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BACKGROUND OF THE INVENTION
The present invention is directed to an apparatus for processing of
semiconductor wafers, and in particular, a lift and rotate assembly for use in a
workpiece processing station.

- During the manufacture of semiconductor integrated circuits and other
semiconductor articles from semloonductor wafers it lS often necessary to perform
several processmg steps in one or more processing stanons In order to more fully
automate the process and minimize operator handling, tool architectures have been
developed incorporating multiple processing stations and automated means for
moving semiconductor wafers from one processing station to the next,

When developing a tool architecture one consideration is the overall size of a



When devel oping a tool architecture one consideration is the overall size
of a W01/84397 PCT/USOQ/ 18958 2 tool. One reason for this is because

t he manuf aokygloBodsy sen conductor integrated circuits typipeaiushisssse pl ace
in a clean room environnment, where the creation and naintenance of clean
room space has a relatively higher cost, which is related to the size of
the space. As a result efforts and devel opnments which reduce the overall
tool size can have a significant cost benefit. Tool size can often be an
| gportant considerati on when adding to and/ ov2-updating a particul ar tool
inaline. If the size and shape of the new tool is equal to or smaller
than the avail abl e space or the space created by the renoval of the old
tool Dbeing replaced,  the inpact. on nearby tools is nminimzed. |n contrast,

when a new or  r 98t aPERIRAson fop this & besause the mapufatwre of srmicapducion integrated e
space required by the previous tool, it can potentially require the
adj ust ment and/ ofirsults Hpically, take place in a slean apem tenwironmeat, hereole sreatipandeason
to update one or nore tools in a sem conductor manufacturing line is to
make a transiti omainensnce of eledn reomispace hhsa wplativelythighes cost whidhds refatedab thear ger
waf er sizes is desirable because it enables a greater nunber of devices to
be manufact ured sizmofdbespaceafiisra refit affortslaml dayelspmentsiotiich esiucathe avdmallwebler t he
cost of manufacturing each device can often be reduced. Wereas the
present st andar dsizedar bawiazignificant@ostbémefit.t y of seni conduct or
Tool size can often be an important consideration when adding to and/or
updating a particular tool in a line. If the size and shape of the new tool is equal to or
smaller than the available space or the space created by the removal of the old tool
being replaced, the impact on nearby tools is minimized. In contrast, when a new or
replacement tool is larger than the available space or the space required by the
previous tool, it can potentially require the adjustment and/or relocation of the
placement of nearby tools.
One reason to update one or more tools in a semiconductor manufacturing line
is to make a transition from a smaller to a larger wafer size. The usc of larger wafer
sizes is desirable because it enables a greater number of devices to be manufactured
on each wafer. By producing more devices on each wafer the cost of manufacturing
each device can often be reduced.
Whereas the present standard wafer size for a majority of semiconductor
manufacturing lines is 200 millimeters, there is an increasing trend toward the use of

300 millimeter wafers. Therefore efforts at minimizing or maintaining tool size, while

enabling the tool to handle larger wafer sizes would similarly be beneficial.



manufacturing lines is 200 milimeters, there is an increasing trend toward
the use of 300 mllinmeter wafers. Therefore efforts at mnimzing or

mai nt ai Niyagoiesy Si ze, while enabling the tool to handlmciesegesessafl er
sizes would simlarly be beneficial. WO 01/04387 PCT/USOQ 18958 -3 Anot her

consi derati on when devel oping a tool architecture is ease of maintenance.
Cccasional |y individual processing stations or portions thereof, need to
be renoved for regular cleaning and/ or mai ntenance, or replacenent. The
easier it is to service the assenbly or s@bassenbly requiring maintenance,
the less time a tool wll be down or out of service. Ease of maintenance
becones especially inportant when one considers that, as previously noted,

sem conduct or manufacfurin oft | ocat ed in.a clean roo ,
envi ronment. In cl éﬁﬂﬁ‘Froﬁﬂ‘?sé‘{mt‘PB @or"}n&0 Architecture. 1§ €35, %‘g]ui red
to wear protective clothing |ncIu in gloves coats, masks, etc whi ch
can make evenmaiygnancee Qcgagianally, WWQWQSMM% in
accessibility of installed asserrbl i es and/ or subassenblies and the ease of
instal | ati on betemnaved &rgegular gleaning:andéoxmnintenance, of replacement.hEhdeasier ités al . WO
01/ 04387 PCT/ US00/ 18958 -4 BRI EF SUMMARY OF THE INVENTION A lift and
rot at e assenbtoyseirdce theaassembly ensibpssernbly pequirégsmaigtesanze, the léss time a tool

will be down or out of service.

Ease of maintenance becomes especially important when one considers that,

as previously noted, semiconductor manufacturing tools are often located in a clean

room environment. In clean room environments, personnel are typically required to

wear protective clothing including gloves, coats, masks, etc., which can make even

routine tasks more cumbersome. Therefore improvements in accessibility of installed

assemblies and/or subassemblies and the ease of installation and/or removal of the

same would similarly be beneficial.
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provided. The lift and rotate assenbly conprises a body and a procesé head
for receiving a workpi ece. The process head is coupled to the body by an

assenbly, 'hf,ﬂ,sgnabl es the process head to be |ifted angegrusbiissdsed W t h
respect to‘?ﬁe ody. In at |east one enbodi nent the assenbly coupling the

body to the process head is coupled to a workpi ece processing tool frane
whi ch includes a tool platform w thout encroaching upon the tool

platform The assenbly coupling the body to the process head can be used
to couple various types of processing heads tg0 various types of processing
chanbers. In one exanple the assenbly is used in connection with a
processi ng head having a plurality of contacts in the formof discrete
flexures or a Belville ring contact. |In another exanple the assenbly is
used in connection wth a proceBBIERSUMMARYORGHE INWENTFIG@Ne housi ng, which
Is rotated by a nmotor and distributes processing fluid across at |east one
face of a workpiece A¥iftcemt rotitagmtenfbly der. useninad wosigsidce Jcdehesg e@liglisTent
the lift and rotate assenbly has a rotating portion which includes a

not or, wherein trevidat oThe liftlandab@n askdnibly) cohiftises @RAF and18 Proceds Iad fa t  Of
the nmotor is coupled to and rotationally fixed with respect to the body.

In at |east yet recebdiigea weitksiebe BTt pri@sd hdall iR BshpleatB s ﬁoﬁﬁngiﬁ’asgéfﬁﬁlﬁer

includes a lift mechanismfor lifting the portion of the body coupled to

the process WO Gitli€lfisidbleS b/ priatY AP Rfbe liffdd and/or rotated with respect to the body.

In at least one embodiment the assembly coupling the body to the process
head is coupled to a workpiece processing tool frame which includes a tool
platform, without encroaching upon the tool platform. The assembly coupling the
body to the process head can be used to couple various types of processing heads to
various types of processing chambers. In one example the assembly is vsed in
connection with a8 processing head having a plurality of contacts in the form of
discrete flexures or a Belville ring contact. In another example the assembly is
used in connection with a processing head having a workpiece housing, which is
rotated by a motor and distributes processing fluid across at least one face of a
workpiece by centrifugal force.

In at least another embodiment the lift and rotate assembly has a rotating
portion which includes a motor, wherein the motor is located within the process
head. The shaft of the motor is coupled to and rotationally fixed with respect to the
body.

In at jeast yet another embodiment the lift and rotate assembly further

includes a lift mechanism for lifting the portion of the body coupled to the process



head with respect to the other portion of the body, in addition to the
rotating nmechanism The lift and rotate assenbly further provides for a
cabl e asg&nﬁh*gproviding at | east one of signals, gasescraigyigss ds to the
processi ng head. The cable assenbly includes a common cable | oop for
feeding additional |length of cable along both the 1lift direction of
novenment by the lift nmechanismand the rotational direction of novenent by
the rotating nmechanism In a further enbodinent the lift and rotate
assenbly provides for pins adapted for noynting the assenbly to an exposgd
surface of a tool frame. WO 01/04387 PCTI USOO 18958 -6 BRI EF DESCRI PTI ON
OF THE SEVERAL VIEWS OF THE DRAWNGS FIG 1l illustrates a top plan view of

a prior art processing tool. FIG 2 illustrates an isometric view of a
partial procéwsd wjth tespect o dbe othdn poxtion vift the thody pine addition o dhet ragatinghown
wi th several panels renoved. FIG 3 illustrates an isonetric front view of

the lift and medhahismassenbly in accordance with the present invention,
showi ng the process head |ifted vertically into a raised position with the

process head rot atRg luvaﬂdrtbﬁ_teaaskdﬁdgy Rithts provides fora cdble labsehiiblyeprowiding
isometric back view of the |lift and rotate assenbly illustrated in FIG 3.
at least one of signals, gases, and fluids to the processing head. The cable assembly
includes a common cable loop for feeding additional length of cable along both the
lift direction of movement by the lift mechanism and the rotational direction of
movement by the rotating mechanism.

In a further embodiment the lift and rotate assembly provides for pins

adapted for mounting the assembly to an exposed surface of a tool frame.

e = R



FIG 5 illustrates an isonetric front viewof the I[ift and rotate assenbly
In accordance with the present invention, show ng the process head | owered

vertically | owered position with the process head own into
Wbl | P e ¢ parkHRhid

a processin lon. FIG 6 illustrates an isonetric ba t he
lift and rotate assenbly illustrated in FIG 5. FIG 7 illustrates an

I sonetric view of the lift and rotate assenbly nounted to an exposed
surface of a processing tool with the side panel renoved. FIG 8

ild ustrates an isonetric view of the socket, saddl e, and adjustable
surfaces, coupled to an exposed surface of tﬁé processing tool, wthin and
against which the pins of the I[ift and rotate assenbly rest. FIG 9
illustrates the lift and rotate assenbly of FIG 4 with the back covers WO

01/ 04387 PCT/ US00/ 18958 -7- , BRIEP VRS CRIPRONLOF! kEE the Iift and
rotate assenbly of FIG 6 with the V&) @? QFMBJ%VE G 11
Vi ew o

Illustrates a side cross sectional t and rotate assenbly
rotated down in the processing position. FIG 12 illustrates a
cross-sectional view of a mcroel ectronic workpiece housing and a rotor

assenbly correspondi @,nglom tesgto&pé%b ce%ifs RE% statlon. W&iCh can

I ncorporate the lift an
FIG. 2 illustrates an isometric view of a partial processing tool in accordance

with the present invention shown with several panels removed.

FIG. 3 illustrates an isometric front view of the lift and rotate assembly in
accordance with the present invention, showing the process head lifted vertically into
a raised position with the process head rotated up into a load position.
| FIG. 4 illustrates an isometric back view of the lift and rotate assembly
illustrated in FIG. 3.

FIG. 5 illustrates an isometric front view of the lift and rotate assembly in
accordance with the present invention, showing the process head lowered vertically
into a lowered position with the process head rotated down into a processing position.

FIG. 6 illustrates an isometric back view of the lift and rotate assembly
illustrated in FIG. 5.

FIG. 7 illustrates an isometric view of the lift and rotate assembly mounted to
an exposed surface of a processing tool with the side panel removed.

FIG. 8 illustrates an isometric view of the socket, saddle, and adjustable
surfaces, coupled to an exposed surface of the processing tool, within and against
which the pins of the lift and rotate assembly rest.

FIG. 9 illustrates the lift and rotate assembly of FIG. 4 with the back covers



FIG 13 illustrates an expl oded view of a further enbodi nment of a

m cr oel ectroni ¢ workpi ece housing. FIG 14 illustrates a top plan view of

t he wor Kpissfoad@usi ng of FIG 13 when the housSing is i rpcATUSHOEESE! ed
state. FIG 15 illustrates a cross-sectional view of the workpiece housing
taken along line 15 -15 of FIG 14. FIG 16 illustrates a cross-sectional
vi ew of the workpiece housing taken along line 16 -16 of FIG 14. FIG 17
illustrates a cross-sectional view of the workpi ece housing taken al ong
line 17 -17 of FIG 14. FIGS. 18A and 18B.gllustrate cross-sectional views
showi ng the workpiece housing in a closed state and connected to a rotary
drive assenbly. FIGS. 19A and 19B il lustrate cross-sectional views show ng
t he wor kpi ece WO 01/04387 PCT/1JS00/ 18958 -8 housing in an open state and
connected to Mﬁ%ry drive assenbly. FIG 20 illustrates a cut-away,
perspective view of a reactor of a simlar e, as shown in FIGS. 12-19,

seen from a di f f er B 1Q Hstajes thFll&anQIotatblasasmb ofFIG. 6 Mathdheskack cavetsl Vi ew
of the reactor, as taken through its <central, vertical axis. FIG 22
il lustrates aremmbt&r ged detail of certain el errent s of the reactor, as
FIG. 11 illustrates a side cross sectional view of the lift and rotate assembly
rotated down in the processing position.
FIG. 12 illustrates a cross-sectional view of a microelectronic workpiece
housing and a rotor assembly corresponding to part of a processing station, which
can incorporate the lift and rotate assembly of FIGS. 3-11.
FIG. 13 illustrates an exploded view of a further embodiment of a
microelectronic workpiece housing.
FIG. 14 illustrates a top plan view of the workpiece housing of FIG. 13
when the housing is in an assembled state.
FIG. 15 illustrates a cross-sectional view of the workpiece housing taken
along line 15 — 15 of FIG. 14.
FIG. 16 illustrates a cross-sectional view of the workpiece housing taken
along line 16 — 16 of FIG. 14.
FIG. 17 illustrates a cross-sectional view of the workpiece housing taken
along line 17 - 17 of FIG. 14.
FIGS. 18A and 18B illustrate cross-sectional views showing the workpiece

housing in a closed state and connected to a rotary drive assembly.

FIGS. 19A and 19B illustrate cross-sectional views showing the workpiece



taken within a circle drawmn in FIG 14. FIGS. 23 and 24 illustrate further
enl arged details of a portion of what is illustrated in FIG 22, as taken

at differempopassees around the reactor. FIG 25 il ustr at 28r/8s00718958
cross-sectional view through an electroplating reactor, which can also
incorporate the lift and rotate assenbly of FIGS. 3-11. FIG 26 illustrates
a specific construction of one enbodi nent of a reactor bow suitable for
use in the assenbly illustrated in FIG 25. FIG 27 illustrates one

enpodi ment of a process head, conprised of g.stationary assenbly and a
rotor assenbly that is suitable for use in the reactor illustrated in FIG
25. FIG 28 illustrates one enbodi nent of a contact assenbly using flexure
contacts that is suitable for use in the reactor assenbly illustrated in

FI'G 25. FIGS. 3singiman opegstateand connerted tp anstpey deivetssemhdy.ebodi ment of a
qui ck-attach nmechanism FI G 34 is a cross-sectional view of the reactor
head illustrating t HAGnWS0dlintraks 2 qucawaySperspetize viewd ofl agpartirtof ansimilart he
process head in a condition in which it may accept a workpiece. FIG 35 is
a cross-sect i ontype, 2 shovarinFiES.d2c0csesn fromah differeat vantagelg t he di sposition of
the process head in a condition in which it is ready to present the
wor kpi ece to the reddGo2l filwstrates a cross-sectional view of the reactor, as taken through its
central, vertical axis.
FIG. 22 illustrates an enlarged detail of certain elements of the reactor, as
taken within a circle drawn in FIG. 14.
FIGS. 23 and 24 illustrate further enlarged details of a portion of what is
illustrated in FIG. 22, as taken at different places around the reactor,
FIG. 25 illustrates a cross-sectional view through an electroplating reactor,
which can also incorporate the lift and rotate assembly of FIGS. 3-11.
FIG. 26 illustrates a specific construction of one embodiment of a reactor
bowl suitable for use in the assembly illustrated in FIG. 25.
FIG. 27 illustrates one embodiment of a process head, comprised of a
stationary assembly and a rotor assembly that is suitable for use in the reactor
illustrated in FIG. 25.
FIG. 28 illustrates one embodiment of a contact assembly using flexure
contacts that is suitable for use in the reactor assembly illustrated in FIG. 25.
FIGS. 29 - 33 illustrate various aspects of one embodiment of a quick-attach

mechanism.

FIG. 34 is a cross-sectional view of the reactor head illustrating the



FIG 36 illustrates an expl oded view one enbodi nent of the rotor assenbly.
WD 01104387 PCT/ USOQ 18958 -10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON FI G
1 illust rwoerodst op pl an view of one exanple of a prior BFFUNPASE8si ng t oo
10. Specifically, FIG 1 illustrates a top plan view of the top deck 15 of

an LT-21 07m processing tool manufactured by Semitool, Inc. The LT 210Tm
processing tool is a tool architecture designed for processing

sem conductor wafers up to 200 mllineters in size. The deck 15 includes

openi ngs 20 and 25 within which individual-$rocessing stations or .

conponents thereof can be received. Openings 20 correspond to openings
wi t hin which processing chanbers/bow s are typically received. Qpenings 25

Techant SnE ar Mﬁ‘};ﬁﬁﬁf%i’@sﬁgﬁ‘@%ﬂa%%&ﬁﬁ{mf‘?i’*éﬂéé?&“g%%qa. RBIRE: oo
nbly, d. ab h f

he assendly i & .n?i??Z% Bt ke i B §°°§£¢Fﬁa§§#$§?a3§gptﬂ“' e

pr osent  § nvent lms o PP R parifton W whioh AL R0 1 FORIY o

pair of side panels 105 are shown still in place. FIG 2 further shoms
several |ift aWykpiseefodhereact whs 200, which are installed in the partia
processing tool 1Q0Q. Sone of the lift and rotate _assenblies 200 are shown
without their cor r@@p%mtﬁﬂamd%ﬁw opg embefimentof thegotor assemblyessi ng
tool 10 in FIG 1, the processing tool 100 includes a deck 110 having
openi ngs 115 wi thin which processing :



chanbers/bow s 400 (FIG 7) are typically received. Wereas the Iift and
tilt assenblies of the prior art processing tool 10 (FIG 1) have openings

25 in the % within which the lift and tilt assenbli?é.sﬁﬁﬁl%ei ved,

WO 01/ 0438 00/ 18958 -11- the preferred enbodi nen e present
invention . includes |ift and tilt assenblies 200, which attach at the back
edge 120 of the deck 110: - This enables nore roomon the deck for

accommodating a | arger processing chanber/bow which is capabl e of
handling larger wafer sues. The lift and rotgte assenblies 200 can be used
in conjunction with the processing chanbers//bowls 400 to provide for
processes including plating processes, rinse/dry processes, electroless
pl.ati ng processes, and/or inmersion chanber processes. FIGS. 3 and 4

illustrate an isonetric vi e\DEFAREDDBSCRIRTIONGOE THEINVENTCIONEW of t he
lift. and rotate assenbly 200. The lift and rotate assenbly includes a

process head 205 anBIG: 1lithwstrates Htop bl viewosRsme elaisle s0Dprict aftPrabsibigodtoup! ed
to the base by a rotating mechanismnore clearly shown in Cconnection with

FIG 11. The base Qg&iﬁeu%nc_iqsnasnfa{e&ﬁ(&jopgﬁ‘iiwg?%.gt%@gsg Dfgeki on

220. The second portion O is adapte as t elng lifted
1L 1 esPect okl h a3} oGR8  ar eS8 R RS, 20
the second port {3f aifecfive dekighad 1 procesting Seamcminctor walers ap to 300 millimeters

in size. The deck 15 includes openings 20 and 25 within which individual processing

stations or components thereof can be received. Openings 20 correspond to openings

within which processing chambers/bowls are typically received. Openings 25

correspond to openings within which corresponding lift and rotate mechanisms are

typically received. To install a corresponding lift and rotate assembly, the assembly is

raised above the opening and a portion of the assembly is inserted into the opening 25.

FIG. 2 illustrates an isometric view of a partial processing tool 100, in
accordance with the present invention. Several of the panels are shown removed,
however, a pair of side panels 105 are shown still in place. FIG. 2 further shows
several lift and rotate assemblies 200, which are installed in the partial processing tool
100. Some of the lift and rotate assemblies 200 are shown without their
corresponding process heads 205. Similar to the processing tool 10 in FIG. 1, the
processing tool 100 includes a deck 110 having openings 115 within which processing
chambers/bowls 400 (FIG. 7) are typically received.

Whereas the lift and tilt assemblies of the prior art processing tool 10 (FIG. 1)

have openings 25 in the deck 10 within which the lift and tilt assemblies are received,



portion 215.

a single ring
bei ng r eGehYE

t hrough which signal,

In the preferred enbodi ment the process head 205 is shown with

gases, and fluids can be received. In the preferred enbodi nent, the

connection box 230 incl udes

contact 225, against which a wafer to be processed after
Ghagy | | be held in place. In at |east one ppEfBsdoAashbseOdi ment
the ring contact provides power to the wafer.
-12 At the side near the bottom of the base 210 is a connection box 230
I ncl udi ng both comuni cati on and power signals,

three term ngljs 235, 240 and 245. Term nal

WD 01/ 04387 PCT/ U800/ 18958

235

receives electronic signals. Term nal 240 receives plating power. Term nal
245 receives gases for actuating the pneumatics and for a backside
nitrogen (N2) purge. The body 210 further includes a pair of pins 250 (one

not shown) onthe pedierredi embagiment of Bhelpre@hOinvEitionpncluded Jift andotily dssomblies or

nmounting the |ift and rotate assenbly to the workpiece processing tool

frame 100, shz0fnwhichmEttadh @ thebacBedde 120 df theidetli510; &Fhis @mables mued robm oni ew of

each of the front and back view of the Iift and rotate assenbly 200 in

accordance W the de¢kefop abcpithodating 8 larét, prédesiivigéhambérbov adticsistapable’6H

| onered vertically into a | owered position wth the process head 205
rotated down hdplinglafpeP®afepsing position. Otherwi se the features are very

simlar to the ones shown in FIGS. 3 and 4.

The lift and rotate assemblies 200 can be used in conjunction with the

processing chambers/bowls 400 to provide for processes including plating processes, -

rinse/dry processes, electroless plating processes, and/or immersion chamber

processes.

FIGS. 3 and 4 illustrate an isometric view of each of the front and back view -

of the lift and rotate assembly 200. The lift and rotate assembly includes a process

head 205 and a base 210. The process head 205 is rotatably coupled to the base by a

rotating mechanism more clearly shown in connection with FIG. 11. The base 210 -

includes a first portion 215 and a second portion 220. The second portion 220 is -

adapted so as to be capable of being lifted with respect to the first portion 215.
Specifically, the process head 205 is coupled to the second portion 220 of the base
210, so as to move with the second portion 220 as it moves with respect to the first
portion 215.

In the preferred embodiment the process head 205 is shown with a single ring
contact 225, against which a wafer to be processed after being received will be held in
place. In at least one preferred embodiment the ring contact provides power to the
wafer.



FIG 7 illustrates an isonetric view of the |ift and rotate assenbly 200
nmounted to an exposed surface 125 of a processing tool 100 with the side
panel 105, shown in FIG "2, renpved. On the exposed surf t he
processi ng WOOVM430 i s a socket 130, a saddle 135, and a %@mg&ﬁfﬁ%

adj ustabl e surfaces 140. A pair of clips 145 captivates the two top pins
250 with respect to each of the adjustable surfaces 140. It 1is noted that
the clips can take on a variety of fornms. A couple of exanples include a
screw on clanp or a self retaining spring cli?. WO 01/ 04387 PCT/ US00/ 18958
-13 Processi ng chanbers/bow s 400 are shown €xtending from openings within
the deck 110. FIG 8 illustrates an isonetric view of the socket 130,
saddl e 135, and adjustable surfaces 140, coupled to an exposed surface 125
of " the processing toal thkGide neat theibbtten @f d@dasts? 10k a ebhnkdtion(boR 23@ Houph t he
lift and rotate assenbly 200 are adapted to rest. The socket 130 incl udes

a spheri cal reCQﬂﬁchlﬁ%ai ,Ghclo@iag b6t EbnimBhitatidéR Gnd Power ﬁ%{ﬁlsagis%ﬁﬁnéﬂuﬁi& 160,
whi ch enabl es the socket 130 to be adjusted in a direc shown by the

arrow | abel ed X.ca] 86 r&@AELE 14 3Fe F&%M%ﬁn&dﬁﬂéﬂ,r{ﬂé b&.ﬂea%%&ezsbﬁﬁcxumr

receiving a pin 250, and simlar has a ] ack screw 165 whi ch enabl es the

saddl e 135 to bgyadi |2§ azgld aﬁ&ti N 5HQW l sur Beidl %Wﬁegggalg A

pair of jack screws enabl es” the adj ustab adj ust ed
in a direction

Terminal 240 receives plating power. Terminal 245 receives gases for actuating
the pneumatics and for a backside nitrogen (N,) purge.

The body 210 further includes a pair of pins 250 (one not shown) on each
side of the body 210. The pins 250 are adapted for mounting the lift and rotate
assembly to the workpiece processing tool frame 100, shown in FIG. 2.

FIGS. 5 and 6 illustrate an isometric view of each of the front and back view
of the lift and rotate assembly 200 in accordance with the present invention, showing
the process head 205 lowered vertically into a lowered position with the process head
205 rotated down into a processing position. Otherwise the features are very similar
to the ones shown in FIGS. 3 and 4.

FIG. 7 illustrates an isometric view of the lift and rotate assembly 200
mounted to an exposed surface 125 of a processing tool 100 with the side pane] 105,
shown in FIG. 2, removed. On the exposed surface 125 of the processing tool 100 is a
socket 130, a saddle 135, and a pair of adjustable surfaces 140. A pair of clips 145
captivates the two top pins 250 with respect to each of the adjustable surfaces 140. It
is noted that the clips can take on a variety of forms. A couple of examples include a

screw on clamp or a self retaining spring clip.



shown by the arrows labeled Y. Initially when the lift and rotate assenbly
200 is being installed, the lower left pin 250 is placed in the spherical
groove %ag he socket 130. Wth the lower left pin pérpésaasesst he | oner
right pin |s then lifted up and over the lip 175 of the saddle 135 and
| owered into the cylindrical groove 155. Aided by the weight of the process
head 205, the center of gravity causes the remaining two upper pins 250 of
the lift and rotate assenbly 200 to fall in the direction of the process
head 205 until it comes into contact w tihysthe adjustable surfaces 140. In
order to provide greater stability, the upper pins 250 of the Iift and WO
01104387 PCTJUS00118958 14 rotate assenbly 200 are captivated against the
adj ust abl e surfaces 140. A pair of «clips 145 are attached to the

adj ust abl e sur f acisecessing rhanthsrsdowisd00 are:shown gxtending from opsninghwithisi ust abl e
surface. Wien in place the clips 145 extend over.and around the upper pins
250, as showheideckdil®, 7. The socket 130, the saddle 135, and the adjustable
surfaces 140 can each be independently adjusted to provide proper

al i gnment with tHAGpBoilstsateshanisomeivwiewd 6 theAsgckett 130)tsaddle 1Bfvamded by
turning one or nore of the jack screws. By attaching the lift and rotate

assenbl y 200adjustablesufides $40] couplddas an &f surfEOT5f itiprocessing k68l 1002 t he
pi ns 250 and correspondi ng hardmare 130, 135 and 140, the lift and rotate
assenbly 200wiihin ah& agaiitivhich Me!pied 50 okt KR bt foRfe dss@ibly 26O are adapted
to rest.
The socket 130 includes a spherical recess 150 for receiving a pin 250, and
has a jack screw 160, which enables the socket 130 to be adjusted in a direction -
shown by the arrow labeled X. The saddle 135 includes a cylindrical groove 155
for receiving a pin 250, and similarly has a jack screw 165, which enables the -
saddle 135 to be adjusted in a direction shown by the arrow labeled Z. A pair of -
jack screws 170 enables the adjustable surfaces 140 to be adjusted in a direction
shown by the arrows labeled Y.
Initially when the lift and rotate assembly 200 is being installed, the lower
left pin 250 is placed in the spherical groove 150 of the socket 130.. With the lower
left pin in place, the lower right pin 250 is then lifted up and over the lip 175 of the
saddle 135 and lowered into the cylindrical groove 155.
Aided by the weight of the process head 205, the center of gravity causes
the remaining two upper pins 250 of the lift and rotate assembly 200 to fall in the

direction of the process head 205 until it comes into contact with the adjustable

surfaces 140. In order to provide greater stability, the upper pins 250 of the lift and
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processing tool 100. Furthernore the full surface of the deck 110 can then
be used to provide an opening for the processing chanber/bow 400 thereby

maxi m zin i ze. Anothér factor which influences t%q?@' e space
on the degwof?@)‘qs the depth D of the body 210. The depth o %%gbody 210
Is affected by the arrangenent of the mechanical and el ectrical conponents
I nside the body 210. FIGS. 9 and 10 illustrate the |ift and rotate assenbly
of FIGS. 4 and 6 with the back covers renoved. {Wth the back covers
removed, the internal structure of the bod 210 of the Iift and rotate
assenbly 200 becomes visible. The preferred %nbodl ment of the lift and

rotate assenbly 200 includes a |lift nechanism 255. The lift nechani sm
includes a lift axis notor 260 and a |lift actuator W) 01/04387

PCT/ USO0/ 18958 rotatdasderhbly \200 afe éapﬁ%ecﬁzgaﬁls{ thie QdRISaBIé Gurfaces 146, Bapdir 6ftr ew
turns a guide block 275 travels up and down the ball screw. The guide

bl ock 275 is C%liiﬂsﬂdShﬁaﬁtﬁ@:e&%?&Bﬂdﬁ%bl@@m?&@s Immtheﬁstmﬁll’oc&w)atthe top

Correspondi ngly, as the guide block 275 travels up and down in response to

the turning of dge EXEHCE et Ipla3BORL0K A B30 4 ofdifia Bty 210

I's raised and | owere A conpresse 280 1's coupl ed between the

first portion tion 220 of the body 210. The gas
. on XiboPit $tFas SERATFrROY!

spring 280 ide rovi des a counterbal ance force approxi mately
equi valent to the fofh%%o&et %&ﬁxe stcﬁgll:Psg ﬁxre S_ftj:stable surfaces 140 can each be

independently adjusted to provide proper alignment with the process chamber/bowl
400. Adjustment is provided by turning one or more of the jack screws.

By attaching the lift and rotate assembly 200 to the exposed surface 125 of
processing tool 100 via the pins 250 and corresponding hardware 130, 135 and 140,
the lift and rotate assembly 200 can be readily attached and detached from the
processing tool 100. Furthermore the full surface of the deck 110 can then be used
to provide an opening for the processing chamber/bowl 400 thereby maximizing
bowl size.

Another factor which influences the available space on the deck 110 is the
depth D of the body 210. The depth of the body 210 is affected by the arrangement
of the mechanical and electrical components inside the body 210.

FIGS. 9 and 10 illustrate the lift and rotate assembly of FIGS. 4 and 6 with the
back covers removed. With the back covers removed, the internal structure of the
body 210 of the lift and rotate assembly 200 becomes visible.

The preferred embodiment of the lift and rotate assembly 200 includes a lift

mechanism 255. The lift mechanism includes a lift axis motor 260 and a lift actuator



on the process head 205 and rel ated conponents being simlarly rai sed and
| owered. This mnimzes the force required by the |ift axis notor

rai sing aggolsusey i N9 the process head 205. The pr ef er r epcruSm0AsssE Nt

260 for

further includes a |inear encoder 282, which provides the |ift nmechani sm

255 with absolute coordinates for locating itself. Located wthin the
second portion 220 of the body 210 is a rotate axis
rotate axis assenbly includes a sensor 290 and a sensor flag 295 for

he rotational novenent of the.@ocess head 205. The rotate
axis assenbly is coupled to a rotating nmechanism 300 (FIG 11)

nmoni toring t

not or 305 (

notor 305 is coupled to and rotationally fixed with

assenbly 285. The

i ncluding a

FIG 11) located in the process head 205. The shaft 310 of the

respect to the body

210. By fi xi ngb% mhichiums adalh serews 230. Ag thehall serewrums gremidedlogk 245 travdls vat ed,

correspondingly rotating the process head 205. This enables the I|i
01/ 04387 PCT/ pp sddgopaghgball seeew:  Thsawisdeblpck 222 isicoupled toghesesend potien 230 bul k
305 to be located in the processing head 205. As a result,
body 210 havi ofjtha bodyl3t®d Caeespbndingly, asabe ghitle block RZ5 travels up and:dowip 05

| east one of signals, gases, and fluids fromthe signals,

gases, and f| resptmsstopthé tuming of the ball sdréw 270) theceednd postiorr220\f f2(kody 210 he

of the notor

recei ves at

WO

a

connection box 230 and a cabl e assenbly 295. The cabl e assenbly includes a

g A T O S VT w1 e

is raised and lowered.

A compressed gas spring 280 is coupled between the first portion 215 and the
second portion 220 of the body 210. The gas spring 280 ideally provides a
counterbalance force approximately equivalent to the force of gravity being exerted
on the process head 205 and related components being similarly raised and lowered.
This minimizes the force required by the lift axis motor 260 for raising and lowering
the process head 205.

. The preferred embodiment further includes a linear encoder 282, which
provides the lift mechanism 255 with absolute coordinates for locating itself.

Located within the second portion 220 of the body 210 is a rotate axis
assembly 285. The rotate axis assembly includes a sensor 290 and a sensor flag
295 for monitoring the ;otational movement of the process head 205. The rotate
axis assembly is coupled to a rotating mechanism 300 (FIG. 11) including a motor
305 (FIG. 11) located in the process head 205.

The shaft 310 of the motor 305 is coupled to and rotationally fixed with
respect to the body 210. By fixing the motor shaft 310, the motor 305 rotates when

activated, correspondingly rotating the process head 205. This enables the



cable loop 315 for feeding additional length of cable to account for
novenment by the lift mechani sm 255 and the rotating nmechani sm 300. In
positioning the rotating mechanism 300 and the lift nechﬁﬁhﬁg%ﬁ g the
rotating G818 300 has been aligned with the lift mechanism 255 so as
to provide a comon direction of novenent. By providing a conmon direction
of novenent a single cable |oop 315 can provide additional cable |length
for both the Iift direction of novenent and the rotational direction of
npvenent, thus elimnating the need for a ond cabl e | oop. By
elimnating the need for a second cable | oop further space is conserved
within the body 210 of the lift and rotate assenbly 200. The base 210
further includes circuitry 320 for controlling the functioning of the lift

and rotate asserdekssi d By bt eqkd, Had HREbEIK ok tHef mbtbe 309 tbd Rated i eiei sm 300
in the process head 205 and elimnating the need for a second cable | oop,

space is consenydedidy Heh®20RS4s gﬁﬂgt,gi)o&mgﬂg?ﬁmga%ulﬁwmB§§ﬁ6§§ibolé.200-

Correspondingly this allows for t ept’h the I'ift "and rotate

cemeTal Y 200ck0 e 9glects i sl e ARGE ' S opld 8 Byt 04557
br0cesi 10 ChgL LA 00unfh i by 3 R, Bl S5SEFoR0NAF "
position. In a%gtingeic ioh Lgx 556 ‘a0 gaéaglggasgepn%lf b5 ©Hhe clble tagseembly includes a
cable Joop 315 for feeding additional length of cable to account for movement by
the lift mechanism 255 and the rotating mechanism 300. In positioning the rotating
mechanism 300 and the lift mechanism 255, the rotating mechanism 300 has been
aligned with the lift mechanism 255 so as to provide a common direction of
movement.

By providing a common direction of movement a single cable loop 315 can
provide additional cable length for both the lift direction of movement and the
rotational direction of movement, thus eliminating the need for a second cable loop.

By eliminating the need for a second cable loop further space is conserved within
the body 210 of the lift and rotate assembly 200.

The base 210 further includes circuitry 320 for controlling the functioning
of the lift and rotate assembly 200.

By locating the bulk of the rotating mechanism 300 in the process head 205
and eliminating the need for a second cable loop, space is conserved in the base 210
of the lift and rotate assembly 200. Correspondingly this allows for the depth D of

the lift and rotate assembly 200 to be reduced and greater space on the deck 110 of



bul k of the notor for the rotating mechanism 300 in the processing head,
FIG 11 illustrates a second notor325 adapted for spinning a received

wor kpi ecgvo é1/0a3gp! ane parallel to the face 330 of the prSFaIE0/1888d 205. The
lift and rotate assenbly 200 generally can be used in various types of

processing stations for coupling various types of processing heads to

various types of processing chanbers. A couple of exanples of one type of

processing station are

illustrated in FIGS. 12-19 incorporates al7capsul e type processing
envi ronment or workpi ece housing, which is rotated by a notor and

di stributes processing fluid across at

centri fugal
generally co
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f
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downn theprogessing PRSFION, Hrafdditionde,

illustrated in FIGS. 12-24. The processing station

| east one face of a workpiece by

is

of
015 to

engage t he V\Drg%ece housi ng 1Q20. Each_of _ the upport nenbers }832&5
gl&ﬂ@ endi ng

i ncludes a gr@

ting the pagsgae,p

flange 1035 that extends about a peripheral region of the workpiece

housi ng 1020. bulkpbthemetor dor the 10ating meghanism 300 d theprocsssing hevdo

G.ddsenbl y

1040 that is disposed to rotate a hub portjon'1045& i ncl udi ng the support
WO 01/ 04387 Pillisttg®S (Y see@BBmotor3S adeptd for spdpidg aesived wagkpieqedn aplane 1047,
Wor kpi ece housing 1020 is thus

parallel to the face 330 of the process head 205.

The lift and rotate assembly 200 generally can be used in various types of
processing stations for coupling various types of processing heads 1o various types of
processing chambers. A couple of examples of one type of processing station are
illustrated in FIGS. 12-24. The processing station illustrated in FIGS. 12-19
incorporates a capsule type processing environment or workpiece housing, which is
rotated by a motor and distributes processing fluid across at least one face of a
workpiece by centrifugal force.

As illustrated in FIG. 12, the processing station is generally comprised of a
rotor portion 1015 and a microelectronic workpiece housing 1020. The rotor
portion 1015 includes a plurality of support members 1025 that extend downwardly
from the rotor portion 1015 to engage the workpiece housing 1020. Each of the

support members 1025 includes a groove 1030 that is dimensioned to engage a

radially extending flange 1035 that extends about a peripheral region of the

workpiece housing 1020. Rotor portion 1015 further includes a rotor motor

assembly 1040 that is disposed to rotate a hub portion 1045, including the support



secured for co-rotation with hub portion 1045 when support nenbers 1025 are
engaged with flange 1035. Qther constructions of the rotor portion 1015 and

the engageggginggchani smused for securenment with the wopkphiRemishgusi N9
1020 may al so be used. The workpi ece housing 1020 of the enbodi nent of

FIG 12 defines a substantially closed processing chanmber 1050.

Preferably, the substantially closed processing chanber 1050 is fornmed in
t he general shape of the mcroelectronic workpiece 1055 and closely
conforms with the surfaces of the workpiece.jglhe specific construction of
FIG 12 includes an upper chanmber nmenber 1060 having an interior chamnber
face 1065. The upper chanber nenber 1060 includes a centrally disposed
fluid inlet opening 1070 in the interior chanber face 1065. The specific
construction al 5wmberg|193dsabeut aveentralhaxib di047e ntWorkpiz@s hbvasing $020nis thos er i or
chanber face 1080. The | ower chanber nenber 1 075 has a centrally disposed
fluid inlet opesdcnrgd faB3&-otativhewitn hels ipottionhF0#S ewhénasuppdrd Biembéfel 02 e
chanber nenber 1060 and the | ower chanber nenber 1075 engage one another to

define the procemgagaigwith fiaiger 108850thef ltonstiBEdns TaR fitor PO 1018GMdithe | udes
sidewal I s 1090 that project downward fromthe interior chanber face 1065.

One or nore ouédgapémehi MBchanBmAlissd R I6Lufdmdnd it hd : ' he
processi ng charrbegrag 1050 througﬁ t he si demvval | s 109Wg%§%h€%ﬁhﬁthi n

the chanber 105Qs4pe@¥at therefromthrough centripetal acceleration that
I S generated when the housing 1020 WD 01104387 PCT/ US00118958

The workpiece housing 1020 of the embodiment of FIG. 12 defines a
substantially closed processing chamber 1050. Preferably, the substantially closed
processing chamber 1050 is formed in the general shape of the microelectronic
workpiece 1055 and closely conforms with the surfaces of the workpiece. The
specific construction of FIG. 12 includes an upper chamber member 1060 having
an interior chamber face 1065. The upper chamber member 1060 includes a
centrally disposed fluid inlet opening 1070 in the interior chamber face 1065. The
specific construction also includes a lower chamber member 1075 having an
interior chamber face 1080. The lower chamber member 1075 has a centrally
disposed fluid inlet opening 1085 in the interior chamber face 1080. The upper
chamber member 1060 and the lower chamber member 1075 engage one another to
define the processing chamber 1050, The upper chamber member 1060 includes
sidewalls 1090 that project downward from the interior chamber face 1065. One or
more outlets 1100 are disposed at the peripheral regions of the processing chamber
1050 through the sidewalls 1090 to allow fluid within the chamber 1050 to exit

therefrom through centripetal acceleration that is generated when the housing 1020



-19- is rotated about axis 1047. In the illustrated enbodi nent, the

m cr oel ectroni ¢ workpi ece 1055 is a generally circular wafer having upper
and | owerydh surfaces. As such, the processing chardgavush®risoss s
generally circular in plan view and the interior chanber faces 1065 and 1
080 are generally planar and parallel to the upper and |ower planar
surfaces of the workpiece 1055. The spaci ng between the interior chanber
faces 1065 and 1080 and the upper and | ower planar surfaces of the

wor kpi ece 1055 is generally quite small. .§9ch spacing is preferably
mnimzed to provide substantial control of the physical properties of a
processing fluid flow ng through the interstitial regions. The wafer 1055
is spaced fromthe interior chanber face 1080 by a plurality of spacing |
nenbers 1105 isxetatedirbant pxisA04%ke interi or chamber face 1080. Preferably, a
further set of spacing nmenbers 1110 extend fromthe interior chanber face
1065 and are al i griagheiilustrated embadimenty thebwicroelectsnic, wyrkpiecend55igBer 1055
t her ebetween. Fluid inlet openings 1070 and 1085 provi de comruni cati on
passageways ?éifcmgfcimhlae wattichavingopper and dewear pigndrl surfdcesirads suthgethet he
chanmber 1050 for processing the wafer surfaces. In the illustrated

enbodi nent , ppReESHgNchahiber 495018 gefGhily Qirdtlaf iR PlaD%iew hh® the frftérick055 to
inlet 1070 through a fluid suppl ygtube 1115 having a fluid outlet nozzle

1120 di sposed jpiack FREE 1668 &id 1680%re leﬂ%rymh%lel to the upper and

lower planar surfaces of the workpiece 1055. The spacing between the interior
chamber faces 1065 and 1080 and the upper and lower planar surfaces of the
workpiece 1055 is generally quite small. Such spacing is preferably minimized
to provide substantial control of the physical properties of a processing fluid
flowing through the interstitial regions.

The wafer 10.55. is spacea from the interior chamber face 1080 by a
plurality of spacing members 1105 extending from the interior chamber face 1080.
Preferably, a further set of spacing members 1110 extend from the interior
chamber face 1065 and are aligned with the spacing members 1105 to grip the
wafer 1055 therebetween.

Fluid inlet openings 1070 and 1085 provide communication passageways
through which one or more processing fluids may enter the chamber 1050 for
processing the wafer surfaces. In the illustrated embodiment, processing fluids are
delivered from above the wafer 1055 to inlet 1070 through a fluid supply tube 1115
having a fluid outlet nozzle 1120 disposed proximate inlet 1070. Fluid sﬁpply tube

1115 extends centrally through the rotor portion 1015 and is preferably concentric



1115 extends centrally through the rotor portion 1015 and is preferably
concentric WO 01/04387 PGI/ US00/ 18958 -20 with the axis of rotation 1047.
Simlarly, ing fluids are delivered from belowth 55 to

i nl et 1085vﬁ%&@§§ﬁ a fluid supply tube 1125. Fluid supplygcﬁﬁggh%%QS

term nates at a nozzle 1130 di sposed proximate inlet 1085. Although
nozzles 1120 and 1130 term nate at a position that is spaced fromtheir
respective inlets, it will be recognized that tubes 1115 and 1125 may be
extended so that gaps 1135 are not present 0Rather, nozzles 1120 and 1130
or tubes 1115 and 1125 may i ncl ude rotatiﬁa Seal menbers that abut and
seal with the respective upper and |ower chanber nenbers 1060 and 1075 in
the regions of the inlets 1070 and 1085. In such instances, care should be
exercised in theitiddss gris of rothon 00471 | Siniladly] prozessig flkids He delivered &dih
contam nation resulting fromthe wear of any noving conponent. During

processing, oOnebeldw tHerwafet 1068 56 i 1083 4ntbueh A ST Sippl Off]yj rently
supplied through fluid supply tubes 1115 gng%llcg%ipéhﬁu?énpgjs?%%%%d 1085

Pret orabl y, the poue e ReD: For POtk E%‘déﬁ%%ﬁgdaéﬁgﬁa%§9ﬁ%§l°?ﬁ2”f‘§§‘éﬁwff' d
' 1015 ' ' e, ' '

it hin the cpaﬁ’r“bﬁ”&‘@?%%f%??%@%‘?ﬁ%?%ﬁ%%’?gﬂﬁﬁ%mﬁ' Rt e 8 et ougr

i et openi ngs T P0iai b sBBlped b 1ustd 1113 R T1R Gy eeniien A B  aces

'na direction yadi,al hof pRAbnt® Ry, A0ba0s%1 136 20 1130 or tubes 1115 and 1125 may

include rotating seal members that abut and seal with the respective upper and
lower chamber members 1060 and 1075 in the regions of the inlets 1070 and 1085.
In such instances, care should be exercised in the design of the rotating joint so as
to minimize any contamination resulting from the wear of any moving component.
During processing, one or more processing flnids are individually or
concurrently supplied through fluid supply tubes 1115 and 1125 and inlets 1070
and 1085 for contact with the surfaces of the workpiece 1055 in the chamber 1050.
Preferably, the housing 1020 is rotated about axis 1047 by the rotor portion 1015
during processing to generate a continuous flow of any fluid within the chamber
1050 across the surfaces of the workpiece 1055 through the action of centripetal
acceleration. Processing fluid entering the inlet openings 1070 and 1085 are thus
driven across the workpiece surfaces in a direction radially outward from the center
of the workpiece 1055 to the exterior perimeter of the workpiece 1055. At the
exterior perimeter of the workpiece 1055, any spent processing fluid is directed to

exit the chamber 1050 through outlets 1100 as a result of the centripetal



of the workpiece 1055 to the exterior perinmeter of the workpiece 1055. At
the exterior perineter of the workpiece 1055, any spent processing fluid

is di rect‘ggoil&?”exit the chanber 1050 through outlets 115Gy paSooasgdsgsul t of
the centripetal WO 01/04387 PCr/USOQ 18958 -21 accel eration. Spent

processing fluids may be accunulated in a cup reservoir disposed bel ow
and/ or about the workpiece housing 1020. As will be set forth belowin an.
alternative enbodi nent, the peripheral regions of the workpi ece housing
1020 may be constructed to effectively sepprate the processing fluids

provi ded through inlet 1070 fromthe processing fluids supplied through
inlet 85 so that opposite surfaces of wafer 1055 are processed using
different processing fluids. In such an arrangenent, the processing fluids
may be separ aaceklgration.c uSpentitpastessing flaids anayp beratcumelgtednin afcup hreseimaiisi ng
1020 for disposal or re- circulation. In the enbodinent of FIG 12, the

wor kpi ece hougispesed Gelowrand/orCabott the Uvstkpiesd R@lsthgBI20L AO dvill IRt sebofthbe used
to transport the workpi ece 1055 between various processing stations and/or

tools. If trapgedin 8 altb@adivilembedimést? thd PeMBIRTalt RBioRS UTCMmE | Wetkpiead | ONS
and/ or tools takes place in a clean room énvironnment, the various openings

of the housi ngoykfe0100C thap Ye &ﬁmﬁﬁﬁétﬁﬂ) e Sepatale BH4CProb&sis MRfids 1 S L O
take place in an environnent in which wafer contam nantS are present,

sealing of thgoRfel MtSudiiift TE70MRGER R0 G fuid€ supplied through inlet 85 so
that opposite surfaces of wafer 1055 are processed using different processing
fluids. In such an arrangement, the processing fluids may be separately
accumulated at the peripheral regions of the housing 1020 for disposal or re-
circulation.

In the embodiment of FIG. 12, the workpiece housing 1020 may
constitute a single wafer pod that may be used to transport the workpiece 1055
between various processing stations and/or tools. If transport of the housing
1020 between the processing stations and/or tools takes place in a clean room
environment, the various openings of the housing 1020 need not be sealed.
However, if such transport is to take place in an environment in which wafer
contaminants are present, sealing of the various housing openings should be
effected. For example, inlets 1070 and 1085 may each be provided with
respective polymer diaphragms having slits disposed therethrough. The ends of
fluid supply tubes 1115 and 1125 in such instances may each terminate in a
tracor structure that may be used to extend through the slit of the respective

diaphragm and introduce the processing fluid into the chamber 1050. Such



effected. For exanple, inlets 1070 and 1085 nmay each be provided with
respective pol yner diaphragns having slits disposed therethrough. The ends

of fluid supply tubes 1115 and 1125 in such instances m nat e
in a tracb‘fdp‘gmture that may be used to extend througﬁy?ﬁggtglh%of t he
respective diaphragm and introduce the processing fluid into the chanber
1050. Such WD 01/04387 PC.'T/USOQO 18958 -22 tracor/slitted di aphragm
constructions are used in the nedical industry in intravenous supply
devices. Selection of the polymer materi al gzed for the diaphragns should
take into consideration the particular procé§sing fluids that wll be

I ntroduced therethrough. Simlar sealing of the outlets 1100 may be
undertaken in which the tracor structures are inserted into the di aphragns

ofce the housitsodQREd SiapRragmC CORMrucAOHY 8RYhicaNiEMe mRldical Adsks! i t he
outlets 1100 thensel ves may be constructed to allow fluids from

he
: h : whi oS . ¢
Pl Ui ds. 10 pr ocongeyaas oty JEUEEE Supbinitlar ind Rt pfeiqlCieed for Yo
Thi ffect o) hi . ] .b L ti t.h '
1700 5. nozz| o SRR CHAL K i RPBHEHEN P ROGIS Fragkstns SRROPEY
the interior of, chanber 1050 than the dianmeter of the opening at the
exterior of theWilhbedntreguced therethranghy, Simmilar %ﬂ&@ﬁjﬁ?imﬂsau@twytﬁ?al

val ve nenber may be used in conjunction with the plurality of outlets
1100. The val veurdertaken, insvhith the teacor structures are inserted into the diaphragms once

the housing 1020 is in a clean room environment.

Alternatively, the outlets 1100 themselves may be constructed to allow
fluids from the processing chamber to exit therethrough while inhibiting the
ability of fluids to proceed from the exterior of housing 1020 into chamber
1050. This effect may be achieved, for example, by constructing the openings
1100 as nozzles in which the fluid flow opening has a larger diameter at the
interior of chamber 1050 than the diameter of the opening at the exterior of the
housing 1020. In a further construction, a rotational valve member may be used
in conjunction with the plurality of outlets 1100. The valve member, such as a
ring with openings corresponding to the position of outlets 1100, would be
disposed proximate the opening 1100 and would be rotated to seal with the
outlets 1100 during transport. The valve member would be rotated to a position
in which outlets 1100 are open during processing. Inert gas, such as nitrogen,
can be injected into the chamber 1050 through supply tubes 1115 and 1125

immediately prior to transport of the housing to a subsequent tool or processing



ring with openings corresponding to the position of outlets 1100, would be
di sposed proximate the opening 1100 and would be rotated to seal with the

outlets u&ﬁl%’i ng transport. The val ve nmenber woul d bepcpisdbaghss 0 a
position ch outlets 1100 are open during processing. lnert gas, such

as nitrogen, can be injected into the chanber 1050 through supply tubes
1115 and 1125 imrediately prior to transport of the housing to a
subsequent tool or processing WO 01/04387 PGI/ US00/ 18958 -23 station

Vari ous other nechanisnms for sealing the.gytlets 1100 and inlets 1070 and
1085 may al so be enployed. FIG 13 is a perspective view of a further
reactor construct.ion wherein the reactor is disposed at a fixed processing
station and can open and close to facilitate insertion and extraction of
t he wor kpi ec8tatiqihe Vadews ether mpchwnisgsnfor aealingthe ondess 1160 andintats 140 of

separ abl e upper and | ower chanmber nenbers, 1205 and 1210, respectively. As
in the pri or andrb@8S mayalso bbiemplayed. chanber menber 1205 includes a
general ly planar chanmber face 1215 having a centrally disposed inlet 1220.

Al t hough not showpIG.N3ti88 peisBrétRE vidvicof & Furtieh fedcRfRbnstraidhowhad@inaey 1210

| i kewi se has a generally planar interior chanber face 1225 having a central
| nl et 1230 dicpr AciipBRiiTh Bk Brocty dn %ﬁt’ﬁ%en%m%ﬁfse fPfagililafiC! udes a

downwardly extending .sidewall 1235 that, for exanple, may be forned froma

seal i ng pol y §eriBR afd bittaction SFtie Woripdca® h MaBH Anbin Bhddhalf'di $5000% L1 OnS of

comprised of separable upper and lower chamber members, 1205 and 1210,
respectively. As in the prior embodiment, the upper chamber member 1205
includes a generally planar chamber face 1215 having a centrally disposed inlet
1220. Although not shown in the view of FIG. 13, the lower chamber member
1210 likewise has a generally planar interior chamber face 1225 haviné a central
inlet 1230 disposed therethrough. The upper chamber member 1205 includes a
downwardly extending sidewall 1235 that, for example, may be formed from a
sealing polymer material or may be formed integrally with other portions of
member 1205.

The upper and lower chamber members, 1205 and 1210, are separable from
one another to accept é workpiece therebetween. With a workpiece disposed
between them, the upper and lower chamber members, 1205 and 1210, move
toward one another to form a chamber in which the workpiece is supported in a
position in which it is spaced from the planar interior chamber faces 1215 and
1225. In the embodiment of the reactor disclosed in FIGS. 13-19B, the workpiece,

such as a semiconductor Wafer, is clamped in place between a plmality of support

B L T T R



menber 1205. The upper and | ower chanber nenbers, 1205 and 1210, are
separable from one another to accept a workpiece therebetween. Wth a

wor kpi ece dioypeees between them the upper and |ower chardagusonesysers, 1205
and 1210, nove toward one another to forma chanber in which the workpiece
IS supported in a position in which it is spaced fromthe planar interior
chanber faces 1215 and 1225. In the enbodi nent of the reactor disclosed in
FI GS. 13-19B, the workpiece, such as a sem conductor wafer, is clanped in
pl ace between a plurality of support WO 01/§4387 PCT/ USOQO 18958 -24
menbers 1240 and correspondi ng spaci ng nmenbers 1255 when t he upper and

| ower chanber nenbers are joined to formthe chanber (see FIG 18B). Axial
novenent of the upper and | ower chanber nenbers toward and away from each
other is facil imembess BIAGand corzaspendingf spacing amesbers) 3255, where theorupperuand on of
which will be described in further detail below Preferably, the plurality
of fasteners 130werh¢hamber membemare jmintd|to\femm tieaohiamber (see HIG. 1BR)d Axiali t i on
such as illustrated at FIG 18A. In the disclosed enbodinent, the plurality
of wafer suppomovearchofSthé 2pper aad tewed chiamber nenmbers tplverdoandr avepydifonn kadhhe
upper chanber nenber 1205 at positions that are radially exterior of the

si dewal | 1235. otk isvdcititated! By @ plurslRyrof fastedetd 0307 e dUneinedtioR lof whichpwisled f or
| i near novenent al ong respective axes 1245 to allow the support nenbers
1240 to clanp tHaqle¥iMbed irffifthétetall HRIoWO PTifB@bIVEME Blutality 8Pfasteners 1307 bias

the upper and lower chambers to a closed position such as illustrated at FIG. 18A.

In the disclosed embodiment, the plurality of wafer support members 1240

extend about a peripheral region of the upper chamber member 1205 at positions

that are radially exterior of the sidewall 1235. The wafer support members 1240

are preferably disposed for linear movement along respective axes 1245 to allow

the support members 1240 to clamp the wafer against the spacing members 1255

when the upper and lower chamber members are in a closed position (see FIG.

18A), and to allow the support members 1240 to release the wafer from such

clamping action when the upper and lower chamber members are separated (see

FIG. 19A). Each support member 1240 includes a support arm 1250 that extends

radially toward the center of the upper chamber member 1205, An end portion of

each arm 1250 overlies 2 corresponding spacing member 1255 that extends from

the interior chamber face 1215. Preferably, the spacing members 1255 are each in

the form of a cone having a vertex terminating proximate the end of the support

arm 1250, Notches 1295 are disposed at peripheral portions of the lower chamber

member 1210 and engage rounded lower portions 1300 of the wafer support



when the upper and | ower chanber nenbers are in a closed position (see FIG
18A), and to allow the support nenbers 1240 to rel ease the wafer from such

cl ampi ng va§ EM¥$\Muﬂlthe upper and | ower chanber nenber spngsodasds at ed (see
FIG 19A). support menber 1240 includes a support arm 1250 t hat
extends radially toward the center of the upper chanber nenber 1205. An
end portion of each arm 1250 overlies a correspondi ng spaci ng nenber 1255
that extends from the interior chanber face 1215. Preferably, the spacing
menbers 1255 are each in the formof a cege having a vertex termnating
proxi mate the end of the support arm 1250. Notches 1295 are di sposed at
peri pheral portions of the | ower chanber nenber 1210 and engage rounded

| ower portions 1300 of the wafer support WO 01/04387 PCT/USOO 18958 -25
momber 5 1240 mewhers 140. Wbk therlewss havben aremizs 0210 iy ged SpoR @ W8 { he

cl osed position, notches 1295 engage end portions 1300 of the support
menbers 124@losed posifions nokches U290 ergage esd portions h300eff the sup®s membersn t he
arnms 1250 of the supports 1240 and the correspondi ng spaci ng nmenbers 1255.
Thi s cl osed 40240 and deive tHens upwarddo isecukrd tBe vidfer 1055 thetweeh dlsecatmsal2iS0iofn, t he
not ches 1295 and correspondi ng notches 1296 of the upper chanber nenber

(see FI G 13xhe$uppbrie1240 a:nlduhabd»rtesp@fdx@sﬁhﬁh@mambh’@ezmr’mberoaéd qtatgi ons of
the reactor 1200. Radial alignnent e arm 1250 of each support nenber

1240 is nai ntigiingdraldd @ SEG.Pi6) 138 tﬁé"%lose@ﬁo@iﬁdﬁ tHer aotghesl a2%¥3 ahdgr ooves

1309 di sposed through an upper portion of each
corresponding notches 1296 of the upper chamber member (see FIG. 13) provide a
plurality of outlets at the peripheral regions of the reactor 1200. Radial alignment
of the arm 1250 of each support member 1240 is maintained by a set pin 1308 that
extends through lateral grooves 1309 disposed through an upper portion of each
support member. |

The construction of the fasteners 1307 that allow the upper and lower

chamber members to be moved towardl and away from one another is illustrated in
FIGS. 13, 17 and 18B. As shown, t};e lower chamber member 1210 includes a
plurality of hollow cylinders 1270 that are fixed thereto and extend upward through
corresponding apertures 1275 at the peripheral region of the upper chamber
member 1205 to form lower portions of each fastener 1307. Rods 1280 extend into
the hollow of the cylinders 1270 and are sec&ed to form an upper portion of each
fastener 1307. Together, the rods 1280 and cylinders 1270 form the fasteners 1307
that allow relative linear movement between the upper and lower chamber

members, 1205 and 1210, along axis 1283 between the open and closed position.

