
;e3ewrrsuRnuw6RwTwer G0 3 JAN 2003   The present invention relates
generally to semiconductor 5 processing and more particularly to a method
and apparatus for cleaning wafers. BACKGROUND OF THE INVENTION
Semiconductor manufacturing processes demand wafers, 10 typically silicon
wafers, which are substantially particulate free. As the semiconductor
industry moves towards processing larger diameter wafers, for example 300
millimeter (mm) diameter wafers, it becomes increasingly difficult to
remove particulates from the wafers. In particular, wafer cleaning 15
processes must effectively remove particulates from the larger wafer
surface area associated with the larger diameter wafers. Further, wafer
cleaning processes must clean the wafers without exerting undue force on
the wafers since larger diameter wafers have less mechanical strength than
smaller diameter wafers. 20 SUMMARY OF THE INVENTION In accordance with the
present invention, a method and apparatus for cleaning a wafer oriented
vertically is provided. In one embodiment, the apparatus includes a first
brush and a 25 second brush located horizontally from the first brush. The
first brush and the second brush define a region between the brushes.
Located vertically below the region defined by the first and second
brushes, is a pair of rollers. During loading, a wafer is located
vertically in the region between 30 the first and second brushes and on the
pair of rollers by a robotic arm. -1 



0 3 JAN 200 The apparatus further includes a finger tip located vertically
above the region defined by the first and second brushes. After the wafer
is placed on the pair of rollers by the robotic arm, the finger tip is
moved to contact an edge of 5 the wafer and thus hold the wafer in the
load/unload position. The robotic arm is then withdrawn from the apparatus.
The first and second brushes are then moved to contact the first and second
wafer surfaces, i.e. are closed. The finger tip is then moved away from the
edge of the wafer to release 10 the wafer. The first brush, the second
brush and wafer are then rotated while rinsing with a liquid to clean the
wafer. After cleaning, the finger tip is again moved to contact the wafer
edge and thus hold the wafer. The first and second brushes are then moved
back away from the wafer, i.e. are 15 opened. The robotic arm is again
inserted into the apparatus to engage the wafer. The finger tip is then
moved away from the edge of the wafer to release the wafer and the wafer is
removed from the apparatus by the robotic arm. In an alternative
embodiment, instead of moving the finger 20 tip away from the edge of the
wafer to release the wafer and allow the wafer to rotate, the finger tip
can be a V-grooved roller which is capable of rotating. In accordance with
this alternative embodiment, the finger tip can remain in contact with the
edge of the wafer while the wafer is rotated and 25 cleaned. In either
embodiment, to reliably hold the wafer during 



loading/unloading, the pair of rollers and the finger tip have V-grooves
and the wafer is securely held in the apexes of these V-grooves. Of
importance, the wafer is held by the pair of 30 roller and the finger tip
at the precise load/unload position at which the robotic arm has been
programmed to -2   0 3 JA N 2003 engage/disengage the wafer.. Accordingly,
the wafer is reliably and repeatedly engaged by the robotic arm reducing
the average cycle time and manufacturing cost associated with wafer
processing. Further, the apparatus is well suited for use with 5 robotic
arms having double or single armed end-effectors or edge grippers. The
apparatus may also clean the wafer edge in addition to the first and second
surfaces of the wafer. In accordance with this embodiment, the finger tip
can be a wafer scrubbing pad. 10 By holding the wafer scrubbing pad against
the wafer edge while the wafer is rotated during cleaning, the wafer
scrubbing pad scrubs the wafer edge while the first and second brushes
scrub the first and second wafer surfaces. In this manner, particulate
removal from the wafer may be enhanced. 15 These and other objects)
features and advantages of the present invention will be more readily
apparent from the detailed description set forth below taken in conjunction
with the accompanying drawings. 20 BRIEF DESCRIPTION OF THE DRAWINGS FIG.
1, is a perspective view of wafer cleaning system including a pair of wafer
cleaners in accordance with the present invention. FIG. 2 is a partial top
view of one of the wafer cleaners. 25 FIG. 3 is a partial frontal view of
the wafer cleaner. FIG. 4 is a partial perspective view of the wafer
cleaner. FIG. 5 is a partial side view of the wafer cleaner. FIG. 6 is a
frontal view of the wafer cleaner during use in accordance with the present
invention. -3   0 3 JAN 2003 FIG. 7 is a frontal view of the wafer cleaner
illustrating 



