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In a material transfer device, an articulated arm assembly (111, 112) extends and retracts in a "froglike” motion to
transfer an object between a plurality of locations. The articulated arm assembly is rotatable about a pivot point in a radial
plane and can be raised or lowered in an axial direction to align the object with the intended destination. A greater degree
of axial mobility may be provided, for example by a rotating lift screw (172). A vacuum chamber may be provided, with
the arm assembly moving the object between locations in the chamber.
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ARTICULATED ARM TRANSFER DEVICE

CROSS REFERENCE TO RELATED APPLICATIONS

This is a continuation-in-part of copending United States
patent application Serial No. 755,905, filed July 17, 1985
a continuation of United States patent application Serial
No. 466,091, filed February 14, 1983, now abandoned. this
application is also a continuation-in-part of copending
United States patent application Serial No.695,899, filed
January 29, 1985, which is in turn a continuation-in-part
of United Stated patent applications Serial No. 466,091
and Serial No. 661,356, filed October 16, 1984 and now
abandoned. These applications are all assigned to the
assignee of the present invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The apparatus of the present invention relates generally
to material transfer devices, and more specifically to an
apparatus for transferring silicon wafers to and from a
plurality of work statioms.
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2. Description of the Prior Art

The transfer of delicate silicon wafers or the like
between a plurality of work stations or locations in the
manufacture of semiconductor devices presents unique

- handling problems. The silicon wafers are very delicate

and have'highly'polished surfaces. When the wafers are
abruptly moved, they tend to slide. This sliding action
can cause the silicon wafers to abrade or alternatlvely
can cause damage to their edges if they collide.

There are numerous devices described in the prior art for
transferring silicon wafers. For example:

U.S. Patent 3,823,836 discloses an apparatus which
includes a supply carrier with a plurality of ledges
to hold the silicon wafers and a withdrawal device
having a vacuum chuck. The vacuum chuck is attached
to an elevator which raises and lowers the chuck. A
“horizontal t:anéfer arm/coupléd to the vacuum chuck is
used to transfer the silicon wafer from the supply
carrier to a desired work station.

U.S. Patent 3,730,595 discloses a wafer transfer
handling apparatus'having an indexable carrier for
transferring wafers to and from work stations. Wafers
enter and leave the wafer carrier on an air slide with
the ald of a wafer ejector acceptor arm having
directional air jets. The wafer ejector acceptor arm
controls the driving of the wafers into or out of the
carrier from or onto the air slide, which moves the
wafers to or from a work station. _
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U.S. Patents 4,062,463, 3,874,525 and 4,208,159 also
disclose wafer transfer devices which include either
pneumatic components or gripping devices for handling
the wafers.

The above described devices of the prior art utilize
relatively complex and costly pneumatic components or
utilize undesirable gripping devices which may do damage
to the delicate wafers. Moreover, the above described
devices tend to be limited to the transfer of silicon
wafers between fixed locations which are difficult to
change.

Accordingly, there is a need for a simple and reliable
transfer device that will not damage the object and that
is capable of transferring objects between a plurality of
locations disposed in various axial and radial planes.

SUMMARY OF THE INVENTION

The present invention provides a simple and reliable
device for transferring objects, such as silicon wafers,
camera lenses, crystal oscillators, or the like, between a
plurality of locations disposed in various axial and
radial planes. This apparatus includes a support, first
and second articulated arms, a platform or other suitable
holder coupled to the articulated arms, and a motor to
drive one of the articulated arms. The two articulated
arms are operatively coupled such that when one arm is
driven by the motor the articulated arms extend and
retract in a "froglike" or "frogkick" type of motion. The
platform having the object disposed thereon is dispiaced
in a harmonic motion as the articulated arms extend and
retract thereby minimizing the tendency of the object to
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slide. The articulated arm assembly is preferably coupled
to a base via a rotation motor such that the entire
articulated arm assembly may be rotated in a radial

plane. The articulated arm assembly is also, in one
embodiment, preferably coupled to the base via a plurality
of flexures or levers that are responsive to a force such
that the platform asSembly may be displaced in an axial
direction. 1In another embodiment, the arm assembly is
mounted, by means other than flexures, for axial movement
through a much larger range than that attainable with
flexures. The assembly is adaptable for use in a variety
of environments, including operation in a vacuum chamber
or other controlled environment. The assembly may be
mounted for movement inside a vacuum chamber between the
assembly and its support.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a plan view of an articulated arm assembly
used in the present invention;

Figure 2 is an exploded isometric view of the apparatus
forming an embodiment of the present invention;

FiguresVSA, 3B, and 3C are illustrations of the operation
of the apparatus of Figure 2;

Figure 4 is-a cutaway view of another embodiment of the
invention, incorporating a vacuum chamber;

Figure 5 is a side elevation view of a third embodiment of
the invention, which has the ability to move over a
considerable range in an axial direction; and

Figure 6 is a plan view of the embodiment of Figure 5.

)
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Figure 1, a plan view of an articulated
arm assembly 10 used in the present invention is

provided. The articulated arm assembly 10 includes a
first articulated arm 11 and a second articulated arm 14.
The articulated arm 11 is comprised of two segments, a
drive segment 12 and a driven segment 13, which are joined
by a pinned connection 17. Likewise the articulated arm
14 is comprised of two segments, a drive segment 15 and a
driven segment 16, which are joined by a pinned connection
18. In one embodiment the drive segments 12, 15 are of
lesser length than the driven segments 13, 16.

The drive segments 12, 15 include generally circular gears
20, 21, respectively. The gears 20, 21 may be integrally
formed as part of the drive segments 12, 15 or they may be
individually formed and affixed to the drive segments by
any suitable fastening method. The gear 20 is operatively
coupled to a drive binion 22. The gear 20 is driven by
the drive pinion 22 and in turn gear 20 drives gear 21.

The driven segments 13, 16 include semicircular
anti-rotation gears 23, 24, respectively. A platform 25

or other suitable holder for carrying the object is
coupled to the anti-rotation gears 23, 24 by bearings 26,
27. The anti-rotation gears 23, 24 may be replaced by
frictional surfaces or cable and sheave assemblies to
prevent the rotation of the ends of driven segments 13, 16.

t can be appreciated that as the drive pinion 22 rotates
in a clockwise direction, gear 20 and drive segment 12
rotate in a counterclockwise direction, and gear 21 and
drive segment 15 rotate in a clockwise direction.
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Consequently, the articulated arms 11, 14 retract in a
"froglike" motion and displace the platform 25 in a
harmonic motion toward the drive gears 20, 21. The
anti-rotation gears 23, 24 prevent slewing of the platform
25, thereby providing a straight line motion of the object
being transported. =

The harmonic motion of the platform 25, is an important
feature of the present invention. When the articulated
arms 11, 14 are in their fully extended position the arms
li, 14 are substantially parallel: When the platform 25
is retracted from the fully extended position, the
platformraccelerates relatively slowly from zero velocity
until it reaches the midpoint of the fully extended
articulated arms, where it reaches its maximum velocity.
After the platform 25 reaches the midpdint, it begins to
decelerate until it reaches its resting point over the
gears 20, 21. '

An object, such as'a silicon wafer, disposed on the
platform 25 may have highly polished surfaces and may be
held on the platform by friction alone. Any abrupt
acceleration of the platform, therefore, would cause the
wafer to slide. The gentle acceleration and deceleration
of the harmonic motion described above, however, minimize
the tendency of the object to slide, thereby preventing
abrasion of the object and preventing it from colliding
with other objects. Where applicable, suction or clamps
may be used for additional safety.

It can be appreciated that'if the platform 25 is resting
over the gears 20, 21 and that i1f the drive pinion 22 is
rotated in a counterclockwise direction, then the
articulated arms 11, 14 and the platform 25 will be
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extended in a "froglike" motion. The platform 25 will
move in a harmonic motion until the articulated arms 11,
14 are fully extended.

Referring now to Figure 2, an exploded isometric view of
one embodiment of the invention is provided. The platform
25 of the articulated arm assembly 10 may include a pin 29
which cooperates with a notch to form a detent mechanism
as hereinafter described. The articulated arm assembly 10
is shown as being disposed on a C-shaped support 30. An
electric motor 31 is mounted on the support 30 and coupled
to the drive pinion 22. The drive pinion engages gear 20
which drives gear 21 causing the articulated arm, 11, 14
to extend and retract as described above. The support 30
is coupled to a shaft 32 which is journalled in a second
C-shaped support 33. The shaft 32 includes a rotation
gear 34 which is coupled to an electric motor 35 which
rotates the entire articulated arm assembly 10. When the
platform 25 is centered above the shaft 32, any
centrifugal forces on the silicon wafer being transported

are =2liminated.

The support 33 is coupled to a base 36 via C-shaped
supports 37, 38 and flexures 41-44. A 1lift solenoid 40 is
disposed on the base 36 and is coupled to a lever 45. The
lever 45 is disposed beneath the shaft 32. One end of the
lever 45 serves as a first fulcrum 46 disposed on the base
36, and a second fulcrum (not shown) 1s disposed at the
bottom of shaft 32. When the solenoid 40 is activated,
the shaft 32 is displaced upwards in an axial directiocn,
thereby causing the flexures 41-44 to deflect. It can be
appreciated that as the shaft 32 is displaced axially the
entire articulated arm assembly 10 is also axially

displaced.

_PCT/US88/01551
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Referring now to Figures 3A, 33, and 3C, illustrations of
the operation of the'present embodiment are provided. The
articulated arm assembly 10 is disposed between a first
elevator 51, an oven 52, and a second elevator 53. A
plurality of silicon wafers may be stacked in the
horizontal slots of rack 54 of the elevator 51.

In Figure 3A the articulated arm assembly 10 is
illustrated as being in its extended position with the
platform 25 dispésed within a horizontal slot of rack 54.
The elevator 51 may include a notch (not shown) which
coo?erates with the vertical pin 29 of platform 25 to form
a detent mechanism for holding the platform 25 securely in
place. Once aligned with the horizontal slot of rack 54,
the platform may be raised by the lifting solenocid 40 as
described above. The platform 25 is raised typically 50
to 100 milliinches in order to place a silicon wafer on
the platform 25.

In Figure 3B the dri&e segments 12, 15 are illustrated as
being rotated in opposite directions, thereby causing the
articulated arm assembly 10 to retract in a "froglike"
motion. As the articulated arm assembly 10 retracts, the
platform 25 is withdrawn from the vicinity of elevator 51
with a silicon wafer 9 disposed thereon.

In Figure 3C, the entire articulated athassembly has been
rotated 90° to align the platform 25 with the opening of
the oven 52. It should be noted that the articulated arm
assembly 10 can be rotated through any angle desired to
align it with a desired work station. The drive gears 20,
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21 are then rotated in opposite directions causing the
articulated arm assemble 10 to extend in a "froglike"
motion until the platform 25 and the silicon wafer 9 are
disposed within the oven 52. The platform 25 and silicon
wafer 9 may be withdrawn from the oven 52 in a fashion
similar to that described above in order to place the
silicon wafer 9 in the elevator 53. The oven 52 also may
include a notch 55 which cooperates with the pin 9 of
platform 25 to act as a detent mechanism.

It should be noted that the motor 31, the motor 35 and the
lift solenoid 40, may be controlled by electronic logic
circuits (not shown) to provide precise control of the
articulated arm assembly 10. If the control is precise
enough the detent mechanism comprised of the pin 9 and the

notch 55 may not be necessary.

Referring again to Figure 1, it should be noted that if
the drive segments 12, 15 are of eﬁual length to the
driven segments*ls,‘16 the operation of the articulated
arms 11, 14 will be affected significantly. Instead of
the platform 25 coming to rest over the drive gears 20, 21
as described above, the platform 25 will extend past the
drive gears if the drive segments 12, 15 and the driven
segments 13, 16 are of equal length.

For example, if in Fiqure 3B the drive segments 12, 15 and
the driven segments 13, 16 are of equal length, the
platform 25 may be retracted from the elevator 51 and
extended to the elevator 53 without any rotation of the
articulated arm assembly 10. If the drive segments 12, 15
are of lesser length than the driven segments 13, 16, the
platform 25 will come to rest over the drive gears 20, 21
when it is retracted from the elevator 51 as described
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above. The entire articulated arm assembly 10 then must
be rotated 180° to align the platform 25 with elevator 53,
before the articulated arm assembly can be extended.

The embodiment of Figure 4 is similar to that previously
described except that in this embodiment the articulated
arm assembly 10 and the chamber 25 are mounted for
movement within a vacuum chamber 61. Also, as shown, the
oven 52 may be positioned inside the vacuum chamber 61 and
a window 62 may be provided to permit access by the
platform 25 to the first elevator 51. A similar window
may be provided for access to the elevator 53. A seal 60
is provided extending into the vacuum chamber 61 just
below the articulated arm assembly 10 and the above
described supporting and articulating mechanisms for
lifting, extending, retracting and rotating the platform
25 are arfanged inside the vacuum chamber. As can be
seen, this arraﬁgement permits wafers to be transferred to
and from a processing station entirely within a vacuum
chamber isolated environment.

Figures 5 and 6 show another embodiment of the present
invention, in which the transfer device of the invention
is able, not only to provide a degree of axial mobility to
align the pan with a target destination, as in the
embodiments discussed above, but to provide axial mobility
similar in magnitude to the range of radial movement cof
the pan itself. 1In this embodiment, the parts of the arm
assembly 100 are largely the same as those described above
in connection with other embcdiments, and therefore,
insofar as they are the same, they will not be
individually described again.
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ball bearings or other bearings are provided in the groove
to reduce friction and facilitate movement of the unit 162.

Power for raising and lowering the arm assembly unit 162
is provided by a lift motor 180 (see Figure 6), which is
mounted in a recess 182 provided at one edge of the
rotating base or mounting plate 174. This motor 180
drives the 1lift lead screw 172 for rotation, by means of a
belt and pulley arrangement 184 (only one pulley of this
arrangement is shown in the figures) provided beneath the

mounting plate 174.

The upper base or mounting plate 174 is mounted on a
second base 186 for rotation about its own central axis.
Power for such rotation is provided by a rotate drive
motor 188 mounted in a second recess 190 in the upper base
174, and is transmitted via pulleys 192, 194, 196 and
belts 198, 200 disposed between the mounting plate 174 and
the stationary Zower base 186, and arranged to function as
a conventional speed reducer.

The stationary base 186 also supports rotate position
sensors 202 disposed at one corner of the base 186 for
detecting the rotational position of the rotating mounting
plate 174. The rotate position sensors 202 are preferably
photointerrupters which detect a pin or flag (not shown)
provided for that purpose on the upper base 176.

Detection of the flag by the sensors 202 means that the
upper base 176 has rotated to the limit of its 360° range
of movement; the sensors 202 thus do not serve to monitor
the precise, instantaneous rotational position of the
upper base 176, although if desired, to provide such
sensors would be well within the ordinary level of skill.
Similar flags and photointerrupters are provided to permit
detection of the arm assembly unit 162 at its home
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In this embodiment, as in those described above, a pair of
articulated arms 111, 112 supporting a platform 125 and
having anti-rotation géars 123, 124 at their distal end,
and provided with drive gears 120, 121 at their proximal
end, are mounted,rtogethef with their drive mechanism 160,
as an arm assembly unit 162 arranged for movement in the
axial direction (in the embodiment shown in Figure 5, this
is the vertical direction). More specifically, the gears
120, 121 are driven by an arm extend/retract motor 164 via
a belt 166 and pulleys 168, 170, although the motor 164
could be arranged to transmit force to the drive gear 120
or 121 via a drive pinion, as in the embodiment of

Figure 1. In the construction shown, the drive mechanism
housing supports the arm assembly above it. The arm
assembly unit 162 is mounted for vertical movement along a
shaft 172, the lower end of which is supported rotatably
on an upper base or mounting plate 174. The mounting
plate 174 directly supports, using mounting 176, the )
vertical bracket 178 which actually receives the lower end
of the shaft 172. -

In the preférred embodiment shown in Figures 5 and 6, the
vertical shaft 172 is a lift lead screw, and the arm
assembly unit 162 mounted on it is internally threaded to
cooperate with the thread of the screw, so that rotation
of the latter raises or lowers the former. The screw 7
itself has its lower end supported on the vertical bracket
178, as noted, and has its upper end also supported in
vertical bracket 178, which extends parallel to the screw
shaft 172. The arm assembly unit 162 preferably has a
V-groove or the like formed in it to cooperate with a
portion.of the bracket 178 so that the latter acts as a
guide for the vertical movement of the arm assembly unit-
162, preventing rotation of the unit 162 as the latter is
moved up and down the lift lead screw 172. Preferably,
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position along its range of vertical movement, as well as
detection of the articulated arms 111, 112 being at their
home position in their extension-retraction movement.

5 The operation of the motors 164, 180, 188 is preferably
controlled electronically, and wires for this purpose pass
through a feed-through 204 near the center of the rotating
mounting plate 174, from which one set of wiring 205
proceeds to the 1ift motor 180, and another set 206 to the

10 rotate drive motor 188, and from there to the arm
extend/retract motor 164. Preferably, each of the motors
164, 180, 188 1is provided with a suitable encoder to
monitor its instantaneous position, for use in controlling
the motors more precisely.

15
In this embodiment, vacuum suction is provided to be
applied to an object on the platform 125, for two
purposes. First, the suction holds the article on the
platform. Second, monitoring the suction strength

20 provides an indication of the presence'or absence of an -
cbject on the platform. To supply the suction, a vacuum
line 208 is provided, and may also pass through the same
feed-through 204 as does the wiring. Such an arrangement
is shown in Figure 5, where the vacuum line 208, which

25 extends through feedthrough 204, is connected to a vacuum
control board 212 which is supported on the mounting 176.
The vacuum control board 212 monitors the vacuum line
pressure using a suitable known device 214; the vacuum
line 216 is routed from the vacuum control board which

30 extends up to the arm extend-retract motor housing, from
which another vacuum line, indicated by 217, passes out
along the arms 111, 112 to the platform 125. '

35
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In the embodiment shown in Figures 5 and 6, the stationary
base 186 is supported on leveling feet 218, 220 which
permit the exact orientation of the base 186 to be
adjusted so that the lattet is perfectly level. These
feet 218, 220 may have any suitable form, their precise
design being well within the ordinary level of skill.

While the invention has been described in its preferred
embodiments, it is to-be understood that the words which
have been used are words of description rather than of
limitation and that changes within the purview of the
appended claims may be made without departing from the
true scope and spirit of the invention in its broader
aspects. '

a)
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WHAT IS CLAIMED IS:

1.

An apparatus for transferring objects, comprising:

a support;

first and second articulated arms supported on said

support;

said first articulated arm having a drive segment
disposed for rotation about a first axis and a driven

segment;

said second articulated arm having a drive segment
disposed for rotation about a second axis and a driven
segment, said drive segment being coupled to and
driven by rotation of said drive segment of said first
articulated arm;

holding means pivotally coupled to said driven
segments of said first and second articulated arms,
said driven segments being engaged so as to prevent
rotation of said holding means;

means capable of driving said drive segment of said
first articulated arm for rotation through an angle in
the range of from greater than 120° up to and
including 180° at a constant rotational speed to move
said holding means between an extended position and a
retracted position such that said holding means moves
with harmonic motion; and

means for moving said support in a direction
substantially parallel to said first axis.
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2. BAn apparatus according to Claim 1, wherein said drive
segments are lesser in length than said driven‘segments.

3. An apparatus according to Claim 1, wherein said drive
segments and said driven segments are of equal length.

4. 2An apparatus according to Claim 1, wherein said
support is coupled to a base via a shaft with a rotation
gear and a first motor.

5. An apparatus according to Claim 4, wherein said drlve
and driven segments are jOlned by a pinned connection.

6. BAn apparatus according to Claim 5, wherein said gear
means coupled to said drive segments of said first and
second articulated arms include circular gears disposed at
one end of said drive segments and said circular gear
coupled to said first articulated arm being responsive to
sald drive means.