Two flanges, 1285 and 1290, are disposed at an upper portion of each rod 1280.




support nenber. The construction of the fasteners 1307 that allow the upper
and | ower chanber nenbers to be noved toward and away from one another is
illustrat eg,d'dimﬁ],GS. 13, 17 and 18B. As shown, the | owerpcainssatresossrenber
1210 includes a plurality of hollow cylinders 1270 that are fixed thereto
and extend upward through corresponding apertures 1275 at the peripheral
regi on of the upper chanber nenber 1205 to form | ower portions of each
fastener 1307. Rods 1280 extend into the hollow of the cylinders 1270 and
are secured to forman upper portion of eagg. fastener 1307. Together, the
rods 1280 and cylinders 1270 formthe fasteners 1307 that allow relative
| i near novenent between the upper and | ower chanber nenbers, 1205 and
1210, along axis 1283 between the open and cl osed position. Two flanges,
1285 and 1290, Flange d285pbmetionst asaa stqmp evenpbor tthasnlinpits dlzec extens dof1 g@rationD

01/ 04387 PCT/ US00/ 18958 -26 Flange 1285 functions as a stop nmenber that
limts the ext betivear theeyppemn and fowed adhamber frembeysp@205ant 121405 rin v oper
menbers, 1205 and 1210, in the open position. Flanges 1290 provide a

surface agai nspositionC [Flangés E290 pfovide D &irface dgdinst Which ahidsingomérhiee, satkes 17) or
the like, acts to bias the upper and | ower chanber nenbers, 1205 and 1210,

ltp the closed papiikd gsee FIG! 17 6f @leCRE dos fol Blas Hfe uppte aB@116W& dhdhBeor t he
i ke, has a first end that is positioned within a circular groove 1305
that extends ahpithesA205 LEFRABL o ¥R diGseh $B&tion.
With reference to FIG. 17, the spring 1303 or the like, has a first end that is
positioned within a circular groove 1305 that extends about each respective fastener
1307. A second end of each spring is disposed to engage flange 1290 of the
respective fastener 1307 in a compressed state thereby causing the spring to
generate a force that drives the fastener 1307 and the lower chamber member 1210
upward into engagement with the upper chamber member 1205,
The reactor 1200 is designed to be rotated about a central axis during
processing of the workpiece. To this end, a centrally disposed shaft 1260 extends
from an upper portion of the upper chamber member 1205. As will be illustrated in
further detail below in FIGS 18A — 19B, the shaft 1260 is connected to engage a
rotary drive motor for rotational drive of the reactor 1200. The shaft 1260 is
constructed to have a centrally disposed fluid passageway (see FIG. 15) through
which a processing fluid may be provided to inlet 1220. Alternatively, the central
passageway may function as a conduit for a separate fluid inlet tube or the like.

As illustrated in FIGS. 14 and 15, a plurality of optional overflow

passageways 1312 extend radially from a central portion of the upper chamber



1307. A second end of each spring is disposed to engage flange 1290 of the
respective fastener 1307 in a conpressed state thereby causing the spring

to gene%&&&orce that drives the fastener 1307 and tggerniseugsoss hanber
menber 1 upward i nto engagenent with the upper chanber nmenber 1205. The
reactor 1200 is designed to be rotated about a central axis during

processi ng of the workpiece. To this end, a centrally disposed shaft 1260
extends from an upper portion of the upper chanber nenber 1205. As will be
illustrated in further detail below in Eb®S 18A - 19B, the shaft 1260 is.
connected to engage a rotary drive notor for rotational drive of the
reactor 1200. The shaft 1260 is constructed to have a centrally di sposed
fluid passageway (see FIG 15) through which a processing fluid may be
provi ded to im¢raber11205. Shaftcl268 tterminafes mmﬂmtmlpoméégiebw&rwﬂfunction
as a conduit for a separate fluid inlet tube or the like. As illustrated in
FI GS. 14 and nbfiches 132 rtbati providé fhyid icomaiunivation |betweep the apperapertios o ext end
radially froma central portion of the upper chanber WO 01/ 04387

PCT/ US00/ 189 5ftocessliig harhiser 1320 and ShebverfidwOpassagawayst B2 nThe flaed edd end
portion 1315 having inlet notches 1320 that provide fluid comunication

between the urgISTof iy sHafti260 is fecmed withtie balfernbed 1208 wathefok | ow
passageways 1312. The flared end 1315 of the shaft 1260 is secured with

i P f oAl 55, Ml 1255 6 1329
upper chamber member 1205 with a plurality of fasteners 1330 (FIG. 16).
Overflow passages 1312 allow processing fluid to exit the chamber 1310 when the
flow of fluid to the chamber 1310 exceeds the fluid flow from the peripheral outlets
of the chamber.

FIGS. 18A and 18B are cross-sectional views showing the reactor 1200 in a

_closed state and connected to a rotary drive assembly, shown generally at 1400,

while FIGS. 19A and 19B are similar cross-sectional views showing the reactor

1200 in an opened state. As shown, shaft 1260 extends upward into the rotary

drive assembly 1400. Shaft 1260 is provided with the components necessary to
cooperate with a stator 1405 to form a rotary drive motor assembly 1410.

As in the embodiment of FIG. 12, the upper and lower chamber members

1205 and 1210 join to define the substantially closed processing chamber 1310 that,

in the preferred embodiment, substantially conforms to the shape of the workpiece

1055. Preferably, the wafer 1055 is supported within the chamber 1310 in a

position in which its upper and lower faces are spaced from the interior chamber

faces 1215 and 1225. As described above, such support is facilitated by the support



upper chanber nenber 1205 with a plurality of fasteners 1330 (FIG 16).
Overfl ow passages 1312 allow processing fluid to exit the chanber 1310 when
the flow of fluid to the chanber 1310 exceeds the fluid E,b))ys@,ﬁgst he

peri pheral WOOVM¥ of the chanber. FIGS. 18A and 18B are §s- Sect i onal
views showi ng the reactor 1200 in a closed state and connected to a rotary
drive assenbly, shown generally at 1400, while FIGS. 19A and 19B are
simlar cross-sectional views show ng the reactor 1200 in an opened state.
As shown, shaft 1260 extends upward into thg rotary drive assenbly 1400.
Shaft 1260 is provided with the conponents gcessary to cooperate with a
stator 1405 to forma rotary drive notor assenbly 1410. As in the

enbodi ment of FIG 12, the upper and | ower chanber nmenbers 1205 and 1210

join to define inbmbeashgttiand tHel spacihOmeMbes Q2SS Hiah dlampand péripherhDedgesof i n
the preferred enbodi nent, substantially confornms to the shape of the

wor kpi ece  1055the RiFére1053| therebdiReciPivRén the28actor 1200RPE B Mbsed ipbsititie of hanber
1310 in a position in which its upper and | ower faces are spaced fromthe

i nterior chanbegigd 3g83nd 28, and 1225. As descri bed above, such support is
facilitated by the support WO 01/04387 PCT/ USOQ 18958 -28 nmenbers 1240

g 1 e 1 T RO BekSins ! 16 U Bl o e V1 oL
18A and 18B. 1055 takes place. Wit the wafer secured within the processing chamber 1310,
processing fluid is provided through passageway 1415 of shaft 1260 and inlet 1220
into the interior of chamber 1310. Similarly, processing fluid is also provided to
the chamber 1310 through a processing supply tube 1125 that directs fluid flow
through inlet 1230. As the reactor 1200 is rotated by the rotary drive motor
assembly 1410, any processing fluid supplied through inlets 1220 and 1230 is
driven across the surfaces of the wafer 1055 by forces generated through centripetal
acceleration. Spent processing fluid exits the processing chamber 1310 from the
outlets at the peripheral regions of the reactor 1200 formed by notches 1295 and
1296. Such outlets exist since the support members 1240 are not constructed to
significantly obstruct the resulting fluid flow. Alternatively, or in addition, further
cutlets may be provided at the peripheral regions.
Once processing has been completed, the reactor 1200 is opened to allow
access to the wafer, such as shown in FIGS. 19A and 19B. After processing,
actuator 1425 is used to drive an actuating ring 1430 downward into engagement

with upper portions of the fasteners 1307. Fasteners 1307 are driven against the

bias of spring 1303 causing the lower chamber member 1210 to descend and



It is in the closed state of FIGS. 18A and 18B that processing of the wafer
1055 takes place. Wth the wafer secured within the processing chanber

1310, pwoesmss?g fluid is provided through passageway IpFdrmssbnsssft 1260
and inlet 1220 into the interior of chanber 1310. Simlarly, processing
fluid is also provided to the chanmber 1310 through a processing supply
tube 1125 that directs fluid flow through inlet 1230. As the reactor 1200
is rotated by the rotary drive notor assenbly 1410, any processing fluid
supplied through inlets 1220 and 1230 is-2%iven across the surfaces of the
waf er 1055 by forces generated through centripetal acceleration. Spent
processing fluid exits the processing chanber 1310 fromthe outlets at the

peri pheral regions.of the reactor 1200, fo d ngt ches 1295 and 1296.
Such outl et sgeg’%ag from {he, dppet @ﬁ’ﬂbﬂr’f‘“ﬁ’é‘?‘r’b@gg I‘gsiﬁ‘e P\é’e"n@la"é’ﬁﬁgl"m!?&’f ed to
significantlx ﬁpsiruct the resulting fluid flow Alte[native%y, or in
addi tion, ful?¥ds lovsird, thesuppart members 24(Ligllaw it yndesybe inflnencs of giyityns. Once
processing has been conpleted, the reactor 1200 is opened to allow access
to the waf er o 8gainst the &flngpce af o) biasing) mamber whiks, contursentlyr lowerng the
actuator 1425 is used to drive an actuating ring 1430 downward into
engagenent  Wafer 109heln e lowsn position, the feastor nbambet 370 is-apdned eherely307 ar e
driven against the bias of spring 1303 causing the |ower chanber menber
1210 to descefpgsingdhe/wafet 103D &t reaavala6do1 Sidhding aditwsenfer & be insemed he upper
chanber menber 1205. As the |ower chanber menber

into the reactor 1200. Such insertion and extraction can take place either manually,

or by an automatic robot.

The foregoing arrangement makes the reactor 1200 particularly well-suited

for automated workpiece loading and unloading by, for example, a robotic transfer

‘mechanism or the like. As evident from a comparison of FIGS. 18A and 19A, the

spacing between the upper surface of the workpiece and the interior chamber wall

of the upper chamber member 1205 varies depending on whether the reactor 1200

is in an open or closed state. When in the open state, the upper surface of the

workpiece is spaced from the interior chamber wall of the upper chamber member

1205 by a distance, x1, that provides sufficient clearance for operation of, for

example, a workpiece transfer arm of a robotic transfer mechanism. When in the

closed processing state, the upper surface of the workpiece is spaced from the

interior chamber wall of the upper chamb_e_r.member 1205 by a distance, x2, that is

less than the distance, x1. The distance, x2, in the disclosed embodiment may be

chosen to correspond to the spacing that is desired during workpiece processing

operations.




1210 is | owered, the support menbers 1240 follow it under the influence of
gravity, or against the influence of a biasing nenber, while concurrently
| owering the wafer 1055. In the | ower position, the react &Qﬁg&gr 1310

i s opened WRMORB? exposing the wafer 1055 for renpval nﬂ?%p Wi ng a
new wafer to be inserted into the reactor 1200. Such insertion and
extraction can take place either manually, or by an automatic robot. The
f oregoi ng arrangenent makes the reactor 1200 particularly well-suited for
aut omat ed wor kpi ece | oadi ng and unl oadi ng for exanple, a robotic
transfer mechanismor the like. As evident”™froma conparison of FIGS. 18A
and 19A the :spacing between the upper surface of the workpiece and the
interior chanber wall of the upper chanber nenber 1205 varies dependi ng on

whet her the react or FIE¥)Q0-245 iliuStrAi€ a FaRier Skarfiple 264 pidcedsing SRR sinfildrite open
state, the upper surface of the workpiece i's spaced fromthe interior

chamber wal L Othel e 41i3RAin FRESDIONIITARAGS. JROP thife B shbvid 8 aEror 2100 foRal

provi des sufficieht clearance for operation o exanpl e, a workpi ece

transfer arm 0{!’{30?35{5&20{ %%cr&él@d?l% ' w ﬁﬂ?ﬂgﬁ%ﬁ{%?@g&pwﬁﬁ? 2010 ﬁéﬁg%ﬁ]“t he

processing sta er surface o e I's space

i nteri hanb L th b . 1205 b | , X2,
pLert o charogp bl ol DoBRS SATSRL o SIRE S B SR,
Gur g wor kpi & BB BRRTETeRl o et BnLcations thepher e g0l Bue FoRad s

which may be otherwise called the device side, and the lower side 2014 is the back

side, which may be otherwise called the non-device side. However, for other
applications, the silicon wafer 2010 is inverted.

Generally, except as disclosed herein, the reactor 2100 is similar to the
reactors illustrated and described above. However, as illustrated in the drawings
and described herein, the reactor 2100 is improved to be more versatile in executing
selected microelectronic fabrication processes.

The reactor 2100 has an upper chamber member that includes an upper
chamber wall 2120 and a lower chamber member that includes a lower chamber
wall 2140. These walls 2120, 2140, are arranged to open so as to permit a wafer
2010 to be loaded into the reactor 2100 for processing, by a loading and unloading
mechanism (not shown) that, for example, may be in the form of a robot having an
end effector. These walls 2120, 2140, are arranged to close so as to define a
capsule 2160 supporting a wafer 2010 in a processing position, between these walls

2120, 2140.



-30 FIGS. 20-24, illustrate a further exanple of a processing station
simlar to the type shown in FIGS. 12-19. In FIGS. 20-24, there is shown a

react or %%QQ. processing a mcroel ectroni c workpi ecgcrasotnigdss a silicon
waf er avi ng an upper side 2012, a |lower side 2014, and an outer,

circular perimeter 2016, in a mcro-environment. For certain applications,
the upper side 2012 is the front side, which may be otherw se called the
device side, and the |ower side 2014 is the back side, which may be

ot herwi se cal l ed the non-device side. However, for other applications, the
silicon wafer 2010 is inverted. Cenerally, except as disclosed herein, the
reactor 2100 is simlar to the reactors illustrated and descri bed above.
However, as illustrated in the draw ngs3land described herein, the reactor
2100 is inproved to be nore versatile in executing selected

m croel ectronic fabrication processes. The reactor 2100 has an upper

chanber ne r that,..l n u cha wal, | and.a | ower
chanber EBE refqgcthl-Oﬁ H’Ggsdeg Tso%g‘? g?‘ %Plheﬁﬁ%@% ng/\élr?tgr2120
2140, are arranged to open so as to permt_ a wafer 2010 to be |paded into
the re&ti0pWhishaipunts the, pppes chamber i gnpoé‘lﬁ mQuating PG 20cfor preating & m (not
shown) that, for exanple, may be in the formof a robot haV| n end

ef f ect witor 224@ ged the jupper 2ng éowez Thamberrwalls 21302140, when ddesed ,@%%%%%ﬁ ne a

capsul e 2160 supporting a wafer 2010 in a processing position, between
t hese eoerjointly witlk@ wafer/2010 supported in the processing position. The motor 2220 is arranged

to drive a sleeve 2222, which is supported radially in the head 2200, by rolling-element bearings
2224. The head 2200 is 'an'anged to be raised for opening these walls 2120, 2140, and to be
lowered for closing these walils 2120, 2140.

The upper chamber wall 2120 has an inlet 2122 for processing fluids, which may be
liquid, vaporous, or gaseous, and the lower chamber wall 2140 has an inlet 2142 for such fluids,
which for a given application may be similar fluids or different fluids. The head 2200 mounts an
upper nozzle 2210, which extends axially through the sleeve 2222 so as not to interfere with the
rotation of the sleeve 2222. The upper nozzle 2210 directs streams of processing fluids
downwardly through the inlet 2122 of the upper chamber wall 2120.

The upper chamber wall 2120 includes an array of similar outlets 2124, which are spaced
similarly at uniform angular spacings around the vertical axis A. In the disclosed embodiment,
thirty-six such outlets 2124 are employed. Each outlet 2124 is spaced outwardly from the
vertical axis A by a comparatively larger radial distance and is spaced inwardly from the outer
perimeter 2016 of a wafer 2010 supported in the processing position by a comparatively smaller

radial distance, such as a distance of approximately 1.5 millimeters.
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WO 01/ 04387 PCT/ US00/ 18958 -31 The reactor 2100, which defines a rotation
axis A, has a head 2200 containing a rotor 2210, which nounts the upper
chanber waly, and nounting a nmotor 2220 for rotatingp¢figsconses®r 2210
and the upper and | ower chanber walls 2120, 2140, when cl osed, around the
axis A, conjointly wwth a wafer 2010 supported in the processing position.
The notor 2220 is arranged to drive a sleeve 2222, which is supported
radially in the head 2200, by rolling-el ement bearings 2224. The head 2200
is arranged to be raised for opening these walls 2120, 2140, and to be

| owered for closing these walls 2120, 2140. The upper chanber wall 2120 has
an inlet 2122 for processing fluids, which may be 1iquid, vaporous, or
gaseous, and the |ower chanber wall 21403has an inlet 2142 for such fluids,
which for a given application may be simlar fluids or different fluids.
The head 2200 nounts an upper nozzle 2210, which extends axially through
the sleeve 2222 sp as not . to interfere with th rotation of the sleeve
2222. The up Hhe, 9pner 994 Jower ¢ raa}i%ai%o,aifq;@%@gqun&er/|daﬁw micro-
downwardl y through the inlet 2122 of the upper chanber wall 2120. The upper
chanber epérqnmenbieactar. 2109:he having amprrer prcassing chambercl126 ahat 4s deiined By She
spaced simlarly at uniform angul ar spaci ngs around the vertical axis A

I n the #ppegichbambereraib120eand by a fifst genemlly planghswiace of sheosupportadewafen?®fed.

Each outlet 2124 is spaced outwardly fromthe vertical axis A by a
conpar aghd a|lowerprgesssing ¢hathbati 246 tteb isadefined by phe bower chambirywdll 210tdnd aout er
perineter 2016 of a wafer 2010 supported in the processing position by a
conpar atseooad emarally planarrsarface! of the supported wafethoppesite thie firstnside. oTheagppenandmat el y
o ml llclwgg'tpgc;sing chambers 2126, 2146, are in fluid communication with each other in an annular
region 2130 beyond the outer perimeter 2016 of the supported wafer 2010 and are sealed by an
annular, compressible seal (e.g. O-ring) 2132 bounding a lower portion 2134 of the annular
region 2130. The seal 2132 allows processing fluids entering the lower inlet 2142 to remain
under sufficient pressure to flow toward the outlets 2134.
As compared to reactors of the type disclosed in the previously described embodiments,
the reactor 2100 is particularly suitable for executing a range of unique microfabrication
processes. For example, reactor 2100 is particularly suited to execute a process that requires
complete contact of a processing fluid at a first side of a workpiece and at only a peripheral
margin portion of the second side thereof. Such processes may be realized because processing
fluids entering the inlet 2142 of the lower chamber wall 2140 can act on the lower side 2014 of a
supported wafer 2010, on the outer periphery 2016 of the supported wafer 2010, and on an outer
margin 2018 of the upper side 2012 of the supported wafer 2010 before reaching the outlets

2124, and because processing fluids entering the inlet 2122 of the upper chamber wall 2120 can



WO 01/ 04387 PCT/ USOQO 18958 -32 When the upper and | ower chanber walls
2120, 2140, are closed, they define a mcro- environnent reactor 2160 the

havi ng ag, Lq%% processi ng chanber 2126 that is defi nedpbyrushorisesspper
chanber N %0 and by a first generally planar surface of the supported

waf er 2010, and a | ower processing chanber 2146 that is defined by the

| ower chanber wall 2140 and a second generally planar surface of the
supported wafer opposite the first side. The upper and | ower processing
chanmbers 2126, 2146, are in fluid comunication with each other in an .
annul ar region 2130 beyond the outer perinmeter 2016 of the supported wafe
2010 and are sealed by an annular, conpressible seal (e.g. Oring) 2132
bounding a |l ower portion 2134 of the ad8ular region 2130. The seal 2132
all ows processing fluids entering the lower inlet 2142 to remain under
sufficient pressure to flow toward the outlets 2134. As conpared to

reactors of the t. | sglosed in.th I ousl| escribed e i {s,

the 8%, °%S%§§Bgﬂr ?f@a|sgm°§;tegmafeaﬁf’§&feafepéég h ] %"F‘Q?QZES' uni que
m crof abri catjon rocesses, For e | e, reactor 2100 is particularly

sui t e s’éﬁé@%@é’%‘%‘i’é‘%ﬁsﬁ‘?ﬂa@e@é&?ﬁres conpl ete contact of a processing
fluid at a first side of a workpiece and at only _a peripheral , margin
portion of A asigniicantexample ehenesyeh Pﬂﬁéﬁﬁ’wmgio‘ﬁﬁ? ll?é‘sF‘g&’Fq‘fBB cause

processing fluids entering the inlet 2142 of the |ower_chanber wall 2140
can a®f themespptive pvassurey ofproeessing fluids enteringthe sespegtive inleipa 122, 242, 1-caniyt er
periphery 2016 of the supported wafer 2010, and on an outer margin 2018 of
t he uppta pocess i @hivthar probessisg fluidt isaliowed tor copgitna st side of thgovarkpjecehtheout | et s
2124, and because processing fluids entering the inlet 2122 of the upper
chamb eeripieerdl e@ge26f theworkpiece, and a peripheral region of the opposite side of the workpiece.