vertical displacement of the wafer due to eccentricity of the rotary
brushes. 5 DETAILED DESCRIPTION In accordance with the present invention, a
method and apparatus for cleaning a wafer, oriented vertically is provided.
Several elements shown in the following figures are substantially similar.
Therefore, similar reference numbers 10 are used to represent similar
elements. FIG. 1 is a perspective view of wafer cleaning system 8 including
wafer cleaners 14, 16 in accordance with the present invention. Wafer
cleaning system 8 includes a robotic arm 10, a wet buffer unit 12, wafer
cleaners 14, 16, a spin drying unit 15 18, and a finish cassette 20.
Robotic arm 10 has an end-effector 11 which uses a vacuum to hold a wafer.
End-effector 11 can be rotated from the horizontal position in which arm
11A is located horizontally from arm 11B, as shown in FIG. 1, to a vertical
position in 20 which arm 11A is located above arm 11B. Wet buffer unit 12
includes a plurality of horizontal slots in which to hold wafers.
Typically, wet buffer unit 12 has sprayers which spray liquid on the wafers
to keep the wafers wet from previous wafer processing, such as wafer
polishing. Wafer cleaners 14 and 16, 25 which are described in detail
below, are substantially identical with the exception, in this embodiment,
that a different scrubbing solution is used in wafer cleaner 14 than in
wafer cleaner 16. Spin drying unit 18 drys the wafer by spinning the wafer
at high speeds, thereby removing any liquid 30 from the surface of the
wafer. Spin drying unit 18 is further described in Jones, Application
Serial # 08/680,739, filed July -4   .0 3 ~aN ?Oda 15, 1996, herein
incorporated by reference in its entirety. Finish cassette 20 has a
plurality of slots for holding the finished wafers. During use, robotic arm
10 removes a wafer which is 5 oriented horizontally from wet buffer unit 12
(the perimeter 22 of the wafer as it is removed from wet buffer unit 12 is
indicated in FIG. 1). Robotic arm 10 then rotates the wafer 90 to a
vertical orientation and inserts the wafer into vertical slot 24 of wafer
cleaner 14. After processing of the wafer in 10 wafer cleaner 14 (described
below), robotic arm 10 removes the wafer from wafer cleaner 14 through slot
24. This sequence is repeated with wafer cleaner 16. The wafer is then
rotated 90 by robotic arm 10. The wafer is then loaded horizontally into
spin drying unit 18 and finally is loaded from spin drying unit 15 18 to
finish cassette 20. FIG. 2 is a partial top view of wafer cleaner 14 in
accordance with the present invention. As shown, wafer cleaner 14 includes
a housing 23 which includes slot 24 through which a wafer is inserted into
wafer cleaner 14. Slot 24 is fitted 



20 with a door 27 which opens and closes slot 24. Wafer cleaner 14 further
includes a first rotary brush 26 and a second rotary brush 28. Brushes 26,
28 are made of polyvinyl alcohol (PVA) foam although other materials such
as nylon, mohair or a mandrel wrapped with polishing pad material can be
used. In 25 one embodiment, brushes 26, 28 are PVA foam manufactured by
KANEBO of Japan. Brushes 26, 28 are located horizontally from one another.
Located between brushes 26, 28, and defined by brushes 26, 28, is a region
30. Located vertically below region 30 is a 30 first roller 32 and a second
roller 34. Rollers 32, 34 have V -5   O 3 JAN 2003 grooves 36, 38,
respectively, extending around the periphery of the rollers. Brushes 26, 28
are mounted to first ends of shafts 40, 42, respectively. Rotary unions 41,
43 are mounted to second ends 5 of shafts 40, 42, respectively. Shafts 40,
42 have central cavities formed therein which allow liquid to flow from
rotary unions 41, 43 through shafts 40, 42, respectively. Further, shafts
40, 42 have perforations in the regions of shafts 40, 42 to which brushes
26, 28, respectively, are mounted. The 10 perforations allow liquid to be
distributed from shafts 40, 42 to brushes 26, 28, respectively, as
discussed in more detail in Vail et al., Application Serial # (Attorney
docket #M-S921], cofiled herewith and incorporated herein by reference in
its entirety. 15 Wafer cleaner 14 further includes a plurality of spray
nozzles. In particular, located proximate to and above brush 26 is a first
set of spray nozzles 56. Similarly, located proximate to and above brush 28
is a second set of spray nozzles 58. During use, first and second sets of
spray nozzles 20 56, 58, spray liquid towards a wafer located between
brushes 26, 28, respectively. In one embodiment, first and second sets of
spray nozzles 56, 58, each comprise three individual spray nozzles although
other numbers of spray nozzles can be used, e.g. four. 25 Servo motors 44,
46 are connected to pulleys on the second ends of shafts 40, 42 by drive
belts 45, 47, respectively. Shaft 40 is mounted into bearings 48 and 50.
Similarly, shaft 42 is mounted into bearings 52 and 54. FIG. 3 is a partial
front view of wafer cleaner 14 in 30 accordance with the present invention.
As shown in FIG. 3, bearings 52, 54 are mounted to an upper movable plate
80. -6   O 3 SAN 2003 Bearings 48, 50 are mounted to a lower movable plate
82. Motors 46, 44 are also mounted to movable plates 80, 82, respectfully.
During use, motors 44, 46 rotate shafts 40, 42 in opposite directions,
thereby rotating brushes 26, 28 in 5 opposite directions, respectively.
Generally, brushes 26, 28 are rotated between 50 to 1500 revolutions per
minute. Further, upper plate 80 is coupled to a first end 84A of a pivot 84
and lower plate 82 is coupled to a second end 84B of pivot 84. Pivot 84 is
coupled at its center 84C to a section 10 23A of housing 23 (or
alternatively to a plate 23A connected to housing 23). Also coupled to
section 23A is an air cylsnder 86. Air cylinder 86 has a piston 88 coupled
by a pressure 



