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PCT/ US98/ 15238 TI TLE OF THE | N\/El\rl'l O\I DRI VE ASSEMBLY FCR A WORKPI ECE .
PROCESS| NG $x9iobéos8 BACKGROUND OF THE | NVENTI ON 10 Thi s i eEmsysss2isel at es
to an apparatus for processing mcroel ectronic workpieces, such as

sem conductor m croel ectronic workpi eces or glass photomask plates. Mre
particularly, the invention is directed to a direct drive notor assenbly
for a mcroel ectroni c workpi ece processing systemthat inproves 15 the
wor kpi ece processing yield. In the production of integrated circuits and
ot her m croel ectroni c conponents, TEFLEOEIMEE BIVENTION wor kpi eces, such as
sem conductor wafers or substrates fromwhich the circuits are cut are

processed t hrough nultiglne steps. The basic material for the workpiece
substrates may be sili cORIVEASTEMBLY,FOR: A WQRKPIECE PROCESSING SYSTEM

5

BACKGROUND OF THE INVENTION
0 This invention reiates to an apparatus for pmcmmg microelectronic
workpieces, such as semiconductor microelectronic workpieces or glass
photomask plates. More particularly; the invention is directed to a direct drive
motor assembly for a microelectronic workpiece processing system that improves
15  the workpiece processing yield.

In the production of  integrated circuits and other microelectronic
components, the microelectronic workpieces, such as semiconductor wafers or
substrates from which the circuits are cut are processed through multiple steps.
The basic material for the workpie.ce substrates may be silicon, glass, or ceramic

20 materials of various sorts of other similar materials of very thin wafer-like
configuration. This basic substrate is subjected to coating, etching, and cleaning
processes and it is extremely important that each processing step is performed
with the greatest possible yield thereby lowering production costs.

Semiconductor wafers and glass photomask plates have been processed by

25 ’spinning them about a vertical axis where the wafers or masks are stacked

vertically as described in U.S. Pat. No. 3,760,822 with various holding

mechanisms such as vacuum chucks. This has led to further disadvantages where
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20 materials of various sorts or other simlar materials of very thin
waf er-1like configuration. This basic substrate is subjected to coating,
etching, and cleaning processes and it is extrenely inportant that each
processi ng SYEPP®performed with the greatest possible yPEFWSIASBLy

| owering production costs. Semi conductor wafers and gl ass phot omask pl ates
have been processed by 25 spinning them about a vertical axis where the
waf ers or masks are stacked vertically as ed&scribed in U S. Pat. No. _
3,760,822 with various hol ding mechani sms such as vacuum chucks. This has
led to further disadyantages ere WO 99/ 03608, . L.

PCT/ US98/ 15238 - -WP%%%?’EP" gr8sed myong sifiecat adime, withert assignifieantly ¢ i e

without a signifjgantly different processing rate, wherein the topside
processes at J a ; gén@s,smg Iate, V{l}ngxp the topsidiceJ processes at a much faster rate thgn

that of the underside.

Other processing devices such as described in U.S. Pat. No. 3,970.471,
5  process each wafer individually. Although the wafer is rotated about a horizontal
axis, such a device can only process a single wafer at each station which may be
expensive and time consuming.
To eliminate many of the problems noted above, the assignee of the
present iﬁvention developed a wafer processing system and set forth and claimed
10 the system in U.S. Patent No. 4,300,581, titled “Centrifugal Wafer Processor”,
issued November 17, 1981. The inventidn set forth therein permits the
processing of a plurality of wafers at the same time in a carrier. In accordance
with that invention, microelectronic workpieces, such as semiconductor wafers or
glass photomask plates, are processed by inserting into them into the carrier and
15  placing the carmier in a rotor, whxch rotates around a substantially horizontal axis.
Various fluids may be applied to the .§v<;rkpieces uniformly through the spray
nozil&e while the workpieces are being rotated.
The foregoing system includes built-in shock absorbers that extend
vertically ﬁ'om a frame that supports a bowl into which the carrier is inserted.
20  The shock absorbers assist in reducing the transfer of vibrational energy to the
carrier. The reduction of vibration energy transfer facilitates a greater processing

yield since the workpieces are not subject to damaging mechanical stresses and
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that of the underside. O her processing-.devices such as described in U S.
Pat. No. 3,970,471, 5 process each wafer individually. Al though the wafer
is rotated aWOWNOIOhori zontal axis, such a device can onl yperrussas2sa si ngl e
waf er at -each station which may be expensive and time consunming. To
elimnate many of the problens noted above, the assignee of the present
invention devel oped a wafer processing systeuand set forth and clainmed 10
the systemin U S. Patent No. 4,300,581, titled "Centrifugal Wafer
Processor”, issued Novenber 17, 1981. The invention set forth therein
pernits the procstensngThef prasept invertorsyhaoé revagmizesl & fortHee nsapA® ihi which fo a
carrier. In accordance with that invention, mcroel ectronic workpieces,
such as sem condreducerthewibetion energy ramfep nsing aalidsctrive @fotortdssenibly Gavised by
inserting into theminto the carrier and 15 placing the carrier in a
rotor, which rot etes nmroshock sbserbligisttidtings Assodiféd thevdwah, axi s. Various fluids
may be applied to the workpieces uniformy through the spray nozzles while

the workpi eces are beA stijl fopthertpeéblem present in the prior apparatus is the sealing of the
5 motor to isolate it from exposure to materials, such as processing fluids. The
present inventors have provided. a unique solution to this problem by providing

an aggressive seal about the rotor of the motor.



The foregoing systemincludes built-in shock absorbers that extend
vertically froma frame that supports a bow*into which the carrier is

i nserted. 2 The shock absorbers assist in reducing the transfer of

vi brati onal ¥hE®8Mto the carrier. The reduction of vi br atRGASEHERSS,
transfer facilitates a greater processing yield since the workpi eces are
not subject to damagi ng nechani cal stresses and WO 99/ 03608 -3- strains.
The present inventors have recogni zed a fur#ker manner in which to reduce
the vibration energy transfer using a direct drive notor assenbly having
one or nore shock absorbing U ssociated therewith. A stil
further problempresent in b%bghﬁéﬁgéiﬁﬁﬂgIN¥FPHEO§%a|ing of the 5
notor to isolate it L£on1e§gpﬁgre to materials, such—asprocessing fluids.
The apparatus T processing a mlcroeiectromc workplece, such as a

semiconductor wafer, is set forth. The apparatus comprises a processing bowl
that defines a processing chamber. The processing bowl is in fixed alignment
S with a frame. A workpiece support structure adapted to support at least one
workpiece is mounted for rotation within the processing chamber. A motor drive
assembly is disposed exterior to the processing chamber and connected to rotate
the workpieée support. The motor drive assembly includes an electricglly driven
motor and at least one shock-absorbing member comnected between the
10  electrically driven motor and the frame. The electrically driven motor preferably
includes a rotor shaft that rotates about an axis of rotation. The shock absorbing
" member is adapted to elastically deform in - substantially all directions -
perpendicular to the axis of rotation of the rotor shaft.
In accordance with a further, independently unique aspect of the present
15  invention, an aggressive seal is provided to prevent materials, such as processing
fluids, from entering the motor in the region of the motor rotor. To this end,
expulsion threads are provided at an end of the rotor shaft of the motor. A
member substantially suzfounds the expulsion threads at the end of the rotor.
Together, the member defines a chamber with the rotof. Rotation of the rotor and

20 threads assist in preventing forei_gn materials from entering the motor.
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present inventors have provided a unique solution to this probl em by ,
provi di ng an aggressive seal about the rotor of the notor. WO 99/ 03608
PCT/ US98/ 152%9Q 99/8360BR| EF SUMVARY OF THE | NVENTI ON An appar etwesésns2ss
processing a mcroel ectroni c workpi ece;, such as a sem conductor wafer, is
set forth. The apparatus conprises a processing bow that defines a
processi ng chanber. The processing bow is +#-fixed alignnment 5 wth a
frame. A workpiece support structure adapted to support at |east one

wor kpi ece is nounted for rotation within the processing chanber. A notor
drive assenbly is disposed exteri oBRIEFDES 'H@éOﬁ@T&mAbnd_ connect ed
to rotate the workpi ece support. The noYBWSIBFVHEDRAWINGS ncl udes an

electrically driven

FIG. 1 is a perspective view of one embodiment of a microelectronic
5 workpiece processing apparatus that may employ the motor mount and
aggressive seal of the present invention. |
FIG. 2 is a wafer carrier rotor assembly for use in the apparatus of FIG. 1 .
FIG. 3 is a perspective view of one embodiment of a bowl, motor
assembly, and frame used in the apparatus of FIG. 1.
1m0 FIG. 4 is an exploded view of the components of FIG. 3.
FIG. 5 is an exploded view of a-motor assembly constructed in accordance
with one embodiment of tﬁe present invention.
FIG. 6 is a side, cross-sectional view of a motor assembly constructed
using the components of FIG. 5.
15 FIGs. 7 and 8 illustrate one embodiment of a rotor shaft suitable for use in
the motor assembly of FIG. 6.
FIGS. 9 - 11 are various views of the shock absorbing assembly used in

the embodiment of the motor assembly shown in FIGs. 5 and 6.
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notor and at | east one shock-absorbi ng nmenber connected between the 10
electrically driven notor and the frame. The-electrically driven notor
preferably includes a rotor shaft that rotates about an axis of rotati.on.
The shock aS¥dPP¥M8 nenber is adapted to el astical |y def oPEF/USHS/15238
substantially all directions perpendicular to the axis of rotation of the
rotor shaft. In accordance with a further, independently unique aspect of
the present 15 invention, an aggressive sefr is provi ded to prevent
materials, such as processing fluids, fromentering the notor in the region

of the nmotor rotor. To thi 1 r W ded at an end
of the rotor shaft of the %@&@%@%ﬁ%ﬁ aﬁa 'y surrounds the
n

