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Ravkin and Carl A Wods BACKGROUND OF THE INVENTION |. Field of the

| nventi on ghe present invention relates generally to handling of
substrates vg([?\g&%f]rséégspeci fically, the sinultaneous rrovg.l}ng(ﬂmg'?msaﬁﬂgt rates
t hrough process heads while applying an electrical contact. 2. Description
of the Related Art 5100021 Sem conduttor substrate processing may include
vari ous process operations including, but not limted to, etching,

deposi t i orSUBSTRATEGRIPPER WITIIN TEIGRA TEDEF BOTRIEEADSi tion

process is to use electroplati ngb -Kfﬁ eé&&ropl ating process requires
el ectrical contact to be made wt@NH& trate as it is exposed to an

el ectropl ati ng process fluid. Various nethods can be used to perform

el ectropl ati ng however it can be dyfifveenatst to achi eve Oconsistent plating
overS the entired&bbwtiera®ecdoes Rade Khep, dlibe Ruvidaknd CatlactVopdn i nterfere with
the plating process. For exanple, one nethod of electroplating subnmerges a
substrate in a tank of e pl ating fluid. Electrical contact can be nade
with the substrate using RQUND OB THE INMENTHON cont acts subnerged in
the tank. However, irregularities in the deposition of plating material can
occur wherever electrical contact is made with the substrate. :5100031 In
vi ew of Lt Féelf of @i lngentidvere is a need for inproved substrate handling that

can pr oy ighly reliable electrical contact .in an electroplatin
oo Portof) Thteen! FremBnreSies BulstriGye RrELRE ot bihst S Bl PPBh of  prating

mat er i adpeciBUMNARE simultancous movement of substrates through process heads while applying

an electrical contact.

2. Description of the Related Art

5  ]0002] Semiconductor substrate processing may include various process operations including,
but not limited to, etching, deposition, cleaning and polishing. One method to perform a
deposition process is to use electroplating. The clectroplating process requires electrical
contact to be made with the substrate as 1t 1s exposed to an electroplating process fluid.
Various methods can be used to perform electroplating however it can be difficult to achieve

0 consistent plating over the entire substrate because the electrical contact can interfere with the
plating process. For example, one method of electroplating subme}ges a substrate in a tank of
electroplating fluid. Electrical contact can be made with the substrate using a plurality of
electrical contacts submerged in the tank. However, irregularities in the deposition of plating
material can occur wherever electrical contact is made with the substrate.

5 0003} In view of the forgoing, there is a need for improved substrate handling that can
provide highly reliable electrical contact in an electroplating environment while minimizing

nregularities in the deposition of plating material.
SUMMARY

[0004] In one embodiment, a substrate holding and transporting assembly is disclosed. The
substrate holding and transporting assembly includes a base plate and a pair of clamps
connected to the base plate in a spaced apart orientation. The spaced apart orientation can be

defined to enable support of a substrate with at least two independent points, the two



;0 100041 In one enbodi nent, a substrate holding and transporting assenbly
is disclosed. The substrate hol ding and transporting assenbly includes a
base plate and a pair of clanps connected to the base plate in a spaced
apart orie Qh....the spaced apart orientation can be defin t 0 enabl e
support of ng@gd) l%??%te with at | east two i ndependent po‘?‘n‘(%‘?zﬁ{%ﬁ@&t’%\o 2

i ndependent points defined by the pair of clanps. The substrate hol ding and
transporting assenbly al so includes ?an el ectrode assenbly bei ng connected
to the base plate at a location that is substantially between the pair of
cl anps. ‘“W“&“&E@'P@d‘éﬁﬁ%ﬂs@rﬁm paigief glaraes- he subsrte halding aadttiangngrtingont act to

the suba%yn%xfalwﬁﬁhﬁg@%g%%@@g a&@mg%g&ﬁfgh%gn%wd te}}heicﬂﬁgag%m @Q&%&n In
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The scl gopis)gn asaBerdmbodinsdt, asetbdd foedlsinping@ns upHYnake ekkarpisconthcBtoraeCei Vi ng

position, the substrate clanps capabl e of being I ndependently actuated into
a ) cl arBRYTaoS AsFigsed: &Hc %Bgﬁé‘?éf‘ﬁgéf’%’t"i%‘?ﬁa@h‘&%ﬁ?ﬁ?ﬁ&%@‘@éﬁ‘%@ t he

subst r ah@gatedlcRRirbHATBENSy 355 RITBMhaRGi1R EARDRDIbBRe SHRBEIRESY Si@IRS 1 Nto
t he cl anped position. The clanped position placing the substrate clanps in
cont actinigiadhoses pogiips iThackemping assrnthetlse pasragidagiiwosestialecedampsde 2assenbly i s

act uat Ji €l 0 bt iy £ - | ectrode
asse nbﬁ;g/(:éaqg%f)%é&dg ’ gﬁ%%}lgﬁ?%%ey&%ﬁ%giag%?%@ee Wﬂd%gﬁétiéa@? g\?mt%%ﬁh 'E}ﬁ %gs ubstrate.
Wherlei rldnq@dplositiah.iih ynaherapbadbn,obesethhdtecaves than sasnb@ct thaicldmpgile substrate
apply the electrical contact. [0006] I t anot her odi nent, .a substrate
nondl | igeatLefs i CepibsbRRe i Bet Piedd Rt 15° 20uBRBP e des.
base plpdcengamiel sebsirhte Slangid S Edrddct with aAsub St @6l ad Bhdrpelase thd @é®roddhe first
substrate ¢l anps has . a cl anpi ng face confgcgure_d_ to hold and acconmpdate a

subst r EEmRRERCEAGTiRie & cloprpesitianed. Shibdpsedpasiapm apths elegtrotasssmilpen

posi ti Qs afpth AufaliRSSIt1QRBEstih @hhiadt REHGLOS R ROSVHELR RepRegess ned to
secure the substrate. The substrate handling assenbly al so i'ncludes a

secdnd edasbrodesdba ard iarppnisgiupiieidie supstrale abply shiptlentecadbeadiavi ng a cl anpi ng
face c L gur h n cC t.e.. i The
e S S oL AR AoERETPARY o ARBHER' i oK, Tre
subst r diaedlolganiendll piigludbe albaseplptk ahda ficst ddfsirme chnppouplell oo thiehesespllast r at e.

The seggnd. substrate cl gnp havin n open 5posjtion ,and a cl osed position,
(he o QBT oSPEr HRPIED acrTRat foe CBEAPBEEhE L GBLEREPE e subst rat o
handl i %Gbs%@&?mﬂbr}’p@bﬁj@d.lT&'mﬁ%bsﬁfﬁt&!l@ﬁﬁﬁ E@Qﬁa%&ﬁﬂbﬁ&siﬁ@ﬂm@&eﬁo the base
plate at.a location that is substantially between the first and second

sub$t r esitien.dhpeloscrtpesigpa beipg defingdde pspif thambagats Herrhitiatghaplieg ect r odes
t hat haagzﬁmﬁarf& QAPEMhcRAS! 4 ée%@nm@st?atgklgﬁEQOﬂﬂéd {oi tRbase plate also having a
clamping face configured to hold and accommodate a substrate, when provided. The second
substrate clamp spaced apart by a clamping distance from the first substrate clamp along the
base plate to define support for the substrate. The second substrate clamp having an open
5  position and a closed position, the closed position being defined to secure the substrate. The
substrate handling assembly also includes an electrode assembly connected to the base plate
at-a location that is substantially between the first and second substrate clamps. The electrode
assembly having a plurality of electrodes that have an open position and a closed position.
The closed position being defined to transition the plurality of electrodes toward the base
0  plate and in contact with the substrate when present,
[0007] Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.



The cl osed position being defined to transition the plurality of electrodes
toward the base Oplate and in contact with the substrate when present.