transducer 89 to upper plate 80. By controlling pressurized air flow into
and out of air 15 cylinder 86, the position of piston 88 can be controlled,
and hence the position of brushes 26, 28 can be controlled. In particular,
when piston brushes 26, 28 are local However, when piston 88 20 (moved in
the direction arrow in FIG. 3), upper 23A. Since shaft 42 is brush 28 are
also moved 88 is partially extended as in FIG. 3, =ed at a distance from
one another. is retracted into air cylinder 86 towards section 23A as
indicated by the plate 80 is also moved towards section mounted to upper
plate 80, shaft 42 and towards section 23A. The movement of upper plate 80
towards section 23A causes 25 first end 84A of pivot 84 to also move
towards section 23A. Since pivot 84 is coupled at its center 84C to section
23A, the motion of first end 84A causes an equal and opposite motion of
second end 84B of pivot 84. Thus, as upper plate 80 moves towards section
23A, lower plate 82 moves away from section 30 23A. Since shaft 40 is
mounted to lower plate 82, shaft 40 and brush 26 are also moved away from
section 23A. The net result    0 3 JAN 2003 is that when piston 88 is
retracted, brushes 26, 28 are moved towards one another and when piston 88
is extended (moved away from section 23A), brushes 26, 28 are moved away
from one another. Further, the pivot 84 ensures that the perpendicular 5
component of force (further described below) of each brush (26, 28) is
equal and opposite to that of the other brush (28, 26). FIG. 4 is a partial
perspective view of wafer cleaner 14 in accordance with the present
invention. As shown in FIG. 4, mounted to upper plate 80 are bearings 90,
92 and 94. Running 10 through bearings 90, 92 is a first immobilized shaft
and running through bearing 94 is a second immobilized shaft (these shafts
are not illustrated in FIG. 4 for purposes of clarity). As piston 88 of air
cylinder 86 is extended and retracted and upper plate 80 moved, upper plate
80 slides along the shafts 15 running through bearings 90, 92, and 94. In
this manner, plate 80 is prevented from moving in any direction except
perpendicular to the plane of section 23A. Similar bearings and shafts are
mounted to plate 82 which also prevent plate 82 from moving in any
direction except perpendicular to the plane 20 of section 23A. FIG. 5 is a
partial side view of wafer cleaner 14 in accordance with the present
invention. As shown in FIG. 5, a drive belt 60 couples rollers 32, 34 to
roller motor 62. An idler pulley 61 maintains a proper tension in drive
belt 60. 25 During use, motor 62 causes drive belt 60 to move thereby
rotating rollers 32, 34. Also shown in FIG. 5 are shafts 96 and 98 which
run through bearings 90, 92 and 94, respectively. FIG. 6 is a partial
frontal view of wafer cleaner 14 during use in accordance with the present
invention. As shown 30 in FIG. 6, initially brushes 26, 28 are at positions
66, 68, respectively (indicated by phantom circles). Wafer 64 is then _g_
0 3 JAN 2~0~ 