S

expul sion thread$ at,the. end qf ..the r.otor i nes a
chanber with the rot%??’ﬁé?g‘{’ﬁ%&% Y‘ﬁé"?%ﬁ%;r%%’g&g elrdergggﬁggsy t in
preventing foreian dBLer hdhSas Lplboadhéth Vet s htfated in FIG. 1. This

apparatus is merely one type of microelectronic workpiece processing apparatus

5  in which the direct motor drive of the present invention may be used. Another
similar processing apparatus that may employ the direct motor drive of the
present invention ié set forth in U.S. Patent No. 5,022,419, titled “Rinser Dryer
System”, issued June 11, 1991, and assigned to the assignee of the present
invention. The teachings of both the ‘581 and ‘419 patent are incorporated by '

10  reference.
The exemplary apparétus 10, as shown in FIG. 1. has a somewhat
=~ rectangular outer configuration and a front opeﬂing. This style of apparatus is
sometimes referred to as a front-loading processor, indicative of the manner in
which semiconductor wafers are placed into the apparatus. The apparatus 10
15 includes a frame and cabinet assembly, showﬁ generally at 11, which houses a
stationary bowl 12 with a ﬁ'opt opening 13. A hinged door 14 on the frame is
arranged to seal with respect to a bowl opening 13 so that the bowl and door
provide an enclosed pfocessing chamber. Bowl 12 is prefel;ab]y constructed of
corrosion and solvent resistant material such as stainless steel, and is cylindrically
20 shaped with a drain .at'the bottom for removal of processing fluids during the

processing cycles.

A carrier rotor 15 is concentrically arranged within bowl 12. The carrier
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PCT/ US98/ 15238 -5 - BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NGS
FIG 1 is aWepupestive view of one enbodi nent of a m crochcarsoemsss 5
wor kpi ece processing apparatus that may enpl oy the notor nount and
aggressi ve seal of the present invention. FIG 2 i's a wafer carrier rotor
assenbly for use in the apparatus of FIG 3%7-FIG 3 is a perspective view
of one enbodi ment of a bowl, notor assenbly, and frame used in the

apparatus of FIG 1, 10 . FIG 4 is an exploded view of_ the.
component s of FI@'QPIWP@W@%%%I%HW‘S&%P%Hds&PPﬂﬂ%‘?gésssg%F‘y
constructed in accordance with one enbodi nent of the present jnvention.

FIG 6 is a sidaotopldissuppetsdoywishin powl, 12 forrotation about adeistion a¥is &P & ed

using the corrporignts of FIG 5.
: OWN manner.

FIG. 3 shows the principal operational components of tl-xe upper section 30
5  of the apparatus 10 with various cabinet panels remove. As shown, the carrier
rotor 15 is either directly or indirectly coupled to an electrically driven motor
assembly 21 that has a rotor shaft having an axis of rotation 31 coinciding with’
the axis of rotation 29 of carrier fotor 15 when the apparatus is assembled. Tﬁe
motor assembly 21 provides a conhbiled rotational driving of carrier rotor 15

10  within bowl 12.-

As illustrated in FIGs 3 and 4, Bowl 12 is stationary and is connected to
frame 50. In some systems, the frame 50 may be vibrationally supported by
shock absorbers 17 (FIG. 1) within _cabinet 55. The bowl 12 is provided with a
plurality of spray members 33 that are disposed above and parallel to support

15 members 26 of carrier rotor 15 to direct processing fluids toward wafers
supported in tﬁe processing chamber by the carrier 38. Support member 26 and
-support rod 28 are coupled to support ring 25 as shown in FIG. 2, providing the
outer support for. carrier 38.

Frame 50 inclpdés a front end 60 having a cutout 65 with attaching lugs

20 70 for securement with the bowl 12. The frame 50 further includes a motor
support sub-frame 75 that is shaped to ‘accept the electrically driven motor

_assembly 21. The motor support sub-frame 75 includes lugs 80 that provide



15 FIGs. 7 and 8 illustrate one enmbodi nent of a rotor shaft
suitable for use in the notor assenbly-of FIG 6. FIGS. 9 - 11 are various .

views of th absorbi ng assenbly used in the enbodi nent of the notor
assenbl y shm&l%%&ﬁl Gs. 5 and 6.  -WD 99/ 03608 PCT/US98/15238

PCT/ US98/ 15238 - 6- DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring now to

the draw ngs, an exenplary apparatus 10 for sprocessi ng wor kpi eces, such as
sem conductor wafers, is illustrated in FIG 1. This apparatus is nerely
one type of mcroel ectronic workpi ece processing apparatus 5 in which the

e o aponyS8ng b BEn i S L Bl I Y8Rttty | o
and concave cutout sections 90 that allow portions of the motor assembly 21 to fit
within frame 50.

FIG. 5 illustrates an explode.,d'view of various individual components of

5 the motor assembly 21 while FIG. 6 illustrates a cross-sectional view of the
assembled motor assembly 21. As illustrated, the motor assembly 21 comprises a
motor rotor assembly 95 and a motor sfator assembly 100. The motor rotor
assembly 95 includes a central rotor shaft 105 having a proximal end 110_ for
either direct or indirect connection with the carrier rotor 15. Expulsion threads

10 115 are provided at an exterior surface of the rotor shaft 105 at the proximal end
110, A refaining member 120 made, for example, from stainless steel, is

- disposed over the proximal end of shaft 105 and seals with the otherwise exposed
end portion of rotor assembly 95. The member 126 forms a close fit to the
outside diameter of expulsion threads 115. Preferably, no direct contact is made

15 between the expulsion threads 115 and member 120. The inner surface of
member 120 forms a chamber with the proximal end of shaft 105.. . During
operation, the rotational movement of shaft 105 and expulsion threads 115 urges

any processing liquids proximate shaft 105 away from the motor assembly and

back into the bowl 12. Further déta_ils concerning the particular embodiment of

20 the central rotating.shaft 105 used here are apparent from the views thercof in

FIGs. 7 and 8.

The motor rotor assembly 95 is disposed in a central opening of stator



present invention is set forth in-U S. Patent No. 5,022,419, titled "Rinser
Dryer Systeni, issued June 11, 1991, and assigned to the assignee of the
present i nveyddesThe teachings of both the '581 and ' 41PCraisesits23s e
i ncorporated by 10 reference. The exenpl ary apparatus 10, as shown in FIG
1. has a sonewhat rectangul ar outer configuration and a front opening. This
style of apparatus is sonetines referred tagas a front-I|oadi ng processor,
i ndicative of the manner in which sem conductor wafers are placed into the
apparatus. The apparatus 10 15 includes a franme and cabi net assenbly,
shown general |y gssenibly 10thandthasimfiange 125 sttitstpraximaliend that engagesiand isseduresh
opening 13. A hinged door 14 on the frame is arranged to seal with respect
to a bow openi ng doastingfate 130coflthe\btatan dssemnbly 1000VItdadistal end 36 26 dhe
processi ng chanber. Bow 12 is preferably constructed of corrosion and
sol vent resi st angotoRiretor sssershly 195 axtepdsobeyond thestistall endaofithe statorlassedhblycal |y 20
shaped with a drain at the bottom for renoval of processing fluids during
t he processi ng cyoot9%ngage an end plate 140.
5 During operation of the apparatus 10, vibrational energy is generated. The
vibrational energy may be generated external to apparatus 10 and transferred to
carrier 15 and wafers 150 and, further, may be generated internally due, for
example, to imbalance in the rotating members in the bowl 12. This vibrational
energy may damage the wafers 150 in the carrier rotor 15 if precautions are not
10  made to limit the transfer of this energy to the wafers 150. To this end, the motor
assembly 21 is provided with shock absorbing members 155 disposed at both the
proximal and distal ends of the motor assembly 21. These shock absorbing
members 155, as best illustrated in FIGs. 3 and 4, are used to mount the motor
assembly 21 to the frame 50 of the processing apparatus 10 thereby assisting in
15  preventing the motor assembly 21 from transferring vibrational energy to the
carrier rotor 15 and wafers 150 and, further, allowing receipt of vibrational
energy from the frame 50. Such isolation limits the amount of vibrational energy
that is ultimately absorbed by the carrier rotor 15 and wafers 150.
As illustrated in FIGs. 9 - 11, the shock absorbing members 155 are
20 comprised of three parts: the outer flange member 85, a shock absorbing web