[ 0007) CIher aspects and advantages of the invention will becone apparent
fromthe f W g, get ai l ed description, taken in conjunction Wt
acconpanyi ng raw ngs, illustrating by way of exanple t]ﬁg’lpﬁzf"ﬁ@l’(p%s of t he

i nvention. 3 BRIEF DESCRI PTI ON OF THE DRAW NGS 100081 The inventi on,
together with further advantages theteof; may best be understood by
reference to the follow ng descri pt| on taken in conjunction with the
acconpanyi'ng drawi ngs. 1GGOFIDESCRIET R/ dvel schematic of a
processyg q;gq%
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enmbodi f. ention, 100111 [ s a schematic

1T st PP et 4S8 F Toreb YGRS o pees medufPg in yeeSeeRaRORAE S t n one
enbadi rmﬁﬁodaﬁeﬂtlaet}@rpe@eﬂtmdm@@t| on. 0100121 Figure 4 is an expl oded view
of the per assenbly in accordance with one enbodinent of the {)r esent

i nventi [lbeqrsa?_ ifp guireicy sghematiclip @rippeirescgibhieivaeiation tofa Raepss plaken ¢l anps
402 andanﬁ%bgtateaﬁfae%m Mﬂc%hc%%ﬂ!n%%fth@fxe%&ﬁ ilehgGNt 1 nvention. 100141
Figure 7 is an illustration a contact lever in accordance with one
enbodi nf@Al1]dfigarhé 15@F@E@Ht‘f‘ ilhwylentrigeriost 00 Vijw & genimpeBassembly i | | ustrati on of
the ele nani in _accordance wi th one enbodi nent of the

pr esent Clktlr;f\%gﬁel“gnnl (?BT@? %Pﬂ%e]e g,&serﬁ PRSHY ustration of the el ectrode

maniof ol [0011] Tig@e ardaneelviet hxem"lﬁ teaBothcieRtmbly ih hecopiaasewithionyent i on.

0[00171 F ure 8? is an illustration of an el ectrode arm 804 in accordance
with Orf.‘éﬂ imento the present invention.,

[0013] Figure 5 and Fzgure 6 are schematics of substrate clamps 402 and 404 in accordance

with embodiments of the present invention.

{0014] Figure 7 is an illustration of a contact lever in accordance with one embodiment of the
5  present invention. '

[0015] Figure 8 is an illustration of the electrode manifold assembly in accordance with one

embodiment of the present invention.

[0016] Figure 8A is an illustration of the electrode manifold, in accordance with one

embodiment of the present invention.
0 {0017} Figure 8B is an illustration of an electrode arm 804 in accordance with one

embodiment of the present invention,

[0018] Figure 8C is an exemplary schematic of an electrode diffuser in accordance with one

embodiment of the present invention.

[0019] Figure 9 is a schematic illustrating a side view of a substrate clamp assembly installed
5 in a gripper assembly in accordance with one embodiment of the present invention.,

[0020] Figure 10 is a schematic illustrating a side of an electrode assembly installed in a

gripper assembly in accordance with one embodiment of the present invention.

[6021] Figure 11A and Figure 11B arc schematics illustrating various clamping distances,

and comparative deflections of the substrate, in accordance with embodiments of the present
0 invention.

[0022] Figure 12A and Figure 12B are schematic illustrations of a transport system for

moving the gripper assemblies in accordance with one embodiment of the present invention.



enbodi mrent of the present invention. 10018] Figure 8C is an exenplary
schematic of an electrode diffuser in accordance with one enbodi nent of the
present invention. 100191 Figure 9 is a schematic illustrating a side view
of a subst 1N assenbly installed :5in a gripper assenbly in
accordance%a}?ﬁggﬁgaenbodinent of the present inventi o[O3 ®iure 10
Is a schematic illustrating a side of an el ectrode assenbly installed in a
gri pper assenbly in accordance with bne enbodi nent of the present

i nvention. 100211 Figure 11A and Figure 11B are schematics illustrating

var i ous!08REEwg 1diise Speabart illustrafife apagrapetthy drageforiccsubsirate Giougha

substr L: - ] ; ' I -0l nventi on.
To0z21 Pogire F5RAEAAN AR s SRR BRR Bl dr e REERPRen 0TS (T ansport
system for noving the gripper DeEgs@mp hesrinmiagcor dance with one enbodi nent

of the presept . inventiaqn. 2008/ 153682PCT/ US2008/ 006418 4 100231 Fi gure
U3 1o alPERGRE HiyPHS s d5elessd e PoldioR BRQBHEOTHEA SE PSR ST NASEERL  af o

t hr cughiranspér@ie g s siubgrassaniiiyciiie AECHIAINE 6f Mbivbn ehdcaidodi seRtaef the
present invention, DETAILED DESCRI PTION 100241 An .invention is disclosed
for hol RIPFES-ay 2 HENERNIE pichiranserba substrate withaninbnaliinigferaeresy finhEPEit i ng of
substr abgs0G&adks ,%%ﬁl?e‘atusing%r 3ty 880s ¥hiPteduQf pofenih VENr 36 BT GARMMAARI, Substrate
process. The ability to hold and transport a substrate wth m ninal

i nt er f etheicbe ingfaabing yicddsi Buryhcohongr proesss eascsapp b édrassédilyy iptegrating myulfiidads can
reduce L soyr.ces of nt ani nat i. t her |_ncr.easin | el ds.
Fur t ner ararussfon Bl iR IR, e BAS RY p BB PR e e o

pr odessdéfficaited iraspript atelcaging pebeedsafin butgtrie tlahdposrt deviog ksein pomxdnicdntadiead.
However,.it C be Odifficult to integrate a cleaning process if a
subst r at P {RegHRWA% device is in constant contact with the substrate.

[0025] One embodiment of a holding and transport system for a substrate uses two grippers to

hold and move the substrate into a proximity head. Initially in this embodiment, a first gripper
picks up the substrate in an exclusion zone along the edge of the substrate. The first gripper

5  transports the substrate into the proximity head and only the substrate is exposed to the
process chemistry. As the substrate emerges from the proximity head, a second gripper is in
position to receive the now processed substrate. In one embodiment, a handoff of the
substrate between the first gripper and second gripper occurs after the second gripper clamps
down on the substrate. In the following description, numerous specific details are set forth in

‘0 order to provide a thorough understanding of the present invention. It will be apparent,
however, to one skilled in the art that the present invention may be practiced without some or
all of these specific details. In other instances, well known process steps have not been
described in detail in order not to unnecessarily obscure the present invention.
{0026] Figure | is a high level schematic of a process module 102 in accordance with one

!5 embodiment of the present invention. In this embodiment, the process module 102 is located
in a clean room 108 and connected to computer 106. Computer 106 can provide direct control
and monitoring of the processes performed in process module 102. Additionally, attaching
computer 106 to a computer network can provide remote control and monitoring of the
process module 102. The clean room 108 can provide facilities 109 capable of supplying and

10 removing process fluids from the process module 102. Fluid controls 112 can store the
process fluids supplied by the facilities 109. Flow from process chemical or de-ionzied water

storage 114 can be controlled using flow controllers 116 and valves 118.



