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(54) Title: MAGNETIC ROTATIONAL HARDSTOP FOR ROBOT

(57) Abstract: Rotational hardstop assemblies that provide greater than
360 degrees of non-continuous rotation for rotating mechanisms are pro-
vided. In certain embodiments, an agsembly is used to provide 630 or more
degrees of rotation for the shoulder axis of a robot, such as a wafer transfer
robot. The rotational hardstop assemblies include opposing magnets as
springs. According to various embodiments, the opposing magnets provide
non-contact engagement and produce no contact noise nor have any wear
over time. The rotational hardstop assemblies provide the ability to loca-
tion from either direction of rotation of a robot cylindrical coordinate sys-
tem.

FIG. 3A
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MAGNETIC ROTATIONAL HARDSTOP FOR ROBOT

CROSS REFERENCE TO RELATED APPLICATION

[6881]  This application claims priority to U.S. Patent Application No. 12/432,620,
filed April 29, 2009, the disclosure of which is incorporated herein by reference in s

entirety and for all purposes.
BACKGROUND OF THE INVENTION

1680621  Cylindrical robots are used for picking and placing objects in a variety of
applications mcluding in wafer transfer systems 1o seroiconductor processing.  Their
axes form a cylindrical coordinate system with the robot arms having radial, rotational
and vertical motion.  Robots that have greater than 360° rotation improve throughput
by allowing objects to be picked and placed using a minimum or reduced number of

moves than required with robots that have a range of motion of 360° or less.

[6603] Continuous rotation functions well for optimized robot motion and
throughput but requires an clectrical and pneumatic slip ring assembly. Standard
cables through the shoulder also cannot be used, as rotating over 360° will lead to
breakage and or entanglement of the cables. Hardstop assemblies are used to prevent
over-rotation of the arm, so that cables and tubings through the shoulder are not over-
rotated past their functional limit. To prevent rotation over 360°, a structural feature
is provided to engage with another structural feature that rotates along with the arm.
By engaging, the arro 1s prevented from over-rotating in either direction. As a result,
it may be necessary to reverse course and travel longer paths (e.g., to get from 260° to
10°, it is necessary to travel 250°, rather than 110°). This also limits a robot’s
accessible range within an environment. Moving hardstops may be used to provide

non-continuous rotation over 360°,
SUMMARY OF THE INVENTION

[66¢4] Rotational hardstop assemblies that provide greater than 360 degrees of
non-continuous rotation for rotating mechanisms are provided. In  certain
embodiments, an assembly 1s used to provide between 360 and 720 degrees of
rotation for the shoulder axis of a robot, such as a wafer transfer robot. The rotational
hardstop assemblies mclude opposing magnets. According to various embodiments,

the opposing magnets provide non-contact engagement and produce no contact noise
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nor have any wear over time.  The rotational hardstop assemblies provide the ability
to access locations from either divection of rotation of a robot cylindrical coordinate

system.

[6805]  One aspect of the invention relates to apparatuses for limiting rotation in a
mechanisto having 8-rotational motion about a Z-axis. o certain embodiments, the
apparatuses include a stationary member having a stationary magnetic assembly
mounted thereon, said stationary magnet assembly comprising one or more magnets
arranged lengthwise such that a first magnetic pole is at a first end of the assembly
and a sccond magnetic pole is at a sccond cnd of the assembly; and a rotatable stop
member adjacent to the stationary member having a rotatable magnetic assembly
mounted thereon, said rotatable magnet assermbly comprising one or more magnets
arranged lengthwise such that a third magnetic pole is at a first end of the rotatable
assembly and a fourth magnetic pole is at a second end of the rotatable assembly;
wherein the rotatable magnetic assernbly is engageable with the stationary magnetic
assembly and wherein the rotatable stop is configured to rotate with the mechanism

when vot engaged by the stationary member.