170, and a motor mount member 175. The outer flange member 85 includes a

central aperture 180 and oppositely extending mounting ears 185. Each



A carrier rotor 15 is concentrically arranged within bow 12. The carrier
WD 99/ 03608 . . PCT/ US98/ 15238
-7- rotor includes support nenbers 26, support rod 28, and support ring 25.
Carrier rotoWOP803688 supported within. bow 12 for rotation mbowksaszstati on
axis'29 in a known manner. FIG 3 shows the principal operational
conponents of the upper section 30 5 of the apparatus 10 with vari ous
cabi net panels renmove. As shown, the carrielOrotor 15 is either directly or -
indirectly coupled to an electrically driven notor assenbly 21 that has a

rotor shaft having an axisigf. rofation 31 c ing‘irdi ng, with the axis_of
rotation 29 of tog ¢ap 8y maeludes An pperture, T cPRing a Spprerpent Mee ot or

assenbly 21 provides a cqgntroll ed tatiqgnal driving of carrier-+0tor 15
y p. secur?ng the flange member 5? to e%'ame 50. The miotor mount member 175

of the illustrated embodiment is generally circular in shape and has a plurality of

apertures disposed about the circumference thereof to accept securements

5 therethrough for securing the motor mount member 175 to the face of stator

housing 100 and flange 125 of the rotor assembly 95. The motor mount member

175 has an outside diameter thatis a prﬁmed degree smaller than the inside

diameter of the central aperture 180 of the outer flange member 85. The

difference in diameters allows the outer flange member 85 and the motor mount

10  member 175 to be mounted concentric with one another with the shock absorbing
web 170 extending about and, preferably, consuming the interstitial regions .
between them. In the illustrated embodiment, the shock absorbing member 155

is ultimately mounted about the stator housing 130 and rotor assembly 95 so that

the centers of the apertures of both the outer ﬂahge member 85 and motor mount

15 175 are coincident with the axis of rotation 31 of the rotor shaft 105. It will be

recognized that such shapes and the concentricity discussed here merely

exemplify one en.1bodiment of the motor assembly.

With particular reference to FIG. -11," it can be seen that the shock

absorbing web 170 includes an outer peripheral llip 200 that engages and secures

20 with the outer flange member 85 and an interior lip 205 that engages and secures

with the motor mount member 17 5 An intermediate arched section 210 extends

circumferentially about the shock absorbing web 170 in the region between the



10 within bow 12. As illustrated-in FIGs. 3 and 4, bow 12 is stationary
and is connected to frane 50. In sonme systens, the frame 50 nay be . -

vi br ati onal shpported by shock absorbers 17 (FIG 1) w g.b,% jjaet 55.
The -bow 12¢v¥’§§ é\ii ded with a plurality of spray manbersrp F%Z‘tgmre )

di sposed above and parallel to support 15 menbers 26 of carrier rotor 15
to direct processing fluids.toward wafers-gupported in the processing
chanber by the carrier 38. Support nenber 26 and support rod 28 are coupl ed
t.o support ring 25 as shown in FIG .2, providing the outer support for
carrier 38. Fr aenterperipheedl lin280 and the interion ip 365.hThe sheckahsorbing wes1 1 if h
attaching lugs 20 70 for securenent wth the bow 12. The frane 50

further includepreferablyt miade fropoetresilignt fzterial, 7ech ragturpthaneh thet sap #b3Rept t he

electrically driven notor assenbly 21. The notor support sub-frame 75
i ncl udes | ugs 8énergyathroughy deformation when subjected to vibrational forces and yet

consistently return to its normal shape upon removal of the forces. The particular
5 configuration illustrated here can elastically deform to some degree in directions
such as 220 and 225 that are generally p;rallel to the axis of rotation 31 of the
rotor shaft 105. However, sigﬁiﬁcant ela_st-ic deformation occurs along directions,
as at 230 and 235, that are generally perpendicular to the axis of rotation 3 1. As
such, tile shock abs;arbing web 170. effectively isolates the outer flange member
10 85 and frame 50 from the motor mount member 175, stator assembly 100, and
rotor assembly 95 by elastically deforming in response to vibrational forces along
and perpendicular to the axis of rotation 31. Such isolation reduces the amount of
potentially damaging mechanical energy that ultimately reaches the wafers 150.
Wafer processing yields are thus increased, thereby making use of the present
15 invention.very economical and beneficial.

In operation of the apparatus 10, semiconductor wafers in carrier 38 are

placed in support members 26 of carrier rotor 15 as shown in FIG. 2. Supportrod
28, as shown in FIG. 2, retains the semiconductor wafers in carrier 38 when
carrier rotor 15 is revolving at relatively low RPM's. As the spe;ed of rotation of
20 carﬁcr rotor 15 mcreases, the semiconductor wafers 150 are held in place by
centrifugal force. The semiconductor wafers 150 are processed by the application

of various fluids through spray members 33. Carrier rotor 15 Totates substantially



WO 99/ 03608 PCT/ US98/ 15238
-8 - neans for securenent with outer fiange nenbers 85 of the notor
assenbly 21 and concave cutout sections 90 that allow portions of the m)tor
assenbly 21WP8¥38 within frame 50..FIG 5 illustrates anPE¥PPBEER vi ew of
various individual conponents of 5 the notor assenbly 21 while FIG 6
Illustrates a cross-sectional view of the assenbl ed notor assenbly 21. As
illustrated, the notor assenbly 21 conprisé3-a notor rotor assenbly 95 and -
a notor stator assenbly 100. The notor rotor assenbly 95 includes a central

et R L B e et St

provided ot ﬁf‘r@ﬂ%ﬁ!ﬁéfgfw Ut Sk £ el )

di sposed over thg RLRXe a,s;'gfgmsoﬂaéég%gg 1S5RS e bR i e
prevent the semiconductor wafers from contacting each other during processing.

5 If the semiconductor wafers or masks contact each other during processing, a
surface tension may be formed which would prevent processing of the
semiconductor wafers or masks in the area of contact resulting in a lower yield.

In the preferred embodiment shown here, the angle of the axis of rc-station is more
or less 10 degrees above horizontal. This adds to the ease of loading of the
10  semiconductor wafers and as a result of the angle, carrier 38 easily slides into
© . support members 26 without the requirement of a retaining-' device to prohibit
~carrier 38 from falling out of apparatus 10.

The high rate rotation of the semiconductor wafers by carrier rotor 15
allows the pressure of the processing fluids applied by spray members 33 to be
15 low and therefore saving extensive costs in the elimination of high pressure
equipment. | Spray members 33 in the preferred embddiment separately carry the
processing ﬂuids and, further, the heated nitrogen used during drying to permit

safe optimum performance.
During operation, the semiconductor wafer may be observed through
20  optional window 18 of door 14. During the processing steps, excepting that with
nitrogen, air is brought in thi'ough a vent iﬂ bowl 12, providing more efficient

evacuation of the processing fluids through the drain. Apparatus 10 will not



end portion of rotor assenbly 95. The nmenber 120 forns a close fit to the
outsi-de di aneter of expulsion threads 115. Preferably, no direct contact is
made 15 beW@¥P36bthe expul sion threads 115 and menber 120PCTAIs9si1szIer
surface of nenber 120 forns a-chanber with the proximal end of shaft 105.
During operation, the rotational” novenent of shaft 105 and expul sion.

t hreads 115 urges any processing liquids pteximate shaft 105 away fromthe
not or assenbly and back into the bow 12. Further details concerning the
particul ar enbodi nent of 20 the central rotating shaft 105 used here are
apparent from t heperatecomsil tibarrldds closedrain@docked withl 1dtkingrevito #2r Althéugh messenbl y
95 is disposed in a central opening of stator WO 99/ 03608

PCT/ US98/ 15238 -ghrticularly pertinent to the present invention, alternative door assemblies may be

used.
Various user interfaces are used to facilitate user control of parameters
5  such as timing of various processing and rinsing steps, temperatures at which
such processing steps are to take place, speeds at which the semiconductor wafers
are rotated, etc. Such controls, however, are likewise not particularly pertinent to
the present invention.
Numerous modiﬁcation's may be made to the foregoing system without
10  departing from the Basic teachings thereoii Although the present invention has
" been described -ixi substantial detail with reference to one or more specific
embodimenté, those of skill in the art will recognize that changes may be made -
thereto without departing from the scope and spirit of the invention as set forth in

the appended claims.