[ 0025] One enbodi ment of a holding and transport systemfor a substrate
uses two grippers to hold and nove the substrate into a proximty head.
Initially in this enbodinment, a first gripper picks up the substrate in an

excl usi on ne al ong the edge of the substrate. The first

5t r anspor t qwgg}ésgﬂ‘gtrate into the proximty head and me{/‘%@ﬂgB%(dB%trate i's
exposed to the process chem stry. As the substrate energes fromthe
proximty head, a second gripper isdn position to receive the now

processed substrate I n one enbodi nent, a handoff of the substrate between
the firH02YrPopess mﬁ)ddl@é%@deglluri@pleb!eemmrglsaﬂ@ élat tdnangledobdt e npiper ¢l anps
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detail s are sé provi GRU&er st an ng of the
pr esent priotuse ntodoie. lowrcw'aﬁbumoasppaaeams chemmuletlozm@kpfdceﬂ in the art

that the prese racticed wi thout some or all of these
speci fi ¢ g“élﬁzi E’s (rﬁ g ﬁé?tef%t%ﬁﬁg?mWIasﬁf ‘?%‘Eé‘g@ '8 PaYs? have not
beers degeédshadnéduicdeliafdwel br wdqiﬁfnan%cets@szmcpr%ﬁ@sé 'sﬂaMmQQSEélﬁ&s tehgpdr esent
invention. [0026] Figure 1 is a high |evel schematic of process nodul e

102 in %@é%bluéa&éﬂ%rfweb%erm@ér%ﬁbemﬂﬁélﬁg a%sﬁmiowei2Qrae§émstrﬁw\}en@1m§rl23|Iﬁ this
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facid i thespdoSs eaﬁabhaﬁ mffoﬁnmmyya figglanthmlQipegrk ingtyproaesseaib.ui ds fromt he
process_npdul e 102, Flu f% contrgls 112 can store the process fluids

suppl i @05 t”‘l%éhcf%é?tﬁ‘ﬂ emenees franpthemiading 36l ss! OnBisisgRPeraEs gy onzi ed

wat er Stﬁ%@QﬁosﬂtMe&%T}e&@v&%E&&{rkﬁqSUSWHé”h Id% Rt it §ftilxé§ﬂ§ﬁ§leVa| ves
118. WO 2008/ 153682PCT/ US2008/ 006418 5 100271 Process nodul e 102 can

i ncl ude! ArHsb emereed frorohe plrige @Sﬁ@?b}ddﬁoi the bupler agsemblyr Elaeen ¢lpmpra® to, air

filter Sthe Qﬁ)@{r e% 50 ?%gf)lﬂl &X'sn%tr%"lﬁﬁ%o@dthg? 'Pﬁ%%;sér%wglnd&\é'eﬁ% d:ln‘naé‘n o found

in process nodul e are vari ous proc ocess no
i nclijdeglmbomcasbistlat canmuds toli}pslathd stbsang 1i58. }inmirdmdtedassmdmbﬂmﬂﬂﬁary as it

woul d b bIe to ha rocesse dul e Wi or. addltlona
bt oces<s MemtingAseatty Ty BieGibBs TTRRes BF FhRer R0t Sirbeang
gri pperixngssemtihiys hald, thep:l;u%'&ﬂreﬂ@ 1 56 38 ok edBliaads, prhsty adtnaa igfladel 23. 1 n
one enbodi nent, the gripper assenbly 121 is R05|t|oned to. clanp and nove a

subst ra%‘eﬂfeoof%ﬂr%ﬁ%ﬁ%%a%m@tqséﬂféplf?éﬁerﬁsebeaﬂ%t Fribe fAe ipdditidodssenbl y 120.
Not e t hahfl L&A G2 Re g b%o%@é'sta%{?scﬁ%ﬁ@% Qh B8 oAk Pl Rt aG&an be

perforned. "Al so note that processes perforned
‘0 variety of process assemblies.

[0029] Figure 2 is a overview schematic of a gripper assembly 121 in relation to a process
station 204 and substrate 150, in accordance with one embodiment of the present invention,
As illustrated and described above, the gripper assembly 121 has released the substrate 150.
In this embodiment, the substrate 150 has emerged from the process station 204, and for

'S clarity, the second gripper that would be pulling the subsirate is not shown. In a scenario
where the process station 204 performed a electroplating operation, the gripper assembly 121
and the second gripper are configured to secure the substrate using substrate clamps and
apply and electrical charge with an electrode assembly that is integrated into the gripper
assembly.

W0 [0030] Figure 3 is a schematic illustrating a close up view of a gripper assembly 121 in
accordance with one embodiment of the present invention. For discussion purposes, the
gripper assembly 121 can be broken down into the following three subassemblies: clamp

assembly 300, electrode assembly 302 and clamp assembly 304. Other embodiments of the



Oby a process station can perforned by a single or multiple proximty
process heads. [00281 As the substrate 150 energes fromthe plating
assenbly 120, the gripper assenbly 12l1a is positioned to receive the
substrate 150. When an appropriate anount of the substrate 150 has energed
fromthe pMifg“a¥3enbly 150, the gripper assenbly 12P4TAERMENH onto t he
substrate 150 and pull the substrate 150 through the plating assenbly. In
one enbodi nent, 5gripper assenbly 12l continues to push the substrate 150.
In order to pass the substrate 150 through the plating assenbly 120, the

gri pper griphtr igbaBlsesan ifdhids uknigleadlang bleablg or hédigonap plampkaiemtdiont i nues to
pul | the substrate 150. ot hey.. enbodi rocess statio i ncl ude

S | ) ments,. p an
a vari et¥Piy mdduioad) f}%f@?tfag%%%%fjp liss cap CBHCBSQF‘?HW%}WH@%?’%%HE?“% ?I?fatﬁ? and in
addi ti ofidRr adsBBbIR 124 | AGhaSHRMh¥nt 3RGvn B i8B! the cREQCRSEIaB0®As] A and C
can accommodate and facilitate a !Ovariety of process assenblies. 100291

Fi gur e 304 are shoyweinw cdeged pordiinnet 6 vest thauglrd sybaratasawhpieserd Fprtharmate. 48 on to a
r ocess L. Qn. t: i - W th odi ment of
P CSS ei%tﬁ)tdla AL B %qigﬂb?ﬁ ihah %g%g;gos:tl . lgm%ﬁerrg%%%n‘/@n&, thRRGnYTO 0

t he present 1 nvention. ustr an escri bed above, the gripper
assenbl assdiilidaasn belneaspdn poriticuirdithatiectiodd assembhydag be mba dicseinositione

substrate 150.has energed fromthe process station 204, and for 15clarity,
t he sec‘@fﬁ?ﬂ’%?‘ibﬁtﬁ”é?’st’}?égr%ﬁ'l d be pulling the substrate is not shown. In a

scenari mos\nezﬁlemb RebPHiERES &eﬁ%lﬁbé@gsmé p)@rh i;sprmdcsgn ﬂétémhmbatdtmgit? ;

operation, the gripper asser 121 and t second, gri r e configure
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charge WisihnaRs ﬁ{eeg?%rp&da%s&%? 01 YorrfiRhed the bibs@BE ahe BlahlagsehibtEie 950 OREAT

assenbly. 1010030]" Figure 3 1s a schematic ill ust rat)lhgﬁ a close up view of
t

a gri pp¥ asdenrblugted fto pmopraciesidianc¥Whei the sonecrapse is FOPEHE pr esent

i nvention.. For di SS| - Qhi I d, gan be broken
down i n?%snfqﬁlgd f‘%ful%g%iSHg&{Aﬁer?g{gana%g%%%ﬁ@fegggggﬁ %(?rf)&grsgsgecr%%% 300, el ectrode
assenbl ypp3fiRiatates| citip subsaund y od0inbdGihert, therbmtoprint sreaf oftthesubyte

2008/ 153682PCT/ 1182008/ 006418, 6 i r.as ly. c include a,single clam

assenbl 9“"6’56 AR B PSEAOnE PR e%%ﬁs%ﬁfﬁ%)ﬁ@%t?a?%i 'ﬁt’r“aﬂ%ﬁ{f‘?‘%éa 8?’ ?’gfheaﬁu%fag%t rode

asseqbl 1gsp aaRnid8ed 0 dhdad4 siruad thesitatrete eorheGrippatasseatbly hEl. @ bper assenbl y

121. In the enbodi nent shown in Figure 3, the, clanp assenbli egky%g) and 304
r

are showibedimanteihs skannrsesmblisnell eApao terbirgrndertu iort ater pERBY Present .
Furt her §pk e élhfvséﬁﬂtnﬁgés%ﬁgﬁbmsmsa/m?% shSstRRONE:, EdNodRdBpP@ENRPSI tion. In

ot her enbodi nen assenblies can be in an open position and the

el ect r ostwemblySitl or ve@rvebre. inmptlzer einbedichepbsicivasian @A e ivdepeisisnt de@pPi s not

present assemblies 300 and 304 occurs simultaneously.

