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(57) Abstract: An apparatus including a frame, an optical sensor connected to the frame, and an environment separation barrier. The
frame is configured to be attached to a housing of a motor assembly proximate an aperture which extends through the housing. The
optical sensor comprises a camera. The environment separation barrier is configured to be connected to the housing at the aperture,
where the environment separation barrier is at least partially transparent and located relative to the camera to allow the camera to
view an image inside the housing through the environment separation barrier and the aperture.



WO 2017/165401 PCT/US2017/023386

ROBOT DRIVE WITH ISOLATED OPTICAL ENCODER

BACKGROUND
Technical Field
[0001] The exemplary and non-limiting embodiments
relate generally to position sensing and, more

particularly, to a robot drive position sensor having an

optical encoder.
Brief Description of Prior Developments

[0002] U.S. patent publication Nos. 2009/0243413 Al and
2015/0303764 Al, which are hereby incorporated by
reference in their entireties, disclose a barrier between

a non~optical encoder read-head and an encoder disk.

SUMMARY
[0003] The following summary is merely intended to be
exemplary. The summary is not intended to limit the
scope of the claims.
{0004] In accordance with one aspect, an example

embodiment is provided in an apparatus comprising a
frame, where the frame 1s configured to be attached to a
housing of a motor assembly proximate an aperture which

extends through the housing; an optical sensor connected
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to the frame, where the opiical sensor comprises a
camera; and an environment separatioen barrier configured
to be connected to the housing at the aperture, where the
environment separation barrier is at least partially
transparent and located relative to the camera to allow
the camera to view an image inside the housing through

the environment separation barrier and the aperture.

[0005] In accordance with another aspect; an example
method comprises providing a read-head comprising a frame
and a camera connected to the frame; connecting the read-
head to a housing of a motor assembly, where the frame of
the read-head 1s connected to the housing proximate an
aperture which extends through the housing; and locating
an environment separation barrier at the aperture to
separate a first environmental area inside the housing
from a second environmental area in which the camera is
located, where the environment separation barrier is at
least partially transparent and located relative to the
camera to allow the camera to view an image inside the
housing through the environment separation barrier and

the aperture.

[0006] In accordance with another aspect, an example
method comprises illuminating a reference member located
inside a housing of a motor assembly by a light emitter
of a read-head, where the read-head is located at least
partially outside of the housing; viewing an image of the
reference member by a camera of the read-head, where the
camera is located at least partially outside of the
housing, where the image is viewed by the camera though
an aperture in the housing and through a transparent

environment separation barrier located at the aperture,
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where the <transparent environment separation barrier
seals a first environment inside the housing from a
second environment in which the sensor is located, and
where the camera is located outside of the first
environment and the transparent environment separation
barrier allows the camera to view the image coming from
inside the housing while the camera is outside of the

first environment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The foregoing aspects and other features are
explained in the following description, taken in

connection with the accompanying drawings, wherein:

[0008] Fig. 1 1is a schematic view of a substrate

processing apparatus;

[0008] Fig. 2 1is a diagram illustrating some of the

components of the apparatus shown in Fig. 1;

[0010] Fig. 3 is a schematic diagram illustrating some

of the components shown in Figs. 1-2;

[0011] Fig. 3A 1is a diagram illustrating another

example embodiment of the components shown in Figs. 1-2;

[0012] Fig. 4 is a schematic diagram illustrating some

of the components shown in Fig. 3;

{0013] Fig. 4A is a schematic diagram illustrating an

example of the read-head shown in Fig. 4;
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[0014] Fig. 4B is a schematic diagram illustrating an
example of multiple ones of the read-head shown in Fig.
4;

[0015] Fig. 5 1is a diagram illustrating an example
type of connection arrangement in the sensor shown in

Figs. 3-4;

[0016] Fig. 6 1s a diagram illustrating an example
type of connection of the sensor to the housing shown in

Figs. 3-4;

[0017] Fig. 7 is a diagram similar to Fig. 4 showing

another example embodiment;

[0018] Fig. 8 is a diagram similar to Fig. 4 showing

another example embodiment:

[0019] Fig. 9 is a diagram similar to Fig. 4 showing

another example embodiment;

[0020] Fig. 10 is a diagram similar to Fig. 4 showing

another example embodiment;

[0021] Fig. 11 is a diagram similar to Fig. 4 showing

another example embodiment;

[0022] Fig. 12 is a diagram similar toe Fig. 4 showing

another example embodiment;

[0023] Fig. 13 1s a diagram similar to Fig. 4 showing

another example embodiment;

[0024] Fig. 14 is a diagram similar to Fig. 4 showing

another example embodiment; and



WO 2017/165401 PCT/US2017/023386

[0025] Fig. 15 is a diagram similar to Fig. 4 showing

another example embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

fo026] Referring to FIG. 1, there is shown a schematic
top plan view of an example substrate processing
apparatus 10 having a substrate transport apparatus 12.
Although the present invention will be described with
reference to the embodiments shown in the drawings, it
should be understood that the present invention may be
embodied in many forms of alternative embodiments. 1In
addition, any suitable size, shape or type of materials

or elements could be used.