inserted vertically through slot 24 into region 30 by robotic arm 10 (not
shown). While the wafer is held by end-effector 11 (not shown), brushes 26,
28 are moved towards each other to positions 70, 72, respectively.
Typically, brushes 26, 28 5 travel approximately 0.5 inches between
positions 66 and 70, 68 and 72,.respectively. At positions 70, 72, brushes
26, 28 contact first and second surfaces 74, 76, respectively, of wafer 64.
The perpendicular component of force (force exerted perpendicular to planes
formed by surfaces 74, 76 of wafer 64) 10 exerted by brush 26 (and brush
28) on to wafer 64 is measured and controlled. For example, by measuring
and controlling the force exerted by piston 88 on pressure transducer 89
(FIG. 3), the perpendicular component of force exerted by brushes 26, 28 on
to wafer 64 is measured and controlled. Generally, the 15 perpendicular
component of force exerted by each brush on wafer 64 is less than 50 pounds
per square inch (PSI) and preferably is 5 PSI. End-effector 11 then
releases wafer 64, robotic arm 10 removes end-effector 11 from wafer
cleaner 14 and door 27 over 20 slot 24 is closed. As best seen in FIG. 5,
wafer 64 is held by brushes 26, 28 at a first position 64A. Brushes 26, 28
are then caused to rotate by servo motors 44, 46 (FIGS. 2, 3),
respectively. Servo motors 44, 46 rotate brushes 26, 28 at substantially
the same speed. As shown in FIG. 6, brush 26 is 25 rotated clockwise and
brush 28 is rotated counterclockwise. This rotation of brushes 26, 28,
forces wafer 64 (to a position 64B in FIG. 5) into V-grooves 36, 38 of
rollers 32, 34, respectively. This engages wafer 64 to rollers 32, 34.
Motor 62 then causes rollers 32, 34 to rotate which, in turn, cause 30
wafer 64 to rotate. Generally, the wafer is rotated at less than 500 RPM.
_g   p 3 JAN 2003 Brushes 26, 28 are then flushed from the inside out by
liquid supplied to brushes 26, 28 from shafts 40, 42. Substantially
simultaneously, first and second sets of spray nozzles 56, 58, spray liquid
on brush 26, first surface 74 of 5 disk 64 and brush 28, second surface 76
of disk 64, respectively. . In one embodiment, wafer cleaner 14 further
includes third and fourth sets of spray nozzles 57, 59 located below first
and second sets of spray nozzles 56, 58, respectively. During a 10 first
stage of the wafer cleaning cycle, a first liquid is sprayed from sets of
spray nozzles 57, 59 (or 56, 58). During a second stage of the wafer
cleaning cycle, a second liquid is sprayed from sets of spray nozzles 56,
58 (or 57, 59). For example, the first liquid can be a surfactant and the
second 15 liquid can be de-ionized water. Alternatively, the same liquid
can be sprayed from sets of spray nozzles 56, 57, 58, 59 simultaneously.
Further, additional liquids can be sprayed during various stages of the
wafer cleaning cycle by adding additional sets of spray nozzles. 20
Alternatively, only first and second sets of spray nozzles 56, 58 are used,
but individual nozzles of each of the sets of spray nozzles are plumbed to
different liquids. In this manner, selective nozzles can spray different
liquids at various stages in the wafer cleaning cycle. 25 The flow of
liquid to brushes 26, 28 and first and second sets of spray nozzles 56, 58
is controlled by opening and closing valves coupled to feed lines (not
shown) which are plumbed to shafts 40, 42 via rotary unions 41, 43,
respectively and sets of spray nozzles 56, 58. Further, the operation of 30
wafer cleaner 14 is controlled by a conventional programmable logic
controller (PLC), for example by a PLC model #2600 -10  



0 3 JAN 2003 manufactured by Control Technology Corp. located in Hopkinton,
MA. The combination of the scrubbing action on the surfaces 74, 76 of wafer
64 caused by the rotation of brushes 26, 28 5 along with liquid supplied
through brushes 26~, 28 and by sets of spray nozzles 56, 58, removes
particulates from surfaces 74, 76 of wafer 64. In particular, particulates
axe scrubbed from surfaces 74, 76 by brushes 26, 28, respectively. These
particulates are flushed from brushes 26, 28 by the liquid 10 supplied to
brushes 26, 28 through shafts 40, 42. Further, particulates which are
loosened by the scrubbing action of brushes 26, 28, but remain on surfaces
74, 76 of wafer 64, are flushed from surfaces 74, 76 by liquid sprayed from
sets of spray nozzles 56, 58. By orienting wafer 64 15 vertically instead
of horizontally, the removal of particulates from the surfaces 74, 76 is
enhanced. In particular, by orienting wafer 64 vertically, liquid sprayed
on to surfaces 74, 76 of wafer 64 and particulates trapped in the liquid
have a tendency to fall from surfaces 74, 76 due to gravity. In 20
contrast, if wafer 64 were oriented horizontally, particulates would tend
to be moved around on surfaces 74, 76 and would not be as readily removed.
Thus, wafer cleaner 14 is particularly well suited for larger diameter
wafers in which particulates must be removed from a larger surface area.
For example, wafer 25 cleaner 14 is particularly well suited for cleaning
200 mm and 300 mm diameter wafers. Further, by orienting wafer 64
vertically and by scrubbing both surfaces 74, 76 simultaneously, mechanical
stress on wafer 64 is minimized. This is because the perpendicular
component 30 of the force exerted by brush 26 on wafer 64 is offset by the
perpendicular component of the force exerted by brush 28 on -11   0 3 JAN
Q003 wafer 64. (The perpendicular components of force exerted by each brush
of the wafer is equal and opposite to that of the other brush.) Thus, the
net force which is exerted on wafer 64 by brushes 26, 28 is substantially
parallel to the plane formed 5 by surface 74 (or `surface 76) . Since wafer
64 has the greatest mechanical strength in this plane, wafer cleaner 14 is
well suited for larger diameter disks. (Larger diameter disks generally
flex when force is exerted in a plane perpendicular to side 74.) 10 After
wafer 64 has been scrubbed for a predetermined period of time, generally 30
to 120 seconds and typically 45 seconds, the flow of liquid to brushes 26,
28 and sets of spray nozzles 56, 58, is shut off. Substantially
simultaneously, the rotation of rollers 32, 34 and brushes 26, 28 is
stopped. Door 15 27 over slot 24 is opened, robotic arm 10 inserts
end-effector 11 into slot 24 and the end-effector I1 engages wafer 64.
Then, Brushes 26, 28 are moved back to positions 66, 68, respectively, and
robotic arm 10 removes wafer 64. Wafer cleaner 14 is now ready to process
another wafer. 20 One difficulty with larger diameter wafers is vertical 