Such fluid flow/contact can also be viewed as a manner of excluding a processing fluid that is

applied to the opposite side from a peripheral region of that side. In accordance with one

embodiment of such a process, a thin film of material is etched from the first side, peripheral

edge of the workpiece, and peripheral region of the opposite side of the workpiece.

In a more specific embodiment of such a process, the process may employed in a
metallization process that is used to form a microelectronic component and/or interconnect
structures on a semiconductor wafer or the like. To this end, a thin film, such as the seed layer,
is applied over a barrier layer on the front side and over at least a portion of the outer perimeter.

After one or more intervening steps, such as electroplating of a copper layer or the like thereover,
an etchant capable of etching the electroplating material, thin film material, and/or the barrier
layer material is caused to flow selectively over only an outer margin of the first side while being
concurrently prevented from flowing over other radial interior portions of the first side. Thus,

one or more of the layers are removed from the outer margin of the first side while the layers

remain intact at the portions of the first side that are disposed interior of the outer margin. If the



WO 01/ 04387 PCT/ USOQO 18958 -33 act on the upper side 2012 of the supported
waf er 2010, except for the outer margin 2018 of the upper side 2012,

bef ore reaqﬁg6} e outlets 2124. As a significant exanpl gcpisénagessuch
process, the reactor 2100 can be used with control of the respective:
pressures of processing fluids entering the respective inlets 2122, 2142,
to carry out a process in which a processing fluid is allowed to contact a
first side of the workpiece, the peripheral edge of the workpiece, and a
peri pheral region of the opposite side of the workpiece. Such fluid

fl ow contact can al so be viewed as a manner of excluding a processing fluid
that is applied to the opposite side froma peripheral region of that

side. In accordance with one enbodi nent-3#-. such a process, a thin film of
naterial is etched fromthe first side, peripheral edge of the workpiece,
and peripheral region of the opposite side of the workpiece. In a nore
speci fic epbodi ppnt of such a, process, the process may enployed in a

met al | | z&‘F‘%ﬁ l#@&% g¥erithe, PPRasits, §idg apd oy erthe QUIRT ReTIRStT S el 5 evsi e aer
and/or interconnect structures on a sem conductor wafer or the like. To

t hi s endmatgin of the first pide,dhe pneser more laysescare alye removed frapythe evfernesimeter 9fithei er

| ayer on the front side and over at |east a portion of the outer perineter.
Af t er onwafsr and, fusther; apy ventamipant thptshe etghent isscapable of rembving igystrpped fromp pher

| ayer or the |ike thereover, an etchant capable of etching the

el ect r opbackisidg. material, thin filmmaterial, and/or the barrier |ayer
material is caused to flow selectively over only an outer margin of the
first si-de wiBdsed beihreglescription of thetfbiegeing prisessdit wild bt fdcoarizeg thateithep ldyers
radial interior portions of the first side. Thus, one or nore of the
layers apwi/sranaetial thiyobe seltetivsly echddtlganed epbdid fprétedted; efks bakidlo stleaiveayer s

contact of a processing fluid with the outer margin and/or opposing side of the workpiece. For
example, oxide may be removed from the opposite side and outer margin of the first side of a
workpiece through selective contact with an oxide etchant, such as hydrofluoric acid. Similarly,
the oxide etchant may be controlled in the reactor so that it contacts all of the front side of the
workpiece except for the outer margin thereby leaving the oxide at the outer margin intact. It will
also be recognized that removal of the outlets 2124 allows the reactor 2100 to be used for
processes in which selective outer margin inclusion or exclusion is unnecessary or otherwise
undesirable.

A further example of a type of processing station suitable for use with the lift and rotate
assembly 200 illustrated in FIGS. 3-11, is illustrated in FIGS. 25-36. The illustrated processing
station incorporates a processing head having a plurality of contacts in the form of discrete
flexures or a Belville ring contact. More specifically, FIGS. 25-36 illustrate a reactor assembly
3020 for electroplating a microelectronic workpiece, such as a semiconductor wafer 3025.

Generally stated, the reactor assembly 3020 is comprised of a processing head 3030 and a



remain intact at the portions of the first side that are di sposed interior
of the outer margin. If the WO 02/04387 PCTJUS40118958 -34 etchant is
driven ovgfellddsyoPposite side and over the outer perinetirrusoonssss | as over
the outer margin of the first side, the one or nore | ayers are also
renmoved fromthe outer perineter of the wafer and, further, any

contam nant that the etchant is capabl e of rennving IS stripped fromthe
back side. Based on the description of the foregoing process, it will be
recogni zed that other layers and/or materials nay be sel ectively etched,
cl eaned, deposited, protected, etc., based on selective contact of a
processing fluid with the outer margi n and/ or opposing side of the

wor kpi ece. For exanple, oxide nmay be f3moved fromthe opposite side and
outer margin of the first side of a workpiece through selective contact
wi th an oxide etchant, such as hydrofluoric acid. Simlarly, the oxide

t chant trolled.in t t tht it gont L. gf .th
front ”%ﬁa?%ﬁ%‘ﬂééhﬁf@b@s Hia 759 oF TR HOEP bR GPEHEDG BY e g

t he oxide .at ut er rqin intact It II also be recogni zed, t
rermva#?ee?ms i ?‘@ssofm cogriwa%“tams P Aike Syorkpiesss:iig ‘Blaclaga 71 ﬂH
processes in which selectlve out er, gin inclusion or exclu5|on IS

unnec e%%'ﬂP‘iﬁ“’S’r thin-film Jayee of the)wafer 49 |etectmp1¢te¢ tithy 2 blanket) or patterned ymetallic

processing station suitable for use with the lift and rotate assenbly 200
il lustle¥efed in FIGS. 3-11, is illustrated in FIGS. 25-36. The illustrated
processing station |ncorporates a processing head having a plurality of
cont acts i rfherspe¢ific gonstructioncofaune enftodinent of 8 reagtoBbbw] B03S suitabje formsgdn. More
specifically, FIGS. 25-36 illustrate a reactor assenbly

the reactor assembly 3020 is illustrated in FIG. 26. The electroplating reactor bowl 3035 is that

portion of the reactor assembly 3020 that contains electroplating solution, and that directs the

solution against a generally downwardly facing surface of an associated workpiece 3025 to be

plated. To this end, electroplating solution is circulated through the reactor bowl 3035.

Attendant to solution circulation, the solution flows from the reactor bowl 3035, over the weir-

like periphery of the bowl, into a lower overflow chamber 3040 of the reactor assembly 3020,

Solution is drawn from the overflow chamber typically for re-circulation through the reactor.

The reactor bowl 3035 includes a riser tube 3045, within which an inlet conduit 3050 is
positioned for introduction of electroplating solution into the reactor bowl 3035. The inlet
conduit 3050 is preferably conductive and makes electrical contact with and supports an
electroplating anode 3055. The anode 3055 may be provided with an anode shield 3060.
Electroplating solution flows from the inlet conduit 3050 through openings at the upper portion
thereof, about the anode 3055, and through an optional diffusion plate 3065 positioned in

operative association with the anode. The anode 3055 may be consumable whereby metal ions

of the anode are transported by the electroplating solution to the electrically-conductive surface



3020 for electroplating a mcroel ectronic workpiece, such as a

sem conduct or wafer 3025. Cenerally stated, the reactor assenbly 3020 is
conpri sed @b oflolgPCeSSi ng head 3030 and a WO 01/ 04387 PCRCREMW8S8 - 35
correspondi ng reactor bow 3035. This type of reactor assenbly is
particularly suited for effecting electroplating of sem conductor wafers
or like workpieces, in which an electrically conductive, thin-filmlayer
of the wafer is electroplated with a blanket or patterned netallic |ayer.
The specific construction of one enbodi nent of a reactor bow 3035 suitable
for use in the reactor assenbly 3020 is illustrated in FIG 26. The

el ectroplating reactor bow 3035 is that portion of the reactor assenbly
3020 that contains el ectroplating solut<36r, and that directs the solution
agai nst a generally dowwardly facing surface of an associ ated workpi ece-
3025 to be plated. To this end, electroplating solution is circul ated

t hr ough e reactor bowl 3035.. Attendant, t.0 lutio I rcu kon e
sol utio t?? %%ﬁ%"“fi?“g‘ﬁ?'?ﬁ‘é""? 8’%};“?5}“‘%8% %&o%véﬁe%%ve&bﬁ;-m?@%g‘ra?%%er y of
the bow , ipnta a | ower overflow chapber 40 of the reactor assenbly 3020.
Sol ut i OW@‘HF “‘PY‘B&WW«S“&?EPFIWM&& ypically for re-circul ation
through the reactor._The reactor bow 3035 includes a riser tubge 45,
wi thin whi cHASShoWRIRFIGS, 29 and 23 ¢hrpiliustrated embqdiment 0? te PMF%S@&&’B%C! %ﬂ??géé
el ectroplating solution into the reactor bow 3035. The inlet conduit 3050
i s pr ef Beglsriyoplating meactoy 3020 remppisessa Wationaryi assambly) 307%0cand airetar 25sembly 30 -t s an
el ectropl ating anode 3055. The anode 3055 may be provided with an anode
shi el d Roew.assambly B3PED lisaconfiguesd| 1ot jeceivé landhsatry @m askasiated) wafer 382fLpor like50
t hrough openi ngs at the upper portion
workpiece, position the wafer in a process-side down orientation within reactor bowl 3035, and
to rotate or spin the workpiece while joining its electrically-conductive surface in the plating
cireuit of the reactor assembly 3020. The lift and rotate assembly 3080 rotates the processing
head 3030 from an upwardly-facing disposition, wherein it receives the wafer to be plated, to 2
downwardly facing disposition, wherein the surface of the wafer to be plated is positioned
downwardly in reactor bowl 3035, generally in confronting relationship to diffusion plate 3065.
A robotic arm 3415 (sometimes referred to as including an end effector) is typically employed
for placing the wafer 3025 in position on the rotor assembly 3075, and for removing the plated
wafer from within the rotor assembly,
In the illustrated embodiment, the reactor 3020 employs a ring contact assembly 3085
that provides either a continuous electrical contact or a high number of discrete electrical
contacts with the wafer 3025. By providing a more continuous contact with the outer peripheral
edges of the semiconductor wafer 3025, in this case around the outer circumference of the

semiconductor wafer, a more uniform current is supplied to the semiconductor wafer 3025 that

promotes more uniform current densities. The more uniform current densities enhance



t hereof , about the anode 3055, and through an optional diffusion plate 3065
positioned in operative association with the anode. The anode 3055 may be
consunab by metal ions of the anode are transporgdcagson

el ectroplating solution to the electrically-conductive surface WO 01/ 04387
pcT/ USO0/ 18958 -36 of the associ ated workpi ece, which functions as a

cat hode. Alternatively, the anode 3055 may be inert, thereby renoving the
need for the anode shield 3060. As shown in FIGS. 25 and 27, the

il lustrated enbodi nent of the processing head 3030 of the electroplating.
reactor 3020 conprises a stationary assenbly 3070 and a rotor assenbly
3075. Rotor assenbly 3075 is configured to receive and carry an associ ated
waf er 3025 or |ike workpiece, positioB7the wafer in a process-side down
orientation within reactor bow 3035, and to rotate or spin the workpiece
while joining its electrically-conductive surface in the plating circuit

of the reactar .assenbl 20.. The l.ift and rotate assenbly 3080 rotates the
pr oceggﬁf?{amyﬁxégﬁ %B'gg’fﬁegﬁ??ﬁ%m "y-facing disposition, wherein it
receives t wafer to ed, to.a do r faci nq di sposi tion,
Wherei nt hihe Sopa sty d0gs, A achdBee Wi i llsypeH PRPRL ARG y | n
react or bow 3035 enerally.in_confronting relatiopship o diffusion plate
3065: conagt dppsbhess thahprowds migimal dntrsion abrout Hheeter perp wﬁ?mgowgwa
effector) is typically enmployed for placing the wafer 3025 in position on
t he r 8Fayiding sesiptent gontact v geed layery i Gantastovith shecseed Jayer is enhavredib¥hi n t he
rotor assenbly. In the illustrated enbodi ment, the reactor 3020 enpl oys a
ri ng ®8ing aceontast menber gorbire that proyidesiajwiping petion againsh thensged, dayer axthej cal
contact or a high nunber of discrete electrical )

wafer is brought into engagement with the contact assembly. This wiping action assists in

removing any oxides at the seed layer surface thereby enhancing the electrical contact between

the contact structure and the seed layer. As a result, uniformity of the current densities about the

wafer periphery are increased and the resulting film is more uniform. Further, such consistency

in the electrical contact facilitates greater consistency in the electroplating process from wafer-

to-wafer thereby increasing wafer-to-wafer uniformity.

The contact assembly 3085, as will be set forth in further detail below, also includes one

or more structures that provide a barrier, individually or in cooperation with other structures, that

separates the contact/contacts, the peripheral edge portions and backside of the semiconductor

wafer 3025 from the plating solution. This prevents the plating of metal onto the individual

contacts and, further, assists in preventing any exposed portions of the barrier layer near the edge

of the semiconductor wafer 3025 from being exposed to the electroplating environment. Asa

result, plating of the barrier layer and the appertaining potential for contamination due to flaking

of any loosely adhered electroplated material is substantially limited.

In the illustrated embodiment, the contact assembly 3085 forms part of the rotor assembly



contacts with the wafer 3025. By providing a nore continuous contact with
the outer peripheral edges of the sem conductor wafer 3025, in this case
around the_outer_ circunference of the sem conductor vvafel; JoREgRs Uni form
current is‘@h‘ﬂw d to the sem conductor wafer 3025 that ~pronotes nore
uniformcurrent densities. The nore uniformcurrent densities enhance WO
01/ 04387 PCT/ US00/ 18958 -37- uniformty in the depth of the deposited
material. The contact assenbly 3085, in accordance with the illustrated
enbodi ment, includes contact nenbers that provide mninmal intrusion about
t he waf er periphery while concurrently providing consistent contact with
the seed |l ayer. Contact with the seed |ayer is enhanced by using a contact
menber structure that provides a w pi ng_ﬁ_tion agai nst the seed | ayer as
the wafer is brought into engagenent w the contact assenbly. This

W ping action assists in renoving any oxides at the seed |ayer surface

t hereby enhancing the electrical contact between the contact structure and
t he see@0Tayml prodles eleetsicd] tcontast bawseér sheaemidoaductor rveafér 3024 sintli 2 sountroof  t he
waf er periphery are increased and the resulting filmis nore uniform

Furt her elebtsplatingpowed ency in the electrical contact facilitates greater
consistency in the electroplating process fromwafer- to-wafer thereby

i ncreasi ng WRfGURE 08 mfsﬁatemgaxqmraés.seafm O b comad HNambBORIB5. dathid | | be

set forth in further detail below also includes one or nore structures

that pr onjstftedeRBodiieht; the RehtibCHisnbly ‘?:{c/ldd@s &?Qﬂ@{ﬁédz%erﬂbe} 1160, AR annular

structures, that separates the cont act/contacts e peripheral edge

o Sk A A Sl Bl S, bt
wafer guide 3115. In one embodiment, annular wedge 3105, flexure contacts 3090, and contact
mount member 3110 are formed from platinized titanium while wafer guide 3115 and outer body
member 3100 are formed from a dielectric material that is compatible with the electroplating
environment. Annular wedge 3105, flexure contacts 3090, mount member 3110, and wafer
guide 3115 join together to form a single assembly that is secured together by outer body
member 3100.

Contact mount member 3110 includes a first annular groove 3120 disposed about a
peripheral portion thereof and a second annular groove 3125 disposed radially inward of the first
annular groove 3120. The second annular groove 3125 opens to a plurality of flexure channels
3130 that are equal in number to the number of flexure contacts 3090.

Each flexure contact 3090 is comprised of an upstanding portion 3135, a transverse
portion 3140, a vertical transition portion 3145, and a wafer contact portion 3150, Similarly,
wedge 3105 includes an upstanding portion 3155 and a transverse portion 3160. Upstanding
portion 3155 of wedge 3105 and upstanding portion 3135 of each flexure contact 3090 are

secured within the first annular groove 3120 of the contact mount member 3110 at the site of



contacts and, further, assists in preventing any exposed portions of the
barrier |ayer near the edge of the sem conductor wafer 3025 from being
exposed o dijogzse! ectropl ating environnment. As a result porhusbinrsgssof t he
barrier layer and the appertaining potential for contam nation due to
flaking of any | oosely adhered electroplated material is substantially
limted. In the illustrated enbodi nent, the contact assenbly 3085 forns
part of the rotor assenbly WO 01/ 04387 PCT/ US00/ 18958 -38 3075 and

provi des electrical contact between the sem conductor wafer 3025 and a
source of electroplating power. FIGURE 28 illustrates a partial
cross-section view of the contact assenbly 3085. In the illustrated
enbodi ment, the contact assenbly includ®s an outer body nmenber 3100, an
annul ar wedge 3105, a plurality of flexure contacts 3090, a contact nount
menber 3110, and an interior wafer guide 3115. In one enbodi nent, annul ar

wedge 310 fl exur t S,.3090 ontact  no, nber 3110.are
For st B Shetel 3T, Sk s timen ot e P Somarts 3000 50 TR PEvmE POt
menber .310Q are forned fro |elecirj.c terial that is mat.i b) e with
he. oMU the SYEralceomtast, EsehGn 053,45 fosiiedck. Brss pissmeroat of Bl 3000,
nnunhgrenber 3110, and wafer , guide 3115 _join together to_form,a single
ass entfleyueiegntacts 309010 tsresnseriterilaxurs channel 3130 a9 that therpstandingoporion $ B nount
menber, 3110 includes a first annularaﬁroove 3120 di sposed about a
per i pHe gigpossd withimthe firsteannulay gragve 3424 af therremtact movw\meraher 5110 while the
radially inward of the first annular groove 3120. The second annul ar
gr oov dragsitien pertios 3145 andiriogtagl partiom3150 preesed thriouginthe gespective flexure channel
3130. The upstanding portion 3155 of wedge member 3105 is then urged into the first annular
groove 3120. To assist in this engagement, the upper end of upstanding portion 3155 is tapered.
The combined ‘width of upstanding portion 3135 of the flexure contact 3090 and upstanding
- portion 3155 of wedge 3105 are such that these components are firmly secured with contact
mount member 3110.
Transverse portion 3160 of wedge 3105 extends along a portion of the length of
transverse portion 3140 of each flexure 3090. In the illustrated embodiment, transverse portion
3160 of wedge portion 3105 terminates at the edge of the second annular groove 3125 of contact
mount member 3110. As will be more clear from the description of the flexure contact operation
below, the length of transverse portion 3160 of wedge 3105 can be chosen to provide the desired
degree of stiffness of the flexure contacts 3090.
Wafer guide 3115 is in the form of an annular ring having a plurality of slots 3165
through which contact portions 3150 of flexures 3090 extend. An annular extension 3170
proceeds from the exterior wall of wafer guide 3115 and engages a corresponding annular groove

3175 disposed in the interior wall of contact mount member 3110 to thereby secure the wafer



3130 that are equal in nunber to the nunber of flexure contacts 3090. Each
fl exure contact 3090 is conprised of an upstandi ng portion 3135, a
transversawoggbkgpn 3140, a vertical transition portion Fciwsoonsdsm waf er
contact portion 3150. Simlarly, wedge 3105 includes an upstandi ng portion
3155 and a transverse portion 3160. Upstanding portion 3155 of wedge 3105
and upstandi ng portion 3135 of each flexure contact 3090 are secured
within the first annul ar groove 3120 of the contact nmount nenber 3110 at
the site of WD 01/04387 PCT/USCO 18958 -39 each flexure channel 3130.