[0027] In addition to the substrate transport
apparatus 12, the substrate processing apparatus 10
includes multiple substrate processing chambers 14 and
substrate cassette elevators 16 connected to a wvacuum
chamber 15. The transport apparatus 12 is located, at
least partially, in the chamber 15 and is adapted to
transport planar substrates, such as semiconductor wafers
or flat panel displays, between and/or among the chambers
14 and elevators 16. In alternate embodiments, the
transport apparatus 12 could be used in any suitable type

of substrate processing apparatus.

[0028] A conventional vacuum environment robotic
manipulator typically includes a drive unit which houses
all active components of the robotic manipulator, e.g.,
actuators and sensors, and one or more arms, as discussed
above, driven by the drive unit. The arm{s) are

typically passive mechanisms, i.e., they do not include
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any active components, such as actuators and sensors.

This is primarily due to difficulties with out-gassing,

power distribution and heat removal in vacuum
environments.

[0029] Referring also to Fig. 2, the substrate
transport apparatus 12 (or vacuum—-compatible robot
system) includes a drive 18 and an arm 20. The drive 18
has two rotary axes. The arm 20 is coupled to the drive
18. In this example embodiment the arm 20 includes a

first link 22, a second link 24 and an end-effector 26.
The first link 22 is attached directly to a first rotary
axis of the drive 18. The second link 24 is coupled to
the first 1link 22 through a first rotary joint 28. The
end-effector 26 is coupled to the second link 24 through
a second rotary Jjoint 30. In the embodiment shown, arm
20 has three rotary axes 980, 92, 94 formed at the drive
18 and the joints 28, 30. In this embodiment the second
link 24 4is driven through a belt/band drive which may
include a first pulley, attached to a second rotary axis
of the drive 18, a first belt/band and a second pulley,
attached to the second link 24 of the arm 20, The end-
effector 26 1is constrained to point approximately in a
radial direction with respect to the drive 18 through
another belt/band arrangement, which may include a third
pulley, pivcotably coupled to the first link 22, a second
belt/band and a fourth pulley, attached to the end-
effector 26. In various different example embodiments,
any suitable drive, actuator, sensor or otherwise may
provide features as disclosed herein; in any combination
and/or as disclosed in U.5. Patent No. 92,202,733 and U.S.
Patent No. 8,716,909 which are all hereby incorporated by

reference in their entireties herein.
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{0030] Although the substrate transport apparatus 12
is described with respect to a vacuum robot, any suitable
substrate transport apparatus; atmospheric or otherwise
may be provided having features as disclosed. Substrate
transport apparatus 12 has a controller 54, the drive
unit 18 and the arm 20, and is configured to transport
substrate 8S. Controller 54 may have at least one
processor 32, at least one memory 34 and software or
computer code 36 configured to control the drive 18 and
process input from the sensors. Arm 20 is shown as a
SCARA type arm and driven by drive unit 18, but in
alternate embodiments any suitable arm could be provided.
Although substrate transport apparatus 12 is described
with respect to a two link arm, any suitable number of
links may be provided. Further, any suitable number of
arms may be provided. Further, any combination of rotary

and/or linear axis may be provided on any suitable arm.

[0031] The drive 18 forms a robot motor assembly. In
this example the robot motor assembly comprising stators
and rotors configured to drive shafts connected to the
first link 22 and one of the pulleys in the first link.
Referring also to Fig. 3, the drive 18 comprises a
housing 38 which separates the environmental area 40
inside the drive 18 and inside the chamber 15 from the
environmental area 42 cutside the drive and the chamber.
A position encoder reference member or disk is connected
to each one of the rotors or shafts of the drive 18.
Fig. 3 shows an example of this where a position encoder
reference member disk 44 is shown attached to the
shaft/rotor 46. The housing 38 of the motor assembly has
an aperture 48 therethrough. The aperture 48 is aligned

with the position encoder reference member disk 44.
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Attached to the housing 38 is a position read-head 50.
The position read-head 50 is located at the aperture 48
through the housing 38 in order for the read-head 50 to
sense the location or position of the position encoder
reference member disk 44 as the disk 44 is rotated when
the rotor/shaft 46 rotates. Output from the read-head 50
is supplied to the controller 54, Another example is
shown in Fig. 3A which diagrammatically shows a direct-
drive module of a robot, such as the example robot
depicted in Fig. 1 in U.S8. patent application publication
No. 2014/0077637, showing the shaft 46a, a stator and
rotor of a motor 47, a direct drive module housing 38a,
an enceoder track or reference member 44a, bearings 49 and

an encoder sensor 60a.

[0032] Referring also to Fig. 4, in this embodiment
the position read-head 50 generally comprises a frame 56,
a light emitter 58, an optical sensor &0, an environment
separation barrier 62 and electronic circuitry 59. In
one type of example embodiment the sensor 60 is a
plurality of optical sensors arranged as an array for
viewing at least one dimage, and the light emitter 58
comprises a plurality of light emitters. An example of
this is shown in Fig. 4A with read-head 50’. In another
alternative, as shown in Fig. 4B, the apparatus may
comprises multiple read-heads 507, 50’’’ having different
light emitter and optical sensor configurations, but
attached to the housing 38 to read the same reference

member 44.