[6806]  The stationary member may be part of a robot drive, such as a shoulder. It
may have a circular interior and/or exterior surface.  The stationary magnetic
assembly is mounted on the stationary member, such that magnetic poles on either
end are exposed to meet with a magnetic pole on the rotatable assembly. The
stationary racmber and stationary roagnetic assernbly are configured to provide a clear
path for the rotatable magnetic assembly to rotate when not engaged by the stationary
magnetic assembly.  In certain cmbodiments, the stationary magnetic assembly
protrudes from an iunterior surface of the stationary member. In other embodiments,
the stationary magnetic assembly may protrude from an exterior surface or be
mounted on top of or under a surface of the stationary member. In certain
embodiments, the stationary member defines an annular recess or other annular path
m which the stationary magnetic assembly is disposed and around which the
rotational magnetic assembly is rotatable. Embodiments in which only one magnetic
pole is exposed, ¢.g., for rotation in one dircction, or whercin the magnetic poles are
not physically exposed but have enough force to act as non-contact springs, are also
within the scope of the mvention. The stationary magnet assernbly may have one or

mMOore magn ets.
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[6647] The rotatable stop member is configured to rotate with the mechanism
when not engaged by the stationary member. In certain erobodiruents, it is mounte

on the mechanism, e.g., on a bearing located between the rotatable stop member and
the mechanism.  The rotatable stop member may be an anmular member. The

rotatable stop member inchudes a rotatable magnetic assembly.

[6608] The stationary magnet assembly is engageable with the rotatable magnet
assernbly to halt rotation of the rotatable stop member beyoud a selected rotational
position. In certain embodiments, the apparatus is configured such that the third
magnetic pole is proximal to the first magnetic pole at a sclected rotational position to
thereby halt rotation of the rotatable stop member beyond the selected rotational
position. The fourth magnetic pole may be proximal to the sccond magnetic pole at a
selected rotational position to thereby halt rotation in the reverse direction of the

rotational stop member.

[6009]  The rotatable magnetic assermbly s mounted on the rotatable stop member,
such that magnetic poles on either end are exposed to meet with a magnetic pole on
the stationary assembly.  The rotatable stop member and stationary member are
contfigured such that repelling poles of their respective magnetic assemblies are
proximate at engagement, e.g., south-south or north-north. In certain embodiments,
the apparatus includes an additional stop structure to halt rotation of the mechanism
beyond a selected rotational position. This may be a divot, pin or any other stop

structure. In certain embodiments, additional magnctic asserablies may be used.

[6618]  In certain embodiments, the mechanism is or 18 part of a robotic arm
mechanism capable of 8-rotational motion. The robotic arm mechanism may also be

capable of radial and vertical movement.

[6611]  In certain embodiments, the one or more magnets of the stationary and
rotational magnet assemblies are arced such that the curvature of the magnet(s) of the
stationary magnetic assembly roatches that of the magnet(s) of the rotatable magnetic
assembly. This allows the full possible opposing force between the magnets to be
uscd for engagement.

[6612]  In certain embodiments, engagement between the stationary member and
the rotatable stop member is non-contact engagement. Engagement occurs when a

pole of the rotatable magnetic assembly 1s rotated 1uto a proximal position to a pole of
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the stationary magnetic assembly. The opposing magnetic force (between two south
poles or between two north poles) is enough to overcome the bearing or other force

that allows the rotatable stop member to rotate with the rotating mechanism.

[6013]  Another aspect of the invention relates to methods for rotating a mechanism
having B-rotational motion about a Z-axis using a statiopary member having a
stationary magnetic assembly mounted thereon, and a rotatable stop member adjacent
to the siationary merober having a rotatable maguetic assembly roounted thereon.
According to various embodiments, the methods involve rotating the mechanism and
rotatable stop member in a first rotational direction; at a sclected rotational position,
engaging the rotatable stop member with the stationary member to thereby halt
rotation of the rotatable stop member and render it stationary, wherein said
engagement is non-contact; and rotating the mechanism past the rotatable stop

member in the first rotational direction.

[6614]  In certain embodiments, the methods may involve stopping the mechanism
at a second selected rotational position, and then rotating the mechanism in a8 second
rotational direction, the sccond rotational direction being the reverse of the first
rotational direction. The rotatable stop member and the rotating mechanism may then
be rotated in a second rotational direction. In certain embodiments, the rotatable stop
meraber is then engaged with the stationary member at a third selected rotational
position. The rotating mechanism is then rotated past the rotatable stop member is the

second rotational direction.