displacement due to eccentricity (unevenness) of brushes 26, 28. FIG. 7 is
a frontal view of wafer cleaner 14 illustrating vertical displacement of
wafer 64 due to eccentricity of brushes 26, 28. As shown in FIG. 7, wafer
64 can be vertically 25 displaced from center position 64C either to the
left as illustrated by position 64D or to the right as illustrated by
position 64E. Of importance, as the art moves to larger diameter wafers
such as 300 mm diameter wafers, vertical displacement of the wafer
increases for any given amount of 30 eccentricity of brushes 26, 28. -12
0 3 JAN 203 The vertical displacement of wafer 64 reduces the reliability
of end-effector 11 in engaging wafer 64. As shown in FIG. 7, when wafer 64
is in position 64D as an example, arm 11A of end-effector 11 contacts wafer
64 before arm 11B. In 5 this situation, when vacuum is applied to
end-effector 11 to suction and hold wafer 64, lack of intimate contact
between arm 11B and wafer 64 prevent formation of a vacuum seal between arm
11B and wafer 64. This vacuum leak is detected using conventional
end-effector technology (e.g. by detecting a 10 failure of the vacuum line
connected to end-effector 11 to reach a suitable subatmospheric pressure).
As a result, engagement of wafer 64 with end-effector 11 is aborted and
endeffector 11 is moved away from wafer 64. The sequence is then
reinitiated to once again attempt to engage wafer 64 with end 15 effector
11. In accordance with the present invention, robotic arm 10 can have a
single arm end-effector to move wafer 64. To illustrate, instead of having
an end-effector 11 with arms 11A and 11B, an end-effector with only a
single arm, e.g. only arm 20 11A, can be used. However, as shown in FIG. 7,
even if an end effector with only a single arm 11A, is used, vacuum can
leak from a separation 102 caused by misalignment between arm 11A and wafer
64 causing the wafer engagement cycle to be aborted. 



Accordingly, displacement of wafer 64 increases average wafer 25 cycle time
thus reducing throughput and increasing the wafer processing cost. To
prevent displacement of wafer 64, referring back to FIG. 6, a finger tip
110 can be used to align wafer 64. Typically, finger tip 110 is formed of a
relatively chemically 30 inert low particulate generating material such as
polyvinylidene fluoride (PVDF). Finger tip 110 is typically -13   0 3 JAN
2003 shaped as a block with a V-groove 112 cut into one side although other
shapes having a V-groove 112 can be used. In one embodiment, finger tip 110
is a roller having a v-groove 112. 5 When finger tip 110 is in the hold
position as illustrated in FIG. 6, wafer 64 is held between the apexes 114
and 116, 118 of V-grooves 112 and 36, 38, respectively, thus ensuring each
wafer 64 is in the same position after being scrubbed by brushes 26, 28,
i.e. when brushes 26, 28 and wafer 64 finish 10 rotating. Referring again
to FIG. 5, finger tip 110 is attached to an end of finger 120 or,
alternatively, is integral with the end of finger 12o. A base section 122
of finger 120, opposite finger tip 110, is attached to a shaft 124. Finger
tip 110 is 15 moved between a release position 120A and a hold position
120B by rotation of shaft 124. As shown in FIGS. 2 and 6, the rotation of
shaft 124 is controlled by a rotary actuator 126, e.g. a pneumatic rotary
actuator. Actuator 126 is mounted to the outside of an inner 20 housing 128
which defines the cavity in which wafer 64 is cleaned. Shaft 124 is located
and rotatably held at both ends by inner housing 128 (or by one or more
bearings attached to inner housing 128). Shaft 124 is perpendicular to the
longitudinal axis of brushes 26, 28 and parallel to the plane 25 400
defined by the centerline of brushes 26, 28. Finger tip 110 is located
vertically above region 30 between brushes 26, 28. To determine the exact
location of finger 120 and thus finger tip 110, one or more sensors can be
employed to sense the position of shaft 124. The force exerted by finger
tip 110 30 on wafer 64 at hold position 120B is controlled by controlling
the air pressure provided to actuator 126. Generally, the -14  