assenbly 100 and has a flange 125 at its proximal—end that engages and is
secured to a nounting face 130 of Hmlﬁm ly 100. The distal end
135 of the notor rotor assenbly 95 mmmg he distal. end of the
stator asseMPP to engage an endl pfatle ¥40s bHx DETTUSHS/HPBr at i on
of t'he apparatus 10, vibrational energy is generated. The vibrational
energy nmay be generated external to apparatus 10 and transferred to carrier
15 and wafers 150 and, further, may be genddated internally due, for
exanple, to inbalance in the rotating nenbers in the bow 12. This

vi brational energy may danmage the wafers jn the carrier rotor 15 if
precautions are not 10 made to limt th sfer of this energy to the
waf ers 150. To-this end, the notor assenbly 21 is provided with shock
absor bi ng nenbers 155 di sposed at both the proximal and distal ends of the

notor assenbly 21. These shock absorbing pgenbers 155, as best illustrated
in FIG. 3 and 4; ar‘g“ ﬁ@é’ﬁaﬁ{so}é’r’rBﬁ’r‘ffss’(nﬁé Wﬁ(’%&“&‘g’é‘éﬁ‘fﬂr@“}f’ &‘6 PPBAPS ane 50
of the processi ggm%?sgt?ﬁr'at us 10 thereby assisting in 15 preventing the
not or assenbly "transferring vibrational energy to the

5 a frame;
a processing bowl in fixed alignment with the frame, the processing
bowl defining a processing chamber; |
a microelectronic workpiece suppoft structure adapted to support at least
one microelectronic workpiece, the microelectronic workpiece
10 | support being mounted for rotati;m within the processing chamber;
a motor drive assembly disposed .exterior to the processing chamber and
connected to rotate the microelectronic workpiece support, the
motor drive assembly comprising .
an electrically driven motor, and
15 a shock absorbing member connected between the electrically

driven motor and the frame.

2. An apparatus as claimed in claim 1 wherein the electrically driven motor
includes a rotor shaft that rotates about an axis of rotation, the shock

20 absorbing member being adapted to elastically deform in substantially all
directions perpendicular to the axis of rotation of the rotor shaft in

response to vibrational forces having components perpendicular to the
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carrier rotor 15 and wafers 150 and ng receipt of
vi-brational energy fromthe frane SH“@B mHHﬁwﬂm limts the anpunt _of
vi brational WOSPPBI§ hat is ultimtely absa e car rPer/UssHsss 15 and
wafers 150." As illustrated in FIGs. 9 - ‘11, the shock absorbi ng nenbers 155
are 20 conprised of three parts: the outer fl ange nmenber 85, a shock
absorbi ng web 170, and a nmotor rnount nenberl3:75. The outer flange nember 85

i ncludes a central aperture 180 and oppositely extending nounting ears 185.
Each WD 99/ 03608

PCT/ US98/ 15238 - 10- ﬁ’ﬁﬁﬂﬂ"f’ﬁ}%ar 185 includes an aperture 190 for accepting
a securenent for securing the flange nenber 85 to the franme 50. The notor
nmount menber 175 of the illustrated enbodinent is generally circular in

shape and has a :{.)l ur 6}'\1; ép){)argzus as claimed in claim 2 wherein the shock absorbing member

comprises:

5 an outer mounting flange adapted to mount in fixed alignment with the
frame, the outer mounﬁné flange having a substanﬁally circular
aperture disposed therethrough, the substantially circular aperture
having an internal edge at a first ﬁm&a;

a motor mount adapted to mount to the electrically driven motor

10 substantially concentric with the axis of rotation of the rotor and

substantially concentric with the substantially circular aperture of

the outer mounting flange, the mofor mount having a substantially

circular peripheral edge &isposed at a second diameter that is a

predetermined degree smaller than the first diameter thereby

15 | forming an interstitial region between the peripheral edge of the
motor mount and the intemai edge of the outer mounting flange;

a shock absorbing web formed from a resilient material, the shock
absorbing web being disposed in the interstitial region and secured
with the motor mount and outer mounting flange.

20
4.  An apparatus as claimed in claim 3 wherein the shock absorbing web
comprises:
-
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apertures di sposed about the circunference-thereaf to accept securenents 5
t heret hrough for securing the not 175 to the face of stator
housi ng. 100 and fl ange 125 of theﬂ'mmmﬂiiFMI&S. The not or nount nenber
175 has an OIR¥B¥Bdiameter that is a preda d degr eBCEWEMNISI8t han t he
I nside dianmeter of the central aperture 180 of the outer flange nenber 85.
The difference in dianmeters allows the outer flange fenber 85 and the notor
mount 100 nenber 175 to be nounted conceni®tc with one another with the
shock absorbing web 170 extendi ng about and, preferably, consum ng the
interstitial regions _between them In the illustrated enbadi nent, the shock
absor bi ng menber 153%eEeHPL WW?@&F\‘E“&?"& ¢ infqrior ‘fgﬁt"g O8I ng 130 and
rotor assenbly 95 so thah the centers of the apertures of both the outer

fl ange nmenber 85 and not ﬁ‘rﬂt?m%“% 175 are coincident with the axis of
rotation 31 of the rotqr.shaft 105. Lt w Il be recognized that such shapes
and the concentri ci (3 YFE Mﬂ?@?@éwwtgﬁ‘rﬂfm’ Gﬁ%e‘élh di ment of the
not or assenbly. Wth particular reference to FIG 11, it can be seen that

t he shock motor mount; and -

5 an arched portion standing between the exterior lip and the interior lip.

S. An apparatus as claimed in claim 4 wherein the exterior lip, interior lip,

and arched portion are formed as a single integral piece.

10 6. An apparatus for processing a microelectronic workpiece, the apparatus
. comprising:
a frame;

a processing bowl in fixed alignment with the frame, the processing
bow] defining a processing chamber;

15 a microelectronic workpiece support structure adapted to support at least
one microelectronic workpiece, the  microelectronic ~ workpiece
support being mounted for rotation within the processing chamber
about an axis of rotation, the axis of rotation being generally
horizontal;

20 a motor drive assembly disposed exterior to the processing chamber and
connected to rotate the microelectronic workpiece support about
the axis of rotation,

-
This Sheet Has Been

L e

REPLACED




secures 20 with the outer flarﬁ“‘ an interior lip 205 that
engages and weeouwmes W th the not 75. An | rRGU/GRIYLRBR® arched
section 210 extends circunferentially about the shock absorbing web 170 in
t he regi on between the WD 99/ 03608

PCT/ US98/ 15238 outer peripheral lip 200 andy¢he interior |lip 205. The shock
absorbing web 170 is preferably nade froma resilient material, such as
urethane, that can absorb energy through deformation when subj ect ed to

vi brational forces and yeahe motwsdritecsicmbly @impiising0 i t s normal shape upon
renoval of the forces. The particular 5 conf.iguration illustrated here
can el astically deform t oas eleetridsify deven'moiof davihg uS raieiCshafiSconnéttedntb 225
that are generally parallel to the axis of rotation 31 of the rotor shaft

105. However, significant el asjotatabtiefdeivetthe Ofiicfselddtronic| Wokpidts alpponS,

absor bi ng web 170 incl udes an outer heﬂDjU“r 200 that engages and

structure, the rotor shaft having an axis of rotation that is
5 substantially co-linear with the axis of rotation of the
microelectronic workpiece support, the electrically driven
motor further having a _ﬁrst. end proximate the
microelectronic workpiece support member and a second
end distal the microelectronic workpiece support member,
10 a shock absorbing member connected between the first end of the
elect:icaﬂy driven motor and the frame, the _shock
absorbing member being adapted to elastically deform in
substantially all directions perpendicular to the axis of
rotation of the rotor shaft in response to vibrational forces

15 havmg components in said directions.

7. An apparatus as claimed in claim 6 and further comprising a further shock
absotbing member connected between the second end of the electrically
driven motor and the framé, the further shock absorbing member being

20 adapted to elastically dg.form in substantially all directions perpendicular
to the axis of rotation of the rotor shaft in response to vibrational forces

having components in said directions.
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as at 230 and 235, that are icular to the axis of rotation

3 1. As such, the shock absor bi ively isolates the outer
fl ange nmenber 10 85 and franeU u IL m'gr nmount menber 175, st.ator
assenbly 10WO9%/pa$0& ot or assemnbl Y N Iy defor nPEEUPN1FB8 ponse to

vi brational forces along and perpendicular to the axis of rotation 31. Such
i sol ation reduces the anount of potentially damagi ng nechani cal energy that
ultimately reaches the wafers 150. Wafer prigcessing yields are thus

i ncreased, thereby making use of the present 15 invention very econom cal
and beneficial. In operation of the apparatus 10, sem conductor wafers in
carrier 38 are placed in support nenbers 26 of carrier rotor 15 as shown in
FI.G 2. Support rod 28, as shown in FIG 2, retains the sem eonductor
wafers in carri & 3sAnApnIratusrasclaimedsinelaim® whereinthy shogk)absorbing membes| y | ow
RPM's. As the speed of rotation of 20 carrier rotor 15 increases, the
sem conduct or waf er sconi@ise e held in place by centrifugal force. The

sem conductor wafers 150 are processed by the application of various fluids
t hrough spray menberan qRger moxmtpngdlangeadspted & mound inefixad sligaraent with|the

5  frame, the outer mounting flange having a substantially circular -
aperture disposed therethrough, the substantially circular aperture
having an internal edge at a first diameter;

a motor mount adapted to mount to the first end of the electrically driven
motor substantially concentric with the axis of rotation of the rotor

10 and substantially concentric with the substantially circular aperture
of the outer mounting flange, the motor mount having a
substantially circular peripheral edge disposed at a second diameter
that is a predetermined degree smaller than the first diameter
thereby formiﬁg an interstitial region between the peripheral edge

15 of the motor mount ;\nd the internal edge of the outer mounting
flange;

a shock absorbing web formed from a resilient material, the shock
absorbing web being disposed in the interstitial region and secured
with the motor mount and outer mounting flange.

20 |

9. An apparatus as claimed in claim 8 wherein the shock absorbing web

comprises:
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WO 99/ 03608

PCT/ U898/ 15238 - 12- around rot atmr“"“H"Mi"lltl"lElHﬂls of rotation of
oL ra

carrier rot WO nci des with the axl s

oPOT/USIsAk238 105 oOf

the notor assenbly 21. It-is desirable that this angle of t he axis of

rotation be greater or |esser than exactly horizontal

to prevent the

sem conduct or wafers from contacti ng each -.goher duri-ng processing 5 | f
t he sem conductor wafers or nasks contact each other during processing, a
surface tension may be formed which woul d prevent processing of the

seni conduct or waf er saneextenigsksengaging andeseomred With thetintetionedgeidfitheigutem a | ower
yield. In the preferred enbodi nrent shown here, the angle of the axis of

rotation is nore or | ess flafgedngntees above hori zontal .

This adds to the ease

of loading of the 10 sem conductor wafers and as a result of the angle,
carrier 38 easily slaniawrioriipoengaging and secured with the peripheral edge of the

motor mount; and

5 an arched portion standing between the exterior lip and the interior lip.

10.  An apparatus as claim in claim 9 wherein the exterior lip, interior lip, and

arched portion are formed as a single integral piece.

10 11.  An apparatus as claimed in claim 7 wherein the further shock absorbing

member comprises:

a further outer mounting flange adapted to mount in fixed alignment with the

frame, the further outer mounting flange having a substantially circular

aperture disposed therethrough, the substantially circular aperture having

15 an internal edge at a first diameter; |

a further motor mount adapted to mount to the second end of the electrically

driven motor substantially concentric with the axis of rotation of the rotor

and substantially concentric with the substantially circular aperture of the

further outer mounting ﬂange, the further motor mount having a

20 substantially circular peripheral edge disposed at a second diameter that is

a predetenniﬁed degree smaller than the first diameter of the further outer

- flange member thereby forming an interstitial region between the

e e \
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support nenbers 26 without the requirenent of a-retaining device to
prohibit carrier 38 fromfalli1ng out of ap 10. The high rate
rotation of the sem conductor v‘m‘“ m Hﬁ “Mr otor 15 allows the .
pressure of tWeMYMGessing fl ui ay nmenber s BI/YY8/HA385 | ow
and therefore saving extensive costs in the el imnation of high pressure
equi pnent. Spray nenbers 33 in the preferred enbodi nent separately carry
the processing fluids and, further, the heat28d nitrogen used during drying
to permt safe optinum performance. During operation, the sem conductor
waf er nmay be observed through 20 . optional w ndow 18 of door 14, Dur| ng
the processing steps, Pmpberplﬂd@qfﬁm mmpﬁotmg@rﬁndahqmsn%rewg?& fn
through a vent in bow -12,—providing nore efficient evacuation of the
processing fluids thr ﬁu@hrqmmuamﬂmpar atus- 10 wi |l not

a further shock absorbing web formed from a resilient mateﬁal, the shock
absorbing web being isposed in the interstitial region and secured with the

5 further motor mount and further outer mounting flange. .

12.  An apparatus as claimed in claim 11 wherein the further shock absorbing
web comprises:
an exterior lip engaging and secured with the interior edge of the outer .
10 flange member;
an interior lip engaging and secured with the peripheral edge of the
motor mount; and -

an arched portion standing between the exterior lip and the interior lip.

15 13. Anapparatus as claimed in claim 12 wherein the exterior lip, interior

lip, and arched portion are formed as a single integral piece.

14.  Anapparatus as claimed in clé.im 13 and further comprising:
the rotor having expulsion threads at a ﬁrst end proximate thé
20 microéléctronic workpiece support structure; and |
a member substantially surrounding the expulsion threads at the first

end of the rotor and deﬁrﬁng a chamber between the rotor and
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WO 99/ 03608 PCT/ US98/ 15238
-13 - operate until door 14 is umm‘llht “ E ‘Wi th | ocki ng switch 42.
Al t hough not WPOBEBRI ar | y pert| it i nvent i poTusdshszgat i've
door -assenblies may be used. Vari‘ou$ user int erfaces are used to facilitate
user control of parameters 5 such as timng of various processing and
rinsing steps, tenperatures at which such pepcessing steps are to take
pl ace, speeds at which the sem conductor wafers are rotated, etc. Such
controls, however, are |ikew se not particularly pertinent to the present
i nvention. Numerous nodi fthe membersrotation bfthereoder and thirkads Actinggopregend y st em
w t hout 10 departing fromthe basic teachings thereof. Al though the
pr-esent invention has beédfereigaguoaterialadirinm exgerigt thewnotwir. detai |l with reference
to one or nore specific enbodi nents, those of skill in the art wll
recogni ze that changes may be nmade thereto w thout departing fromthe scope
and spirit of the invention as set forth in
15.  An apparatus for processing a microelectronic workpiece, the apparatus
5 ' comprising:
a frame;
a processing bowl in fixed alignment with the frame, the processing
bowl defining a processing chamber;
a microelectronic workpiece support structure adapted to support at least
10 : one microelectronic workpiece, the rrﬁcroelectmnic workpiece
support being mounted for rotation within the processing chamber;
a motor drive assembly disposed exterior to the processing chamber and
connected to rotate the microelectronic workpiece support, the
motor drive assembly comprising
15 an electrically driven motor having a rotor that rotates about an
axis of rotation, and
a shock absorbing member connected between the electrically.
driven motor and the frame, the shock absorbing member
being adapted to elastically deform in substantially all
20 directions perpendicular to and parallel with the axis of
rotation of the rotor shaft in response to vibrational forces
having components in said directions.
-_—
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t he appended cl ai ns. An apparatus for processing a
m cr oel ect roni ¢ wor kpi ece, mﬁum““ ‘rrpri sing: 5 a frane; a-
processing bow in flxed I\“ mm frame, the processing bow
defining a RLQS %g ¢s"d chamber ;¢ atm #rodl ettroni c wor kpi ecepcanppsisss
structure adapted to support at | east one m croel ectroni c workpi ece, the
m cr oel ectroni ¢ wor kpi ece 10 ' support being nounted for

rotation within the processing chanber; a-zmtor drive assenbly disposed
exterior to the processing chanber and

16.  An apparatus as claimed in claim 15 wherein the shock absorbing member

comprises: .

an outer mounting flange adapted to mount in fixed alignment with the

5 frame, the outer mounting flange having a substantially circular
aperture disposed therethrough, the substantially circular aperture
having an internal edge at a first diameter;

a motor mount adapted to mount to the first end of the electrically driven
motor substantially concentric with the axis of rotation of the rotor

10 and substantially concentric with the substantially circular aperture
of the outer mounting flange, the motor mount having a
substantially circular peripheral edge disposed at a second diameter
that is a predetermined degree smaller than the first diameter
thereby forming an interstitial region bctwéen the peripheral edge

15 of the motor mount and the internal edge of the outer mounting
flange;

a shock absorbing web formed from a resilient material, the shock
absorbing web being disposed in the interstitial region and secured
with the motor mount and outer mounting flange.