[0033] Referring also to Fig. 5, 1in this example
embodiment the first connection 64 is provided between

the sensor 60 and the frame 56 and a second connection 66
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is provided between the separation barrier 62 and the
frame 56. However, as illustrated by Fig. 6, the sensor
60 and the separation barrier 62 may be a unitary
assembly with the sensor frame with a single type of
connection 68 to the housing 38. The connections 64, 66,
68 may be stationarily fixed or adjustable. In the
example shown in Fig. 4, the connection 64 is
stationarily fixed, the connection 66 is a resiliently
deflectable connection, and the connection 68 is

adjustable.

[0034] In this example embodiment the environment

separation barrier 62 is a transparent window and the

optical sensor 60 is a camera. A holder 70 is provided
to hold the transparent window 62. The holder 70 is
connected by the connection 66 to the frame 356. The

holder 70 is bilased by the connection 66 in the direction
of the aperture 48 to press the transparent window 62
against the seal 72. Thus, the seal 72 and the window 62
seal off the aperture 48 forming an optically transparent
barrier between the two environmental areas 40, 42 at the
aperture 48, Because the barrier €2 is optically
transparent, the camera 60 is still able to view an image
from the reference member 44. Because the components of
the read-head 50, including the camera 60, light emitter
58 and electronic circuitry 58, are all outside the
environmental area 40, there is no risk of outgassing
from these components inside the area 40. Because the
components of the read-head 50, including the camera 60,
light emitter 58 and electronic circuitry 59, are all
outside the environmental area 40, no special design or
encasement of the read-head 50 or 1its components 1is

necessary.
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[0035] With features as described herein, a position
encoder may be incorporated into a robot direct-drive
module, such as drive 18 or one of a plurality of drive
modules which are assembled to form the drive 18. A
position encoder track, such as on the disk 44, may be
coupled to the driven part 46 of the direct-drive module,
and a position read-head may be provided on the outside
of the housing 38 of the direct-drive module, for
example, as shown in the example embodiments shown in the

drawings.

[0036] In one exemplary embodiment, as depicted
diagrammatically in Fig. 4, the housing 38 of the direct-
drive module may feature an aperture {slot) 48 located so
that it provides an optical path (view) of the position
encoder track from the outside of the housing of the
direct-drive module. The aperture 48 may feature a
separation barrier 62 to separate the wvacuum or other
non-atmeospheric environment inside of the housing of the
direct-drive module from the environment outside of the
housing of the direci-drive module. The separation
barrier 62 may be made of a substantially transparent
material, such as glass or acrylic for example. The
separation barrier 62 may be sealed to the housing of the
direct-drive module, £for example, using an O-ring or a
bonded Jeoint, for example, or in any other suitable

manner.

[0037] The encoder track on the reference member 44
may include features that may be utilized to sense
location o¢f +the encoder track. As an example, the
features may form an incremental track and, in some case,

the incremental track may be complemented by an absoclute

10
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track. As another example, the features may form a
pattern that may be decoded wusing image processing

techniques.

[0038] As shown 1in Fig. 4, a read-head 50 may be
provided on the outside of the direct-drive module so
that it may sense location of the encoder track through
the aperture in the housing of the direct-drive module.
The read-head may be attached to the housing o©of the
direct-drive module in a substantially fixed manner or it
may be coupled to the housing of the direct-drive module
in a movable manner to allow for adjustment of the read-
head with respect to the encoder track. The adjustment
may include the distance between the read-head and the
encoder track as well as orientation (for instance,
pitch, roll and yaw) of the read-head with respect to the
encoder track. Alternatively, the read-head may be held

in the proximity of the aperture in any suitable manner.

[0039] Still referring to Fig. 4, the read-head may
include an enclosure 56 and, an optical system (including
sensor 60). The read-head may further include other
components, such as electronics, to contrel the read-

head, process the data and facilitate communication.

[0040] The optical system may be configured to detect
the position of the encoder track with respect to the
read-head. As an example, the optical system may include
one or more light emitters, one or more light receiver
and other optical components, such as lenses, mirrors and
masks. The light emitter(s) and receliver(s) may be
arranged to detect features on the encoder track. For
instance, the receiver(s} may detect the features based

on reflection of the light produced by the emitter(s).

11
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[0041] As another example, the optical system may
include one or more light source(s), one or more digital
camera(s) and other optical components, such as lenses,
mirrors and masks. The light scurce(s) may be arranged
to provide illumination of the encoder track in the field
of wview of the digital cameral(s). The digital camera(s)
may be arranged to take pericdically pictures (images) of
the enceder track. The pictures may be processed by the
encoder read-head and/or externally to the encoder read-
head, such as at the controller 54 for example, to
determine the location of the encoder track with respect

to the encoder read-head.