0 3 JAN Q003 force exerted by finger tip 110 on wafer 64 is less than the
amount of force which would cause the wafer to flex, illustratively is one
pound or less. In accordance with this embodiment of the present 5
invention, wafer 6`4 is loaded into wafer cleaner 14, cleaned, and unloaded
as follows. Referring to FIGS. 5 and 6, initially brushes 26, 28 are at
positions 66, 68, respectively, i.e. are open, and finger tip 110 is in
release position 120A. Wafer 64 is then inserted vertically through slot 24
into region 30 by 10 robotic arm 10 (not shown) to first position 64A.
Robotic arm 10 then lowers wafer 64 into V-grooves 36, 38 of rollers 32,
34, respectively, i.e. into position 64B. Actuator 126 is then activated to
rotate finger tip 110 from release position 120A to hold position 120B.
Accordingly, 15 V-groove 112 of finger tip 110 presses on edge 22 of wafer
64. As used herein, wafer edge 22 is the wafer outer circumferential edge
which extends between wafer surfaces 74, 76. Robotic arm 10 then releases
wafer 64 and moves out of wafer cleaner 14. Door 27 closes and brushes 26,
28 move 20 towards each other to positions 70, 72, respectively, i.e. are
closed. Actuator 126 is activated again to move finger tip 110 from hold
position 120B back to release position 120A. Brushes 26, 28 and wafer 64
are then rotated and liquid supplied through shafts 40, 42 and spray
nozzles 56, 58 and/or 57, 59 as 25 described above to clean wafer 64. After
cleaning, actuator 126 is activated again to move finger tip 110 from
release position 120A to hold position 120B. Accordingly, the edge of wafer
64 contacts V-groove 112 typically at an offset distance from apex 114 due
to vertical 30 displacement of wafer 64 as described in reference to FIG.
7. Brushes 26, 28 are then moved back to positions 66, 68, -15   0 3 JAN
2003 respectively, i.e. are opened. As brushes 26, 28 are opened, wafer 64
slides along V-groove 112 to apex 1l4. Wafer 64 slides along V-groove 112
since actuator 126 is force regulated and presses finger tip 110 against
wafer 64. It is understood 5 that finger tip 110 moves downwards slightly
as wafer 54 slides along V-groove 112 to apex 114. Accordingly, finger tip
110 may move slightly at hold position 120B when brushes 26, 28 are opened.
As a result of being seated in apex 114, wafer 64 is held 10 at the precise
location at which robotic arm 10 has been programmed to engage wafer 64,
i.e. between apexes 114, 116, 118 of V-grooves l12, 36, 38, respectively. 



Door 27 is then opened and robotic arm 10 inserts end effector 11 which
engages wafer 64. Actuator 126 is again 15 activated to rotate finger tip
110 from hold position 120B to release position 120A. Robotic arm 10 then
moves wafer 64 up from position 64B to position 64A and then out of wafer
cleaner 14. Wafer cleaner 14 is now ready to process another wafer. It is
understood that in other alternative embodiments, 20 other mechanisms can
be used to control the position of finger tip 110A. For example, instead of
moving finger tip 110A in the plane defined by wafer 64 as described above,
finger tip 110A can be pivoted or otherwise moved in a plane perpendicular
or at an angle to the plane defined by wafer 64, i.e. from 25 either side
74, 76 of wafer 64. In one alternative embodiment, a finger tip 110A
(substantially identical to finger tip 110 as discussed above) can be
attached to the end of a piston 130 of an air actuated cylinder 132 as
illustrated in FIG. 5. Air actuated cylinder 30 132 is located outside of
and mounted to inner housing 128 and -16   O 3 JAN 20~~ piston 130 extends
through inner housing 128. Finger tip 110A is located vertically above
region 30 between brushes 26, 28. In accordance with this embodiment, air
cylinder 132 is controlled to extend and retract piston 130 to move finger
tip 5 110A from a release position 130A to a hold position 130B to release
and hold wafer 64 during loading and unloading. The force exerted by finger
tip 110A on wafer 64 is controlled by controlling the air pressure provided
to air cylinder l32. Otherwise, processing is substantially similar to that
10 described in reference to finger 120 and finger tip 110. In either
embodiment, finger tip 110 (110A) can be a Vgrooved roller which is capable
of rotating similar to rollers 32, 34. In accordance with this alternative
embodiment, finger tip 110 (110A) can remain in hold position 120B (130B)
while 



15 wafer 64 is rotated during cleaning. In contrast, when finger tip 110
(110A) is shaped as a block having a V-groove, finger tip 110 (110A) should
be retracted to release position 120A (130A) to allow wafer 64 to rotate
during cleaning. In a11 other aspects, processing is substantially similar
to the 20 processing described above. Advantageously, finger tip 110 (110A)
holds wafer 64 at the precise load/unload position at which robotic arm 10
has been programmed to engage wafer 64, i.e. between apexes l14, 116, 118
of V-grooves 112, 36, 38, respectively. Accordingly, 25 wafer 64 is
reliably and repeatable engaged by end-effector 11 reducing the average
cycle time and manufacturing cost associated with wafer processing.
Further, use of finger tip 110 (110A) is well suited for use with double
armed end effectors such as end-effector 11 illustrated in FIG. 1. 30
Alternatively, a single armed end-effector can be used. -17   0 3 JAN 2003
As a further alternative, finger tip 110 (110A) enables use of a wafer edge
gripper instead of a conventional endeffector. In particular, a wafer edge
gripper engages wafer 64 by edge 22 and does not contact wafer surfaces 74,
76 thus 5 reducing or eliminating the possibility of contaminating wafer
surfaces 74, 76. To enable the edge gripper to engage wafer edge 22,
brushes 26, 28 are moved to positions 66, 68, i.e. are opened. Of
importance, wafer 64 is held in place by finger tip 110 (110A) allowing use
of a wafer edge gripper instead of a 10 conventional end-effector. Tn some
manufacturing processes, it may be desirable to clean wafer surfaces 74, 76
and also wafer edge 22. To accomplish this, instead of being a V-grooved
wafer holder as illustrated in FIG. 6, finger tip 110 (or 110A) can be a
wafer 15 edge scrubbing pad, e.g. can be a pad made of polyvinyl alcohol
(PVA) foam, nylon, mohair or polishing pad material. In accordance with
this embodiment, finger tip 110 (110A) is held in hold position 120B (130B)
while wafer 64 is rotated during cleaning. Thus, finger tip 110 (110A)
scrubs the wafer edge 20 while brushes 26, 28 scrub wafer surfaces 74, 76,
respectively, thus enhancing particulate removal from wafer 64. In one
embodiment, wafer cleaner 14 has both a V-grooved wafer holder and a wafer
edge scrubbing pad. For example, referring to FIG. 5, finger tip 110 can be
a V-grooved wafer 25 holder and finger tip 110A can be a wafer edge
scrubbing pad or visa versa. In another alternative, two or more V-grooved
wafer holders can be used to hold the wafer, e.g. finger tips 11o and 110A
can both be used to hold the wafer. Referring to FIG. 1, by using two wafer
cleaners 14, 16, 30 sequentially, a wafer can be scrubbed and rinsed with
two different solutions. In one embodiment, for example, the -18   0 3 JAN
2003 scrubbing liquid in wafer cleaner 14 is an ammonia solution or a
surfactant available from Valtec or Allied. The scrubbing liquid in wafer
cleaner 16 is de-ionized water. This arrangement is particularly advantages
since residue on the 



5 wafer from wafer cleaner 14 is readily removed by the water rinse in
wafer cleaner 16. However in alternative embodiments, other scrubbing
liquids are used, for example acid or caustic solutions are used in either
wafer cleaner 14 or 16. Further, it is understood that only a single wafer
cleaner can be used, 10 or that several wafer cleaners can be used.
Although the present invention has been described with reference to various
embodiments, persons skilled in the art will recognize that changes may be
made in form and detail without departing from the spirit and scope of the
invention. 15 For example, the wafer can be a generally circular silicon
wafer, glass wafer, ceramic wafer, oxide wafer, tungsten wafer although
other types of wafers can be used. Further, although various values for
operating parameters such as the cycle time, rotational speed of the
brushes, rotational speed of the wafer 2o and the perpendicular component
of force exerted by the brushes on the wafer have been provided, it is
understand that these values are only illustrative and that other values
can be used depending upon the particular application. Further, although
finger tips having V-grooves therein are set forth, it is 25 understood
that finger tips having other features such as slot or notches can be used.
Thus, the invention is limited only by the following claims. -19   0 3 JAN
Q003 WE CLAIM: 1. A substrate cleaning apparatus, comprising: a first
brush; a second brush located horizontally from said first brush; a first
roller and a second roller located vertically below said first brush and a
said second brush; and a finger tip located vertically above said first
brush and said second brush. 2. The substrate cleaning apparatus of Claim 1
wherein said finger tip has a first V-groove in one side. 3. The substrate
cleaning apparatus of Claim 2 wherein said first roller has a second
V-groove and said second roller has a third V groove, said first V-groove,
said second V-groove and said third V groove defining a substrate
loadlunload position. 4. The substrate cleaning apparatus of Claim 1
further comprising a finger, said finger tip being located at an end of
said finger. 5. The substrate cleaning apparatus of Claim 4 wherein said 