20

17.  Anapparatus as claimed in claim 16 wherein the shock absorbing web

comprises:

\\
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connected to rotate the mcr | ece support, the notor drive
assenbly conprising an el ectlmumnm(lmﬂuwrlmtor including a rotor shaft
that rotates- 03608 L aMout an axis of rotation, and a shock
absor bi ng ne % ect ed between the el ectri cally driven RSTAISI8HA34 he
frame, the shock absorbing nenber being adapted to elastically deformin
substantially all directions perpendicul ar -p®-the axis of rotation of the
rotor 20 shaft in response to vibrational forces having
conponents perpendicular to the axis of rotation. (A aim2 has been
cancel | ed without pr @hextenw)lip3ngagingand sggueedawitismeinterionedgedr ime outedi m 1
wherein the shock absorbing member

) flange member;

an interior lip engaging and secured with the peripheral edge of the

motor mount; and

5 an arched portion standing between the exterior lip and the interior lip.

18.  An apparatus as claim in claim 17 wherein the exterior lip, interior lip,

and arched portion are formed as a single integral piece.

10 19.  Anapparatus as claimed in claim 16 and further comprising:
_expulsion threads at an end of the rotor proximate the microelectronic
workpiece support structure; and
a member substantially surrounding the expulsion threads at the end of the
rotor proximate the microelectronic workpiece support structure,
15 ~ the member defining a chamber with the rotor, rotation of the rotor

assisting in preventing foreign materials from entering the motor.

20.  An apparatus for processing a microelectronic workpiece, the apparatus
comprising:
20 a processing bowl defining a processing chamber;
a microelectronic workpiece support structure adapted to support at least

one microelectronic workpiece, the microelectronic workpiece
-
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conprises: 5 an-outer wounting flange adapted to nount in fixed

alignnment with the frane, “\:g fl ange having a substantially
circular aperture di spose(“““‘mmmn“mm* e substantially circular -
aperture havidey@asi Nt er nal* edge “at "a First dianeter; a noicrusyensts adapt ed
to nount to the electrically driven notor 10 substantially
concentric with the axis of rotation of the rotor and substantially
concentric with the substantially circul ar24aperture of the outer nounting
flange, the notor nount having a substantially circul ar peripheral edge

di sposed at a second dianeter that is a predetern ned degree snaller than
the first di ameter ther egyporbbeing mounted for rotafion withip thaproesstirg ehambsh  egi on
bet ween the peripheral edge of the notor nount and the internal edge of the
outer mounting fl| andy@otopdayeassemblydisnosedyexjasior todheprgcessipg rhanbesmd ent :

mat erial, the shock absorbing web being disposed in the interstitial region
and secur ed " conn to rotate the microelectronic workpiece support, the

motor drive assembly comprising
5 " an electrically driven motor having a rotor that rotates about an
axis of rotation, the rotor l;aving expulsion threads at an
end thereof that is proximate the microelectronic
‘workpiece support structure; and
a member substantially surrounding the expulsion threads at the
10 " end of the rotor proximate the microelectronic workpiece
support structure, the member forming a chamber with the
rotor, rotation of the a#sisting in preventing foreign.

materials from entering the motor.

—_—
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b 5tFs as

he motor nount and outer mounting.\PBrige. ¢2BH4 200 BFOH

claimed in claim3 wherein the shock absorbi ng web conpri ses _4;'(‘.*%; -16- an

exteri

fl ange nenber;

lip. d : ] | L or.ed f
or lip em.ng an W%#%&%mMS&MJ‘ﬁ ge o

nterior onsl ecured with the ¥
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(54) Title: DRIVE ASSEMBLY FOR A WORKPIECE PROCESSING SYSTEM

1 (57) Abstract

An apparatus (10) for processing a microelectronic workpiece is disclosed. The apparatus (10) comprises a bowl (12 deﬁﬁm"‘-
processing chamber. The bowl (12) is in ﬁxed alignment with a frame (50). A workpiece support( str)uctme (15) is mounl(nd)foimtatgo:
wlﬂﬂnmeprocesslngchamber._ A motor drive assembly (21)isdisposedexwﬁortoﬂ:eprowssingchambermdmtatesﬁéworkpiece
support structure (15). The drive assembly (21) includes an electrically driven motor and at least one shock abscﬂ;mg’member (15%)
connected between the motor and the frame (50). The motor includes a shaft rotating about an axis of rotation (29). The shock absorbing
l;.:?inbger (155) eelnatsshcally degouns g f:ebsm_mglt!);oagﬁdhe:ggons perpendicular to the axis of rotation (29) in responss to vibrational forces

Jicul axis on o e . ; 3
response to vibrational forces having components parallel to zhean:;u:oog' m:?ogeg;)e.' fn directions par;llel to e 8xis of rotation (9) in




10 6. An apparatus for processing a microelectronic eqr téu

apparatus conprising: a frane; a processing bow in fixed meg \ﬁah5 23 8
the frame, the proce55| ng bowl defining a processing cha Z 819

m croel ectroni ¢ wBoeketdNe SEMARPOOGIRC:t ur e adapted to su ) aJlUN 99
m croel ectronic z the microelectronic workpiece support being

mounted for rot a}[/\?g Wmn t he processi ng chanber about_an axis of

rotation, the axis of rotation being genenglly horizontal;
not or drlve assenbly disposed exterior to the processing CH
connected to rotate the mcroel ectroni c workpi ece support

rotation, CLAIMS

1. An apparatus for processing a micréelectronic workpiece, the apparatus
comprising:
5 a frame;
a processing bowl in fixed alignment with the frame, the processing
@ bowl defining a processing chamber;

a microelectronic workpiece support structure ;dapted to support at least
one microelectronic workpiece, the microelectronic workpiece
10 support being mounted for rotation within the processing chamber;
a motor drive assembly disposed exterior to the processing chamber and
connected to rotate the microelectronic workpiece support, the

motor drive assembly comprising

an electrically driven motor including a rotor shaft that rotates
15 about an axis of rotation, and
a shock absorbing member connected between the electrically
driven motor and the frame, the shock absorbing member
being adapted to elastically deform in substantially all
directions perpendicular to the axis of rotation of the rotor E -
20 shaft in response to vibrational forces having components

perpendicular to the axis of rotation.



the notor drive assenbly conprising an electrically driv

rotor -shaft connected tg ro'[rgt abl ygdrl ve the mcroelectro lgatl;igz; 8
support structure, the rotor shaft having an axis of rotatj ?
substantial l'y co- [DovkerNoiSEM4492PO860PO! r ot ation of the é nJUN 1999
wor kpi ece support éhe Sléctri cally driven notor further having a first end

proxi mate the m CI,P(91' ni ¢ wor kpi ece support rrenber ana a second end

distal the mcroel ectronic workpiece supp Igt menber ,
shock absorbi ng nenber connected between 3he first end of thlal“llumllullmll
driven nmotor and the frame, the shock absorbi ng nenber being adaptéed to $

axis of rotation of the RGP 2R beenTaoedlel SHbLERBRIBE T orel f or cos

3. An apparatus as claimed in claim 1 wherein the shock absorbing member
comprises:
5 an outer mounting flange adapted to mount in fixed alignment with the

- frame, the outer mounting flange having a substantially circular

aperture disposed therethrough, the substantially circular aperture
having an internal edge at a first diameter;
a motor mount adapted to mount to the electrically driven motor
10 substantially concentric w1th the axis of rotation of the rotor and
substantially concentric with the substantially circular aperture of
the outer mounting flange, the motor mount having a substantially

circular peripheral edge disposed at a second diameter that is a

predetermined degree smaller than the first diameter thereby
15 forming an interstitial region between the peripheral edge of the -
motor mount and the internal edge of the outer mounting flange;
a shock absorbing web formed from a resilient material, the shock
absorbing web being disposed in the interstitial region and secured
with the motor mount and outer mounting flange.
20
4, An apparatus as claimed in claim 3 wherein the shock absorbing web

comprises:

AMENDED SHEEY



15 - havi ng conponents in said direct P'm

apparatus as claimed in claim6 and further conprising a nﬁrgs&H-SZB 8
absor bi ng nenber connected between the second end of the 8 oty

driven notor and Docket NorSEM4492PRGOREr shock absor bi n;mgﬁz&w 1999
adapted to el asti @bﬁﬁ ormin substantially all directjons perpendi cular

to the axis of ro | the rotor shaft in response tﬂmumﬁ m ﬂl‘l"m’
forces having conponents in said directiopg- -18- 8. TTAMT I '

claimed in claim®6 wherein the shock absorbi ng nenber conprises: an outér
mounting flange adapted to nount in fixed alignment with the 5

frame, the outer gpuAkididip dighgig Badbeired WP dheliah ddgeoF b budde

flange member;
an interior lip engaging and secured with the peripheral edge of the
motor mount; and

5 an arched portion standing between the exterior lip and the interior lip.

@ .S An apparatus as claimed in claim 4 wherein the exterior lip, interior lip,

and arched portion are formed as a single integral piece.

10 6. An apparatus for processing a microelectronic workpiece, the apparatus
comprising:
a frame;

a processing bowl in fixed alignment with the frame, the processing

bowl defining a processing chamber;

15 a microelectronic workpiece support structure adapted to support at least
one microelectronic workpiece, the microelectronic ~ workpiece
support being mounted for rotation within the processing chamber
about an axis of rotation, the axis of rotation being generally
horizontal;

20 a motor drive assembly disposed exterior to the processing chamber and
connected to rotate the microelectronic workpiece support about

the axis of rotétion,



aperture di sposed therethrough, the substantially circul [

an internal edge at a first dianeter; a notor nount adapmﬁrf;-g&} 8
first end of the electrically driven notor substantially

the axis of rotatDacketNot SEMA492R0060PC and SUMW\WN 1999
concentric with %@Wnt ially circular aperture of t‘mmw
flange, the noto D aving a substantially circular. umn n

di sposed at a second diameter that is a predeterm ned degr ﬁﬂﬂll'"i ﬂﬂa'““l
the first dianmeter thereby formng an interstitial region betvieert te s *
peri pheral edge 15 of the motor mount and the internal edge of
the outer m)untlngflg{g}ﬁ d8VOEeAbIy CoRiphisingeb formed froma resilient
material, the shock absor %I ng web being di'sposed in the interstitial region
and secured with the ngf giofRURY cAVgn MG HERHE'd Botof <A Sonfeed 1o

rotatably drive the microelectronic workpiece support

structure, the rotor shaﬁ--having an axis of rotation that is
5 substantially co-linear with the axis of rotation of the
microelectronic workpiece support, the electrically driven
@ motor further having a first end proximate the
microelectronic workpiece support member and a second
end distal the microelectronic workpiece support member,
10 a shock absorbing member connected between the first end of the
electrically driven motor and the frame, the shock
absorbing member being adapted to elastically deform in
substantially all directions perpendicular to the axis of
| rotation of the rotor shaft in response to vibrational forces

15 having components in said directions.

7. An apparatus as claimed in claim 6 and further comprising a further shock
absorbing member connected between the seéond end of the electrically
driven motor and the frame, the further shock absorbing member being

20 adapted to elastically deform in substantially all. directions perpendicular
to the axis of rotation of the rotor shaft in response to vibrational forces

having components in said directions.

AMENDED SHEET



9 An apparat us as clainmed in claim8 wherein the shoc
conpri‘ses: -19- an exterior lip engaging and secured wi q%‘fi{é 23 8
edge of the outer flange nenber; an interior |ip engagi NGt N 1999

t'he peri pheral ed@otheSEMﬂmehand 5 I an a wit ;
standi ng between lor lip and the interior lip. m ra us
as claimin clalmtl%%\'/@ékgﬁnthe exterior lip, |nter|or II 'H !@g
portion are fornmed as a single integral pigee. 10 * At app

claimed in claim7 wherein the further shock absor bi ng rrerrber conpri ses

8. An apparatus as claimed in claim 6 wherein the shock absorbing member
comprises:
an outer mounting flange adapted to mount in fixed alignment with the
5 | frame, the outer mounting flange having a substantially circular
aperture disposed therethrough, the substantially circular aperture

having an internal edge at a first diameter;
a motor mount adapted to mount to the first end of the electrically driven
motor substantially concentric with the axis of rotation of the rotor
10 and substantially concentric with thé substantially circular aperture
of the outer mounting flange, the motor mount having a
substantially circular peripheral edge disposed at a second diameter

that is a predetermihed degree smaller than the first diameter

thereby forming an interstitial region between the peripheral edge
| of the motor mount and the internal edge of the outer mounting
flange;

a shock absorbing web formed from a resilient material, the shock
absorbing' web being disposed in the interstitial region and secured
with the motor mount and outer mounting flange.

20
9. An apparatus as claimed in claim 8 wherein the shock absorbing web

comprises:



a furth t ting flange adapted to mount in fi e@ﬂw 15 2
a further outer mpunting g p unt i i X Ry @wyszza

tthe frame, the further outer nounting flange having a subs

circul ar aperture di sposed therethrough, the substantiall er7 J 999
aperture having 1Docket No. SEMH492P00 edge at a first -di :

not or nmount adapt nt to the second end of the el ' I '
not or substanti al ?97'20§ﬁ&(:tri c Wth the axis of rotati Oneﬂ!‘lﬂﬂﬁmﬂllﬁﬂmﬁl
substantially concentric with the substaotigally circul ar e @ ex
further outer mounting flange, the further notor nmount having a 20
substantially circul ar peripheral edge disposed at a second di aneter that
is a predeterm negh gaericii iAg ahd Sétufddswith thelinterion&ige 'of tHe dut& f urt her
outer flange nenber thereby Tormng an interstitial region between the
peri pheral edge of theﬂ;dﬁétn%?&beﬁm or nount and the internal edge of the

an interior lip engaging and secured with the peripheral edge of the
motor mount; and

5 an arched portion standing between the exterior lip and the interior lip.

10.  An apparatus as claim in claim 9 wherein the exterior lip, interior lip, and

arched portion are formed as a single integral piece.

10 11,  An apparatus as claimed in claim 7 wherein the further shock absorbing
member comprises:
a further outer mounting flange adapted to mount in fixed alignment with the

frame, the further outer mounting flange having a substantially circular

aperture disposed therethrough, the substantially circular aperture having
15 an internal edge at a first diameter;

a further motor mount adapted to mount to the second end of the electrically
driven motor substantially concentric with the axis of rotation of the rotor
and substantially concentric with the substantially circular aperture of the
further outer mounting flange, the further motor mount having a

20 substantially circular peripheral edge disposed at a second diameter that is
a predetermined degree smaller than the first diameter of the further outer

flange member thereby forming an interstitial region between the
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further outer nounting flange; a further shock absorbr ng

resilient material, tge shock absorbi ng web bei ng |fsp03ﬁdvmmsgg?nig 23
interstitial region and secured with the 5 urt_erm

further outer mounDocket NoaSEMA4492P006OPCappar at us as cl ai mediEIVE fﬁUUN 1999
wherein the furthe w&ﬁﬁ’ absor bi ng web conprises: an e*{—eH—er—l—r—p—engay—ng

and secured with t G or edge of the outer 10

menber; an interior |ip engaging and securfbi with the per”“l“ Il“il ggﬂm III

the ot or nmount; and an arched portion standi ng between the ax

and the interior lip. 15 An apparatus as clainmed in claim12 wherer n

the exterior Ilip, rtjon e. for as singl e

i ntegral piece. 1je9fp§n apréal %t&g a I'gﬁﬂéﬁ?q H*S‘P%F‘}ﬁ‘f&’ﬁﬂg‘%ﬁﬁ ﬂB? _

conprising: the roftuﬁfz ha}x\{err}gouen)é%”ﬂsahgen threads at a first end proxi nmate the
a further shock absorbing web formed from a resilient material, the shock

absorbing web being isposed in the interstitial region and secured with the

5 further motor mount and further outer mounting flange.

12.  An apparatus as claimed in claim 11 wherein the further shock absorbing
web comprises:
an exterior lip engaging and secured with the interior edge of the outer
10 flange member;
an interior lip engaging and secured with the peripheral edge of the
motor mount; and

an arched portion standing between the exterior lip and the interior lip.

15 13.  Anapparatus as claimed in claim 12 wherein the exterior lip, interior

lip, and arched portion are formed as a single integral piece.

14.  An apparatus as claimed in claim 13 and further comprising:
the rotor having expulsion threads at a first end proximate the -
20 microelectronic workpiece support structure; and
a member substantially surrounding the expulsion threads at the first

end of the rotor and defining a chamber between the rotor and



20 | k t
ni croel ect roni ¢ wor kpi ece support s ru;&@‘i—‘f@%@& n}@?} B

subst anti al | y surroundi ng the expul sion threads at the f
rotor and defining a chanber between the rotor and AL - ~
rotation of the rDooketdNol SEM4492B0CPCng to prevent foreil

entering the noto n apparatus for processing a m -
wor kpi ece, the ap&?‘&?é&?@ conprising: a frane; a proce Blﬁ E&“@ L@'U!‘

fixed alignment with the frame, the procegging bow defin
chanber; a mcroel ectroni c workpi ece support structure adapted to support
at | east

the member, rotation of the rotor and threads acting to prevent

foreign materials from entering the motor.