Sel f-adjustnent of the flexure contacts 3090 to their proper position
within the overall contact assenbly 3085 is facilitated by first placing
each of the individual flexure contact-403090 in its respective flexure
channel 3130 so that the upstanding portion 3135 is disposed within the
first annul ar groove 3120 of the contact nount nenber 3110 while the

transitiqn portion 3145 and contact portion 3150 proceed throu t he
r espect EWde ﬁ I8ith thereontact mount memberyH 10,48 Hivatratgd,hs P"P%Fl A ?‘ggeﬁ\gﬂge
menber 3105 is _then urged into the first annular groove 3120. To_assjst in
this enbasdaiategior digmeterihat decspagesdfromyfhsupperinetfiqnhereefifo thedawergportigndhereof  The
conbi ned wi dth of upstanding portion 3135 of the flexure contact 3090 and
upst andproyimate eontash pertisss 3¥50woh gafes inGrted ints goitactassembiie 3€85cis thusrguided ar e
firmy secured with contact nount nenmber 3110. Transverse portion 3160 of
wedge 3ib&Spasitionwiith edntavtpertipns 3156 by aftapensl guideywhll fdrmet ahtheinteder qfovaféron
3140 of each flexure 3090. In the illustrated enbodi nent, transverse
por t i onguidd BI1 50 Thepdaion 3080 sfowafet pliflet3d t Sithanéxtendstbelocanpoigeexénsiond 13®kisond
annul ar groove 3125 of contact
formed as a thin, compliant wall that resiliently deforms to accommodate wafers having different
diameters within the tolerance range of a given wafer size. Further, such resilient deformation
accommodates a range of wafer insertion tolerances occurring in the components used to bring
the wafer into engagement with the contact portions 3150 of the flexures 3090.
Outer body member 3100 includes an upstanding portion 3185, a transverse portion 3190,
a vertical transition portion 3195 and a further transverse portion 3200 that terminates in an
upturned lip 3205. Upstanding portion 3185 includes an annular extension 3210 that extends
radially inward to engage a corresponding annular notch 3215 disposed in an exterior wall of
contact mount member 3110. A V-shaped notch 3220 is formed at a lower portion of the
upstanding portion 3185 and circumvents the outer periphery thereof. The V-shaped notch 3220
allows upstanding portion 3185 to resiliently deform during assembly. To this end, upstanding
portion 3185 resiliently deforms as annular extension 3210 slides about the exterior of contact
mount member 3110 to engage annular notch 3215. Once so engaged, contact mount member
3110 is clamped between annular extension 3210 and the interior wall of transverse portion 3190

of outer body member 3100.



mount nenber 3110. As will be nore clear fromthe description of the

fl exure contact operation below, the |length of transverse portion 3160 of
wedge 31Qa chosen to provide the desired degree wirGéoonsesgss of the
flexure con acts 3090. Wafer guide 3115 is in the formof an annular ring
having a plurality of slots 3165 through which contact portions 3150 of

fl exures 3090 extend. An annul ar extension 3170 proceeds fromthe exterior
wal | of wafer guide 3115 and engages a correspondi ng annul ar groove 3175
di sposed in the interior wall of contact nount nmenmber 3110 to thereby
secure the wafer WO 01/04387 PCT/ US00/ 18958 -40 guide 3115 with the
contact nount nenber 3110. As illustrated, the wafer guide nenber 3115 has
an interior diameter that decreases fr@m-the upper portion thereof to the
| ower portion thereof proximate contact portions 3150. A wafer inserted

I nto contact assenbly 3085 is thus guided into position with contact

portions 3150 b apered UI de wall forned at_the interior fer
gui de 3115F g‘pWF’iSBHO@QB 200 e’ﬂfﬁ‘ldépel@&ﬂ&e 18&&3°f%a°ék?%‘ﬁ%311§9\l\§weannul ar

extension 3170 is formed as a thi n, conpliant wall that resiliently
def or figxure cortaess3BAhand isdimensionsdite gesmmﬂﬁ deform asi sawafenrsychps afi 302006

tol erance range of a given wafer size. Further, such resilient deformation
acconmnvia against themg cVeshaned metchi 3226 mayde dinkrsicned asd posjtienedrtg assist im the
conponents used to bring the wafer into engagenment with the contact
por t i eesilietldefornfatioh of framsverseporBGOE2000OW it théewdfer 302fhinproped engagerhent avithan
upst andi ng portion 3185, a transverse portion 3190, a vertical transition
porti ¢ie cohtdot portions 3050, pturhéd i \3205 engages ivafer 30RO dnliadssists rimipravidiag ian an -
upturned i p 3205. Upstandi ng portion 3185 includes an annul ar extension
3210 tbhiier Betiveeitithe electroplating solution and the outer peripheral edge and backside of wafer
3025, including the flexure contacts 3090.
Flexure contacts 3090 resiliently deform as the wafer 3025 is driven against them:
Contact portions 3150 are initially angled upward in the illustrated manner. Thus, as the wafer
3025 is urged against contact portions 3150, flexures 3090 resiliently deform so that contact
portions 3150 effectively wipe against surface 3230 of wafer 3025. In the illustrated
embodiment, contact portions 3150 effectively wipe against surface 3230 of wafer 3025 a
horizontal distance designated at 3235. This wiping action assists in removing and/or
penetrating any oxides from surface 3230 of wafer 3025 thereby providing more effective
electrical contact between flexure contacts 3090 and the seed layer at surface 3230 of wafer
3025.
Although flexure contacts 3090 are formed as discrete components, they may be joined
with one another as an integral assembly. To this end, for example, the upstanding portions 3135

of the flexure contacts 3090 may be joined to one another by a web of material, such as

platinized titanium, that is either formed as a separate piece or is otherwise formed with the



radially inward to engage a correspondi ng annul ar notch 3215 di sposed in an
exterior wall of contact nount nenber 3110. A V-shaped notch 3220 is
formed at de‘ﬁ 5 PO t ion of the wupstanding portion 3185p@Epgsodirgessnvent s
the outer periphery thereof. The V-shaped notch 3220 all ows upstandi ng
portion 3185 to resiliently deformduring assenbly. To this end, upstanding
portion 3185 resiliently deforns as annul ar extension 3210 slides about the
exterior of contact nount nenber 3110 to engage annul ar notch 3215. Once
so engaged, contact nount menber 3110 is clanped between annul ar extension
3210 and the interior wall of transverse portion 3190 of outer body nenber
3100. WO 01/04387 PCT/ US00/ 18958 -41 Further transverse portion 3200

ext ends beyond the length of contact por43d2-ons 3150 of the flexure contacts
3090 and is dinensioned to resiliently deformas a wafer, such as at 3025,
I's driven against them V-shaped notch 3220 rmay be di nensi oned and
positioned to,assi.st, in th resgilient deformation of transverse portion
3200. m?‘?ﬁ“’?%@%?’&%‘%’ﬁﬁ%°%e’ﬂa‘5?§per engagement with the contact portions
3150, upturned,|lip 3205 engages, waf er 3025 and assists in provjding a
barrier bet éﬁl“?‘l%%edeﬁ“epéfa’ﬁoﬁg and 30y taerater assembly 3 W%P%?OM% %mredge
and backside of wafer 3025, including the flexure contacts 3090. Flexure
cont act $assouembes 3203 and 3 yerepveble poptact assemply 32160 b at lsasy ope embediments thet hem
Contact portions 3150 are initially angled upward in the illustrated

manner . Iatpviease memberd20%kisannulaGashaps tomytelt thashapsof theosemieondyntortwalkr3023.50,
flexures 3090 resiliently deformso that contact portions 3150 effectively
wi pe agahmeir of Uatthing: medi@bismis 3245 ds dBpaded at wppdsite isidesi of thetretbr base member

3205. Each of the latching mechanisms 3215 includes an aperture 3220 disposed through an
upper portion thereof that is dimensioned to receive a corresponding electrically conductive shaft
3225 that extends downward from the removable contact assembly 3210.

The removable contact assembly 3210 is shown in a detached state in FIG. 29. To secure
the removable contact assembly 3210 to the rotor base member 3205, an operator aligns the
electrically conductive shafts 3225 with the corresponding apertures 3220 of the latching
mechanisms 3215. With the shafts 3225 aligned in this manner, the operator urges the
removable contact assembly 3210 toward the rotor base member 3205 so that the shafts 3225
engage the corresponding apertures 3220. Once the removable contact assembly 3210 is placed
on the rotor base member 3205, latch arms 3230 are pivoted about a latch arm axis 3235 so that
latch arm channels 3240 of the latch arms 3230 engage the shaft portions 3245 of the conductive
shafts 3235 while concurrently applying a downward pressure against flange portions 3247. This
downward pressure secures the removable contact assembly 3210 with the rotor base member
3205. Additionally, as will be explained in further detail below, this engagement results in the

creation of an electrically conductive path between electrically conductive portions of the rotor



enbodi nent, contact portions 3150 effectively w pe agai nst surface 3230 of
waf er 3025 a horizontal distance designated at 3235. This w ping action

assi sts g@,{] -\;i ng and/or penetrating any oxides frompgynisaerfeese?30 of
waf er 30 ereby providing nore effective electrical contact between

fl exure contacts 3090 and the seed | ayer at surface 3230 of wafer 3025.

Al t hough fl exure contacts 3090 are forned as discrete conponents, they may
be joined wth one another as an integral assenbly. To this end, for
exanpl e, the upstanding portions 3135 of the flexure contacts 3090 may be
joined to one another by a web of material, such as platinized titanium
that is either fornmed as a separate piece or is otherwise formed with the
WO 01/ 04387 PCT/ US00/ 18958 -42- flexud®s froma single piece of material.
As illustrated in FIGS. 29 and 30, the rotor assenbly 3075 nmay be conprised
of a rotor base nenber 3205 and a renovabl e contact assenbly 3210. In at

| east, one e dj nt, h rotor base mepher 3205 is an r_i.n.,shape to
mat chbme“?ﬁ@ﬁé‘@ @ﬂéﬁg g Comtacts pE the goptact asms@v B%ﬁ Jds Bmwe@
mechani,sns, 3215 i s di spogsed at opposite sides of the rotor base nenber

3205. this,path that the-electroplating comtaqinel thewonsagtznssamably 3210 are capmacted,ta repepig

di sposed through an upper portion thereof that is dinensioned to receive a
cor r e BPWerdfrory a plating pewesisppplronduct i ve shaft 3225 that extends downward
fromthe renovabl e contact assenbly 3210. The renovabl e contact assenbly
3210 i s shBIsS.i31 Acanded 1 Hbnstrate dorther defailCof #e. lakbhingoweshanismé 821 eand, thel e
contact assenbly 3210 to the. rotor base nenber 3205, an operator aligns
t he electrically conductive shafts 3225. As illustrated, each latching mechanism 3215 is comprised :
of a latch body 3250 having aperture 3220, a latch arm 3230 disposed for pivotal movement -
about a latch arm pivot post 3255, and a safety latch 3260 secured for relatively minor pivotal
movement about a safety latch pivot post 3265. The latch body 3250 may also have a purge port
3270 disposed therein to conduct a flow of purging fluid through corresponding apertures of the
removable contact assembly 3210. An.O-ring 3275 is disposed at the bottom of the flange
portions of the conductive shafts 3225
- FIGS. 32A - 32C are cross-sectional views illustrating operation of the latching
mechanisms 3215. As illustrated, latch arm channels 3240 are dimensioned to engage the shaft
portions 3245 of the conductive shafis 3225. As the latch arm 3230 is rotated to engage the shaft
portions 3245, a nose portion 3280 of the latch arm 3230 cams against the surface 3285 of safety
latch 3260 until it mates with channel 3290. With the nose portion 3280 and corresponding
channel 3290 in a mating relationship, latch arm 3230 is secured against inadvertent pivotal
movement that would otherwise release removable contact assembly 3210 from secure

engagement with the rotor base member 3205.

FIGS. 33A — 33D are cross-sectional views of the rotor base member 3205 and



electrically conductive shafts 3225 with the correspondi ng apertures 3220
of the latching nechanisns 3215. Wth the shafts 3225 aligned in this

manner, th ragtor urges the renovable contact assenbl y~pdddonbsgard the
r ot or base%ﬁ%’é&gBZOS so that the shafts 3225 engage the correspondi ng

apertures 3220. Once the renovabl e contact assenbly 3210 is placed on the
rotor base nenber 3205, |atch arns 3230 are pivoted about a |atch arm axis
3235 so that |atch armchannels 3240 of the latch arns 3230 engage the
shaft portions 3245 of the conductive shafts 3235 while concurrently

appl ying a dowmnward pressure agai nst flange portions 3247. This downward
pressure secures the renovabl e contact assenbly 3210 with the rotor base
menber 3205. Additionally, as will be egplLained in further detail bel ow,
this engagenment results in the creation of an electrically conductive path
bet ween el ectrically conductive portions of the rotor WO 01/04387

PCF/ US00/ 18958 -43 base assenbly 3205 and the el ectroplating contacts of

t he contremevablescontactassembly 3210 insan ¢ngegeshstate.hiAs canibh sedmain these crasesactiondl at i ng
contacts of the contact assenbly 3210 are connected to receive power from
a pl at i nieveovthe eleoichlly cndB&tive3 shafiard228 lincludd astentrally dispoded rborke 8293 shadbf t he
| at chi ng mechani sms 3215 and the electrically conductive shafts 3225. As

I |1 ust r ateiiés @acdtrespndingngensicalia ionducizge uick-comiget ipie83000f Itais| thioagh Ithisly
3250 having aperture 3220, a latch arm 3230 di sposed for pivotal novenent
about a engdgemett taPan electiedly &ﬁﬁ&ﬁvagdthﬁs esthlisied BéteBen3the Qotbf bask @ikbnibRr

relatively mnor pivotal novenent about a safety latch pivot post 3265.

The | at 305 ety ths 2iovaBlé cahtBd aSdmBlyB200r ge port 3270 di sposed therein to
conduct a flow of purging fluid through correspondi ng apertures of the

As also apparent from these cross-sectional views, the lower, interior portion of each
latch arm 3230 includes a corresponding channel 3305 that is shaped to engage the flange
portions 3247 of the shafts 3225. Channel 3305 cams against corresponding surfaces of the
flange portions 3247 to drive the shafts 3225 against surface 3310 which, in tumn, effects a seal
with O-ring 3275.

As illustrated in FIGS. 34 and 35, the rotor assembly 3075 includes an actuation
arrangement whereby the wafer or other workpiece 3025 is received in the rotor-assembly by
movement in a first direction, and is thereafter urged into electrical contact with the contact
assembly contact by movement of a backing member 3310 toward the contact assembly, in a
direction perpendicular to the first direction. FIG. 36 is an exploded view of various components
of the rotor assembly 3075 and stationary assembly 3070 of the processing head 3030.

As illustrated, the stationary assembly 3070 of the processing head 3030 includes a motor
assembly 3315 that cooperates with shaft 3360 of rotor assembly 3075. Rotor assembly 3075
includes a generally annular housing assembly, including rotor base member 3205 and an inner

housing 3320. As described above, the contact assembly is secured to rotor base member 3205.



renovabl e contact assenbly 3210. An Oring 3275 is disposed at the bottom
of the flange portions of the conductive shafts 3225 FIGS. 32A - 32C are
Cr 0SS- SeG{ih pfAaks7Vi ews il lustrating operation of the |atacTAgSoonsdshani sns
3215. As illustrated, latch arm channels 3240 are di nensioned to engage the
shaft portions 3245 of the conductive shafts 3225. As the latch arm 3230
Is rotated to engage the shaft portions 3245, a nose portion 3280 of the

| at ch arm 3230 cans agai nst the surface 3285 of safety latch 3260 until it
mates with channel 3290. Wth the nose portion 3280 and correspondi ng
channel 3290 in a mating relationship, latch arm 3230 i s secured agai nst

| nadvertent pivotal novenent that woul d ot herwi se rel ease renovabl e
contact assenbly 3210 from secure engé9enent with the rotor base nmenber
3205. FIGS. 33A - 33D are cross-sectional views of the rotor base nenber
3205 and F: WD 01/04387 PGI/ USOQ 18958 -44 renovabl e contact assenbly 3210
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the lower, interior portion of each [latch arm3230 i n¢cl udes a
cor r edpRneaiasisaranes pReningForthe ehotic 3 s el a3 & phwality of Werkpiere sypports 3330

upon which the workpiece is positioned by the robotic arm after the workpiece is moved

o

('\

transversely into the rotor assembly by movement through opening 3325. The supports 3330
thus support the workpiece 3025 between the contact assembly 3210 and the backing member
3310 before the backing member engages the workpiece and urges it against the contact ring.

Reciprocal movement of the backing member 3310 relative to the contact assembly 3210
is effected by at least one spring which biases the backing member toward the contact assembly,
and at least one actuator for moving the backing member in opposition to the spring. In the
illustrated embodiment, the actuation arrangement includes an actuation ring 3335 which is
operatively connected with the backing member 3310, and which is biased by a plurality of
springs, and moved in opposition to the springs by a plurality of actuators..

With particular reference to FIG. 34, actuation ring 3335 is operatively connected to the
backing member 3310 by a plurality (three) of shafts 3340. The actuation ring, in turn, is biased
toward the housing assembly by three compression coil springs 3345 which are each held captive
between the actuation ring and a respective retainer cap 3350. Each retainer cap 3350 is held in
fixed relationship with respect to the housing assembly by a respective retainer shaft 3355. By

this arrangement, the action of the biasing springs 3345 urges the actuation ring 3335 in a
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portions 3247 of the shafts 3225. Channel 3305 cans agai nst corresponding
surfaces of the flange portions 3247 to drive the shafts 3225 agai nst
surface 330 onbdsgh, in turn, effects a seal wth O-ri ng PEIRB00/1ESSS
illustrated in FIGS. 34 and 35, the rotor assenbly 3075 includes an
actuation arrangenment whereby the wafer or other workpiece 3025 is
received in the rotor assenbly by novenent in a first direction, and is
thereafter urged into electrical contact with the contact assenbly contact
by novenent of a backing nenber 3310 toward the contact assenbly, in a
directio' n' perpendicular to the first direction. FIG 36 is an expl oded

vi ew of various conponents of the rotor assenbly 3075 and stationary
assenbly 3070 of the processing head 30406 As illustrated, the stationary
assenbly 3070 of the processing head 3030 i ncludes a notor assenbly 3315
that cooperates with shaft 3360 of rotor assenbly 3075. Rotor assenbly 3075

3205 anoaioh ea b nEREH, AuDRE AL Ath SPRE R shils HiBnbg bt aR T
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supports 3330__upon_which the workpiece is positioned by the robotic arm

af t er tavempb; ROYVe whichcanbe selectivelyncoppled @and upgoupled framy he getu

movenent through openi ng 3325. The supports 3330
The actuation coupling 3370 includes a pair of flange portions 3375 that can be interengaged

with coupling flange 3365 of the actuation ring 3335 by limited relative rotation therebetween.
By this arrangement, the actuation ring 3335 of the rotor assembly 3075 can be coupled to, and
uncoupled from, the actuation coupling 3370 of the stationary assembly 3070 of the processing
head 3030.