[6615]  According to various embodiments, the methods may be used to pick a
substrate from a first location and place it at a second location and/or place a substrate

at a third location and pick a wafer froro a fourth location.

[6616] A further aspect of the mvention relates to systems for subsirate transfer.
According to various embodiments, the system includes a plurality of pick and place
locations; and a substrate transfer robot that includes a) a robot arm configured for
non-continuous rotation greater than 360° and b) a magnetic rotational hardstop
assembly. The plurality of pick and place locations may include some combination of
substrate storage containers, loadlocks and/or processing stations. The magnetic
rotational hardstop assembly may be configured to provide non-contact cngagement

between a rotatable stop member and a shoulder of the robot.
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[6617]  These and other features and advantages of the present invention will be

described 1n more detail below with reference to the associated drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[B018] Figure 1 shows a plan view of a wafer processing system in accordance

with embodiments of the present mvention.

[6619] Figure 2ZA shows a side view of a cylindrical robot 1n accordance with

embodiments of the present invention.

[60206]  Figure 2B shows a perspective view of a cylindrical robot in accordance

with embodiments of the present invention.

(6821}  Figures 3A and 3B shows exploded views of the robot assembly according
to an cmbodiment of the invention, including a shoulder with a stationary magnet

assembly and a moving hardstop with a rotatable magunet assembly.

[6022] Figure 4 shows a cross sectional view of a drive in accordance with

cmbodiments of the present invention.

{68231  Figure 5A shows representational diagrams illustrating rotational positions
of a stationary shoulder, moving hardstop and robot arm during robot arm movements

in a clockwise direction.

[6624] Figure 5B shows representational diagrams illustrating rotational positions
of a stationary shoulder, moving hardstop and robot arm during robot arm movements

in a counterclockwise direction.

[3825]  Figures 6A and 6B arc schematics illustrating stationary and rotatable
magnet assembly engagement during clockwise rotation by the robot arm (Figure 6A)
and engagement during counter-clockwise rotation (Figure 6B) according to various

embodiments.
DETALLED BDESCRIPTION

[6826] In the following detailed description of the present invention, numerous
specific embodiments are set forth in order to provide a thorough understanding of the
invention. However, as will be apparent to those skilled in the art, the present
mvention may be practiced without these specific details or by using alternate

clements or processes. In other instances well-known processes, procedures and
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components have not been described in detail so as not to unnecessarily obscure

aspects of the present invention.

[6627]  The apparatuses and methods described herein may be used to provide
greater than 3607 of rotation of a rotatable member or mechanism about a Z-axis, For
the purposes of discussion, the below description refers to the mechanism being a
rotatable robot arm. However, one of skill in the art will understand that the
rotational magnetic hardstop assemblies described are not so limited, but may be used
to provide greater than 360° non-continuous rotation greater of any rotatable

mechanism,

[6028]  As indicated, the apparatuses and methods described herein may be used to
provide greater than 360° of a robot arm about a Z-axis {(greater than 360° in the theta
direction). In certain erobodiroents, the apparatuses and methods are used to move
semiconductor wafers between processing stations, loadlocks, storage units {e.g.,
Front Opening Unified Pods or FOUPs), etc. Figure 1 shows a plan view of a wafer
processing system 100 in accordance with an embodiment of the present invention.
System 100 includes a robot 150, one or more load locks 102 (i.e., 10ZA, 102B), and

one or rore water storage units 170 (1.e., 1704, 170B).

[6628]  Robot 150 is a multi-hink robot suitable for handling wafers in a wafer
processing system. Robot 150 1s configured to move wafers between load locks 102
and storages units 170. Robot 150 includes a robot arm 130 and an end effector 160
for supporting one or more wafers. {The robot may also have multiple end effectors;
for case of description only one is depicted). Robot 150 is configured to impart
rotational (8 or theta) to arm 130 and end effector 160. The robot may also be
configured to fropart radial ("R"; radially from the center of robot 150}, and vertical
("Z"; height) motion to end-effector 160, Thus, a wafer may be picked up from a pick
location by rotating to face the pick location, lowering to a position below the wafer,
extending to the pick up location, and rising to pick up the wafer. The end effector
160 may then be retracted, and the robot arm 130 and end effector 160 rotated to face
a place location, extending the place location and lowering the place the wafer. The
system 100 1s just an example of a wafer transfer system in which the apparatuses and
methods described herein may be eroployed. For example, in certain embodiments,
they may be ecmployed in a system for transfer between loadlocks and processing

modules.
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[683¢] Robot 150 is configured to impart non-continuous rotation with a range
above 3607 to arm 130. In general, rotation of a robot arm may be accomplished via a
number of methods. Continuous rotation functions well for optimized robot motion
and throughput but requires an ¢lectrical and pneumatic slip ring assembly. Standard
cables through the shoulder also cannot be used, as rotating over 360° will lead to
breakage and or entanglement of the cables. Hardstop assemblics arc used to prevent
over-rotation of the arm, so that cables and tubings through the shoulder are not over-
rotated past their functional limit. To prevent rotation over 360°, a structural feature
is provided to engage with another structural feature that rotates along with the arm.
By engaging, the arm is prevented from over-rotating in cither direction. As a result,
it may be necessary to reverse course and travel longer paths {e.g., to get from 260 to
10°, it is necessary to travel 2507, rather than 110%). This also limits a robots’
accessible range within a mini-environment such as that depicted in Figure 1.
Typically a robot has only about 270° of full range with non-continuous rotation less
than 360°. Rotation greater than 360" may be accomplished using a moving hardstop,
as described further below. However, if soft materials are used to absorb the impact
of the rotating hardstop, the stop structures are unable to absorb the inertia during fast
moves, creating a clicking sound if the move is too fast. Soft materials also wear and
may cause a premature failure.

[6631] Figures 2A and 2B show views of a robot 250 according to certain
embodiments, with Figure 2A showing a side view of a robot 250, having drive
assembly housing 210, robot arm 230 and end effector 260, and Figure 2B showing a
perspective view of robot 250, 1nclading housing 210 and robot arm 230, to which an
end effector may be connected. The rotational hardstop assemblies and methods
described herein allow the robot arm to be rotated over 360°, without limiting the
speed of long theta moves. This allows the ability to access processing stations, load
locks or other pick/place locations from either direction of rotation without a
continuous rotation design that would require complex slip ring assemblies and that
would prohibit the use of standard high flex cables and tubing to be used through the
shoulder axis. The rotational hardstop assernbly provides a rotation angle up to 720°
(limited only by the size of the assembly) and prevents over-rotation. The hardstop
assembly includes magnets that act as non-contact springs for the stop. The magnets

produce no noise, nor have any wear over time,
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[6832]  Figures 3A and 3B shows exploded views of the robot assembly according
to an embodiment of the invention. Shoulder 320 is part of the drive and 1s stationary.
The shoulder is generally a tubular member. Stationary magnet assembly 365 is
mounted on the interior of shoulder 320 to engage with the rotational magnet
assembly 355, Stationary magnet assembly 365 may include one or more bar magnets
366 in a housing 367, with a pole of the bar magnet or magnets exposed at cach end

of the assembly.

[3033]  Rotatable flange 330 is connected to a drive shaft and rotates around the
shoulder (2} axis. The robot arm (not shown) attaches to flange 330. Moving
hardstop 340 is mounted on a bearing 360 and inchides a rotatable magnet assembly
355. Rotatable magnet assembly 355 includes one or more bar magnets 356 1n a
housing 357, with a pole of the bar magnet or magnets exposed at each end of the
assembly. The stationary and rotatable magnet assemblies inchude bar magnets and
are configured so that the polarity of facing stationary and rotatable magnet ends is
the same. When the assemblies are close enough, the resulting repelling force is

enough to overcome the drag resistance on the bearing.

[6834]  The moving hardstop is a rotatable moember that is configured to be rotated
with the rotatable arm, until the rotatable magnet assembly 355 is engaged by the
stationary magnet assembly 365, The friction between the bearing 360 and rotatable
flange 330 is sufficient so that moving hardstop 340 rotates with rotatable flange 330
unttl engagement. Upon engagement, the friction of bearing 360 is overcome by the
magnetic force. The rotatable flange arm is then able to continue to rotate up to the
design limit. In the asserably depicted, a dowel pin 370 as a stop structure for the
design limit. While rotating past an engaged stationary bardstop, the dowel pin 370
travels in the annular recess 375 of the hardstop. Appropriate sensor mechanisms,
control circuitry and motors to detect the rotational position of the arm and reverse

course at the design limit may be employed.