[0042] In another example embodiment, as depicted
diagrammatically in Fig. 7, the housing 38 of the direct-
drive module may feature an aperture (slot} 48 located so
that it provides an optical path (view) of the position
encoder track 44 from the outside of the housing of the
direct-drive module. A read-head 50a may be provided on
the outside of the direct-drive module so that i1t can
sense location of the encoder track 44 through the

aperture in the housing of the direct-drive module,

[0043] The encoder track 44 may include features that
may be utilized to sense location of the encoder track.
As an example, the features may form an incremental track
and, in some <case, the incremental track may Dbe
complemented by an absolute track. As another example,
the features may form a pattern that may be decoded using

image processing techniques.

[0044] The read-head 50a may include an enclosure 56a,
a window 62 and an optical system including 58, 60. The

read-head 50a may further include other components, such

12
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as electronics, to control the read-head, process the

data and facilitate communication.

[0045] As depicted in Fig. 7, the window 62 may be
located in the enclosure of the read-head to provide an
optical path (view) between the optical system 58, 60 and
the encoder track 44 through the aperture 48 in the
housing 38 of the direct-drive module. The window 62 may
be made of a substantially transparent material, such as

glass or acrylic.

[0046] The optical system may be configured to detect
the position of the encoder track 44 with respect to the
read-head. As an example, the optical system may include
one oOr more light emitter(s), one or more light
receiver(s) and other optical components, such as lenses,
mirrors and masks. The light emitter({s) and receiver(s)
may be arranged to detect features on the encoder track.
For instance, the receiver(s} may detect the features
based on reflection ¢f the light produced by the
emitter(s). The 1light source(s) may be arranged to
provide illumination of the encoder track in the field of
view of the digital camera(s). The digital camera(s) 60
may be arranged to take periocdically pictures (images) of
the encoder track. The pictures may be processed by the
encoder read-head to determine the location of the

encoder track with respect to the encoder read-head.

[0047] The read-head 50a may be attached to the
housing 38 of the direct-drive module so that the window
62 of the read-head is sealed with respect to the housing
38 of the direct-drive module around the aperture 48 of
the direct drive module, thus separating the wvacuum or

other non-atmospheric environment inside of the housing

13
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of the direct-drive module from the environment outside
of the direct-drive module. As a result, the components
inside of the enclosure of the read-head 50a are not
exposed to the vacuum or other non-atmospheric
environment inside o¢of the housing of the direct-drive

module.

[0048] As illustrated in Fig. 7, the read-head may be
attached to the housing of the direct-drive module in a
substantially fixed manner, and the window 62 may be
sealed to the housing 38 of the direct-drive module using
an O-ring or any other suitable seal. Additional
examples of seal configurations are depicted
diagrammatically in Figs. 8, 9 (seal compressed in the
direction normal to the direction of the installation of
the read-head) and 10 (0O-ring compressed along the
direction of the installation of the read-head}. Fig. 8
shows housing 38b with aperture 48b, and the read-head
50b having frame 56b, seal 72b, window 62b and optical
components including light emitter 58 and sensor 60.
Fig. 9 shows housing 38c with aperture 48c, and the read-
head 50c¢ having frame 56¢c, seal 72b, window 62b and
optical components including light emitter 58 and sensor
60. Fig. 10 shows housing 38b with aperture 48b, and the
read-head 50d having frame 56c¢, seal 72d, window 62d and
~optical components including light emitter 58 and sensor
0. The window 62 may also be shaped to provide adequate
space for the seal and, at the same time, allow for
desirably close proximity of the components of the sensor
to the encoder track, as illustrated in Figure 11. Fig.
11 shows housing 38b with aperture 48b, and the read-head
50e having frame b56c, seal 72d, window 62e and optical

components including light emitter 58 and sensor 60.

14
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[0049] It should be nected that in all of the example
configurations of Figs. 7-11 the window 62 may be merely
mechanically fastened, but not necessarily sealed, with
respect to the enclosure 56 of the sensor, and the
sealing takes place between the window 62 and the housing
38 of the direct-drive module. It should be noted that
the window 62 in the examples of Figures 7-11 may not
necessarily be a separate component. The window 62 may
be conveniently formed by a component of the optical
system of the read-head, such as a lens, or by any other

suitable component.

[0050] Alternatively, the read-head may be coupled to
the housing of the direct-drive module in a movable
manner to allow for adjustment of the sensor with respect
to the encoder track. The adjustment may include the
distance between the read-head and the encoder track as
well as orientation (for instance, pitch, roll and yaw)
of the read-head with respect to the encoder track. The
window of the sensor may be sealed to the housing of the
direct~drive module by an O-ring, a bellows, a flexure or
any other suitable seal providing the sensor with

sufficient movement while maintaining a seal.

[0051] In yet another example embodiment, as depicted
diagrammatically in Fig. 12, the housing of the direct-
drive module may feature an aperture (slot) located so
that it provides an optical path (view) of the position
encoder track from the outside of the housing of the
direct-drive module. A read-head may be provided on the
outside of the direct-drive module so that it can sense
location of the encoder track through the aperture in the

housing of the direct-drive module. Fig. 12 shows

15
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housing 38 with aperture 48, and the read-head 50f having
frame 56f, seal 72, window 62f, seal 72f and optical

components including light emitter 58 and sensor 60,

[0052] The encoder track may include features that may
be utilized to sense location of the encoder track. As
an example, the features may form an incremental track
and, in some case, the incremental track may be
complemented by an absolute track. As another example,
the features may form a pattern that may be decoded using

image processing techniques.

