WAFER EDGE WHEEL W TH DRYI NG FUNCTI ON by Inventors: 5 John Parks
BACKGROUND OF THE INVENTION Field of the Invention [1l] The present
invention relates generally an edge wheel for a substrate used in wafer
cl eaning and ot her operations. 10 Description of the Related Art [2]
Silicon wafers and other substrate materials used in integrated circuit
manuf acturing nmust be planarized and polished to rreet stringent surface
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mechani cal polishing in which the slurry used i's aI so an etchant for the
surface to be polished. After ﬁvePCGSSI ng, contam nated substrates are
cleaned. In one step of cleaning, t "¥EHPEces of the substrate are
brushed while a cleaning fluid is applied. To dry the substrate, it is
supportsed by a plurality of edge wheghspalkst he edges of the wafer and spun.
QG her 20 nethods of drying in which the vvafer i's supported by edge wheel s
are feasible as well. TPEA e fluid to fly off the
substrate. However, due to—Stiace i F d tends to remain at
t he edges._.In addi t i on, a nmeni scus can format the interface of the edge
wheel s andieldeofdhe bayeation And finally, some liquid may remain on the edge

wheel and he_subst t d, 25.[3 i ible t
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edge of tRefwhe&nin M{dd‘iﬁé’r ef@ihRs, t here has been no way of effectively
rem)viﬂrjlg fluid at the interface of the edge wheel and the substrate. 1

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.



SUMMARY CF THE | NVENTI ON [ 4] Broadly speaking, the present invention fills
t hese 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 inplenmented in 5 nunmerous ways, including as a process,
an apparatus, a system a device, or a nethod. Several inventive

enbodi nents of the present invention are described below. [6] In one

enbodi ment, an edge wheel f ng %E@lg gi @ﬁﬁdg @g a di sk- shaped
substrate, such as a sem CS(U ARY, LAY es a wheel body having
a peripheral groove configured to support an edge of a substrate and at
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an edge wheel assenbly for a
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substrate ‘ﬂ?ec‘ig Elaﬁé t]eﬁrﬁffgrfg{ §thlﬁ8|ag§g3§ %WP@B@‘@P@MBQI havi ng a wheel body
with a grogve forped in an outer periphery of said wheel body. The groove
i s configuPkd tlb sBoigdgle ampegieedothat Hae %@B@& pveetiorFgan er imtenented in
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groove. THreecmbodivehtieremrinaimess bﬁthatpréseﬂtsmv@ﬁfom@eb desttibédbat@puni cat i on
wth a stationary port as the edge wheel rotates on said shaft. [8] I n
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wheel s, each having a groove configured to engaghg3 an edge of a su strate
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channel commint atl on vacuum sour ce anot her
enbodi?Orentexteadmgmhtodarﬁomhqat bebsomgai Suiphémbgieovdcl udes rotati onal ly
supporting the substrate on a plurality of edge wheels, spinning the 25

subst r at e[7]and IpesdfeOembodintneg ef @lgeehihesld adRehbly YoNG QpEstatd Phodbsidd
i nterface between the substrate and at |east one of the edge wheels. The

subst r at e 2PRATFYE dRgledesl anyedagppbeal dgving a wheel body w1th 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 feast 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

YaCUuuIm 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 wefting 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



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 |east one of the edge
wheel s thereby causing the substrate to spin. Wetting conprises supplying
aliquid to the interface via radial channels forned in the at |east one

edge wheeg| i Ng . .conprises ing.a vacuumto the interface via the
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in conjunction with the acconpanying draw ngs, illustrating byway of
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[11] The present invention will be readily understood by the foll ow ng

det ai | ed [#&scrlihstadpmtiges obHicymetandmveintidn darb euaecopadh yihedmasippgssnt and
nment s. Fi gure

i ke referenc nuner,al signate |jke, structural el 12
! Shovk a s, {GPATE e T oo upke't ut e sing gt 1 Bieomp A9 gor e
2 shows adedvaings, Wustia@ite BYwaNof dafipl 848 pPRtRANDfhSHballAat e and edge
wheel . [14] Figure 3 shows a cross section view of an exenplary edge wheel

assenbly. 15 [15] Figure 4 shows a top view of the exenplary edge wheel

assenbly of Figure 3. pRIBF PESEREPTIONOWE 1BHETRAWREESON Vi ew of anot her
exenpl ary edge wheel asSSénbly. DETAILCED DESCRIPTION"OF THE PREFERRED

EMBODI MENTS [17] Figure | shows an exenplary |ayout of substrate processing
devi ce 5. [Bubstihgtwesend inentips kvigh hpadadityduidersiopp bt e fojloming dedied wheel s

12, 14, i LRg - . edge wheels 12 and two no | e e wheel s
T Edge WpePaOf ool it SneHRe Atk BR0rhEE T B o e
16 whelh subsitradd desibfafedikegadeadrdl Blemdnte apparatus. Loadi ng may be
performed by a robot (not shown) that positions substrate

[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 1 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



10 into place before novabl e edge wheel s 14 engages substrate 10. [18] Edge
wheels 12, 14 allow substrate 10 to rotate on its axis of symetry which is
25 perpendicular to the flat surfaces of the substrate. One or both fixed
edge wheels 12 nmy be provided with sonme rotational force, e.g., by a
friction wheel, belt drive or other 3 drive neans (not shown in Figure 1)
as woul d generally occur to those having skill in the art. Thus, edge

wheel s 12, intain,the .pgsiti f t 10 whi | | owi i.t
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bet ween substrate 10 and edge 5 wheel 14. Edge wheel 14 has a groove 13

formed i n AT 6UISELS it 1o wotaie en én evisydnlisyppating sustaigd@eondrbe its edgess
substrate 10. Meniscus 17 forned by liquid is shown by way of exanple as
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both the te and e wheel ar drophi.lic, However, it is also
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ot her chem cal used in processing substrates. [20] A plurality of Tadial
channel s E8ample Pohsiigilqoated asdgeinigitaet of sulstratntd wyd cdpevahgelf o mhgrasove 13.

Radi al ch%gﬁl? 11,451 Yh.d GOl i | L.th .a vacuum. source or a
fluid suppl yetlgus)%&gﬁ%\%ﬁ d%ﬁLéw&g‘?‘eﬂ?@wﬂﬁ@ﬁ&ﬁ%t it l?és az%’pﬁ Olsglgfettgatroélm al
channel 18nc anyeithauifdubdtraid€0 iand edfaotcllelmperydseislic. atle liQiantyasdoe wheel
14 wil| be 15 renpved. Al four edge wheels 12, 14, may be provided with
r adi al'¥ ch&FARINE $QIULOR [insHig 485RE OF egﬂﬁécmnlé%i%- QY TaeessILy SHeSjIBEsSwet t ed by
supplying fluid to radial channel 18. [21 uF‘i?é;gre 3 shows an exenpl ary
edge wheel?Ussdénblyalgy. ofpagial \dhernels 48 are faued éuotaslea whgspdrt cending by a
shaft 20 gug " g 1S f to rotate. .20 Edge wheel 14 and
shaft 20 SHEd R elolGe TSR Hanh s R PhPumGRobi Pl Siauhn be
seen. Spesdfrccal hyfluid kabply2@ot skdwitles Fapurand) alviehanoedn exkgnding rhdiam a top
end 32 to . .
channel 18, any liquid at the interface between substrate 10 and edge wheel 14 will be
16 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



a transverse channel 27. Transverse channel 27 periodically aligns with
each of radial channels 18 which are forned radially into edge wheel 14.
Any nunber of transverse channels may be forned into edge wheel and shaft
20 so long as the strength is not 25 unduly conprom sed. In one enbodi nent,
one transverse channel is forned into shaft 20 and six radial channels are
formed in edge wheel 14 as shown in phantomin Figure 4. The term "radi al
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wheel 14 tg rotate on shaft 20. For exaérrgl bearings 24 may be nade of
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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 [ine 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, ete., to

provide communication between axial channel 26 and a vacuum source 50.

[25] Ina 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 1s 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 11 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.



sone other fluid |line engagi ng nmeans such as clanps, friction teeth,

ni pple, etc., to provide comrunication 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. Sone fluid
may adhere at edge 11. To renove this fluid, suction is applied to suction
line 52 which is in at least periodic fluid communication wth each radi al

channel 1 nd therefore interface 15. Suction draws out any fluid at
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t hrough-hol e 46. An annul ar space 54 is fornmed between a cavity in edge
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retains cover 45 on ed%e4 wheel 12, and nay be separated erefromby a
t
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groove 42 10 {hereby turning shaft 40 on a pin (not shown) that passes
through a¥i2grar Hrawgrd Aoy 42aemaighaftionsyi 4 verysaisaralicdehiaat §oterlaee wheel
12 by ”ecg&ﬂ'ﬁ'la‘}%ba&;eﬁpﬁra ﬁ‘g'ﬂglserééﬁumpfﬁltgmﬁ(/eiy, 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.



means. Alternatively, shaft 46 and edge wheel 12 may be integrally formed
of a single material. T-shaped cover 45 renmains stationary. A vacuumis
applied at port 56 to place annular space 54 in a partial vacuum
Alternatively, a fluid may be supplied to annul ar 15 space 54 via port 56.
Annul ar 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 nechanismis shown, it should be apparent that any
known drive nmeans could be used to inpart rotation to edge wheel 12.