'0  [0032] After the clamp assemblies 300 and 304 have secured the substrate, electrode
assembly 302 can be actuated to a closed position placing electrodes in contact with the
substrate. In one embodiment, the electrodes contact the substrate in the exclusion zone at the
edge of the substrate, Note that the electrode assembly 302 can be selectively applied to the
substrate. This can be beneficial as gripper assemblies 121 can transport substrates through

'S process modules that do not require the application of electrodes. In other embodiments, the
gripper assembly 121 can be fabricated as modular components permitting the rapid addition,
removal or replacement of an electrode assembly 302, or clamp assembly 300 or 304 as
needed. Other embodiments can allows the electrode assembly to be swapped out for an
additional clamp assembly.

10 {0033] Figure 4 is an exploded view of the gripper assembly 121 in accordance with one
embodiment of the present invention. In one embodiment, the clamp assemblies 300 and 304

include an actuator 407, a substrate clamp 404 or substrate clamp 402, a compression module

408 and a stop block 412. In one embodiment, the substrate clamps 404 and 402 are coupled



[0031] In one enbodi nent, the gripper assenbly 121 approaches a stationary
substrate with clanp assenblies 300 and 304 in a closed position and the
el ectrode assenbly 302 in an open Oposition. As the gripper assenbly 121
appr oaches l;h §ubstrate the clanp assenblies 300 and 304 can be actuated
into an opér’ pO¥IYT™n. When the gripper assenbly 121 i SYFEREBEP+5osi ti oned
about the substrate, the clanp assenblies 300 and 304 can be closed on the
appropriate areas of the substrate |'h one enbodi nent, the appropriate areas
of the substrate include an exclusion zone at the edge of the substrate.
When actoushase4tbate cogpling pvéents Gipseovatieg Bnntaiﬂﬂpwaﬁsie&waﬁfrf:‘éﬁscl&ws #ar@04secur e

the SUbt% S@tgg%gr?oﬁc}ﬂ 91&1!01991?’ a A% %[ﬁ?)lslggxogtz&lso L‘?ng%betasse {eﬁ%ﬁe Ehr%ﬁ cl anp

assenbl | can ve I ndepen rom ¢ i's can

al | ow cizcamqnoragﬁemat g/rc:eaﬁhbtequahmegdfe stubﬁrammmpsaft(m a‘nldrziﬂu,mtf) ahbpswed by cl amp
assenbl é&304 b glce ﬁﬁé I n other enbodi nents, actuation of the

i ndepen HP“@ISWﬁ SQELRIP? PYRL 300 and 304 occurs simul taneously. ! 0100321

Aftes to3q BIasuBSHedhingsaB0Mdand id0dchavauseauie thidrhRe Sushs at e,
el ectrode assenbly 302 can be actuated to _a_cl osed position placing

el ectr o%@’fi?‘ﬁ“’@dﬁ‘fdé’é@("'% Imthe pmbadimspt hown in Rigsreet roserieetit S¢he el ect rodes
cont act o4 ie D et AlE ab&rﬁrn@da?e&ﬁé H&h&@s NRodtlie 401 Tﬁg%u pq&&%gﬁubst rate.

Note that the el ectrode assenbly 302 ca e selectiv to the
subst r ameduldy HD&lscéwtrbedben@Pmrtg, eths msnigndegpebe ezmxlmy |aeﬁlemmpmsion ransport

substr éj‘\ggulé m o em]b%gr e%? can%?gnli”acfetﬁ E}pc?'atpﬁ% r0v1 a!&%ﬁ%he%ﬁppl Ication of

electro sse
f abrg Catteﬁehtzﬂﬂeﬂiﬁm&rahemﬂjmﬂeemmsﬂel amd 40409 the rapi d addition, renoval or

repl ace an r.ode a senbl 02, or clanp assenbly 3Q0 or 304 as
needed. @%’Je P HES B AP %}énéwawwa  BIWBADIT b be swapped
out forma%n@eqwr&umbst%@a{ama§mdwo4m%§;’wéd Frit@ tHe®pfn hSsifdh <@k oded vi ew
of the gripper assenbly 121 in accordance with one enbodi ment of the

pr esent adtpiash 95 A othar ynodimproslithietien blopks AR arpnad semirsd ﬁeﬁleaemat@rﬁdmm
|ncludeggqm%gaﬁﬁ%a{tég%ta 3§Hgﬁﬁegtﬁ“9bq%ﬁ #04 or substrate clanmp 402, a
2 ocC 15.

conpr essi on a sto I n one enbodi nent, the
subsi r aile3@| Erepdect0de maetn‘dlgzoanre:lmasupIcadactW@cQGIO)ﬁBbﬂaﬁ(B@c&ZﬁﬁEfdﬂS%é}am§)06418 7

R R L e e
coupl edmhgfdiessBaset0d 1dcAhHR O Beaohidationes 46@an fako@dh& 1&@pabé g of pivoting
U outon So the DA 410_ The Comtact lever 403 is Coupted to Tt basd 51 & covpiing part it ? ' 9
poi nt. ©OuYP 0 pie PUng p
allows the contact lever 406 to pivot into an open position and a closed position. Additional
'0  exemplary details regarding the electrode manifold assembly 400 will be provided below in
the discussion of Figures 8 - 8C. In one embodiment, the tension module 414 is positioned
between the base 410 and the electrode manifold assembly 400. The tension module 414 can
provide a constant force that pivots the electrode manifold assembly 400 into the open
position. The actuator 407, can be coupled to the top 416 and when actuated, can lower the
'5  electrode manifold assembly 400 into the closed position. In one exemplary embodiment, the
actuator 407 can be operated pneumatically while other embodiments of the actuator 407 can
be operated using a variety of alternate techniques.
{0037] Figure 5 and Figure 6 are schematics of substrate clamps 402 and 404 in accordance
with embodiments of the present invention. The substrate clamps 402 and 404 have a bottom
30 side that includes a clamping surface 500. With a substrate present and the substrate clamps
402 and 404 in a closed position, the clamping surface 500 will be in contact the substrate.
The substrate clamps 402 and 404 illustrated in Figures 5 and 6 are configured to

accommodate a circular substrate having a diameter of about 300 mm. As the clamping



5[ 0034] The substrate clanps 402 and 404 include a feature 414 to interface
with the conpression nodule 408. In the enbodi nent shown in Figure 4, the
feature 414 is a counterbore region to acconmpdate the conpressi on nodul e
408. Though conpression nodule 408 is illustrated as a spring, this is

i nt ended t YWl ary as t he conpression nodul e i n ACHES2E/BEdISTent s can
be an actuator capable of providing a constant and Orepeatable force on the
substrate clanps 402 and 404. [0035]s The stop block 412 is coupled to a top
416 and can provide an upper limt of novenent for the substrate clanps 402

and 404sunhensomi tterdati @ Edigacd Ptk cRBRintar@bfithe sub&raas theadiamping Oftfack 500t her
enbodi nents, the_stop blocks 412 are not required_as the 3%_;] uator 407 can

be confisgariely definedbyiwg rapik Righd ds i enbrdimeat &1 1s ghayy ctrode

assenbl y 307 1'56%#@%% a,as:@;et;@&a v!aﬁx@for £9Gnd @Jz%?é é@%iwmrfa%gsmenbl y 400,
actuator 407, and tension nodul e 414 (not shown). In one enbodi nent, the

el ect r ol ingenditobiar efrbentiop mmoOn@SI@Mpné@ arbshohld reenenigethat igeraluggl and t he
cont RE g?(of" ﬁzeégeki he %‘AH{%'d‘?S' {cf%r {Ongll?&ﬁ’: stuégifa”tc %Fﬁe\i&%%@&ﬁmh@a‘(@r 406 is

coupl ed aSe-at a cou poi nt e contact |ever 406
to pi voiubstnttes anlteper drosdttrs d“mrmmncae Chosedf posilin sobstrafdcind thenal

