
WAFER EDGE WHEEL WITH DRYING FUNCTION  by Inventors: 5 John Parks
BACKGROUND OF THE INVENTION  Field of the Invention [1] The present
invention relates generally an edge wheel for a substrate used in  wafer
cleaning and other operations. 10 Description of the Related Art [2]
Silicon wafers and other substrate materials used in integrated circuit
manufacturing must be planarized and polished to meet stringent surface
flatness  requirements. One common technique for planarizaiton is known as
chemical 15 mechanical planarization/polishing or CMP. CMP is essentially
mechanical polishing  in which the slurry used is also an etchant for the
surface to be polished. After CMP  processing, contaminated substrates are
cleaned. In one step of cleaning, the surfaces of  the substrate are
brushed while a cleaning fluid is applied. To dry the substrate, it is
supported by a plurality of edge wheels at the edges of the wafer and spun.
Other 20 methods of drying in which the wafer is supported by edge wheels
are feasible as well.  The spinning causes most of the fluid to fly off the
substrate. However, due to surface  tension, some fluid tends to remain at
the edges. In addition, a meniscus can form at the  interface of the edge
wheels and the substrate. And finally, some liquid may remain on  the edge
wheel and re-wet the substrate as it spins around. 25 [3] It is possible to
remove some fluid by applying a suction at the edge of the  wafer or at the
edge of the wheel, but heretofore, there has been no way of effectively
removing fluid at the interface of the edge wheel and the substrate. 1 



SUMMARY OF THE INVENTION [4] Broadly speaking, the present invention fills
these needs by providing an edge  wheel with an integrated fluid suction
and fluid supply capability. [5] It should, be appreciated that the present
invention can be implemented in  5 numerous ways, including as a process,
an apparatus, a system, a device, or a method.  Several inventive
embodiments of the present invention are described below. [6] In one
embodiment, an edge wheel for supporting and rotating a disk-shaped
substrate, such as a semiconductor substrate, includes a wheel body having
a peripheral  groove configured to support an edge of a substrate and at
least one radial channel  10 extending into said wheel body from said
peripheral groove. [7] In one embodiment, an edge wheel assembly for a
substrate processing  apparatus includes an edge wheel having a wheel body
with a groove formed in an  outer periphery of said wheel body. The groove
is configured to engage an edge of the  substrate. Furthermore, a
through-hole is formed at an axis of the edge wheel to allow 15 the edge
wheel to rotate on a shaft. A radial channel extends inward from said
groove.  The radial channel is in at least periodic fluid communication
with a stationary port as  the edge wheel rotates on said shaft. [8] In
another embodiment, an edge wheel dryer includes a plurality of edge
wheels,  each having a groove configured to engage an edge of a substrate.
At least one of the  20 edge wheels has a radial channel extending inward
from its groove. The dryer also includes a vacuum source. The radial
channel is in fluid communication with the  vacuum source. [9] In another
embodiment, a method for processing a substrate includes  rotationally
supporting the substrate on a plurality of edge wheels, spinning the  25
substrate, and performing one of a wetting and drying operation at an
interface between the substrate and at least one of the edge wheels. The
substrate is rotationally supported  



by a plurality of edge wheels each having a groove at its periphery that
engages the  edge of the substrate. Each edge wheel is allowed to rotate on
its axis thereby allowing  the substrate to rotate on its axis. Spinning is
achieved by applying a rotational force to  2 at least one of the edge
wheels thereby causing the substrate to spin. Wetting comprises  supplying
a liquid to the interface via radial channels formed in the at least one
edge  wheel. Drying comprises supplying a vacuum to the interface via the
radial channels  [10] The advantages of the present invention are numerous
and will become apparent 5 from the following detailed description, taken
in conjunction with the accompanying  drawings, illustrating byway of
example the principles of the invention. BRIEF DESCRIPTION OF THE DRAWINGS
[II] The present invention will be readily understood by the following
detailed  description in conjunction with the accompanying drawings, and
like reference  10 numerals designate like structural elements. [12] Figure
1 shows a plan view of an exemplary substrate cleaning system. [13] Figure
2 shows a close up view of an interface between a substrate and edge
wheel. [14] Figure 3 shows a cross section view of an exemplary edge wheel
assembly. 15 [15] Figure 4 shows a top view of the exemplary edge wheel
assembly of Figure 3.  [16] Figure 5 shows a cross section view of another
exemplary edge wheel assembly.  DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS [17] Figure I shows an exemplary layout of substrate processing
device 5. Substrate  10 is disk-shaped and is supported by four edge wheels
12, 14, including two fixed  20 edge wheels 12 and two movable edge wheels
14. Edge wheels 14 pivot into engagement with substrate 10 by support arms
16 when substrate 10 is loaded into the  apparatus. Loading may be
performed by a robot (not shown) that positions substrate  



10 into place before movable edge wheels 14 engages substrate 10. [18] Edge
wheels 12, 14 allow substrate 10 to rotate on its axis of symmetry which is
25 perpendicular to the flat surfaces of the substrate. One or both fixed
edge wheels 12  may be provided with some rotational force, e.g., by a
friction wheel, belt drive or other  3 drive means (not shown in Figure 1)
as would generally occur to those having skill in  the art. Thus, edge
wheels 12, 14 maintain the position of substrate 10 while allowing it
and/or causing it to rotate on its axis while supporting substrate 10 only
by its edges.  [19] Figure 2 shows a close up of interface 15 formed
between substrate 10 and edge 5 wheel 14. Edge wheel 14 has a groove 13
formed in its outer circumference configured  to engage edge I I of
substrate 10. Meniscus 17 formed by liquid is shown by way of  example as
being located at an interface of substrate 10 and edge wheel 14 wherein
both the substrate and edge wheel are hydrophilic. However, it is also
possible that only  one or neither of substrate 10 and edge wheel 14 is
hydrophilic. The liquid may be a  10 cleaning solution, rinsing agent, or
other chemical used in processing substrates. [20] A plurality of radial
channels 18 are formed into edge wheel 14 extending  inward from groove 13.
Radial channels 18 are in fluid communication with a vacuum  source or a
fluid supply (not shown in Figure 2). When suction is applied to radial
channel 18, any liquid at the interface between substrate 10 and edge wheel
14 will be 15 removed. All four edge wheels 12, 14, may be provided with
radial channel 18.  Furthermore, edge 11 of substrate 10 maybe wetted by
supplying fluid to radial channel  18. [21] Figure 3 shows an exemplary
edge wheel assembly 30. Edge wheel 14 is  mounted to a support arm 16 by a
shaft 20 such that the edge wheel is free to rotate.  20 Edge wheel 14 and
shaft 20 are shown in cross section so that the internal structure can be
seen. Specifically, shaft 20 includes an axial channel extending from a top
end 32 to  



a transverse channel 27. Transverse channel 27 periodically aligns with
each of radial  channels 18 which are formed radially into edge wheel 14.
Any number of transverse  channels may be formed into edge wheel and shaft
20 so long as the strength is not 25 unduly compromised. In one embodiment,
one transverse channel is formed into shaft  20 and six radial channels are
formed in edge wheel 14 as shown in phantom in Figure  4. The term, "radial
channel" is not intended to be limiting as it requires only that the
channels extend into the body of wheel 14 from groove 13. [22] Shaft 20
extends axially through edge wheel 14, and bearings 24 permit edge  30
wheel 14 to rotate on shaft 20. For example, bearings 24 may be made of
some low  4 friction self-lubricating resin such as polytetrafluoroethene
(PTFE) or nylon. Composite  materials such as that sold under the
trademark, RULON by Saint-Gobain Performance  Plastics Microelectronics of
Garden Grove, California, are also contemplated. Bearings  24 are closely
fit to shaft 20 to reduce leakage through the interface of edge wheel 14  5
and shaft 20. [23] Groove 29 extends around the circumference of shaft 20
at the interface  between channel 27 and channels 18 so that continuous
suction, is drawn from all  channels 18. Alternatively, a similar groove
may be formed on the inner diameter of  edge wheel 14. Alternative to
providing a groove 29, a gap (not shown) between shaft 10 20 and edge wheel
14 may be large enough so that vacuum may be communicated  through the gap
formed therebetween. Alternatively, it may be desirable to prevent  vacuum
from being communicated to any channel 18 not in alignment with interface
15.  In this case, no groove 29 is provided, and a single transverse
channel 27 may be  aligned as shown so that fluid is only drawn from
channels 18 when they are aligned  15 with interface 15 between substrate
10 and edge wheel 14. [24] A suction line 52 may be coupled at top 32 of
shaft 20, e.g., using threads 31 or  



some other fluid line engaging means such as clamps, friction teeth,
nipple, etc., to  provide communication between axial channel 26 and a
vacuum source 50. [25] In a first operation, wafer 10 is dried by spinning
it, which draws fluid out from  20 the center toward edge 11. Some fluid
may adhere at edge 11. To remove this fluid,  suction is applied to suction
line 52 which is in at least periodic fluid communication  with each radial
channel 18 and therefore interface 15. Suction draws out any fluid at
interface 15 while substrate 10 and edge wheel 14 rotate, thereby drying
edge wheel 14.  [26] Alternatively, in certain processes, another mechanism
is used to wet the wafer 25 to prevent the wafer from being dried by the
action of edge wheels. To prevent the  edges from being dried by this
action, a fluid may supplied to wheel assembly 30 for  wetting edge I 1 of
substrate 10. This allows the wafer to be made uniformly wet with  the
particular fluid being used. In this circumstance, it may not be necessary
to provide  so much pressure as to generate a spray, but rather enough so
the edge of substrate 10 is  30 made uniformly wet. 5 [27] Figure 5 shows
an exemplary cross section view of fixed edge wheel 12. Fixed  edge wheel
12 includes a shaft 40 extending through the body of wheel 12. Shaft 40
rotates with edge wheel 12 on a pin 58 that passes through axial
through-hole 46. An  annular space 54 is formed between a cavity in edge
wheel 12 and a cover 45, which 5 has a T-shaped cross section. Retainer 48
retains cover 45 on edge wheel 12, and may  be separated therefrom by a
low-friction washer (not shown) to allow relative rotation.  Retainer 48
may be, e.g., a nut. Cover 45 is sealed to edge wheel 12 by O-rings 47. A
belt 44 engages groove 42 forming a pulley in a lower portion of shaft 40.
[28] In operation, a drive source (not shown) drives belt 44 which engages
groove 42  10 thereby turning shaft 40 on a pin (not shown) that passes
through axial through-hole 46.  Shaft 46 is fixedly attached to edge wheel
12 by mechanical means, adhesive, or other  