Furt hernore, novable edge wheels 14 could be integrated with a drive
means. 20 [30] Although the foregoi ngyisjygti on has been described in sonme
detail for purposes of clarity of unhdérstanding, it will be apparent that
certain changes and nodifications nmay be practiced within the scope of the

appended cl ai nms. Accprdin t he present. mbodi nents are to be considered
as illustrati 321 “and &eﬂ?(gfs%& Pk%CFW&g %‘r’%ﬂ&lf%@lﬁpﬁgéﬁs’!ﬁ(@% PCEPHEE to be
linited to the rdetiahdls @ippeRinpedati Subshie vyRY Hﬂalﬁ?dﬂﬁe@%@' whictlB] éhchh@gscope
and 25 equivalents of the appended cl ai ns. g CLAIMS I. A nethod for
processi ngvise! Badng ko sepedatsiforeiricy tehpreasengn cdgorasiidrabsivate gaper ti ng
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groove at 1ts periphety that engages an edge sal d°substrate; “edc edge
wheel bei ng igldxowede diombat @lseidadge healx bsinghatrBlRywigdel;owi ng said substrate
torotate on its axis, one or nore of said edge wheels being a drive
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one of said edge eels, sal rying conprising supplying a vacuumto said
i nt er f ace s#idalrsiagdonadisalg sipatuied 8 vabuummed shid imsdrficatvid ead radadechafingdsai d

Zggg mgg:finne%mlaqg a?ﬁatagoo%e%ffsaﬁldaeldgg \]irhee S.er ein said at least one of said

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.



rotates on a shaft conprising an internal channel in fluid comunication
with said radial channels and a port at one end of said shaft, said drying
conprising applying a vacuumto said port in said shaft. 3. The nethod of
claim1l1, wherein said drive wheel further conprises an annular chanber and
a cover enclosing said annular chanber, said cover conprises 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 annul ar chanber
being in fluid comunication with said radial channels and said port, said
drying conprisihg aplp pichydeoiveleinurh rdiesan daigohriveomheifartiswempriges The

nmet hod of i wagurther ¢ riskng rotating said substrate,b | yi ng
rotational lﬁ*%& E:gi’iela‘;ts%ldgi gH}% fo\cggpovr\}ﬁgléqr& FPRPHISER %pp[lg{qgorg %Jagllon df 3?%%}:,’16%% rein
sai d dri vecouplelto faid phiegy. conprises a pulley and said applying rotational

force conprises applying rotation to a flexible belt coupled to said
pulley. 6. The nmethod of claim 11, wherein rotationally supporting said

substrate ~COMRYI SeSTIRORMCAN iR IwBAeh lraftlafly WUBSAEAL RaR0RN ARkt WO
stationary ones of said edge eel s’ and "‘engagl ng {vio vable ones of said
edge wheel®mpgaenpesiSaiiog eddedgé of saiddsubuibst raghigst vo Aati@iahp dné06f said

pr ocessi ng .of i sk-shaped substrate conprising: rotationally supparting
Sai d substig? &%@S&%PH& g W%fn%@ds o] ¥l g wherde e PP G an
groove at shidsup@rdt@hery that engages an edge of said substrate, each edge
wheel being allowed to rotate on its axis thereby allow ng said substrate
to rotate on its axis, one or nore of said edge wheels being a drive
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of said edge wheglisnally 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 whee] being allowed to rotate on its axis thereby allowing said substrate to rotate
on ifs 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.



said wetting conprising supplying a liquid to said interface via radi al
channels forned in said at | east one of said edge wheels. 8. The nethod of
claim7, wherein said one of said edge wheels rotates on a shaft
conprising an internal channel in fluid comunication with said radi al
channels and a port at one end of said shaft, said wetting conprising
supplying fluid to said port in said shaft. 9. The nmethod of claim7,
wherein said drive wheel further conprises an annular chanber and a cover
encl osing said annul ar chanber, said cover conprises a port and is seal ed
to said one edge wheel, said cover further being allowed by said sealing
to rotate wth mesp _ i \ sal nnul ar r,.being
in fluid com’rulr(l)i('a cat?ﬁ%nﬁl\%ht% ﬁ (gal&gl%} gglgg’fh\ggﬁcgiﬁlﬁél?@ggrﬁgatlsﬂgi %ldpg‘%%%allj

wet ting coepphvirgestatengdbydeng sdill dirigle txheslai d port on said cover. 8 10. The
met hod of claim9 further conprising rotating said substrate by applying
rotational force to said drive wheel. 11. The nmethod of claim 10 wherein
said drive wheql furiiahefONREIcRER ) WhHILY,A0hE alikARRING RO ALAL ) Onal
force conprises applying rotation to a eX|% e Belt couple tg said

pul | ey. 12ullghendresithepplyigaboitional, fordeeromipmiseobmiliiopablaios tppdlekitigbdai d
substratecogﬂqgkjsqi ﬁg§itioning sai d edge of said substrate against two
stationary &3 oF SR y'pIuraIity of edge wheel s and engagi ng two novabl e
ones of said edge wheels against said edge of said substrate. 9

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.