P. 0 det ai | di ng the el ect i fol d enbl v. 400 will b
o oo soRBilstioha et Sk Loty 5y Sk et R R PRt ' e
t ensi ong Kokt Blathpéd 40Bar0RI4lda s Be Borlipluveian atddtrhane mbaikodr fhsuakect r ode

mani fol d assenbly 400. The tension nodul e 414 can provide a &Fonstant force
that pi(P938l Itnw@e@rnéeélrr@aétlh%eﬁﬁbf'rt@#dcla§e%4pa|vddéﬂ)cmadetaﬁ@wasﬁ ngBsk19fon. The

aCt Lb’:lt OfbofiPds mhfa vxh@the\gucf’f] cf%guttﬂ) ﬁﬂﬁeaﬁcpaohc‘ié%@ HARdaMe R0 AL BN R HolcCRB | Over

15 el ectrode manif assenbly 400 into the closed position. In one
exerrpl acan t@rvbrmd theeritith dfftiee substerde olrm 692 oafdbmdaperide &d comdingdedadan | y whil e

ot her od| e actyator 407 can be operated using a variety of

al terna@g "a)ﬁggtec[lwle% gure 5 and Figure 6 are schematics of

substr at{mszll lagm 740 2n ARGurdh dfa casaerlednees il dcbordame dvitieottesndfodiniet pr esent

i nventi on The substrate cla 402 and 404 ha de t. hat

i ncl ude®f the PICAGRbFRGNIEQ ffawog%goz W"FWG%{‘@SB@??I ‘E"(?r ﬁ&g@@rﬁmoﬁ'ﬁ & bstrat e

cl anps 4@3u 18t AQburkd aghifid @586 RAThd d18kodt RRnTbAANCABLS MG RORs Wi | | be
in contact the substrate. The substrate clanps 402 and 404 illustrated in

Fi gur es7®aznd 760tagre defred; tg pravide acoap bvaesiivndetveen theglentrode BepHelde having a
di amet e£ss9rélbigt§9éﬁhe?é99ta wﬁ%{)&.‘ﬁ &raPI0A%an }49&%&0{% i 8LMETLHRAQ0R, 006418

8 surfaceé nten to con act as exclusion area of the substrate,
the cl amﬁa}gpswmma)@ﬂﬁgpsinpwwm thy colgddt heedr 406 andhe adei , Rl and R2. In

one enbﬁ)%kb’rie ]E'- ure% is an xlﬁlgtcr)attlon o%‘?hcmﬂcatlrr(])ge %nifold assembly 300 in accordance with

‘0 one embodiment of the present invention. In one embodiment, the electrode manifold
assembly 300 includes a contact manifold 800, electrode arms 804, and electrode diffpsers
802. The individual components of the electrode manifold assembly 300 are discussed
below.
{0041] Figure 8A is an illustration of the electrode manifold 800, in accordance with one

's  embodiment of the present invention. Mounting holes 814 are positioned to provide a
coupling location between the electrode manifold and the contact lever. Additionally, outlet
holes 810 are positioned and sized to accommodate electrode tubes. The outlet holes 810
intersect a gas manifold 816, the gas manifold having two openings at port 812 and port 818.
The gas manifold 816 allows pressurized gas that is input through either port 812 or port 818

10 to be distributed to the outlet holes 810.
[0042) Figure 8B is an illustration of an electrode arm 804 in accordance with one
embodiment of the present invention. In one embodiment, the electrode arm 804 is a hollow

cylinder formed from an electrically conductive material. The electrode arm 804 has an



is about 150 mm Note that the listed values for Rl and R2 are exenpl ary
for a substrate having a dianmeter of about 300 nm One skilled in the art
shoul d recogni ze that the values of 5RI and R 2 could be nodified in order
to fabri cagﬁ%ﬁgﬁbsjrate clanps to accommodate substrates of alternate

di amet ers. HEPHore, the use of circular substrates MAd'eH8eYbsequent
radii of the substrate clanp are not intended to be limting. Oher

enbodi ments of substrate clanps 402 @and 404 can be configured to
acconmodat e non-circul ar substrates. 100381 In one enbodi nent, the

subst r averdl knpid of 02018 A8 i 4neater Havetaiof swer dlmm hedhgt innér, diofieter gbout 66

506 can i) Erec eREhPU HmDIOA AR TeRp LT pS OF SABoG09" TrCgh BAR By ovi e

t he couphé mgnikfsie ahd BIV P ebvgared beosilbshthakeoticandle 8Ndlof he cleasgie [ 00391
Fi gure n.illuystration of a contact |ever 406 |in accordance with one

7 0!
enbodi nERPTR SPhhilE eietTpdR aitiZans combiEaron P Eouplvith Hipeicsireds BEUEBNL act

| evey 4@@1%@%n%hhﬂ%@th%n%@%%hﬁ&d%ﬁ@@ | @ houRE 0B WIeeoRORhNGNM, dcbase and
the el ectrode mani fold asseng%y Mount 1 ng hol es 700a and 700b are defined

to provieelinedsinstanibe mawfid ord $4t anddhe elpesrodk awnifolddOfhwni bosubsasialivbl y and
t he cont; I 406, . Pj t i . cont act
over ABBEGTEAALY 3B colbUncie (DGe SRR chEXE! B DB lset 85 o

t he basean l@MEGLbsagiatle aBtighs. B dotiHodehanad deseritafl abbee et exinipdde andni f ol d

assenbl y 3 i n accoydance . wth ! Qne enbodjnent, of the sent i.nvention.
oo, Tk B St A autt e AR <5k 08 SAbPS oSBT O ds Hedont act
mani ¢ ol 6f BhierialehSGhd PRiedS tfcrSR4bectang] RbaRE. MM ex M1, Waith $mBORmeiRQf

i ndi vi dual co0 onents of the electrode manifold assenbly 300 are di scussed

bel ow. HO6kETOHs rEO4gar b coapsirpsied Somdetion wah atriwsslacabvadeniaartadl d 800,
i n accopdapsal Md BroRdgcdaenbodi ment of the present invention. Munting
hol es 814 are 'positioned to provide a coupling |ocation between the

el ect r o984 Flelighing|8 iannl exdmeplowncheotatic of ar ¢legtohdie wiffrsad $02, in actoréenchofitks 810
are posjti . hZe .acce at | ect.r.0de bes. Th utl et holes
310 e el BRPRAN0 P e Bl TR AR Eoo ST 804 s R ngs.
por t5 81ldearichliyanhdi@ii8e miteeiapas beaobdioltid B dAirakicawstiphe &sgyst dietegap, t hat i s
i nput through either rt 812 or. port 818 !Qxo be distributed to the outlet
ol s gERURBBAR Eryln caneraonBr} el upfufimre S i esy Geh 5oa i n
accor dapCs avbithy emeAaFRQedl BBNe efftrbMediFES 802 hidWERbIiReavit) soe enbodi ment,
the el ectrode arm804 is a hollow cylinder formed froman electrically

conduct §apEBHEE & male WithHe glegleedesad oatmeBuyodmibe Pn a second end, the end
opposite from coupling cavity 830, there are a plurality of holes 834 that traverse from the

!0 second end through to the coupling cavity. The holes 834 can act to diffuse compressed gas
transited through the electrode arms toward the substrate.
[0044] The electrode tip 835 is axially aligned with the electrode diffuser and extends from
the second end of the electrode diffuser 802. The electrode tip 835 can have a contact surface
832 that is substantially cylindrical with a diameter d, of about 0.8 mm. Furthermore, the

!5  contact surface 832 can be offset from the second end of the electrode diffuser 802 by about 1
mm. When the electrode assembly 400 placed in the closed position, an electrical charge can
be applied to the electrode assembly 400. The electrical charge can travels across the
electrically conductive electrode arm 804 to the substrate via the electrode tip 802.
Concurrently with the application of electrical charge, compressed gas can be delivered

50 through the hollow of the clectrode arm 804 and applied to the substrate through the diffuser
802. The application of compressed gas can disperse heat generated from the flow of

electrical charge between the electrode tip and the substrate.