With reference again to FIG. 34 and 35, actuation coupling 3370 is movable in a
direction in opposition to the biasing springs 3345 by a plurality of pneumatic actuators 3380
(shown schematically) mounted on a stationary, upper plate 3381 (see FIG. 25) of the stationary
assembly 3070. Each actuator 3380 is operatively connected with the actuation coupling 3370
by a respective linear drive member 3385, each of which extends generally through the upper
plate 3381 of the stationary assembly 3070. There is a need to isolate the foregoing mechanical
components from other portions of the reactor assembly 3020. A failure to do so will result in
contamination of the processing environment (here, a wet chemical electroplating environment).
Additionally, depending on the particular process implemented in the reactor 3020, the

foregoing components can be adversely affected by the processing environment.



t hus support the workpi ece 3025 between the contact assenbly 3210 and the
backi ng nmenber 3310 before the backi ng nenber engages the workpi ece and
ur ges itgﬁgai the contact ring. Reciprocal novenent fCI/USs0/8898&i ng
menber 3310 relative to the contact assenbly 3210 is effected by at |east
one spring which biases the backing nenber toward the contact assenbly,
and at | east one actuator for noving. the backing nenber in opposition to
the spring. In the illustrated enbodi nent, the actuation arrangenent

i ncludes an actuation ring 3335 which is operatively connected with the
backi ng nmenber 3310, and which is biased by a plurality of springs, and
noved in opposition to the springs by a plurality of actuators. Wth
particular reference to FIG 34, actuat4dZon ring 3335 is operatively
connected to the backing nmenber 3310 by a plurality (three) of shafts
3340. The actuation ring, in turn, is biased toward the housing assenbly

the act uat 181 ?t%?aiﬁgﬁh&r}@%%@ ?@39@%’?%%4"* o .si‘%@ﬁ‘iif‘%i%ﬁvﬁiienfng%ﬁezn
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bi asi ng springs 3345 urges_the actuatiqn ri 3335 in.a 01/.04387
PCT/ USD0 Firbodiment 18 gnade Si0m TeRon, s ies ¢ fist ﬁB‘iigleFFQ, seared at ii@oa%'f’iaoﬁ?%d t he

bi asi ng springs thus acting through shafts 3340 to UE?E t he bgﬁ(’:&i ng nenber
3335 jend ghareof ssevresh at 3405 (Sudhcsesuremsnt isdimplamaniedsinthe illuseated emBedipenly 3335

I ncl udes an inner, interrupted coupling flange 3365. Actuation of the
act uatusing thé Hipsteaeb liquid4ight dongeiand-grooye tsealing surangsment. e Tomplytey 341035) of
the stationary assenbly 3070, which can be selectively coupled and
uncou pifdlst Hetlows memberc3393 flex duringast3®ian of the backing plate 3310. -
FIG. 35 illustrates the disposition of the processing head 3030 in a condition in which it
may accept a workpiece, while FIG. 34 illustrates the disposition of the processing head 3030 in
a condition in which it is ready to process the workpiece in the reactor bowl 3035.
Operation of the processing head 3030 will be appreciated from the above description.
Loading of workpiece 3025 into the rotor assembly 3075 is effected with the rotor assembly in a
generally upwardly facing orientation, such as illustrated in FIG. 26 with the processing head in
a condition shown in FIG. 35. Workpiece 3025 is moved transversely through the opening 3325
defined by the rotor assembly 3075 to a position wherein the workpiece is positioned in spaced
relationship generally above supports 3330. A robotic arm 3415 is then lowered (with clearance
opening 3325 accommodating such movement), whereby the workpiece is positioned upon the
supports 3330. The robotic arm 3415 can then be withdrawn from within the rotor assembly
3075.

The workpiece 3025 is now moved perpendicularly to the first direction in which it was

moved into the rotor assembly. Such movement is effected by movement of backing member



The actuation coupling 3370 includes a pair of flange portions 3375 that
can be interengaged wth coupling flange 3365 of the actuation ring 3335
by limted | ar i rotation therebetween. By this arran e
actuation r‘?ﬁ&%&g of the rotor assenbly 3075 can be cou%?g}gﬁﬁ%l,s and
uncoupl ed from the actuation coupling 3370 of the stationary assenbly 3070
of the processing head 3030. Wth reference again to FIG 34 and 35,
actuation coupling 3370 is novable in a direction in opposition to the

bi asing springs 3345 by a plurality of pneumatic actuators 3380 (shown
schematically) nmounted on a stationary, upper plate 3381 (see FIG 25) of
the stationary assenbly 3070. Each actuator 3380 is operatively connected
with the actuation coupling 3370 by a j@ipective | i near drive nenber 3385,
each of which extends generally through the upper plate 3381 of the
stationary assenbly 3070. There is a need to isolate the foregoing
mechani cal conponents from other portions of the reactor assenbly 3020. A
fai | ur e 3840 genesally\iowardraestakt assemblg @2 6.riInathe diusahited embpdimeats the nmeumatic
environnment (here, a wet chem cal electroplating environnent).

Addi t i ometuatyrs 338@ectdn opposition lkebiasing spritga 3345 WhRErd MRIREE betweenrthd fhaer
reactor 3020, the foregoing conponents can be adversely affected by the

pr ocess hogsigy 3320 andetiztsphi ngaie%% éf e BXIRE ARBvEr 33197 Thus, Attudeis 3386 are

i solation, a bellows assenbly 3390 is disposed to surround the foregoing

conponedpérated Reallool dofjdint ARVEE b f A3 AuGRFBSpHRS 387(0&ld tRYSerliRY Rk 33590,

which in at |l east one enbodinent is nade from Tefl on, and has a first end
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illustrated embodiment, the connection between actuation ring 3335 and backing member 3310
by shafts 3340 permits some "float". That is, the actuation ring and backing member are not
rigidly joined to each other. This preferred arrangement accommodates the common tendency of
the pneumatic actuators 3380 to move at slightly different speeds, thus assuring that the
workpiece is urged into substantial uniform contact with the electroplating contacts of the
contact assembly 3210 while avoiding excessive stressing of the workpiece, or binding of the
actuation mechanism.

With the workpiece 3025 firmly held between the backing member 3310 and the contact
assembly 3210, lift and rotate apparatus 3080 of FIG. 26 rotates the processing head 3030 and
lowers the reactor head into a cooperative relationship with reactor bow] 3035 so that the surface
of the workpiece is placed in contact with the surface of the plating solution (i.e., the meniscus of
the plating solution) within the reactor vessel.

Depending on the particular electroplating process implemented, it may be useful to

insure that any gas which accumulates on the surface of the workpiece is permitted to vent and

escape. Accordingly, the surface of the workpiece may be disposed at an acute angle, such as on



using the illustrated Iiquid-tight, tongue-and-groove sealing arrangenent.
The convol utes 3410 of the bell ows nenber 3395 flex during actuation of

t he backwtgondssg7e 3310. FIG 35 illustrates the di sposi tRQIVUS9H/18958
processing head 3030 in a condition in which it nmay accept a workpiece,
while FIG 34 illustrates the disposition of the processing head 3030 in a
condition in which it is ready to process the workpiece in the reactor bow
3035. (Operation of the processing head 3030 will be appreciated fromthe
above description. Loading of workpiece 3025 into the rotor assenbly 3075
is effected with the rotor assenbly in a generally upwardly facing
orientation, such as illustrated in FIG 26 with the processing head in a
condition shown in FIG 35. Wrkpiece-4925 is noved transversely through

t he opening 3325 defined by the rotor assenbly 3075 to a position wherein
the workpiece is positioned in spaced relationship generally above
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metal layer on the surface of the workpiece.

The actuation of the backing member 3310 is desirably effected by a simple linear
motion, thus facilitating precise positioning of the workpiece, and uniformity of contact with the
contacts of the contact assembly 3210. The isolation of the moving components using a bellows
seal arrangement furthgr increases the integrity of the electroless plating process

A number of features of the present reactor facilitate efficient and cost-effective
electroplating of workpieces such as semiconductor wafers. By use of a contact assembly having
substantially continuous contact in the form of a large number of sealed, compliant discrete
contact regions, a high number of plating contacts are provided while minimizing the required
number of components. The actuation of the backing member 3310 is desirably effected by a
simple linear motion, thus facilitating precise positioning of the workpiece, and uniformity of
contact with the contact ring. The isolation of the moving components using a bellows seal
arrangement further increases the integrity of the electroplating process.

Maintenance and configuration changes are easily facilitated through the use of a

detachable contact assembly 3210. Further, maintenance is also facilitated by the detachable



operated to all ow conjoint novenent of the actuator coupling 3370 and the
actuator ring 3335 to permt springs 3345 to bias and urge the backing
menber 331 contact 3210. In the illustrated enbogj e
connecti on e@&ggﬂ actuation ring 3335 and backi ng nenberﬂggﬁgknggﬁshafts
3340 permts sone "float". That is, the actuation ring and backi ng nenber
are not rigidly joined to each other. This preferred arrangenent
accomodat es the common tendency of the pneunatic actuators 3380 to nove
at slightly different speeds, thus assuring that the workpiece is urged
into substantial uniformcontact with the electroplating contacts of the
contact assenbly 3210 while avoi ding excessive stressing of the workpiece,
or binding of the actuation mechanism_qfth the workpiece 3025 firmy held
bet ween t he backi ng nmenber 3310 and the contact assenbly 3210, lift and
rotate apparatus 3080 of FIG 26 rotates the processing head 3030 and

| owers the reactor head into a cooperative relationship wth reactor bow
3035 socanfigiratitve ofthe frotorassenibly 675/ bork pheestationarypissenstdy B07(cafithansactoi head.t he
surface of the plating solution (i.e., the neniscus of the plating

sol ut i oThe vdntdet assérbbly provides excellas distritiueips oflélagroplatihg powerrtd ileishirfiice of the

el ectropl ating process inplenented, it may be useful to insure that any

gas whi a/brkpicee, Whikd 86 pferkdicprovision of thé Féﬁ}ﬁxeiw séaDipesiects ShePédhticts tfivgh the vent

and escape. Accordingly, the surface of the workpi ece may be di sposed at

an acut glagmglefvirohtielt @5z Ofontier WthOd3&ather oviioh), YBSE8y Pr&&d@emma%rofpf two

degrees fromhorizontal, with respect to the surface ‘of the solution in the
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onto the peripheral portion of the workpiece.

In connection with the previously noted examples of processing stations that incorporate
a workpiece housing which is rotated by a motor for distributing processing fluid across at least
one face of a workpiece by centrifugal force, illustrated in FIGS. 12-19 and FIGS. 20-24, the lift
and rotate assembly 200 would function suitably so long as the lift and rotate assembly 200
minimally provided for lifting the processing head relative to the processing chamber. In
connection with the illustrated embodiment of the processing station that incorporated the
processing head having a plurality of contacts in the form of discrete flexures or a Belville ring
contact, the lift and rotate assembly 200 preferably provides for both lifting and rotating the
processing head relative to the process chamber.

It will be readily recognized that additional types of processing chambers would similarly
benefit from incorporating the lift and rotate assembly of the present application. Furthermore
numerous modifications may be made to the foregoing system without departing from the basic

teachings thereof.

Although the present invention has been described in substantial detail with reference to



process as the workpiece, and associ ated backing and contact nenbers, are
rotated during processing. Crculation of plating solution wthin the
react or Rowhesesd as electrical current is passed thrpogsodusssor kpi ece
and the plating solution, effects the desired electroplating of a netal

| ayer on the surface of the workpiece. The actuation of the backing menber
3310 is desirably effected by a sinple linear notion, thus facilitating
preci se positioning of the workpiece, and uniformty of contact with the
contacts of the contact assenbly 3210. The isolation of the noving
conponents using a bellows seal arrangenent further increases the
integrity of the electroless plating process A nunber of features of the
present reactor facilitate efficient apd-cost-effective electroplating of
wor kpi eces such as sem conductor wafers. By use of a contact assenbly ’
havi ng substantially continuous contact in the formof a |arge nunber of

| ed i ant...di scr et tact, reqi high i
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The actyation of. the. backi mber 3310 is desjrably.effected.b i npl
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uniformty of contact with the contact ring. The isolation of the noving
conpofenended plaims. a bel | ows seal arrangenent further increases the
integrity of the electroplating process. Mintenance and configuration
changes are easily facilitated through the use of a detachable contact
assenbly 3210. Further,. nmaintenance is also facilitated by the detachable
WO 01/ 04387 PCT/ USOQ 18958 -50 configuration of the rotor assenbly 3075
fromthe stationary assenbly 3070 of the reactor head.

T



The contact assenbly provides excellent distribution of electroplating
power to the surface of the workpiece, while the preferred provision of
t he peri ph@iodingsp!l protects the contacts fromthe pl atiprayrsevissshnent
(e.g., contact with the plating solution), thereby preventing build-up of
plated material onto the electrical contacts. The perineter seal also
desirably prevents plating onto the peripheral portion of the workpiece.
In connection with the previously noted exanpl es of processing stations
that incorporate a workpiece housing which is rotated by a notor for

dirstributing processing fluid across at |east one f?ﬂmﬂmﬁm m e by
centrifugal force, illustrated in FIGS. 12-19 and FI (& | H mft
and rotate assenbly 200 woul d function-§2&rtably so |orfg &s the' | isft *and
rotate assenbly 200 mnimally provided for lifting the processing head
relative to the processing chanber. In connection with the illustrated
enbodi nent of the processing station E?gﬁ%'bncorporat ed the processing head
having a plurality of contacts in the of discrete flexures or a
Belville ring contact, the Iift and rotate assenbly 200 preferably
provides for both lifting and rotating the processing head relative to the
process char{ﬁer, [t, Wil be readily recognized that additional types of
processing C lamgdi g similarly benefit fromincorporating the Iift
and rotate assenbly of the present application. Furthernore numerous
nodi fi cati ods nay\nietegrated wWopkpiece prosessingiten] compprising:wi t hout departing from
the basic teachings thereof. Although the present invention has been
descri bed i & wakpieegprocgssingsool framei in¢luding a toohplatform;\aml 01/ 04387
PCT/ USO0/ 18958 -51

a plurality of workpiece processing stations, each workpiece processing station including

a processing chamber received by the tool platform, and a process head;
wherein the process head associated with each processing chamber is supported by an
assembly, which is coupled to the workpiece tool frame without encroaching upon the tool

platform.

2. An integrated workpiece processing tool in accordance with claim 1 wherein the
process head of at least a first one of said plurality of workpiece processing stations includes a
contact assembly comprising:

a plurality of contacts disposed to contact a peripheral edge of a surface of a workpiece,
the plurality of contacts executing a wiping action against the surface of the workpiece as the
workpiece is brought into engagement therewith, and

a barrier disposed interior of the plurality of contacts and including a member disposed to
engage the surface of the workpiece to effectively isolate the plurality of contacts from fluids

located within the corresponding workpiece processing chamber.



one or nore specific enbodi nents, those of skill in the art will recognize
that changes may be nade thereto without departing fromthe scope and
spirit ofy, ‘%§ vention as set forth in the appended clpoTiEsoo/ 8591/ 04387
PCTI USCO''1 1011 11218 bill I 1111 11 1111 -52- * CL MS CLAIM
What is Clainmed is: 1. An integrated workpi ece processing tool conprising:
a wor kpi ece processing tool frame including a tool platform and a
plurality of workpiece processing stations, each workpi ece processing
station including a processing chanber received by the tool platform and
a process head; wherein the process head associated with each processing
chanber is supported by an assenbly, which is co:llﬂljnulﬂmnﬁﬂllmll pi ece
tool franme w thout encroaching upon th&83tool pla gr at ed
wor kpi ece processing tool in accordance with claim'l Vhefei’h tthe” process"
head of at least a first one of said plurality of workpi ece processing
stations includes a contact assenbly conprising: a plurality of contacts
di sposed to contact- a peripheral edge of a surface of a workpiece, the

plurality of contacts eecutln in ction ai nst e rfac of t he
wor kpi ece ds t h&n iigprrisd dyazk gsﬁqg qu‘?f ?FeW{‘hf\t‘?‘g?MLheﬁe

contact assembly further comprises:

an outer body member formed from a dielectric material;
a contact support member facilitating support of the plurality of contacts, the contact
support member being disposed radially interior of the outer body member and being formed

from a conductive material.

4. An integrated workpiece processing tool in accordance with claim 3 wherein the
plurality of contacts are in the form of discrete flexures, each of the discrete flexures being
disposed in a corresponding flexure channel defined between the contact support member and

outer body member.

5. An integrated workpiece processing tool in accordance with claim 3 wherein the
plurality of contacts are in the form of a Belville ring contact having a common portion disposed

in a notch at an interior face of the contact support member.

6. An integrated workpiece processing tool in accordance with claim 2 wherein the
process head further includes a backing member and a drive mechanism, the backing member

and the contact assembly being moveable relative to one another by the drive mechanism



a barrier disposed interior of the plurality of contacts and including a
menber di sposed to engage the surface of the workpiece to effectively

i solate the pIMi ty of contacts fromfluids |ocated wgdirsod ¥0ss
correspondeﬂgg1 pi ece processing chanber. WO 01/04387 PCTI USOO 18958 - 53
_brrrrril 111121 1111212111 11 1111 * € M 3. An integrated workpi ece
processing tool in accordance with claim2 wherein the contact assenbly
further conprises: anm outer—body nmenber forned froma dielectric material;
a contact su A wai | i tating support of the plurality of contacts,
t he cont act =” E‘)ei ng di sposed radially interior of the outer
body nenber ahd ‘beitng*f oy froma conductive material. 4. An integrated
wor kpi ece processing tool in accordance.sgi.th claim3 wherein the plurality
of contacts are in the formof discrete flexures, each of the discrete

fl exures being disposed in a corresponding flexure channel defined between
the contact support nmenber and outer body nmenber. 5. An integrated

wor kpi ebeiwpenoe woskpige lasdingistateensor wonkpiece prosessing stategthavearkpipcer being wsesd al ity
of contacts are in the formof a Belville ring contact having a connon

por t i onagirsp e egibrality oficontactsofabe eontactdssanitdy by the dacking mmemberrin sle werkpiprsr ¢
menber. 6. An integrated workpiece processing tool in accordance with claim
2 wher eprocéssing sfateocess head further includes a backing nmenber and a drive
mechani sm the backing nenber and the contact assenbly being noveabl e
relative to one another by the drive mechani sm

7. An integrated workpiece processing tool in accordance with claim 2 wherein the
process head further comprises a stator portion and a rotor portion, and wherein the contact

assembly is detachably connected to the rotor portion by at least one latching mechanism.

8. An integrated workpiece processing tool in accorﬁance with claim 2 wherein the
assembly supporting the process head of the at least first one of said plurality of workpiece
processing stations includes a Iift mechanism for lifting the process head with respect to process
chamber, and a rotate mechanism for rotating the process head with respect to the process

chamber.