15. An apparatus for processing a microelectronic workpiece, the apparatus
5  comprising:

a frame;

a processing bowl in fixed alignment with the frame, the processing
bow! defining a processing chamber;
a microelectronic workpiece support structure adapted to support at least
10 " one microelectronic workpiece, the microelectronic workpiece
support being mounted for rotation within the processing chamber;
a motor drive assembly disposed exterior fo the processing chamber and

connected to rotate the microelectronic workpiece support, the

motor drive assembly comprising
15 an electrically driven motor having a rotor that rotates about an
axis of rotation, and
a shock absorbing member connected between the electrically
driven motor and the frame, the shock absorbing member |
being adapted to elastically deform in substantially all
20 directions perpendicular to and parallel with the axis of
rotation of the rotor shaft in response to vibrational forces

having components in said directions.
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0 one m croel ectroni c workpi ece, the m'cr 1 23 8
wor kpi ece support being nounted for rotation within the

a notor drive assenbly disposed exterior to the processi QZaj:ﬂ iggg
connected to rot aDeckehDonBEM44D2ROG60RCc wor kpi ece suppor nmotor drive

assenbly conpri si an electrically dH—\,Len—nm—g#haw_ng_a
aé@ﬁpcdn axi s of

rotor that rotat ' rotation, and asho
connected between the electrically drivenggptor and the I [l 'ﬁﬂm
absor bi ng nenber being adapted to elastically deformin subs

20 directions perpendicular to and parallel with the
axis of rotation of the rotor shaft in response to vibrational forces
havi ng conponents in said directions.

16.  Anapparatus as claimed in claim 15 wherein the shock absorbing member
comprises:

an outer mounting flange adapted to mount in fixed alignment with the

5 frame, the outer mounting flange having a substantially circular

aperture disposed therethrough, the substantially circular aperture

having an internal edge at a first diameter;
a motor mount adapted to mount to the first end of the electrically driven
motor substantially concentric with the axis of rotation of the rotor
10 and substantially concentric with the substantially circular aperture
of the outer mounting flange, the motor mount having a
substantially circular peripheral edge disposed at a second diameter

that is a predetermined degree smaller than the first diameter

thereby forming an interstitial region between the peripheral edge
15 of the motor mount and the internal edge of . the outer mounting
flange;

a shock absorbing web formed from a resilient material, the shock
absorbing web being disposed in the interstitial region and secured
with the motor mount and outer mounting flange.

20
17.  An apparatus as claimed in claim 16 wherein the shock absorbing web

comprises:



Z22- 16. An apparatus as clained in cl ai m 15 wherein tmgagi)rL&ZB 8
menber conprises: an outer nounting flange adapted to m)um

alignnment with the 5 frame, the outer nounti ﬁqhé\u‘ﬂg‘ggg
a subist antially cPocketNo. §W@§83ed therfe_t hr oug{q,——t-he—s&bs{—am—i—al—l—y
circul ar aperture %;‘an internal edge at a first di i I

nount adapted to Rgﬁ'm the first end of the electri Ca@Finlimﬁmtlmll
substantially concentric with the axis of2gotation of t L s

and substantially concentric with the substantially circular aperture of
the outer nounting flange, the notor nount having a substantially circular

peripheral edge i aaRA iplengagiff RATbedirR el mb fitbridrcedge B MR M ned
S

degree smaller than the fir dianeter thereby formng an interstitial

regi on between the perﬂﬁggh@hbgpge
an interior lip engaging and secured with the peripheral edge of the
motor mount; and

5 an arched portion standing between the exterior lip and the interior lip.

18.  An apparatus as claim in claim 17 wherein the exterior lip, interior lip,

and arched portion are formed as a single integral piece.

10 19.  An apparatus as claimed in claim 16 and further comprising:
expulsion threads at an end of the rotor proximate the microelectronic
workpiece support structure; and

a member substantially surrounding the expulsion threads at the end of the

rotor proximate the microelectronic workpiece support structure,
15 the member defining a chamber with the rotor, rotation of the rotor

assisting in preventing foreign materials from entering the motor.

20.  An apparatus for processing a microelectronic workpiece, the apparatus
comprising;
20 a processing bowl defining a processing chamber;
a microelectronic workpiece support structure adapted to support at least

one microelectronic workpiece, the microelectronic workpiece

AMENDED SHEEF



15 - of the notor nount and the internal edg@ §/15 3 8
rrountti ng fl ange; a shock absorbing web formed froma resi
t he shock absorbi ng web being disposed in the interstiti b dﬁ] 99
secured with the Dacket NoxSEM4492P006ORC nounting flange— 20 17. An

apparatus as cl aig;%gl%i§ | ai m 16 wherein the shock absor conpri ses:

Secured with e INterior eage of M outeA- "mmﬂllﬂ?iﬂl i

support being mounted for rotation within the processing chamber;
a motor drive assembly disposed exterior to the processing chamber and
wmeded to rotate the microelectronic workpiece support, the
motor drive assembly comprising
5 an electrically driven motor having a rotor that rotates about an

axis of rotation, the rotor having expulsion threads at an

end thereof that is proximate the microelectronic
workpiece support structure; and
a member substantially surrounding the expulsion threads at the
10 end of the rotor proximate the microelectronic workpiece
support structure, the member forming a chamber with the
rotor, rotation of the assisting in preventing foreign

materials from entering the motor.

15 21.  An apparatus for processing a microelectronic workpiece, the apparatus
comprising:
a frame;
a processing bowl in fixed alignment with the frame, the processing
bowl defining a processing chamber; _ -
20 a microelectronic workpiece support structure adapted to support at least
one microelectronic workpiece, the microelectronic workpiece

support being mounted for rotation within the processing chamber;

AMENDED SHEET



flange rrenber an interior I|p engagi ng_and secured with I

edge of the m)tor nmount; and 5 ’ an arched portion m&m;s 23&
the exterior lip and the interior lip. 18. An apparatus a iiryC ly pyg

17 wherein the exDick&Nd. I SEM44%2P0060PC i P, and arched portmm?m!gbggggg
a single integral Bi ece. 10 19. An apparatus as clained 1n clarm 16 and
further conprisi n8979082RGi on threads at an end of the gjluwmlmﬂm "r

m croel ectroni c workpi ece support structurzg and a nenb U
surroundi ng the expul sion threads at the &nd of the rotor’ proxi‘maf'e fhe*

m croel ectroni c workpi ece support structure, t he nenber

or cvent g f or oi o HAPEAIF wisbhBly ahfief) ﬁgf@f-ﬁ*f %?Mﬂsa%ﬁ%ﬁ@at us for

rocessing a mcroel ectroni c workpi ece, the aratus .c risin
P J - connectedtoro%atetﬁemlcroe mcworkp%réepmppo the

motor drive assembly comprising

an electrically driven motor including a rotor shaft that rotates

5 about an axis of rotation, and
a shock absorbing member connected between the electrically
@ driven motor and the frame, the shock absorbing member
being adapted to support the rotor shaft to elastically
absorb vibrational forces having components that are
10 perpendicular to the axis of rotation of the rotor shaft in
response to vibrational forces having components

perpendicular to the axis of rotation.
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20 a processing bow defining a.processing chanber; a

nm cr oel ectroni ¢ wor kpi ece support structure adapted to support at |east one
m cr oel ect r owoosmessek pi ece, the mcraoel ectronic. wor kpi ecgermusdsasisgt No.
SEMA492PO060PC - 24- support being nounted for rotation within the

processi ng chanber; a notor drive assenbly di sposed exterior to the
processi ng chanber and connected to rot the m croel ectroni c workpi ece
support, the notor drive assenbly conprising 5 -an

electrically driven notor having a rotor that rotates about an axis of
rotation, the rotor having expul sion threads at an end thereof that is

proxi mate the m croel ectronic 11

30
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wor kpi ece support structure; and a nenber substantially surrounding the
expul sion threads at the 10 : end of the rotor proxinate
the m croel ectroni c workpi ece support structure, the nenber formng a
chamber wi t WWPH¥%38% or | rotation of -the assisting in preveRGWV¥Egs153%i gn
materials fromentering the notor. 15 21. An apparatus for processing a
m cr oel ectroni ¢ workpi ece, the apparatus conprising: a frame; a processing
bow in fixed alignnent with the frame2/& he processing bow defining a
processi ng chanber; 20 a mcroel ectroni c workpi ece support
structure adapted to support at |east one mcroel ectronic workpi ece, the
m croel ectroni c workpi ece su ey for Lotation within the
processi ng chanber;

. SUBSTITUTE SHEET (RULE 26)



a notor drive assenbly disposed exterior.to the processing chanber and
connected to rotate the m croel ectroni c workpi ece support, the notor. drive
assenbly comYO®/a@8an el ectrically driven notor includi ngpermsésassghaft
that ‘rotates 5 about an axis of rotation, and a shock
absor bi ng nenber connected bet ween the electrically driven notor and the
frame, the shock absorbi ng nmenber bei n@/&dapt ed to support the rotor shaft
to elastically absorb vibrational forces havipng conponents that are 10
perpendi cular to the axis of rotation of &he Pot & shaft in response to

vi brational forces having conponents perpﬁndi"’ul r to the axis of ¢ytation.
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