[60335]  Figurc 4 shows a cross section view of a drive 410 depicted without an arm.,
Drive shaft 405 rotates rotatable flange 430 to which the arm is attachable. Shoulder
420 has annular recess 425, through which the rotatable magnet assembly {not
shown), mounted on moving hardstop 440, travels through during rotation when not
engaged with the stationary magnet assembly (not shown), which occupies a portion

of the annular recess 425, Bearing 460 keeps moving hardstop 440 rotating with
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rotatable flange 430 until the magnet assemblies are close enough to engage and

overcome the friction between moving hardstop 440 and rotatable flange 430.

[6836]  Figures SA and 5B shows representational diagrams illustrating stationary
shoulder, moving hardstop and robot arm during robot arm movements. First at 510,
a robot arm 501, a moving hardstop 503 and a stationary shoulder 505 at ap yoitial
position are indicated. Divots are shown (here at the 12 o’clock position} to indicate
the relative position of cach component. The rotatable arm 501 and hardstop 503 are
then rotated together as indicated at 520 to a second position in a first motion, at
which point the rotatable magnet asserably (not shown) mounted on the movable
hardstop engages with the stationary magnet asserably (not shown) mounted on the
shoulder. The hardstop 503 romains stationary, while the rotatable arm 501 continues

to the third position in a second motion, as indicated at 530.

[6637]  The range of the first motion described above, i.e., the rotational motion
that occurs when the moving hardstop is rotating is himited only by the size of the
magnet assemblies and the number of rotational degrees they occupy. According to
various embodiments, the range of the first motion is §° — 350°, 0 — 340°, 0 - 330°, or
0 — 320°, with the engaged magnet assemblies occupying no more than 10°, 20°, 30°,
40°, 50° etc. The range of the second motion described above when the magnet
assemblics are engaged and the hardstop is statiovary with the shoulder is imited only
by the size of pin assembly or other stop structure, and may be as large as 0 — 355°,
The full range of the robot arm is thus as high as 720° less the physical space
occupied by the stop structures, e.g., 6307, 6407 or higher.  In other embodiments,
additional moving hardstops may be employed to achicve a larger range of motion. In

certain embodiments, additional rotational magnetic hardstops are used.

[6638]  Figure 5B shows representational diagrams illustrating stationary shoulder,
moving hardstop and robot arm during robot arm movement in the reverse
{counterclockwise) direction. At 540, rotatable arm 501 has rotated from the third
position indicated at 530 in Figurc 5A to the sccond rotational position at which the
rotatable hardstop 503 is engaged. The hardstop 503 disengages and rotates with the
arm 501 in a counterclockwise direction to a fourth position, at which point the
rotatable magnet assembly of the wovable hardstop engages with the stationary

magnet assembly of the shoulder. This is indicated at 550. The hardstop 503 remains
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stationary, while the rotatable arm 501 continues to a fifth position in a second

motion, as indicated at 560,

[603%] To obtain the maximum opposing force, in certain embodiments, the
opposing magnets are configured to be centered and tlat with respect to each other on
engageroent. Figures 6A and 6B are schernatics showing arced stationary magoet 663
and rotational magnet 655, with Figure 6A illustrating engagement during clockwise
rotation by the robot arm and Figore 6B llusirating engagement during counier-

clockwise rotation.

[6048]  As indicated above, the magnets are strong enough to overcome the force
that allows the moving hardstop fo rotate, which in the example above is a bearing.
Examples of magnets that may be used are neodymium (ND} magnets. In a specific
example, ND 35 or ND magnets are used.  An example of a bearing is a KA thin
series bearing { Kaydon®, Chicago, Hlinois).

[6041]  According to various cmbodiments, rotational speed of the robot arms
described herein are up to 150 rpm, e.g., 120 rpm, or higher. This is compared o
robots having hardstops in which a clicking noise associated with hardstop
cngagement at 30 rpm.

{68421  The figures and description presented above are merely exaraples of how

the rotational hardstop assemblies may be configured and implemented.

10
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CLAIMS
What 1s claimed 1s:

1. An apparatus for limiting rotation in a mechanism having §-rotational motion

about a Z-axis, comprising:

a stationary member having a stationary magnetic assembly mounted thereon,
said stationary magnet assembly comprising one or more magnets arranged
lengthwise such that a first magnetic pole is at a first end of the assembly and a

second magnetic pole is at a second end of the assembly; and

a rotatable stop member adjacent to the stationary member having a rotatable
magnetic assembly mounted thereon, said rotatable magnet assembly comprising one
or more magnets arranged lengthwise such that a third magnetic pole is at a first end
of the rotatable assembly and a fourth magnetic pole is at a second end of the rotatable
assembly; wherein the rotatable magnetic assembly is engageable with the stationary
magnetic assembly and wherein the rotatable stop member is mounted on the
mechanism to rotate with the mechanism when not engaged by the stationary

member.

2. The apparatus of claim 1 wherein the stationary magnet assembly is
engageable with the rotatable magnet assembly to halt rotation of the rotatable stop

member beyond a selected rotational position.

3. The apparatus of any of the above claims wherein the apparatus is configured
such that the third magnetic pole is configured to be proximal to the first magnetic
pole at a selected rotational position to thereby halt rotation of the rotatable stop

member beyond the selected rotational position.

4. The apparatus of any of the above claims wherein the mechanism comprises a

robotic arm mechanism capable of radial and §-rotational motion.

5. The apparatus of any of the above claims wherein the apparatus comprises an
additional stop structure to halt rotation of the mechanism beyond a selected rotational

position.

6. The apparatus of any of the above claims wherein the stationary member is a

tubular member comprising an interior annular recess.

11
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7. The apparatus of claim 6 wherein the stationary magnetic assembly is

disposed within the interior annular recess.

8. The apparatus of claim 6 wherein apparatus is configured such that rotational
path of the rotatable magnetic assembly is comprises at least part of the interior

annular recess of the stationary member.

9. The apparatus of any of the above claims wherein the one or more magnets of

the stationary magnet assembly are arced.

10.  The apparatus of claim 9 wherein the one or more magnets of the stationary

magnet assembly are arced to matched the curvature of the stationary member.

11.  The apparatus of any of the above claims wherein a rotatable stop member the

one or more magnets of the rotational magnet assembly are arced.

12.  The apparatus of any of the above claims wherein the rotatable stop member is

an annular member.

13. The apparatus of claim 12 wherein the one or more magnets of the rotational

magnet assembly are arced to match the curvature of the rotatable stop member.

14.  The apparatus of any of the above claims further comprising a bearing

between the rotatable stop member and the mechanism.

15.  The apparatus of any of the above claims wherein the rotatable magnetic
assembly is engageable with the stationary magnetic assembly by non-contact

engagement.

16. A method for rotating a mechanism having 6-rotational motion about a Z-axis
using a stationary member having a stationary magnetic assembly mounted thereon,
and a rotatable stop member adjacent to the stationary member having a rotatable

magnetic assembly mounted thereon, the method comprising:

rotating the mechanism and rotatable stop member in a first rotational

direction;

at a selected rotational position, engaging the rotatable stop member with the
stationary member to thereby halt rotation of the rotatable stop member and render it

stationary, wherein said engagement is non-contact; and

12
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rotating the mechanism past the rotatable stop member in the first rotational

direction.

17.  The method of claim 16 further comprising rotating the mechanism in a
second rotational direction, the second rotational direction being the reverse of the

first rotational direction.

18.  The method of claim 17 further comprising rotating the rotatable stop member

and the rotating mechanism in the second rotational direction.
19. A system for transferring substrates comprising:
a plurality of pick and place locations; and

a substrate transfer robot comprising a) a robot arm configured for non-

continuous rotation greater than 360° and b) a magnetic rotational hardstop assembly.
g g p Yy

20.  The system of claim 19 wherein the magnetic rotation hardstop assembly is
configured to provide non-contact engagement between a rotatable stop member and a

shoulder of the robot.

21.  The system of claim 1 wherein the substrate transfer robot comprises the

apparatus of claim 1.

13
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