9. An integrated workpiece processing tool in accordance with claim 2 wherein the
process head of at least a second one of said plurality of workpiece processing stations
comprises:

a rotor motor; and

a workpiece housing connected for rotation by the motor, the workpiece housing

including therein a substantially closed processing chamber in which one or more processing
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bet ween a wor kpi ece | oading state and a workpi ece processing state, the

wor kpi ecgdfijoiiigy Ur ged against the plurality of contact porfusbéesesont act
assenbly by the backing member in the workpiece processing state. 7. An

I nt egrated wor kpi ece processing tool in accordance with claim2 wherein the

process th a stator portion and a rotor portion, and
wherein t assenbly is detachably connected to the rotor portion
by at | east “‘“m ‘\hanl sm 8. An integrated workpiece processing
tool in accgﬂm“m m 2 wherein the assenbly supporting the
process hea cthe at l%ast first one of said plurality of workpiece
processing stations includes a rift nedéhanismfor lifting the process head

Wi th respect to process chanber, and a rotate nmechanismfor rotating the -
process head with respect to the process chanber. 9. An integrated

wor kpi.ece t ool .in accqrdanc al, m 2 wher n t he r,0cess
head BP‘détmR'I‘g f’ tﬁ‘i]ggeff‘nﬂ Igast opg i)”é’ﬁl gaa’(‘t\%ﬁ% %‘F Eﬁ"‘g RCeFBERSSI ng
statiqns conpri a.rotor notor; and a workpiece housing connected for
r ot at FiW&f?mP%°§S?b?us%e wor kpi ece housing including therein a
substantially closed processing chanber in which one or nore processing

10.  An integrated workpiece processing tool in accordance with claim 9 wherein the
workpiece housing comprises:

an upper chamber member having an interior chamber face, the upper chamber member
including a centrally disposed fluid inlet opening in the interior chamber face thereof;

a lower chamber member having an interior chamber face, the lower chamber member
including a centrally disposed fluid inlet opening in the interior chamber face thereof;

the upper chamber member and the lower chamber member being joined to one another
to form the substantially closed processing chamber, the processing -chamber generally
conforming to the shape of the workpiece, the substantially closed processing chamber having at
least one fluid outlet disposed at a peripheral region thereof to facilitate escape of fluid from the

processing chamber through action of centrifugal force.

11.  An integrated workpiece processing tool in accordance with claim 9 wherein the
assembly supporting the process head of the at least second one of said plurality of workpiece
processing stations includes a lift mechanism for lifting the process head with respect to the

process chamber.
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fluids are distributed across at |east one face of a workpiece by the
centrifugal force generated during rotation of the housi
integrated“%UP@ﬁ#@ce processing tool in accordance with cﬁgyﬁégnﬁﬁgrein t he
wor kpi ece housi ng conprises: an upper chanber nenber having an interior
chanber face, the upper chanber nenber including a centrally disposed
fluid inlet opening in the interior chanber face thereof;—a tower—chanber
menber having an interior chanber face, the | ower ch TEEEN iae! udi ng
a centrally disposed fluid inlet opening in the inteﬁ, [m .Fnﬁﬂﬁﬂ#ﬂg

t hereof; the upper chanber nenber and the | ower chanbetr herber being joi ned
to one another to formthe substantialgy-closed processi ng chanber, the
processi ng chanber generally conformng to the shape of the workpiece, the
substantially closed processing chanber having at |east one fluid outlet

di sposed at a peripheral region thereof to facilitate escape of fluid from
the procesdng ahdmbgrated Moskpidee pedcessingabolcitiriceoriange withailabm. 1 WhereiArthe

i nt egr at ed wor kpi ece processing tool in accordance with claim9 wherein the
assenblprodesyiiRad bf 41 Geabtvie Bf QEESiGraligad vitikpitR p?écek@?,smmﬁmﬂﬁbrﬁm of said
plurality of workpiece processing stations includes a |ift mechanismfor
lifting the phf@serhedd W th respect to the process chanber

a workpiece housing connected for rotation by the motor, the workpiece housing
including therein a substantially closed processing chamber in which one or more processing
fluids are distributed across at least one face of a workpiece by the centrifugal force generated

during rotation of the housing.

13.  An integrated workpiece processing tool in accordance with claim 12 wherein the
workpiece housing comprises:

an upper chamber member having an interior chamber face, the upper chamber member
including a centrally disposed fluid inlet opening in the interior chamber face thereof;

a lower chamber member having an interior chamber face, the lower chamber member
including a centrally disposed fluid inlet opening in the interior chamber-face thereof;

the upper chamber member and the lower chamber member being joined to one another
to form the substantially closed processing chamber, the processing chamber generally
conforming to the shape of the workpiece, the substantially closed processing chamber having at
least one fluid outlet disposed at a peripheral region thereof to facilitate escape of fluid from the

processing chamber through action of centrifugal force.



WO 01104387 PCrl USCOI1 8958 11111111111212 111211 12112 11 Tilt MS -56 12. An
I nt egrated workpi ece processing tool in accordance with claiml| wherein the
process Wﬂ/éﬁmat | east one of said plurality of workpiefudsoassssi ng
stations conprises: a rotor—pptorand a workpi ece housi ng connected for

rotation by the notor, the [ ' including therein a
substantially cl osed procesé@' ﬂ#ﬁ& ﬂﬂi&,ﬁlﬁl ch one or nore processing
fluids are distributed acros wrace of a workpiece by the

centrifugal force generated during rotation of the housing. 13. An
I nt egrated wor kpi ece processing tool in accordance with claim 12 wherein
the workpi ece housing conprises: an upper chanber nenber having an
interior chanber face, the upper chandps nenber including a centrally
di sposed fluid inlet opening in the interior chanber face thereof; a |ower
chanmber nenber having an interior chanber face, the | ower chanber nenber
including a centrally disposed fluid inlet opening {p the_jnterio
chanber - f Hte tARmieprated werkpiece progessing 4ol R aerordaneeiwith glajrg ) 2 w Er menber
being joined to one another to formthe substantially closed processing
chantssemblysupperting sthe rpyocenndised of dhe rab| least angnefopaid Ritralityt of WoHIRSE of  t he
wor kpi ece, the substantially closed processing chanber having at | east one
f | ui progessingtstationp inchidesia lift pschanksor fir lifting dhke processdread witharespert ot @eescape
of fluid fromthe

process chamber.

15.  An integrated workpiece processing tool in accordance with claim 1 wherein
the workpiece processing tool frame further includes:
an exposed surface against which at least a portion of said workpiece processing
station including the assembly supporting the process head is received, said exposed surface
comprising
a socket adapted for receiving a first pin of a workpiece processing
station, and
a saddle adapted for receiving a second pin of the workpiece processing

station.

16.  An integrated workpiece processing tool in accordance with claim 15 wherein

said socket includes a spherical recess adapted for receiving the first pin.

17.  An integrated workpiece processing tool in accordance with claim 15 wherein



processi ng chanber through action of centrifugal force. WO 01/04387
PCT/USOO' 18958 11 IN S - 57 14. An integrated workpi ece processing tool
i n accorda | claim 12 wherein the assenbly supportin he ocess
head of th£%§t°%‘égbst one of said plurality of workpiece ﬁé@gfﬁé
stations includes a lift mechanismfor [ifting the process head with
respect to the process Chaﬂtnnll umnnllmmirat ed wor kpi ece processing
tool in accordance with clai qgKi§Iui - wor kpi ece processing too
frame further includes: an exposéd surface dgainst which at |east a portion
of sai d workpiece processing station including the assenbly supporting the
process head is received, said exposed surface conprising a socket adapted
for receiving a first pin of a morkpiegﬁsprocessing station, and a saddl e
adapted for receiving a second pin of the workpiece processing station.
16. An integrated workpi ece processing tool in accordance with claim15
wherein said socket includes a spherical recess adapted for receiving the
first pran sotket includestangrifusementmidchardsm for sdjestinigitbe position 6f &6 Syclangigh Wi t h
cl ai m 15 wherein

respect to said exposed surface.

18.  An integrated workpiece processing tool in accordance with claim 17 wherein

said adjustment mechanism includes a jack screw.

19.  An integrated workpiece processing tool in accordance with claim 15 wherein

said saddle includes a cylindrical recess adapted for receiving the second pin.

20.  An integrated workpiece processing tool in accordance with claim 15 wherein
said saddle includes an adjustment mechanism for adjusting the position of said saddle with

respect to said exposed surface.

2l.  An integrated workpiece processing tool in accordance with claim 20 wherein

said adjustment mechanism includes a jack screw.

22.  An integrated workpiece processing tool in accordance with claim 15 wherein
said exposed surface further 'Comprises a first adjustable surface against which a third pin of

the workpiece processing station is adapted to be received.
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-58- said socket includes an adjustnent nechani smfor adjusting the

positi onwagsoi1madsd socket with respect to said exposed sPCTAISEN/18988 An

I nt egrated wor kpi ece processing tool in accordance with claim 17 wherein
sai d adjustnment nmechani smincludes a jack screw. 19. An integrated

wor kpi ece processing tool in accordance with claim 15 wherein said saddle
includes a cylindrical recess adapted for receiving the second pin. 20. An
I ntegrat ed wor kpi ece processing tool in accordance with claim15 wherein
sai d saddl e includes an adjustnent nmechanismfor adjusting the position of
said saddle with respect to said exposed surface“lﬁ“l HHHE |ed

wor kpi ece processing tool in accordam® with clai n t g d

adj ust ment mechani smincludes a jack screw. 22. An i nt egrated workpi ece
processing tool in accordance with claim15 wherein said exposed surface
further conprises a first adjustable surface against which a third pin of
t he wor kpi ece processing station is adapted to be received. WO 01/04387
PCT/ USCO/ 18958, -, 59 -

. "1 111221 higd 121121 11 LT, 23. _An
i nt egr at -mr&rb}r%%eeats‘fl JoukRiFT PIOE5PIE ook iB GPE e g lgim, 22 s o
said exposed surface further comprises a second adjustable surface against which a fourth pin

of the workpiece processing station is adapted to be received.

24. A lift and rotate assembly for use in a workpiece processing station
comprising:

abody;

a process head adapted for receiving a workpiece; and

a rotating mechanism including a motor, for rotatably coupling the process head to the
body, wherein the motor is located within thé prbc_ess head, and the shaft of the motor is

coupled to and rotationally fixed with respect to the body.

25.  Alift and rotate assembly in accordance with claim 24 wherein the body of the
lift and rotate assembly includes a first portion and a sepond portion, the second portion
being movable with respect to the first portion and is coupled to the rotating mechanism, and
wherein the lift and rotate assembly further comprises a lift mechanism, coupled to said first
and second portion of said body, for lifting the second po:tion of said body coupled to said

rotating mechanism.
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sai d exposed surface further conprises a second adjustable surface agai nst
which a fourth pin of the workpiece processing station is adapted to be
recei ved. t and rotate assenbly for use in a wor fo/siabdacessi ng
station conp?|3|ng a body; a process head adapted for receiving a
wor kpi ece; and a rotating nechanismincluding a notor, for rotatably

coupling the process head to tnmm)mﬂﬁlmlﬁl the notor is |located within
t he process head, and the shaf coupled to and
rotationally flxed with respect "to°tHe Hody »5. Alift and rotate assenbly
I n accordance with claim 24 wherein the body of the |ift and rotate
assenbly includes a first portion and a second portion, the second portion
bei ng novable with respect to the firstggortion and is coupled to the
rotating nmechanism and wherein the |ift and rotate assenbly further
conprises a |ift nmechanism coupled to said first and second portion of
said body, for lifting the second portion of said body coupled to said
rotating nmechanism WO 01/04387 PCT/US00/18958 1 Il Lilll 111111 111)1
11111111i * S -60- 26. Alift and rotate assenbly in accordance with claim
25 wherein 26ie |Aflift amdclotne sassembly Uflesccordanéel avithl claitn QSupherdint chealifti near
gui de notor.

mechanism includes a guide block coupled to a linear guide motor.

'27. A lift and rotate assembly in accordance with claim 26 wherein the lift
mechanism includes a ball screw coupled to the linear guide motor and upon which the guide

block rides.

28. A lift and rotate assembly in accordance with claim 25 wherein the Iift
mechanism includes a counterbalance mechanism coupled between the first portion of said
body and the second portion of said body for exerting a force in a direction opposite to the

force of gravity.

29. A lifi and rotate assembly in accordance with claim 28, wherein the

countetbalance mechanism is a gas spring.

30. A lift and rotate assembly in accordance with claim 25 further comprising a
cable assembly for receiving at least one of electrical signals, gases and liquids, and

providing at least some of said at least one of electrical signals, gases and liquids to said



27. Alift and rotate assenbly in accordance with claim26 wherein the lift
mechani smincludes a ball screw coupled to the |Iinear guide notor and upon
whi ch t heugathedsyy bl ock rides. 28. A lift and rotate assqiggsed/ieese Ccor dance
with claim?25 wherein the lift nechanismincludes a counterbal ance -
mechani sm coupl ed between the first portion of said body and the second

portion of said body for e,#!lmtumrlwﬂuu(ﬂm,;n a direction opposite to the
force of gravity. 29. A li f enbly in accordance with claim
28, wherein the counterbal ance nechanfsmiis a gas spring. 30. Alift and
rotate assenbly in accordance with claim25 further conprising a cable
assenbly for receiving at | east one of electrical signals, gases and
liquids, and providing at |east som$lof said at |east one of electrical
signals, gases and liquids to said WO 01/04387 PCT/ US00/ 18958
"I rrritlrii -61- process head. 31. Alift and rotate assenbly in
accor danc fth claim 30 wherein said cable assenbly includes a common
cab| RFOFSd r feeding additional length of cable along both the 1ift
direction of novenent by the lift nechanismand the rotational direction of
novenent by the rotating nmechanism 32. Alift and rotate assenbly in
accordance wth claim 30 wherein said cable

31. A lift and rotate assembly in accordance with claim 30 wherein said cable

assembly includes a common cable loop for feeding additional length of cable along both the
lift direction of movement by the lift mechanism and the rotational direction of movement by

the rotating mechanism.

32. A lift and rotate assembly in accordance with claim 30 wherein said cable

assembly includes a cable track,

33. A lift and rotate assembly in accordance with claim 30 further comprises a
connection box through which said cable assembly receives said at least one of electrical

signals, gases and liquids.

34, A lift and rotate assembly in accordance with claim 24 wherein said process

head includes one or more workpiece contacts adapted for holding a workpiece.

35. A lift and rotate assembly in accordance with claim 33 wherein said one or

more workpiece contacts provides an electrical connection with the workpiece.



assenbly includes a cable track. 33. . Alift and rotate assenbly in
accordance with claim30 further conprises a connection box through whi ch

said cable receives said at |east one of electri

gases and Ivﬁﬁf)@&’y assenbly in accoﬁg’lgﬁgﬁh h cI aim
24 wherein said proces = “E one or nore workpiece contacts
adapted for holding a %I il m BjEﬂ!’llft and rotate assenbly in
accordance with claim rei ne or nore workpiece contacts

provi des an el ectrical connection with the workpi ece. WO 01/ 04397

PCT/ USOCO' 18958 111111) f111f1 11211 faIl 111111 L s -62- 36. Alift and
rotate assenbly in accordance with claim 33 wherein said one or nore

wor kpi ece contacts is a ring contact. 34.. Alift and rotate assenbly in
accordance with claim 33 wherein said process head includes a second notor
adapted for spinning the workpiece in a plane parallel to the face of the
process head upon which the workpiece is received. 38. Alift and rotate
assenbly in accordance with claim?24 further conprising two or nore pins
adapted for nounting said lift and rotate assenbly to a workpi ece

processi ng 36,00l AflifeaRd rétie alsdnibly imBetordindd VithSEISDBY vilitreit 38idi dheor
wor kpi ece processing station

more workpiece contacts is a ring contact.

37. A lift and rotate assembly in accordance with claim 33 wherein said process
head includes a second motor adapted for spinning the workpiece in a plane parallel to the

face of the process head upon which the workpiece is received.

38.  Alift and rotate assembly in accordance with claim 24 further comprising two

or more pins adapted for mounting said lift and rotate assembly to a workpiece processing

tool frame.

39. A lift and rotate assembly for use in a workpiece processing station
comprising:

a body including a first portion and a second portion, the second portion being
movable with respect to the first portion;

a lift mechanism coupled between the first hortion and the second portion;

a rotating mechanism coupled to the second portion;

a process head coupled to the second portion via said rotating mechanism; and



conprising: a body including a first portion and a second portion, the
second portion being novable with respect to the first portion; a lift

mechani S'ﬁ’&@lzlﬂ&ﬁd bet ween the—first—port+on—and the secondrhsohsnRd; 2

rotating nmechani sm coupl ed t i on; a process head coupled to
the second portion via said Tﬂllmﬂﬂﬁmﬂﬂﬂmmm and WO 01/04387
PCT/ US00/ 18958 1111111 1121111+ TElle~Iwias Tl 1111 - 63 a cable assenbly
for receiving at |east one of electrical signals, gases and |liquids, and
providing at | east sonme of said at | east one of electrical signals, gases
and liquids to said process head; and wherein said cable assenbly includes
a common cable | oop for feeding additional |ength of cable along both the
lift direction of novenent by the |ifg3mechanismand the rotational
direction of novenent by the rotating nmechanism 40. Alift and rotate
assenbly in accordance with claim39 further conprising two or nore pins
adapted for pounting said |ift and rotate assenbly to a workpiece
processi riycablesassembly far regaiving atdeashene of electricalisignals; gasenand liquids andn of a
wor kpi ece processing station to a tool frame conprising the steps of:
i nseprovidipgats least tsomierpfosaid hteleastr ¢nei of eleptrisakesignals; gasest andnliquidsotoasaidcket
| ocated on the

process head; and

wherein said cable assembly includes a common cable loop for feeding additional

length of cable along both the lift direction of movement by the lift mechanism and the

rotational direction of movement by the rotating mechanism. -

40. A lift and rotate assembly in accordance with claim 39 further comprising two

or more pins adapted for mounting said lift and rotate assembly to a workpiece processing

tool frame.

41. A method of attaching at least a portion of a workpiece processing station to a
tool frame comprising the steps of:

inserting a first pin of the workpiece processing station into a socket located on the
external surface of a tool frame; and

resting a second pin of the workpiece processing station into a saddle located on the

external surface of a tool frame.



external surface of a tool frane; and resting a second pin of the workpiece
processing station into a saddleteecated—on—the external surface of a tool

frame. VD Gub@iadh 1 111111 1o mmm||m}||ﬁr1t1h§9/cg§p9?\”s‘f§§§&t A

-64- 42. A nethod i n accordandd
pl ecerprocessi ng station against a first

of resting a third pin of the wor
receiving surface |located on the external surface of a tool frane. 43. A
met hod in accordance with claim42 further conprising the step of resting
a fourth pin of the workpiece processingdst ati on agai nst a second
receiving surface |located on the external surface of a tool frame. 44. A
nmet hod in accordance with claim43 further conprising the step of

adj usting the | dati dnmethodtin hecosdanoe svithf claiai 41 firtHee tomprding fedtdpe, sai d
fi-rst receiving surface and said second receiving surface for adjusting

the positi oof reftingt thirdtpin 6fithe worRsitéd Procesing sRIoARIgBIE PHAERIEivE Stati on

wWth respect to the tool frame. 45. A nethod in accordance with claim42
further congyrfagé Rdatkd6n Ble@Rterl @%&gr Qfmﬂ@rkp' ece processing station
to the tool frane via a cl ar?p 3 g?ﬂél I N accordance with claim45

wherein said step of securing the workpiece processing station includes
positioning the clanp over the

43. A method in accordance with claim 42 further comprising the step
of resting a fourth pin of the workpiece processing station against a second

receiving surface located on the external surface of a tool frame.

44. A method in accordance with claim 43 further comprising the step
of adjusting the location of at least one of said socket, said saddle, said first
receiving surface and said second receiving surface for adjusting the position of
the at least a portion of a workpiece processing station with respect to the tool

frame.

45. A method in accordance with claim 42 further comprising the step

of securing the workpiece processing station to the tool frame via a clamp.

46. A method in accordance with claim 45 wherein said step of
securing the workpiece processing station includes positioning the clamp over the
third pin resting against said first receiving surface captivating said third pin

thereagainst.



third pin resting against said first receiving surface captivating said
third pin thereagainst. WO 01/04387 PGINSOO 18958 -65 47. A nethod in

accor dang®) seoldgzCl @i m 41 wherein said at |east a porti gerafsoornssss kpi ece
processing station is a lift and rotate nechanismfor single wafer
processing. | [ttt g et et i1l il L MS

-65-

47. A method in accordance with claim 41 wherein said at least a

portion of a workpiece processing station is a lift and rotate mechanism for single

wafer processing.
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