finger comprises a base section opposite said finger tip, said apparatus
further comprising: a shaft attached to said base section; and a rotary
actuator for rotating said shaft, wherein said finger tip is moved between
a release position and a hold position by rotation of said shaft by said
rotary actuator. -20   O 3 JAN 2003 6. The substrate cleaning apparatus of
Claim 5 wherein said shaft is perpendicular to the longitudinal axis of
said first brush and said second brush. 7. The substrate cleaning apparatus
of Claim 6 wherein said shaft is parallel to the plane defined by the
centerline of said first brush and said second brush. 8. The substrate
cleaning apparatus of Claim 1 further comprising a piston, said finger tip
being attached to an end of said piston. 9. The substrate cleaning
apparatus of Claim 8 further comprising an air cylinder comprising said
piston, wherein said finger tip is moved between a hold position and a
release position by movement of said piston by said air cylinder. 10. The
apparatus of Claim 1 wherein said finger tip is a third roller having a
V-groove therein. 11. A substrate cleaning system comprising the apparatus
of Claim 1, said system further comprising a robotic arm. 12. The substrate
cleaning system of Claim 11 further comprising an end-effector attached to
said robotic arm. 13. The substrate cleaning system of Claim 12 wherein
said end-effector is a two armed end-effector. 14. The substrate cleaning
system of Claim 12 wherein said -21   a 3 ~aN 2003 end-effector is a single
armed end-effector. 15. The substrate cleaning apparatus of Claim 1 wherein
said finger tip comprises a substrate edge scrubbing pad. 



16. The substrate cleaning apparatus of Claim 16 wherein said pad is
selected from the group consisting of polyvinyl alcohol foam, nylon, mohair
and polishing pad material. 17. The substrate cleaning apparatus of Claim
15 further comprising a second finger tip for holding said substrate during
loading and unloading. 18. A method of cleaning a substrate, the method
comprising the steps of: engaging said substrate with a substrate holder
attached to a robotic arm; placing said substrate vertically on a first
roller and a second roller, said substrate being located at a substrate
load/unload position between a first brush and a second brush; moving a
finger tip to a hold position, said finger tip pressing on an edge of said
substrate when in said hold position; disengaging said substrate from said
substrate holder, wherein said first roller, said second roller, and said
finger tip hold said substrate at said load/unload position; moving said
first brush and said second brush to contact said substrate; and moving
said finger tip to a release position away from said substrate for cleaning
of said substrate. -22   0 3 JAN 2003 19. The method of Claim 18 further
comprising the step of controlling the force with which said finger tip
presses on said edge of said substrate. 20. The method of Claim 18 wherein,
after cleaning of said substrate, said method further comprises the steps
of: moving said finger tip back to said hold position; and moving said
first brush and said second brush away from said substrate, wherein said
first roller, said second roller, and said finger tip hold said substrate
at said substrate load/unload position. 



21. A method of cleaning a substrate comprising the steps of: inserting
said substrate vertically into a region located between a first brush and a
second brush; scrubbing a first surface of said substrate with said first
brush, a second surface of said substrate with a second brush and an edge
of said substrate with a scrubbing pad. 22. The method of Claim 21 further
comprising the step of moving said scrubbing pad to contact said edge of
said substrate after said step of inserting. 23. The method of Claim 22
wherein said step of scrubbing comprises rotating said first brush, said
second brush and said substrate. 24. A substrate cleaning apparatus,
comprising: a first brush; a second brush located horizontally from said
first brush; -23   0 3 JAN 200 a first roller and a second roller located
vertically below said first brush and said second brush; and a finger tip
located vertically above said first brush and said second brush, said
finger tip being a third roller having a V groove therein. -24 .A(.Ay.AR.A
R.AYR.A[&,.Ay.A!ye.A@e.A!.A,.A.A.A5.A .A5fy.AF5.Au.A.Ay.A.A.Aay.A
iCD\WZs(gT}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]c<aU]c<aU]c"a]c"aU]c"a!$ahi R    G 
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