7. An apparatus according to Claim 6, wherein said
anti-rotation means comprise anti-rotation gears disposed
at one end of said driven segments.

8. An apparatus according to Claim 7, wherein said
holding means includes a platform which is coupled to said
anti-rotation gears by bearings.

9. An apparatus according to Claim 8, wherein said axial
-displacemeht means includes a plurality of flexures and a
solenoid, wherein said solenoid is for applying a force to
move said support vertically and said flexures are so
arranged relative to said base and said solenoid as to
flex when said support moves vertically.



WO 88/09246 PCT/US88/01551

10. An apparatus according to Claim 1, further comprising
a first base upon which said support is supported, and a
second base, upon which said first base is supported for
rotation relative to said second base, and further
comprising means for rotating said first base relative to
said second base; and wherein said axial-motion means
comprises a second driving means, supported on said first

base.

11. 2An apparatus according to Claim 10, wherein said
axial-motion means comprises a lift lead screw rotatable
about its own axis, said support threadedly engaging said

screw,

12. An apparatus according to Claim 10, wherein said
axial-motion means is arranged to guide said support while
moving said support in said direction.

13. An apparatus according to Claim 1, further comprising
vacuum suction means for applying vacuum suction to an
object supported by said holding means for use in the
presence of an ambient atmosphere.

14, An apparatus for trénsferring objects, comprising:
a support; ’ ,

first and second articulated arms supported on said

support;

said first articulated arm having a drive segment
disposed for rotation about a first axis and a driven

segment ;
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said second articulated arm having a drive segment
disposed for rotation about a second axis and a driven
segment, said drive segment being coupled to and
driven by rotation of said drive segment of said first
articulated arm;

holding means pivotally coupled to said driven
segments of said first and second articulated arms,
said driven segments being engaged so as to prevent
rotation of said holding méans; and |

means capable of driving said drive segment of said
first articulated arm for rotation through an angle in
the range of from greater than 90° up to and including
180° at a constant rotational speed to move said
holding means between an extended position and a
retracted position such that said holding means moves
with harmonic motion.

15. An apparatus'§ccording to Claim 14, wherein said
drive segments are lesser in length than said driven
segments.

16. An apparatus according to Claim 14, wherein said
drive segments and said driven segments are of equal
length.

17. An apparatus according to Claim 14, further
comprising axial displacement means for raising and
lowering said support in a direction substantially
parallel to said first axis.

18. An apparatus according to Claim 17, wheréin_said
support is coupled to a base via a shaft with a rotation
gear and a first motor.
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19. An apparatus according to Claim 18, wherein said
drive and driven segments are joined by a pinned
connection.

20. An apparatus according to Claim 19, wherein said gear
means coupled to said drive segments of said first and
second articulated arms include circular gears disposed at
one end of said drive segments and said circular gear
coupled to said first articulated arm being responsive to

said driving means.

21. An apparatus according to Claim 20, wherein said
anti-rotation means comprise anti-rotation gears disposed
at one end of said driven segments.

22. An apparatus according to Claim 21, wherein said
holding means includes a platform which is coupled to said

anti-rotation gears by bearings.

23. An apparatus according to Claim 22, wherein said
axial displacement means includes a plurality of flexures
and a solenoid, wherein said solenoid is for applying a
force to move said support vertically and said flexures
are so arranged relative to said base and said solenoid as
to flex when said support moves vertically.

24, An apparatus according to Claim 14, wherein said
first and second articulated arms and said holding means
are mounted for movement within a vacuum chamber.

25. BAn apparatus according to Claim 24, wherein said
support is outside said vacuum chamber and a seal is
provided in said vacuum chamber between said articulated

arms and said support.
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26. An apparatus according to Claim 17, further
comprising a first base upon which said support is
supported, and a second base, upon which said first base
is supported for rotation relative to said second base,
and further comprising means for rotating said first base
relative to said second base; and wherein said axial
dlsplacement means comprlses drive means supported on said
first base. '

27. BAn apparatus according to Claim 26, wherein said
axial displacement means comprises a lift lead screw
rotatable about its own axis, said support having formed
therein a bore whlch threadedly enqages said screw.
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