means. Alternatively, shaft 46 and edge wheel 12 may be integrally formed
of a single  material. T-shaped cover 45 remains stationary. A vacuum is
applied at port 56 to place  annular space 54 in a partial vacuum.
Alternatively, a fluid may be supplied to annular 15 space 54 via port 56.
Annular space 54 is in fluid communication with radial channels  18 which
operate as described above with respect to edge wheel 14 shown in Figure 3.
[29] While a belt drive mechanism is shown, it should be apparent that any
known  drive means could be used to impart rotation to edge wheel 12.
Furthermore, movable  edge wheels 14 could be integrated with a drive
means. 20 [30] Although the foregoing invention has been described in some
detail for purposes  of clarity of understanding, it will be apparent that
certain changes and modifications  may be practiced within the scope of the
appended claims. Accordingly, the present  embodiments are to be considered
as illustrative and not restrictive, and the invention is  not to be
limited to the details given herein, but may be modified within the scope
and  25 equivalents of the appended claims. 6 CLAIMS  1. A method for
processing of a disk-shaped substrate comprising:  rotationally supporting
said substrate by a plurality of edge wheels, each edge wheel having an
groove at its periphery that engages an edge of said substrate, each  edge
wheel being allowed to rotate on its axis thereby allowing said substrate
to rotate  on its axis, one or more of said edge wheels being a drive
wheel; spinning said substrate by applying a rotational force by the
driving wheel; and  drying an interface between said substrate and at least
one of said edge wheels,  said drying comprising supplying a vacuum to said
interface via said radial channels  formed in said at least one of said
edge wheels. 2. The method of claim 1, wherein said at least one of said
edge wheels  



rotates on a shaft comprising an internal channel in fluid communication
with said  radial channels and a port at one end of said shaft, said drying
comprising applying a  vacuum to said port in said shaft. 3. The method of
claim 1, wherein said drive wheel further comprises an  annular chamber and
a cover enclosing said annular chamber, said cover comprises a  port and is
sealed to said one edge wheel, said cover further being allowed by said
sealing to rotate with respect to said one edge wheel, said annular chamber
being in  fluid communication with said radial channels and said port, said
drying comprising  applying a vacuum to said port on said cover. 4. The
method of claim 3, further comprising rotating said substrate by  applying
rotational force to said drive wheel. 7 5. The method of claim 4, wherein
said drive wheel further comprises a  pulley and said applying rotational
force comprises applying rotation to a flexible belt  coupled to said
pulley. 6. The method of claim 1, wherein rotationally supporting said
substrate  comprises positioning said edge of said substrate against two
stationary ones of said  edge wheels and engaging two movable ones of said
edge wheels against said edge of  said substrate. 7. A method for
processing of a disk-shaped substrate comprising:  rotationally supporting
said substrate by a plurality of edge wheels, each edge  wheel having an
groove at its periphery that engages an edge of said substrate, each  edge
wheel being allowed to rotate on its axis thereby allowing said substrate
to rotate  on its axis, one or more of said edge wheels being a drive
wheel; spinning said substrate by applying a rotational force to said drive
wheels; and  wetting an interface between said substrate and at least one
of said edge wheels,  



said wetting comprising supplying a liquid to said interface via radial
channels formed  in said at least one of said edge wheels. 8. The method of
claim 7, wherein said one of said edge wheels rotates on  a shaft
comprising an internal channel in fluid communication with said radial
channels  and a port at one end of said shaft, said wetting comprising
supplying fluid to said port  in said shaft. 9. The method of claim 7,
wherein said drive wheel further comprises an  annular chamber and a cover
enclosing said annular chamber, said cover comprises a  port and is sealed
to said one edge wheel, said cover further being allowed by said  sealing
to rotate with respect to said one edge wheel, said annular chamber being
in  fluid communication with said radial channels and said port, said
wetting comprises  supplying fluid to said port on said cover. 8 10. The
method of claim 9 further comprising rotating said substrate by  applying
rotational force to said drive wheel. 11. The method of claim 10 wherein
said drive wheel further comprises a  pulley and said applying rotational
force comprises applying rotation to a flexible belt  coupled to said
pulley. 12. The method of claim 7, wherein rotationally supporting said
substrate  comprises positioning said edge of said substrate against two
stationary ones of said  plurality of edge wheels and engaging two movable
ones of said edge wheels against  said edge of said substrate. 9 