[0053] The read-head may include an enclosure, a
window and an optical system. The read-head may further
inciude other components, such as electronics, to control
the read-head, process the data and facilitate

communication.

[0054] As depicted in Fig. 12, the window may be
located in the enclosure of the read-head to provide an
optical path (view) between the optical system and the
encoder track through the aperture in the housing of the
direct-drive module. The window may be made of a
substantially transparent material, such as g;ass or
acrylic. The window may be sealed to the enclosure of the

sensor, for instance, using an O-ring or a bonded joint.

[0055] The optical system may be configured to detect
the position of the encoder track with respect to the
read-head. BAs an example, the optical system may include
one or more light emitters, one or more light receivers
and other optical components, such as lenses, mirrors and
masks. The light emitter(s) and receiver(s) may be

arranged to detect features on the encoder track. For

16
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instance, the receiver(s) may detect the features based

on reflection of the light produced by the emitter(s).

[0056] As another example, the optical system may
include one or more light source(s), one or more digital
camera(s) and other optical components, such as lenses,
mirrors and masks. The light source({s) may be arranged
to provide illumination of the encoder track in the field
of view of the digital camera(s). The digital camera(s)
may be arranged to take periodically pictures (images) of
the encoder track. The pictures may be processed by the
encoder read-head to determine the location of the

encoder track with respect to the encoder read-head.

[0057] The read-head may be attached to the housing of
the direct-drive module so that the enclosure of the
sensor is sealed with respect to the housing of the
direct-drive module around the aperture of the direct
drive module and around the window of the read-head, thus
separating the vacuum or other non-atmospheric
environment 1nside of the housing of the direct-drive
module from the environment outside of the direct-drive
module and, furthermore, separating the components inside
of the enclosure of the read-head from the wvacuum ox
other non-atmospheric environment inside of the housing
of the direct-drive module. This prevents exposure of
the compenents inside of Lthe enclosure of the read-head
from the wvacuum or other non-atmospheric environment

inside of the housing of the direct-drive module.

[0058] As i1llustrated in Fig. 12, the read-head may be
attached to the housing of the direct-drive module in a
substantially £ixed manner, and the enclosure of the

sensor may be sealed to the housing of the direct-drive

17
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module using an O-ring or any other suitable seal.
Additional example embodiments where the window is sealed
to the encleosure of the read-head and the enclosure of
the read-head is in turn sealed to the housing of the
direct-drive module are depicted diagrammatically in
Figs. 14-15. Fig. 14 shows housing 38h with aperture
48h, and the read-head 50h having frame 56h, seals 72hl,
72h2, window 62h and optical components including light
emitter 58 and sensor 60. Fig. 15 shows housing 38h with
apefture 48h, and the read-head 50i having £frame 561,
seals 72hl, 72h2, window 62h and optical components

including light emitter 58 and sensor 60.

[0059] It should be noted that the window in the
example of Fig. 12 may not necessarily be a separate
component, The window may be conveniently formed by a
component of the optical system of the sensoxr, such as a

lens, or by any other suitable component.

[0060] Alternatively, the read-head may be coupled to
the housing of the direct-drive module in a movable
manner to allow for adjustment of the read-head with
respect to the encoder track. The adjustment may include
the distance between the read-head and the encoder track
as well as orientation (for instance, pitch, roll and
yaw) of the read-head with respect to the encoder track.
The enclosure of the read-head may be sealed to the
housing of the direct-drive module by an O—riﬁg, a
bellows, a flexure or any other suitable seal providing
the read-head with sufficient movement while maintaining

a seal.

[0061] In yet another example embodiment, as depicted

diagrammatically in Fig. 13, the housing of the direct-
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drive module may feature an aperture (slot) located so
that it provides an optical path (view) of the position
encoder track from the outside of the housing of the
direct-drive module. Fig. 13 shows housing 38g with
aperture 48g, and the read-head 50g having frame members
56gl, 56g2, seals 72gl, 72g2, window 62g and optical
, components including light emitter 58 and sensor &0, A
sensor may be provided on the outside of the direct-drive
module so that it can sense location of the encoder track

through the aperture in the housing of the direct-drive

module.
[0062] The encoder track may include features that may
be utilized to sense location of the encoder track. As

an example, the features may form an incremental track
and, 1in some <case, the incremental track may be
complemented by an absolute track. As another example,
the features may form a pattern that may be decoded using

image processing technigues.

[0063] The read-head may include a first enclosure, a
window and an optical system. The sensor may -further
include other components, such as electronics, to control
the read-head, process the data and facilitate

communication.

[0064] As depicted in Fig. 13, the window may be
located in the first enclosure of the read-head to
provide an optical path (view) between the optical system
and the encoder track through the aperture in the housing
of the direct-drive module. The window may Dbe
mechanically fastened to the first enclosure of the read-
head and sealed to a second enclosure (window seal in

Fig. 13), neither enclosure being the housing of the
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direct-drive module. The second enclosure may then seal
to the housing of the direct-drive module {enclosure seal
in Fig. 13). This allows a read-head housings never
intended to act as a barrier between atmosphere and non-

atmosphere environments to do be utilized.

[0065] The window may be made of a substantially
transparent material, such as glass or acrylic.
Alternatively, as explained with respect to the examples
for Figs. 6-12, the window may be conveniently formed by
a component of the optical system of the read-head, such
as a lens, another optical element intended to affect

light, or any other suitable component,

[0066] The window may be sealed to the first enclosure
of the read-head, for instance, using an ©O-ring or a
bonded joint. If desired, the seal may be accomplished
by the addition of a feature to the window, such as a
flange. Alternatively, the seal may be accomplished by
using features available on commercially available read-

heads.

[0067] The optical system may be configured to detect
the position of the encoder track with respect to the
read-head. As an example, the optical system may include
orne or more light emitters, one or more light receivers
and other optical components, such as lenses, mirrors and
masks. The 1light emitter(s}) and rxeceiver(s) may be
arranged to detect features on the encoder track. For
instance, the receiver(s} may detect the features based

on reflection of the light produced by the emitter(s).

[0068] As another example, the optical system may

include one or more light source{s), one or more digital
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camera (s} and other optical components, such as lenses,
mirrors and masks. The light source(s) may be arranged
to provide illumination of the encoder track in the field
of view of the digital camera(s). The digital camera{s)
may be arranged to take periodically pictures (images) of
the encoder track. The pictures may be processed by the
encoder read-head +to determine the location of the

encoder track with respect to the encoder read-head.

[0069] The read-head may be attached to the housing of
the direct-drive mecdule so that the second enclosure is
sealed with respect to the housing of the direct-drive
module. The second enclosure is then sealed to the
window of the read-head, thus separating the wvacuum or
other non-atmospheric environment inside of the housing
of the direct~drive mecdule from the environment outside
of the direct-drive module and, furthermore, separating
the components inside of the second enclosure from the
vacuum or other non-atmospheric environment inside of the
housing o¢f the direct-drive module. This prevents
exposure of the components inside of the second enclosure
from the wvacuum or other non-atmospheric environment

inside of the housing of the direct-drive module.

[0070] Alternatively, the second enclosure may be
coupled to the housing of the direct-drive module in a
movable manner to allow for adjustment of the zread-head
with respect to the encoder track. The adjustment may
include the distance between the read-head and the
encoder track as well as orientation (for dinstance,
pitch, roll and yaw) ©f the read-head with respect to the
encoder track. The second enclosure may be sealed to the

housing of the direct-drive module by an O-ring, a
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bellows, a flexure or any other suitable seal providing
the read-head with sufficient movement while maintaining

a seal.

[0071] Although the above example embodiments show the
read-head locking radially inward, it may be arranged to
look radially out, for example pointing at an internal
cylindrical surxrface of the disk, or to loock axially up or
down, for example, pointing at one of the flat faces of

the disk.

[0072] Features as described herein may ke used to
provide a drive arrangement (such as a robot drive
arrangement) with an optical encoder where the disk of
the optical encoder is in one environment (such as wvacuum
environment) and the components of the read-head of the
optical encoeder, including its optical system and control
electronics, are in another environment (such as an
atmospheric environment) and there 1is a substantially
transparent barrier between the disk and the components

of the read-head.

[0073] Although the example embodiments show the read-
head looking radially inward, the senseor may be arranged
to look radially out on an internal cylindrical surface
of the disk, or to look axially {up or down) on one of
the flat faces of the disk 44. This arrangement may be
extended to linear applications including, for example,
the example linear zrobots described in U.S5. patent
publication Nos. 2015/0214086 &Al, 2016/0229296 Al and
2017/0036358 Al which are Thereby incorporated Dby

reference in their entireties.
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[00741] An example apparatus comprises a frame, where
the frame is configured to be attached to a housing of a
motor assembly proximate an aperture which extends
through the housing; a position sensor connected to the
frame, where the position sensor comprises a camera; and
an environment separation Dbarrier configured to be
connected to the housing at the aperture, where the
environment separation barrier 1is at least partially
transparent and located relative to the camera to allow
the camera to view an image inside the housing through
the environment separation barrier and the aperture. The
environment separation barrier may be connected directly
te the housing at the aperture or may Be indirectly
connected to the housing, such as via the frame of the
apparatus, but the environment separation barrier forms
at least part of the environment closure of the aperture

through the housing while also providing an optical path.

[0075] The apparatus may comprise a seal configured to
be located directly between the environment separation
barrier and the housing of the motor assembly. The
apparatus may comprise a first seal connected directly
between the environment separation barrier and the frame.
The apparatus may comprise a second seal configured to be
located directly between the frame and the housing of the
motor assembly. The apparatus may comprise a seal and a
barrier holder configured to press the environment
separation barrier against the seal, where the barrier
holder 1is configured to be pressed by the frame towards
the aperture. The apparatus may comprise a connection
between the Dbarrier holder and the frame which 1is
resilient to allow the barrier holder to move relative to

the frame, and where the connection biases the barrier
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holder towards the aperture when the frame is connected
to the housing. The environment separation barrier may
comprise a transparent window which directly contacts the
frame and is configured to be pressed by the frame
towards the aperture when the frame is connected to the
housing. The apparatus may comprise the housing, a rotor
inside the housing having a position reference member
configured to be imaged by the camera and at least one
seal, where the frame is connected to the housing with
the at least one seal and the environment separaticn
barrier sealing the aperture tc¢ separate a first
environmental area inside the housing from a second
environmental area outside the housing. The frame may
not be exposed to the first environmental area inside the

housing.

[0076] An example method may comprise providing a
read-head comprising a frame and a camera connected to
the frame; connecting the read-head to a housing of a
motor assembly, where the frame of the read-head is
connected to the housing proximate an aperture which
extends through the housing; and locating an environment
separation barrier at the aperture to separate a first
environmental area inside the housing from a second
environmental area in which the camera is located, where
the environment separation barrier is at least partially
transparent and located relative to the camera to allow
the camera to view an image inside the housing through

the environment separation barrier and the aperture.

[0077] The method may comprise locating a seal being
directly between the environment separation barrier and

the housing of the motor assembly. The method may

24



WO 2017/165401 PCT/US2017/023386

comprise connecting a first seal directly between the
environment separation barrier and the frame. The method
may comprise locating a second seal directly between the
frame and the housing of the motor assembly. The method
may comprise a Pparrier holder biasing the environment
separation barrier against a seal, where the barrier
holder is pressed by the frame towards the aperture. The
method may comprise proving a connection between the
barrier holder and the frame which is resilient to allow
the barrier holder to move relative to the frame, and
where. the connection biases the barrier holder towards
the aperture when the frame is connected to the housing.
The environment separation barrier may comprise a
transparent window which directly contacts the frame and
is pressed by the frame towards the aperture when the
frame 1is connected to the housing. The method may
comprise & rotor is inside the housing and a position
reference member configured to be imaged by the camera,
where the frame is connected to the housing with at least
one seal and the environment separation barrier to seal
the aperture +to separate a first environmental area
inside the housing from a second environmental area
outside the housing. The frame may not be exposed to the

first environmental area inside the housing.

[0078] An example method may comprise illuminating a
reference member located inside a housing of a motor
assembly by a light emitter of a sensor, where the sensor
is located outside of the housing; viewing an image of
the reference member by a camera of the sensor, where the
camera 1s located outside of the housing, where the image
is viewed by the camera though an aperture in the housing

and through a transparent environment separation barrier
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located at the aperture, where the transparent
environment separation barrier seals a first environment
inside the housing from a second environment in which the
sensor 1is located, and where the camera is 1located
outside of the first environment and the transparent
environment separation barrier allows the camera to view
the image coming from inside the housing while the camera

is outside of the first environment.

[0079] The example of Fig. 4 illustrates a viewport in
the housing of the direct-drive module. The examples of
Figs. 7-11 illustrate a seal directly between the window
and the housing of the direct-drive module. The examples
of Figs. 12 and 14-15 illustrate a seal between the
window and the enclosure of the read-head and another
seal between the enclosure of the read-head and the
housing of the direct-drive module., The example of Fig.

13 illustrates two enclosures.

[0080] An example embodiment may be provided in an
apparatus comprising a frame, where the frame 1is
configured to be attached to a housing of a motor
assembly proximate an aperture which extends through the
housing; at Ileast one 1light emitter connected to the
frame; an array of optical sensors connected to the
frame; and an environment separation barrier configured
to be connected to the housing at the aperture, where the
environment separation barrier 1is at least partially
transparent and located relative to the array of optical
sensors to allow the array of optical senscors to view an
image 1inside the  housing through the environment

separation barrier and the aperture.

26



WO 2017/165401 PCT/US2017/023386

[0081] An example method may be provided comprising
providing a read-head comprising a £frame, at least one
light emitter connected to the frame, and an array of
optical sensors connected to the frame; connecting the
read-head to a housing of a motor assembly, where the
frame of the read-head is connected to the housing
proximate an aperture which extends through the housing;
and locating an environment separation barrier at the
aperture to separate a first environmental area inside
the housing from a second environmental area in which the
array of optical Sensors is located, where  the
environment separation barrier 1is at least partially
transparent and located relative to the array of optical
sensors to allow the array of optical sensors to view an
image inside the Thousing through the environment

separation barrier and the aperture.

[0082] An example method may be provided comprising
illuminating a reference member located inside a housing
of a motor assembly by at least one light emitter of a
read-head, where the read-head is leocated At least
partially outside of the housing; viewing at least one
image of the reference member by an array of optical
sensors of the read-head, where the array of optical
sensors 1s located at least partially outside of the
housing, where the at least one image is- viewed by the
array of optical sensors though an aperture in the
housing and through a transparent environment separation
barrier located at the aperture, where the transparent
environment separation barrier seals a first environment
inside the housing from a second environment in which the
array of optical sensors is located, and where the array

of optical sensors is located outside o¢f the first
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environment and the transparent environment separation
barrier allows the array of optical sensors to view the
at least one image coming from inside the housing while

the camera is outside of the first environment.