9 overall length of about 23 nm an outer dianeter of about 2 nm and an

i nner dianeter of about 1 mm The el ectrode arm 804 al so has a manifold end
820 and an el ectrode end 822. The nanifold end 820 is configured to couple
with the out P *MBIIB6B1I0 of the el ectrode manifol d 800 whjle .tg@/ﬁg}ﬁ{gctrode
end 822 is configured to couple with the el ectrode diffuser ":lﬁf [00RL®
pressurized gas can be transited through the hollow of the el ectrode arm
804, the couplings between the manifold end 820 and the el ectrode manifold
800 can b#idspBizantd @klsyhediakit k A M barly, .the coupling between the

el ectrode. end. 8%)2 and the el tég%gétg%ﬁi{g%élg% 0g 8 SURSHAC a0 scrabiydnstarierial | y
ai rti ght . ""The ' ReRbBET AR i acsexslendepeith mmrreemsemplp%svmaﬂ@nﬁb@% fhipot be

consi der egmbddihtiing ' ode, arm 804 can be constructed Trom a
variety 0 of matera s{"lf%gs\ll(ﬁinrg&g&gg% BeyPURS Brwliesttansisal fopregbithees.  For

exanpl e, BPHEe eabppdDirenulingin tibsulstreetdHdea@r IRl 1 R&e§BOSELFHED Trom
t ubi ng V\,igdgn%ctsrhg%guclﬂar] ﬁégug%e, pent agonal , hexagonal , etc: A0
cross-sectgi on.” ! U EPgdPE Greaton+0é puthsh theypubthiendlamp 404 wakheheed r ode
di f fuser BOutismatackepdddaBomithdcdABR ] @k 4lne, present inyention.
The el ect bﬁ’lgﬁgdi ffE@er 802 can beﬂqggg%m?@%%gghgﬁéh&%"gpdw§/‘" hateti ve

mat eri al ‘and” BeSEUDS PEEPENYF 1ByAtiatag b side ofint Hedthee hasegBs! intthABLG" D,

measur i ngripb@idsse AcBo@RR ' . th ectrode diffuser 802 has an
overal|l length L, l:gy;nnalgout BSW%CE?@ES) 'mégﬁg‘)@’e{’ﬁée”élné’éﬁ?%é“ s f user 802

has a colpiPPRcahiatgnBIOmedn¢ # Huisedpting that @nWpbly ot oBstEhEGIE QiR end of the

el ect podelcbihe .end, . the end opposite fromcoupling cavity 830,
there are a pl urpéxl}fo'?(i/%r%ﬂgﬁnggsmégﬁ%ﬂﬁ’gela?sﬁvléfys@fﬂflﬂf(mﬁ tole ob@s pasitiveh. Ead

t hr ough Phce e edestrpdd avgerciay it ¥ cloddueyJamioB Sh8adu G @%,S%ég bty sﬂ%bcorrpr essed

gas trangj t h,the electrode arns toward the 'substrate. 0441 The
el ectr ode!e%ﬁ?(gdeggée%% g’ffegi" ?‘i)”%ﬂ“ﬁé‘ﬂf‘e‘f:]ewoﬁﬁ tiphinteetatact wite tieh fubtiss, Nyad

ext ends fhabm thbelesteaienips efde afio b&iRa® I{ fuser 802 The, el ectrode
tip 835 Ca?@?ave a. confact surface. 8%S&?Eé;%%lstgdté’ﬁ%@s‘%‘éﬂ‘ﬂdﬁlaws%%‘iaﬁd]leﬁcal

with a dPaTEiH? Wrngelisgsefecditge amighurctibige moreicaltdatadbeRMRGLLSMLS ace 832

can be ofteset Fikiemikhg S, f the el ectrode diffuser 802 by about 1
mm Wen the]teI ectrodedasseﬁgi%Ql%cfgh%ﬁl aé’&%ﬁllﬁsﬁatf%é’aEP’é%‘éémb@gidtSiémn@s, an

el ect ri cHld CRwPHEVe defleotonspiiheeibitmté e, ol AebiaRe FHSERBIY &i00r de

el ectri cabseghatasisan Lravel s across the el ectrically conductive &l ect r ode
arm 80401?[oset he %ﬁ Ogt fr?]aotng e\r}}?’gg’f’}%t’élsl%i‘:’r%ﬂ’@‘*’t jspergg? iniGohchnidentubytrasg t h t he

appl i cati3rn ofo sltetite chalps ehAFGR) byCPRMES: be .del.i vered SO hrough
the hol | gy, of the el ectrode arm 80)2 andsaggﬁt%gét%%t aem%%gﬁaﬁ‘fee"aflﬁf’ough

the diffuser  B027S4HE BN thardesof die subsimtebiedligantea thoallapsins ishaal
geneilat exdn be defiricdas b lidnet YelehdchikAllaGhAE 98, 050¢een the el ectrode tip and

t he sub :
3[664885 ?{egardiess of the clamping distance, once held in place by the substrate clamps, the
substrate 150 can act as a cantilevered member. As iHustrated in Figures 11a and 11b. the
mass of the substrate 150 can create a moment arm with a fulcrum located approximately

where the substrate clamps are contacting the substrate 150. This moment arm can result in

5 the substrate 150 deflecting a distance d. Note that the deflection d illustrated in Figures 11A

and 11B is exaggerated for illustrative purposes. Commensurate with deflection d, is the

induction of stress and strain within the substrate 150. Thus, the clamping distance, and the

subsequent deflection of the substrate 150, can be partially constrained by the sensitivity of
the substrate 150 to stress and strain. Another possible constraint on the clamping distance is
the width of a process assembly. A wide process assembly may necessitate a smaller
clamping distance as a majority of the substrate may be contained within the process

assembly. Conversely, a narrow process assembly may permit a larger clamping distance



WO 2008/ 153682 PC F/ US2008/ 006418 10 100451 Figure 9 is a schematic
illustrating a side view of a substrate clanp assenbly installed in a

gri pper assenbly in accordance with one enbodi nent of the present

i nvention. Iwobtdissmesbodi nent, the conpression nodul e 408.].5s. ring that
applies a constant force to the substrate clanp 404 resu'lgffllllﬁlbgzg?sz&dﬁ’é
substrate clanp 404 defaulting to a closed position. To 5open the substrate
clanp 404, the actuator 407 pushes tHé substrate cl anp 404 which pivots the

substr at about th oupling pojnt 506 and lifts the clanping
surface E)Oog.b]a E%B%Q%Aﬁ"ég‘lﬁ%uring? §rea§°§‘?‘g?é’ﬁ‘é ysirafions e Ligpsneg systemder of  an

el ect r odmoamgeinhirippenssahblRE i ftcardgideRPa! orRSHMTRIYent Br RE SRESANGS ML N one
enbodi meQ.t of r{tﬁ)rrl’?e resent invention. In this enbodi nent, "the tension nodul e

414 is a S §ndy 2PRER B1SEMBLY dgh strabi sepp Ate eerl ol 0wl 1868 r BiobeAmmani f ol d

400 1 esul202ngn bo céilifedb @alde 0964:ARYIRIN 208 34k ELAIG: [DeRNnPREMRGS! LT ON.  TO

place the el ectrode assenbly in a closed posi e ac *407 pushes
down bn FEBRICR fesBise megerabthy atmh by adiyectionasrimdytot ueilaecinode ti ps into

contact whitduihBg syRst hat as the electrode tips conme into
contact with the suEaglt ‘??Fz‘" patwéeﬁeif“éa%tarcgﬁg’ré %@1‘%4*%8351“??@&‘0&%%1%@ a
spring efifasgon Koasshowhiin Bigereal 2. ghl y reliabl e el ectrical contact with the

bstratgoHl i 11A and Fi 11B hematics illustrati
var ous. [PS0TsE Rl et on oo S0 B cndhd et ipreressembist 1 ot

150, i n mdadditianofa witstate Kinhes b s OF of MAVE=T el V| e
 aibpenbedient s 0 s DR PDRSSHE BT B BLRDC,

enbog)i ment , 2si glg1 gripper assenbly initially

two SubstPEd 8‘?"}:1?&) O Pesest ALIAPILEY 69 tesist drflectiont Anpetentilly iramiveng

di st anceyré@Rs heidsighl 88 dsedsnh Aot ne .of the .substrate 150.
Alter natepel Y, i the cl jénpi ng di gt_al%%gl%%ctg(rtﬁelr)agmd]tgp?’naegaggglogalaﬁog?laﬁéréowsbet ween
the cl artpt Hymtyad sesisseny oflpoagtialfeyte dire$20201n direencbadivpémnghebsh anEes once

hel d i : t 150 t
Canti 1 over SaRaBok Mo lO SHALS G, ARRR: o ePHET AP b A m S Bl s o
t he subdnpticechb@iments,aiffate mmuatertinenich as plawict Rorafehob§ hietld, 86ALEf rous

appr Qxi el ere . the sybstrate clanps are contacting the substrate 150.
Thi ng%ﬁ]{isér} gegﬁterté@?ﬂot sfanless fige! b ysafle 150 deflecting a di stance d.

Not e t haoosineigles | Bitai iy chak il ikishtial € frdcBaure G4l ﬁa?nsg&é\a %ﬂ%t %rf]e%nioﬁ ha .
exaggerated for illustrative purposes. Comensurate wt der 1 ectPoh d, is
t he i nd@EYEHINE @R » ¥sacaprganderditrongi enfiodimdneotb ptesatt énveblon, Thus, t he

c| Al gl Bl 2RE8 s AN obARGURRIUERL WS ARLLON o1t e UbSLrats, 40, can

be partially constraine e sensitivity o Tstress
and st r aif¥ist gApperesenpiis sk plaged prmmtapan positien. Operadbanpiag ndiishameenis 10 the

wi dt.h of,.a process assenbly. A wide process assenbly may necessitate a
smal T er %‘é‘ﬁ%nﬁ. NG ﬁ? % é)ﬁ'g%ng%a Boﬁ\%ﬂ“otroﬁ‘f)& tg‘f’ syhsiate Hettroperatinny) 30eclossst ai ned
Wi t hin theeupstocedsmpsaeti® bybstréo/WEIES & Milowed WY §RMHPRHLA8ES h.ASS &Ly may
permt ) I ar ger cl ermgl ng di st ance. X
electrode assembly on the substrate. The procedure continues with operation 1310 that moves
the substrate into a substrate processing assembly. This is followed by operation 1312 where
the substrate clamps and electrode assembly of the second gripper assembly are placed in an
'5  open position,
[0052] Operation 1814 is next and positions the second gripper assembly in a location to
receive the substrate, as it emerges processed, from the process assembly. Once enough of the
processed substrate has emerged from the process assembly, operation 1316 closes the
substrate clamps of the second gripper assembly on the processed substrate. This is followed
)0 by operation 1318 where the electrodes assembly of the second gripper assembly is closed on
the processed substrate. Operation 1320 continues the procedure as the first and second

grippers continue to move the substrate through the process assembly. At a particular point,



WO 20081153682r epuS2008/ 006418 11 [0049] Figure 12A and Figure 12B are
schematic illustrations of a transport system for noving the gripper
assenblies in accordance with one enbodi nent of the present invention.

Vi ened fromyane@ndsssori pper assenbly 121 can be seen at an arm
1202. The Arm 1202 Egn be coupled to guide 1204a and QU|QE%T§8Q%QLf

gui des 1204a and |204b can 5conf|gur§ to restrict notion of the armin a
di rection normal to a rall 1206 ne enbodi nent, the rail 1206 is part

of a linear acta ws th 202 to nove in the direction X
as showi?” imﬁtl?—n | gt e Iﬁ% aﬁcﬁﬁﬁé‘?ﬁtg‘}' é" sHeRRACHpEEmBlY fPHeved ¥ 1202 based
on the wopastiaf 11214&hagropmeﬁe anseAdbLumaner e did gﬂpp&fass%;n%ﬂbSt rate when
present In tggagrl F Thus, the materi al shape of 't he Oarm 1202 can
be chosé{f8h ) the foregoiing inyentign hasheep da@rtb@d:mwme dagildor mnposas bl

oLy 05! VRriB) ARG Ehh S FRYODBONSEAMCRLAS A REOK hldiabRick B 95 1202, an
addi tional "consideration is the chemcal resistivit at for the
ar m 4 20praciigpdonighie tHssaenreaithe appendsd mallﬁ@ 2Ac®rd!agim tbapedenn smbgdxéumrsla&an

Soci ety AST inless stee I n ot her
enbodlngﬁ%%x£§§% g?%ﬁ@gﬁgF%EF% gigég Ve MI SF”@““EBE"WQ?%gﬁE’WéFh

coat ed fierilogiseibinetia) it ang balntoelrﬂﬁtvetm:y ﬂﬁ%c@j‘e antl @i glssts st @e |ap;5@1)de<be used.

[ 0051] ﬁ ure 13 is a flowchart illustrating a procedure that transport a
subst r at'8™%hr ough a processing assenbly in accordance with one enbodi ment
of the present invention. The procedure begins with operation 1302 where
the substrate clanps and el ectrode assenbly for a first gripper assenbly
are placed in an open position. Operation 1304 is next and the first

:0gri pper assenbly is noved into a position to hold the substrate. Next,
operation 1306 closes the substrate clanps on the substrate, which is
foll owed by operation 1308 that closes the el ectrode assenbly on the
substrate. The procedure continues with operation 1310 that noves the
substrate into a substrate processing assenbly. This is foll owed by
operation 1312 where the substrate clanps and el ectrode assenbly of the
second gri pper assenbly are placed in an 150pen position. [0052] Operation
1814 is next and positions the second gripper assenbly in a location to
receive the substrate, as it energes processed, fromthe process assenbly.
Once enough of the processed substrate has energed fromthe process
assenbly, operation 1316 closes the substrate clanps of the second gri pper
assenbly on the processed substrate. This is followed 10by operation 1318
where the el ectrodes assenbly of the second gripper assenbly is closed on
the processed substrate. Operation 1320 continues the procedure as the
first and second grippers continue to nove the substrate through the
process assenbly. At a particul ar point,
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assenbly of the first gripper assenbly foll owed by operation 1324 that
opens the substrate clanps of the first gripper assenbly. [0053] Although
the foregoing invention has been desct¥bed in sone detail for purposes of
clarity of understanding, it will be apparent that certain changes and
nmodi fi cati ons may be 5practiced w t@l.AIMBe scope of the appended cl ai ns.
Accordi ngly, the present enbodinents are to be considered as illustrative
and not restrictive, and the invention is not to be limted to the details
gi ven her ei n; AustraayolBeg awirmiseting ssivimbis pengsbpe and equi val ents of the
appended clg%g§ plar3 CLAIMS A substrate holding and transporting assenbly)
conprising: a base pl at e; a pair of clanps connected to the base
plate in a gpaced chpas coveilehtoathe bire pateinspssed @pdoricgniicentiatspond bpirng
defi negu&@aiﬁﬂ%glng deitiR Y &nagife sﬁ'] é)%th? b rs@‘lgsﬁai\’,\‘ut]{} aﬂeaéiﬁ@?ﬁndtefé}ggé Rg ﬁ,”ﬁl? Q{
points, the at |east two I ndependent points Dbeing i ned by ach’ o he
pair oﬁméﬁﬁ%ﬁﬁﬂwaﬁwlW”m“bUﬂ@WJ@tébxW@Eeﬂh@&wwﬁk%nw@wmg connected to the
base plate af bﬁ\,tl.&;gaatsml@ it mtg &&mamsmnt '1,95 | Y DGE M&pu&nhﬁmp@'s{,b&‘m@ hPTPS:
t he el ectrode assenb fined to I npart “di'ectrical contact

subst r A¢teesphn ppir e émnpan@ie wtelctuocbyasmévbpétvﬁned)fto dhearpen clectric? comagubshe at e

hol di na,b@me&vrlaqqﬁps@ﬁttdh@gex@wﬁﬁphyo?aaaﬁ cited in claiml, further
conprising: a pair of clanp actuators elng connected to the base plate and

configured to maneuver the pair of clanps into an open position. 3. A
substrate held g J8Git 6 I further
compr oi ng: ~an o oot Pdoe ATRClicRop5 RN AR GG, bl |

confi gured tl@amﬁéwwcwart@rsé’b@gtcpmmetefécq hatbae niem @nchccwhg\secﬂimmsxevvemnne
4. A SHQ§&Qﬂ%ﬁmh9$gJ&gn?&gw%ransport|ng assenbly as recited in claim3,

wherein the cl'anp act'uators and the el ectrode actuator are independently
control |l ed.

3. A substrate holding and transporting asscmbly as recited in claim 2, further comprising:
an electrode actuator being connected to a top plate and configured to maneuver the electrode

actuator into a closed position,

4. A substrate holding and transporting assembly as recited in claim 3, wherein the clamp

actuators and the electrode actuator are independently controlled.

5. A substrate holding and transporting assembly as recited in claim 1, wherein the electrode

assembly 1s defined to dispense a gas to the substrate when present.

6. A substrate holding and transporting assembly as recited in claim I, wherein compression

modules exert a constant pressure on the pair of clamps to hold the substrate when present.

7. A substrate holding and transporting assembly as recited in claim 6, wherein the

compression modules are springs.

8. A method for clamping and applying an electrical contact to a substrate, comprising:

providing a clamping assembly having an integrated electrode assembly in a receiving
position capable of being independently actuated into a closed position and at least two substrate
clamps in a receiving position, the substrate clamps capable of being independently actuated into a

clamping position;



5. A substrate holding and transporting assenbly as recited in claiml,
wherein the el ectrode assenbly is defined to dispense a gas to the
substrat e when present. 6. A substrate holding and transporting
assenbly as recited in claim1, wheretth conpression nodul es exert a
constant pressure on the pair of clanps to hold the substrate when present.
7. A subst r &cevhgltidi mpstardt theahgportingbhssenbl y as recited in claimg,
wherein the 41D S ar t hod. f or ing
and appl yi ns&ﬁ%ﬂ%%@i%n&?aﬂ g%g;ﬁs lgg) e gﬁébggﬁ)s%mo’}[ t]?e C]An’g%f (S)Sql()ﬂ placmg,qm;)
prOV|dﬁﬁ@ﬂaee%@nﬁmwgmagg@hﬂhymhmvwngman |ntegrated electrode assenbly ina
recei ving Paslddding RERIR Rletd) Ho! alnas&ﬂqs%%ﬂ%hee gt &géeﬁ%sm)g ey o
posi tion and east two su cla a réece the
substrah%ﬁéﬂ@hﬁ§h@&paﬁh@bbﬂﬂﬁéﬁﬁgﬂﬂmd€@mﬁd@mﬂ1Weadﬁmmmed into a clanplng
position;  14eLGC8E ViR Fie SEU AN A c{onl%u{f:\lnme Q&Esﬁ‘%@% the flectrical
actuating the substrate "clanps nto tﬁ anpi ng position, e clanping
posi ti é#rtgf-aci ng the substrate clanps in contact with the substrate; and
actuating the electrode assenbly into a closed positioned, the closed
position placing a plurality of electrodes of the el ectrode assenbly in
contact wit A Theendhsists revited invoirein&i wherhie tpl aiecabde apsenfblefugbtrriodess tif@aterar e i n
cont ac o t | act 9. The
met hod Eggqug%?§d§ﬁ%%cag% lgﬁﬁtﬁg%gﬁﬁﬁ#ﬁg%&%ﬁ%n ?gghassenbly further
i ncludes diffusers configured to dispense a gas to a top surface of the
substrate whgnppr T, t.h
wherein a coﬁpygggﬁgﬁiﬁﬁgmrd’ngéggﬁoﬁgdgﬁ &ﬂ“@%m£§8ﬁ5®g§?§“mfgqghgig?ts a
constaﬁﬂmﬁﬁ¢@@nnnmwsaagwgut%a@@n@ﬁmthéhsubﬁwﬁabmawmanm 11 The
method as recited in claim10, wherein the conpression nodule is a spring.
12. The nmethod as recited in claim8, wherein the actuating of the
substrat e clankhs niethopes feoitatsa clpine Uhstheeal the/compression modiBe ishhverimet hod as
recited in claim8, wherein the actuating of the electrode assenbly is
performed pneumati cal ly. 14. A substrate handling assenbly,
conpri si ng: 12. The method as recited in claim 8, wherein the actuating of the substrate clamps is

performed pneumatically.

13. The method as recited in claim 8, wherein the actuating of the clectrode assembly is

performed pneumatically.

14. A substrate handling assembly, comprising:

a base plate;

a first substrate clamp coupled to the base plate and having a clamping face configured to
hold and accommodate a substrate when provided, the first substrate clamp having an open position
and a closed position, the closed position being defined to secure the substrate;

a second substrate clamp coupled to the base plate and having a clamping face configured to
hold and accommodate a substrate when provided, and the second substrate clamp is spaced apart by a
clamping distance from the first substrate clamp along the base plate to define support for the
substrate, the second substrate clamp having an open position and a closed position, the closed
position being defined to secure the substrate; and

an electrode assembly connected to the base plate at a location that is substantially between
the first and second substrate clamps, the electrode assembly having a plurality of electrodes, the

electrode assembly having an open position and a closed position, the closed position being defined to



a base pl ate; a first substrate clanp coupled to the base plate and
havi ng a clanping face configured to hold and accommbdate a substrate when
provi ded, the first substrate clanp having an open position and a cl osed
position, the closed position being déPined to secure the substrate;

a second substrate clanp coupled to the base plate and having a cl anpi ng
face cdRPFGUrBg PH‘Bd‘HbPaeﬁﬁ@da%&%%a@t@g%p%ﬁ%@ﬂ racentym evithpghovitdede vdnd t he
second s¢bat rate clanp is spaced apart by a clanping distance fromthe
first substrate clanp along the base plate to define support for the
substrate, the second substrate clanp having an open position and a cl osed

position, the ﬁ'sﬁﬁsﬁdtepﬁﬁdfﬁlgg&eﬁﬁﬂy% rélekd ﬂﬁgaitnoids%&’éﬁ) éatl?oistﬂp?hrt @#}b@txat@nd
an el ec rod? assenbly connected to the base plate at a location t

subst a ‘Wﬁﬂ|§5%@P%ﬁ@ﬁnﬁ%%“?ﬁ?@ﬂméