
mass of new showerheads and also results in increased damage and debris
generation when used with newer generation showerheads.
16602} The background description provided here is for the purpose of
generally presenting the context of the disclosure. Work of the presently
named ventors, to the extent it 1s described in this background section, as
well as aspects of the description that may not otherwise qualify as prior art
at the time of filing, are neither expressly nor impliedly admitted as prior art

agatnst the present disclosure.
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BRIEF SUMMARY
{8003} The present disclosure relates generally o a tool and method for
chandelier showerhead installation, and more particularly to a manually-
operated “synchro-puller” gearbox and abignment toolkit that enables
precision installation of heavy chandelier showerheads. When configuring
or installing a showerhead 10 a processing chamber, some examples restrict
movement of the showerhead relative to a cooling plate in a single
dimension (¢.g., towards or away from one another, but not laterally) fo
allow the two surfaces to come in contact in almost perfect paraliclism,
without other nearby surfaces rubbing or interfering with a desired
alignent. Scme example gearboxes include a planctary gear set to
synchromize and drive two threaded rods that impart aligned, axial
movement to a component, such as a showerhead or a cooling plate. In some
examples, the threaded rods are removable after the showerhead has been
positioned and fastened into its final installed position. Some example
gearboxes include thrust bearings to route the weight load of the showerhead
to the same load-bearing components that carry this weight during a regolar
service. Some example gearboxes include self-aligning gears to mintmize
backlash and friction.
[0004] In some examples, an alignment device is provided to draw two
components together in an aligned manner. An example alignment device
comprises a planctary gear set, the planetary gear set comprising a ring gear
and at least two planetary gears: and one or more side plates for supporting
the ring gear and the at least two planctary gears; wherein cach of the at least
two plagetary gears includes an aperture sized to receive a threaded fastener
for engagersend with a respective one of at least two threaded rods engaged
with one of the two componentis, wherein rotation of the ring gear imparts
synchronized rotational movement to the threaded fasteners to cause linear
movement of the alignment device relative to the at least two threaded rods.
[0005] Some examples further comprise a pair of shoe retainers for
supporting the at least two planctary gears. The pair of shoe retainers may be

configured to support the at lcast two planctary gears for rotation inside the
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ring gear and around a respective one of the at least two threaded rods,
devoid of a sun gear.

[0B06] In some examples, the alignment device is portable, and the ring
gear inclhides one or more manually engageable formations provided ona
periphery thercof for rotating the ring gear by hand to move the alignment
device relative to the at least two threaded rods.

(6667} Some examples further comprise one or more thrust bearings to
support a weight of one of the two componenis or to transmit an axial force
generated by the alignment device upon rotation of the ring gear to one of
the two components.

[0088] In some examples, the one or more side plates include first apertures
to allow passage therethrough of the at least two threaded rods, and one or
more second apertures to allow passage of a securement fastener to fasten
the two composnents together,

[8669] In some examples, the ring gear and at least two planetary gears
include herringbone gears.

{0816 Insome examples. a furst component of the two components
includes a showerhead and a second component of the two componcnis
ncludes a cooling plate.

{6611} Insome examples, an alignment toolkit is provided to facilitate
drawing two componcuts together in an aligned raanner. An example toolkst
comprises af least two threaded rods, with cach engageable with one of the
two componends; and an aligoment device, the aligament device comprising:
a planetary gear set, the planctary gearbox comprising a ring gear and at
least two planetary gears and one or more side plates for supporting the ring
gear and the at least two planctary gears; wherein cach of the at least two
planetary gears includes an aperture sized to receive a threaded fastener for
cngagement with a respective one of the at least two threaded rods, wherein
rodation of the ring gear taparts synchronized rotational movement to the
threaded fasteners to cause hincar movement of the alignment device relative
to the at least two threaded rods.

(60121 In some examples, the wolkit further comprises a threaded-rod

guide for engagement with one of the two components.
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[0013] In some examples, the toolkit further comprises an alignment
checker to check or confirm an alignment of the two components as they are
drawn together.

[6614] Insome examples, the alignment device further comprises a pair of
shoe retainers for supporting the at least two planctary gears. In some
examples, the pair of shoe retainers is configured to support the at least two
planetary gears for rotation inside the ring gear and around a respective one
of the at least two threaded rods, devoid of a sun gear.

[0015] In some examples, the alignment device is portable, and the ring
gear includes one or more manually engageable formations provided on a
periphery thereof for rotating the ring gear by hand to move the alignment
device relative to the at least two threaded rods.

(6616} In some examples, the alignment device further comprises one or
raore thrust bearings to support a weight of one of the two componests or to
transmit an axial force gencrated by the alignment device upon rotation of
the ring gear to one of the two components.

[6817] In some examples, the one or more sides plates of the alignment
device includes first apertures to allow passage of the respective threaded
rods and one or more second apertures to allow passage of a securement
fastener to fasten the two components together.

[6618] In some examples, the ring gear and at least two planetary gears of
the alignment device include herringbone gears.

(6819} Insome examples. a fust component of the two components
includes a showerhead and a second component of the two componcenis
includes a cooling plate.

[8628] In somc examples, a method is provided for aligning two
components to be drawa fogether. An example method comprises
connecting two or more threaded rods to a first of the two components;
engaging an alignment device with a second of the two componenis, the
alignment device comprising a planetary gear set comprising a ring gear and
at least two planetary gears, the alignment device comprising one or more
side plates for supporting the ring gear and the at feast two planetary gears,

wherein each of the at least two planctary gears includes an aperture sized to
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receive a threaded fastener for engagement with one of the two or more
threaded rods, wherein rotation of the ring gear imparts synchronized
ritational movement to the threaded fasteners to cause linear movement of
the alignment device relative to the two or more threaded rods; and rotating
the ring gear to move the alignment device relative to the two or more
threaded rods.

[0021] In some examples, the method further comprises engaging a
threaded-rod guide with one of the two components,

(80221 In some examples, the method further comprises using an alignment
checker to check or confirm an alignment of the two components as they are
drawn together.

(8023} Insome examples of the method, the aligrunent device further
comprises a pair of shoe retainers for supporting the at least two planetary
gears. In some cxamples, the pair of shoe retainers is configured to support
the at least two planctary gears for rotation inside the ring gear and around a
respective one of the two or more threaded rods, devoid of a san gear.
[6824] In some examples of the method, the alignment device is portable,
and the ring gear includes one or more manually engageable formations
provided on a periphery thereof for rotating the ning gear by hand fo advance
the device along the two or raore threaded rods, and wherein the method
further comprises rotating the ring gear by hand to move the alignment
device along the two or more threaded rods.

[#925] In some examples of the method, the alignment device further
cormaprises one or more thrust bearings to support a weight of one of the two
coniponents, or to transmit an axial force generated by the alignment device
upon rotation of the ring gear to one of the two components.

[8626] In some examples of the method, the one or more side plates of the
alignment device include first apertures to allow passage therethrough of the
two or more threaded rods, and one or more second apertures to allow
passage of a sccurement fastener to fasten the two components together, and
wherein the method further comprises passing a securement fastener through

one of the second apertures and fastening the componenis together,
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[6027] In some examples of the method, the ring gear and at least two
planetary gears of the alignment device include herringbone gears.

[6028] In some examples of the method, a first component of the tweo
components inclades a showerhead and a second component of the two

components includes a cooling plate.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[#929] Some embodiments are illustrated by way of example and not
Hmitation in the views of the accompanying drawings.

[0036] FIG. § chows example arrangement of a processing chamber within
which some examples of the present disclosure may be employed, according
to some example embodiments,

[0031] FIG. 2 illustrates an assembly of an alignment device, a
showerhead, and a cocling plate, in accordance with one embodiment.
(66321 FIG. 3 illustrates an aligmment device, in accordance with one
crmbodiment.

[6633] FIG, 4 llustrates an exploded view of an alignment device, in
accordance with one embodiment.

[6634] FIG. 5 illustrates an alignment toolkit, in accordance with one
embodiment.

[6035] FIG. 6 illustrates a method, in accordance with one embodiment.

DETAILED DESCRIPTION
{6636} The description that follows includes systers, methods, techniques,
mstruction sequences, and computing machine program products that
crabody ilustrative embodiments of the present disclosare. In the following
description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of example embodiments.
It will be evident, however, to one skilled in the art that the present
disclosure may be practiced without these specific details.
(90371 A portion of the disclosure of this patent document may contain
material that is subject to copyright protection. The copyright owner has no

objection to the facsimile reproduction by anvone of the patent document or
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the patent disclosure, as it appears in the Patent and Trademark Office patent
files or records, but otherwise reserves all copyright rights whatsoever. The
followiag notice applies to any data as describad below and in the drawings
that form a part of this docament: Copyright Lam Research Corporation,
2020, All Rights Reserved.

[#838] With reference now to FIG. 1, an example arrangement 100 of a
plasma-based processing chamber is shown. The present subject matter may
be used n a variety of semiconductor manufacturing and wafer processing
operations, but in the dlustrated example, the plasma-based processing
chamber is described in the context of plasma-cnhanced or radical-enhanced
Chemical Vapor Deposition (CVD) or Atomic Layer Deposition (ALD)
operations. The skilled artisan will also recognize that other tvpes of ALD
processing technigues are kaown (e.g., thermal-based ALD operations) and
may incorporate a non-plasma-based processing chamber. An ALD tool is a
spectalized type of CVD processing system in which ALD reactions occur
between two or more chemical speciecs. The two or more chemical species
are referred to as precursor gases and are used to form a thin film deposition
of a material on a substrate, such as a silicon wafer as used in the
semiconductor industry. The precursor gases are sequentially mtroduced into
an ALD processing charnber and react with a surface of the substrate to form
a deposition laver. Generally, the subsirate repeatedly interacts with the
precursors to deposit slowly an iscreasingly thick layer of ose or wore
material films on the substrate. In certain applications, multiple precursor
gases may be used to form various types of film or films during a sabstrate
manufacturing process.

[#03%] FIG. § is shown to include a plasma-based processing chamber 102
in which a showerhead 104 and a substrate-support assembly 108 or pedestal
are disposed. The showerhead 104 mav be a showerhead electrode or a
chandelier showerhead of the type described more fully below. The
showerhead 104 may be positioned adjacent to or in association with a
cooling plate (not shown in FIG. 1, but described below). The pedestal or
substrate-support assembly 108 may include an indexing head. Typically, the
substrate-support assembly 108 seeks to provide a substantially -isothermal

surface and may serve as both a heating clement and a heat sink for a
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substrate 106. The subsirate-support assembly 108 may comprise an
Eleetrostatic Chuck (ESC) in which heating elements are included to aid 1n
processing the substrate 106, as described above. The substrate 106 may
include a wafer comprising, for example, elemental-semiconductor materials
{e.g., siicon (81} or germanium {Ge)) or compound-semiconductor materials
{c.g., sihcon germamum (51Ge) or gatlium arsenide (GaAs)). Additionally,
other substrates include, for example, diclectric materials such as guartz,
sapplure, semi-crystalline polvmers, or other non-metallic and non-
semiconductor matenals.

[0048] In operation, the substrate 1006 is loaded through a loading port 110
onto the substrate-support assembly 108, A gas line 114 can supply one or
more process gases {¢.g., precursor gases) to the showerhead 104, In tarn,
the showerhead 104 delivers the one or more process gases into the plasma-
based processing chamber 102, A gas source 112 (¢.g., one or more
precursor gas ampules) to supply the one or more process gases is coupled to
the gas line 114. In some examples, a radio frequency (RF) power source
116 1s coupled to the showerhead 104, In other examples, a power source is
coupled to the substrate-support assembly 108 or ESC.

{00431 Prior to entry into the showerhead 104 and downstream of the gas
ling 114, a point-of-use (POU) and manifold combination (not shown)
controls entry of the one or more process gases into the plasma-based
processing chamber 102, In the case of a plasma-based processing chamber
102 being used to deposit thin films in a plasma-enhanced ALD operation,
precursor gases may be mixed in the showerhead 104,

{8042} Io operation, the plasma-based processing chamber 102 s evacuated
by a vacuum pump 118, RF power is capacitively coupled between the
showerhead 104 and a lower clectrode (not shown explicitly) contained
within or on the substrate-support assembly 108, The substrate-support
assembly 108 ig typically supphied with two or more RY frequencics. For
example, in various embodimentis, the RF frequencies may be selected from
4t least one frequency at about | MHz, 2 MHz, 13.56 MHz, 27 MHz, 60
MHz, and other frequencies as desired. A coil designed to block or partially

block a particular RF frequency can be designed as needed. Therefore,
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particular frequencies discussed herein are provided merely for ease i
understanding. The RF power is used to encrgize the one or more process
gases into a plasma in the space between the substrate 106 and the
showerhead 104, The plasma can agsist in depositing various layers (not
shown) on the substrate 106. In other applications, the plasma can be used to
ctch device features mnto the various layers on the substrate 106, RF power is
soupled through at least the substrate-support assembly 108, The substrate-
support assembly 108 may have heaters (not shown in FiG. 1) incorporated
therein. The detailed design of the plasma-based processing chamber 102
may vary.

{0843} As meantioned above, 10 some corrent semicondustor manufacturiog
operations, showerheads are installed manually and rely on alignment of a
key lock feature 1 the showerhead and associated cooling plate. The manual
installation process typically produces damage on the thermal interface
between these two parts, significantly affecting heat transfer and limiting
tool performance (up to 30% less heat transfer, which affects total tool
throughput and process capability). The keying feature is often too small to
handle the increased mass of new showerheads and alsc results in increased
damage and debris gencration when used with newer gencration
showerheads.

[6644] In order to address these issues, some exaraples herein facilitate the
alignment of two components, such as a showerhead and a cooling plate, as
they are drawn together. Some examples restrict movernent of the two
components relative to ecach other to a single dimension (for example,
towards of away from one apother) to allow the mating surfaces of the two
components to come inte contact with cach other in almost perfect
parallelism, without other adjacent component surfaces rubbing or
interfering with the alignment operations. Some examples include an
alignment device comprising a planetary gear set (or gearbox) to
synchronize and drive two threaded rods which interconnect the alignment
device and one of the two components. In some examples, the two threaded
rods are removable after the showerhead has been positioned and fastened to
the cooling plate in iis final installed position. The alignment device utihizes

thrust bearings in conjunction with the gear set to route the weight load of
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the showerhead to the same load-bearing components that carry the weight
during regular service, and self-aligning gears (for example, herringbone
gears) to minimize backlash and friction.

[8845] Precision installation facilitated by an example alignment device
cnables much more polished component surfaces to come in contact withont
damage and without the use of thermal grease, in some cases. This increased
thermal contact enables up to 30% more heat {ransfer across the joint,
increasing overall tool performance and, in some examples, enabling higher
depoesition rates due to higher powers. Some examples also enable a
reduction in the number of service personnel to perform a component
installation (for exaraple, enabling a reduction in service persoannel from 2 to
3 people to one person)

[0046] With reference to FIG. 2, an assembly 200 15 illustrated in which
two components are sought to be drawn together and then fastened to each
ather in a final position. In the ilustrated example, a first compouent of the
two components is a cooling plate 204 and a second component of the two
comaponends 1s a showerbead 104, Alignment of other coraponends is possible
using the components and technigues disclosed herein. The showerhead 104
has a showerhead stem 206. The showerhead stem 206 includes a number of
threaded holes 208 for securing the cooling plate 204 to the showerhead 104
by means of one or more complementally-threaded securement fasteners (not
shown). In the illustrated assembly 200, cach of a pair of threaded rods 210
1s connected o the showerhead stem 206 at a lower end thereof by being
screwed into a pair of respective threaded holes 208, Other numbers of the
threaded rods 210 and configurations thereof are possible.

[0047] As is described more fully below, an alignment device 202 15
engaged with the threaded rods 210. The alignment device 202 1s portable
(i.c. carriable by hand) and mcludes a manually operable ring gear 212 to
advance the alignment device 202 along the threaded rods 210 in one
restricted lincar direction or another (i.c., up or down in the view). Asthe
alignment device 202 is connected to the cooling plate 204, upon manual
ratation of the ring gear 212, the showerhead 104 and cooling plate 204 can

be drawn together {or moved apart {from one another if the ring gear 212 15
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rotated in the opposite direction) in an aligned fashion. Movement of the
alignment device 202 along cach of the pair of threaded rods 210 1s
synchronized as will be described more fullv below,

{6648} FIG. 3 provides an enlarged pictorial view of an exarnple alignment
device 202 to draw two components together in an aligned fashion. The
alignment device 202 comprises a planetary gear set 302, The planetary gear
set 307 comprises a ring gear 212 gear and at least two planctary gears 304,
One or more side plates 306 provide a housing for the planetary gear set 302
and support the ving gear 212 and the planetary gears 304, In the illustrated
example, each of the two planetary gears 304 includes an aperture 308 sized
and shaped to receive a threaded fastener (such as a nut 402, FiG. 4) for
threaded engagement with 4 respective one of the threaded rods 210
sounected to the showerhead 104 as described further above. As will be
appreciated, manual rotation of the ring gear 212 imparts synchronized
rotational movement to the two planetary gears 304 and each aperture 308
therein. Each nut 402 located in a respective aperture 308 is caused to rotate
accordingly about its threaded rod 210 to cause linear advancement of the
alignment device 202 along the two threaded rods 210. The lisear moversent
draws an attached cooling plate 204, held captive by the alignment device
202, towards {or awayv from) a showerhead 104 in an aligned fashion with
their mating faces held substantially parallel to cach other.

[6049] FIG. 4 provides an exploded view of an example alignment device
202, As described above, the aligament device 202 comprises a planetary
gear set 302. The planctary gear set 302 comprises a ring gear 212 gear and
at least two planctary gears 304, One or more side plates 306 provide a
housing for the planetary gear set 302 and support the ring gear 212 and the
planctary gears 304, In some examples, the side plates 306 are designed for
convendent fabrication from sheet stock. In the illustrated example, each of
the two planctary gears 304 includes an aperture 308 sized and shaped to
receive a threaded fastener (such as a not 402, FIG. 4) for threaded
engagement with a respective one of the threaded rods 210 connected to the
showerhead 104, A pair of clamped shoe retainers 404 1s configured to
support the two planetary gears 304 for rotation inside the ring gear 212 and

around a respective one of the two threaded rods 210, In the example
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exploded view 400, the arrangement of the shoe retamers 404 and the
planetary gear set 302 does not require provision of a sun gear as 1
soraetimes evident in conventional planctary gear set arrangements. {0 some
present examples, the ring gear 212 and two planetary gears 304 include
self-aligning berringbone gears, as shown. The side plates 306 of the
alignment device 202 may be secured together by screws or rivets (not
shown). Other arrangements are possible.

[605¢] In some examples, the ring gear 212 includes one or more manually
cngageable formations 406 or tabs provided on a periphery thereof for
rotating the ring gear by hand to advance or retract the alignment device 202
along the threaded rods 210, In some examples, the alignment device 202
comprises one or more thrust bearings 408 and washers 410 to support a
weight of one of the two components (the showerhead 104 or cooling plate
204), or to transmit an axial force generated by the alignment device 202
device upon rotation of the ring gear 212 to one of the two components. The
thrust bearings 408 transfer load to under layers of the alignment device 202
while aliowing the auts 402 to spin freely.

{6051} In some examples, the one or more side plates 306 includes first
apertures 4172 to aliow passage therethrough of the two threaded rods 216,
and one or more sccond aperturcs 414 to allow passage of sccurement
fasteners 416 to secure the two components together. In some exaraples, the
first apertures 412 and second apertures 414 are of the same size and thread
such that threaded rods 210 and securement fasteners 416 can utilize the
same holes. This convenient arrangement allows, for example, the threaded
rods 210 to be passed through the first apertures 412 and the nuts 402 in the
planctary gears 304 and secored 1n the complementary threaded holes 208 in
the showerhead stem 206, leaving the second apertures 414 free to accept the
securcracnt fasteners 416 therethrough when the showerhead 104 and
cooling plate 204 have been drawn together. This also avoids the necessity
of having to withdraw the threaded rods 210 prior to safe securement of the
two components or to add additional threaded holes 208 in the showerhead
stem 206 or the cooling plate 204, for examaple. In other words, the first

apertures 412 or second apertures 414 allow final installation fasteners (for
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example, the seccurement fasteners 416) to be dropped in and tightened
without removing the alignment device 202 beforehand.

[0052] With reference to FIG. 8, some examples herein include an
alignment toolkit 360 to facilitate drawing two components, such as a
showerhead 104 and cooling plate 204, together in aligned fashion. In some
examples, the threaded rods 210 include knurled handles 308 for a quick
thread-in of the threaded rods 210 through the alignment device 202 into the
showerhead 104 (more specifically the showerhead stem 206) to enable a
“rough” alignment of these two coraponents without “precise” use vet of the
alignment device 202,

(6033} In some examples, the alignment toolkit 500 comprises at least two
threaded rods 210 each engageable with one of the two components, in this
case the showerhead stem 206 (for exaraple, in the manner shown in FIG,
2). The alignment toolkit 300 further includes an alignment device 202, The
alignment device 202 may include any one or more of the features described
above. In some examples, the alignment device 202 transfers the weight of
the showerhead 104 to the cooling plate 204 during installation and
securement along a same load path as exists during normal usage
aperation of the processing chamber 102,

[8654] The alignment toolkit 500 may further comprise one or more
threaded-rod guides 502 for engagement with one of the two componentds, in
this example the cooling plate 204. The threaded-rod guides 302 help to
support and guide the threaded rods 210 as the showerhead 104 {or more
specifically the showerhead stem 206) is drawn up under operation of the
alignment device 202 to mate with a lower surface of the cooling plate 204,
The threaded~rod guides 502 can be inserted into the cooling plate 204 to
vertically align and center the threaded rods 210 and protect the cooling
plate 204 surfaces from damage by the threaded rods 210, In some exaniples,
the alignment toolkit 500 further comprises an alignment checker 504 or
flatness checker to check or confirm an alignment of the two components as
they are drawn together. The alignment checker 504 can check or confirm a
parallelisa of thermal faces of the two components when needed. The

alignment checker 504 may include opposed flat surfaces 506 which have
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been previously calibrated or aligned to enable a predetermined matching
alignment of the showerhead 104 and cooling plate 204, for example.

[0055] Some present examples inclode methods. With reference to FIG. 6,
operations in a method 600 of aligring two componends to be drawn together
are shown in flow chart foro. In operation 602, method 600 includes
sonnecting two or more threaded rods to a first of the two components. In
operation 604, method 600 includes cngaging an alignment device with a
second of the two components, the alignment device comprising a planetary
gearbox coraprising a ring gear and at least two planctary gears, the
alignment device comprising one or more side plates for supporting the ring
gear and the at least two planctary gears, wherein cach of the at least two
planetary gears includes an aperture sized to receive a threaded fastener for
engagement with one of the two or more threaded rods, wherein rotation of
the ring gear imparis synchronized rotational movement to the threaded
fasteners to cause hinear advancement of the abignment device along the two
or more threaded rods. In operation 606, method 600 includes rotating the
ring gear to advance the abigament device along the two or more threaded
rods.

{6656]  Some exampies of method 600 further comprise engaging a
threaded-rod guide with one of the two components. Some examples of
method 600 further comprise asing an alignment checker to check or confirm
an alignment of the two components as they are drawn together.

[8057] In somce examples of method 600, the alignment device further
coniprises a pair of shoe retainers for supporting the at least two planetary
gears. In some examples of method 6060, the pair of shoe retainers is
configured to support the at least two planctary gears for rotation inside the
ring gear and around a respective one of the at least two threaded rods,
devoid of a sun gear. In some examples of method 600, the alignment device
1s portable, and the ring gear includes one or more manually engageable
formations provided on a periphery thereof for rotating the ring gear by hand
to advance the device along the threaded rods, and wherein the method 600
further comprises rotating the ring gear by hand to advance the aligement

device along the threaded rods. In some examples of method 600, the
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alignment device further comprises one or more thrust bearings to support a
weight of one of the two components or to transmit an axial force gencrated
by the alignment device upon rotation of the ring gear to one of the two
components. In some examples of method 600, the one or more side plates of
the alignment device include first apertures to allow passage therethrough of
the respective threaded rods and one or more second apertures to allow
passage of a securement fastener to fasten the two components together, and
the method 600 further compriscs passing a securement fastener through one
of the second apertures and fastening the two components together, In some
cxamples of method 600, the ring gear and at least two planctary gears of the
alignment device include herringbone gears. In some exarples, three-
dimensional (3D) prinded herringbone gears offer ~4:1 reduction ratio to
minimize 1ift effort and are seif-aligning for smooth motion.

[0058] Although examples have been described with reference to specific
example embodiments or methods, it will be evident that varicus
modifications and changes may be made to these embodiments without
departing from the broader scope of the embodiments. Accordingly, the
specification and drawings are to be regarded in an dhustrative rather than a
restrictive sense. The accompanying drawings that form a part hereof, show
by wayv of iHustration, and not of limitation, specific embodiments in which
the subject matter may be practiced. The embodiments iHustrated are
described in sufficient detail to enable those skilled in the art to practice the
teachings disclosed herein. Other embodiments may be utilized and derived
therefrom, such that structural and logical substitutions and changes may be
made without departing from the scope of this disclosure. This detatled
description, therefore, 1s not to be taken in a limiting sense, and the scope of
various embodiments is defined only by the appended claims, along with the
full range of equivalents to which such claims are entitled.

(6659} Such embodiments of the inventive subject matter may be referred
to herein, individually and/or collectively, by the term “invention” merely
for convenience and without intending to voluntarily limit the scope of this
application to any single invention or inventive concept if more than one is
in fact disclosed. Thus, although specific embodiments have been ilustrated

and described berein, it should be appreciated that any arrangement
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calculated to achieve the same purpoese may be substituted for the specific
cmbodiments shown. This disclosure is intended to cover any and all
adaptations or variations of various embodiments. Combinations of the
above embodiments, and other embodiments not specifically described
berein, will be apparent to those of skill in the art upon reviewing the above

deseription.
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