[0083] It should be understood that the foregoing
- description 1is only illustrative. Various alternatives
and modifications can be devised by those skilled in the
art. For example, features recited in the warious
dependent claims could be combined with each other in any
suitable combination(s). In addition, features from
different embodiments described above could be
selectively combined into a new embodiment. Accordingly,
the description is intended +to embrace all such
alternatives, modifications and wvariances which fall

within the scope of the appended claims.
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CLAIMS

What is claimed is:
1. An apparatus comprising:

a frame, where the frame is configured to be
attached to a housing of a motor assembly proximate

an aperture which extends through the housing;
at least one light emitter connected to the frame;

an array of optical sensors connected to the frame;

and

an environment separation barrier configured to be
connected to the housing at the aperture, where the
environment separation barrier is at least partially
transparent and located relative to the array of
optical sensors to allow the array of optical
sensors to view an image inside the housing through

the environment separation barrier and the aperture.

Z. An apparatus as in claim 1 further comprising a seal
configured to be located directly between the environment

separation barrier and the housing of the motor assembly.

3. An apparatus as in claim 1 further comprising a first
seal connected directly between the environment

separation barrier and the frame.

4, An apparatus as in claim 3 further comprising a second
seal configured to be located directly between the £frame

and the housing of the motor assembly.

29



WO 2017/165401 PCT/US2017/023386

5. An apparatus as in claim 1 further comprising a seal
and a barrier holder configured to press the environment
separation barrier against the seal, where the barrier
holder is configured to be pressed by the frame towards

the aperture.

6. An apparatus as in claim 5 further comprising a
connection between the barrier holder and the frame which
is resilient to allow the barrier holder to move relative
to the frame, and where the connection biases the barrier
holder towards the aperture when the frame is connected

to the housing.

7. An apparatus as in claim 1 where the environment
separation barrier comprises a transparent window which
directly contacts the frame and is configured to be
prressed by the frame towards the aperture when the frame

is connected to the housing.

8. An apparatus as in claim 1 further comprising the
housing, a rotor inside the housing having a position
reference member configured to be imaged by the array of
optical sensors and at least one seal, where the frame is
connected to the housing with the at least one seal and
the environment separation barrier sealing the aperture
to separate a first environmental area inside the housing

from a second environmental area outside the housing.

9. An apparatus as in claim 8 where the frame is not
exposed to the first environmental area inside the

housing.

10. An apparatus as in claim 1 where the array of optical

sensors comprises an array of cameras.

30



WO 2017/165401 PCT/US2017/023386

11. A method comprising:

providing a read-head comprising a frame, at least
one light emitter connected to the frame, and an

array of optical sensors connected to the frame;

connecting the read-head to a housing of a motor
assembly, where the frame of the read-head is
connected to the housing proximate an aperture which

extends through the housing; and

locating an environment separation barrier at the
aperture to separate a first environmental area
inside the housing from a second environmental area
in which the array of optical sensors is located,
where the environment separation barrier is at least
partially transparent and located relative to the
array of optical sensors to allow the array of
optical sensors to view an image inside the housing
through the environment separation barrier and the

aperture.

12. A method as in claim 11 further comprising locating a
seal being directly between the environment separation

barrier and the housing of the motor assembly.

13. A method as in c¢laim 11 fuxrther comprising connecting
a first seal directly between the environment separation

barrier and the frame.

14. A methed as in claim 13 further comprising locating a
second seal directly between the frame and the housing of

the motor assembly.
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15. A method as in claim 11 further comprising a barrier
helder biasing the environment separation barrier against
a seal, where the barrier holder is pressed by the frame

towards the aperture.

16. A method as in claim 15 further comprising proving a
connection between the barrier holder and the frame which
is resilient to allow the barrier holder to move relative
to the frame, and where the connection biases the barrier
holder towards the aperture when the frame is connected

to the housing.

17. A method as in claim 11 where the environment
separation barrier comprises a transparent window which
directly contacts the frame and is pressed by the frame
towards the aperture when the frame is connected to the

housing.

18. A method as in claim 11 where a rotor is inside the
housing and has a position reference member configured to
be imaged by the array of optical sensors, where the
frame is connected to the housing with at least one seal
and the environment separation barrier to seal the
aperture to separate a first environmental area inside
the housing from a second environmental area outside the

housing.

18. A methed as in claim 18 where the frame 1is not
exposed to the first envircnmental area inside the

housing.

20. A methed as in claim 11 where the array of optical

sensors comprises at least one camera.

21. A method comprising:
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illuminating a reference member located inside a
housing of a motor assembly by at least one light
emitter of a read-head, where the read-head is

located At least partially outside of the housing;

viewing at least one image of the reference member
by an array of optical sensors of the read-head,
where the array of optical sensors is located at
least partially outside of the housing, where the at
least one image 1is viewed by the array of optical
sensors though an aperture in the housing and
through a transparent environment separation barrier
located at the aperture, where the transparent
environment separation barrier seals a first
environment ingide the housing from a second
environment in which the array of optical sensors is
located, and where the array of optical sensors is
located outgide of the first environment and the
transparent environment separation barrier allows
the array of optical sensors to view the at least
one image coming from inside the housing while the
array of optical sensors is outside of the first

environment .
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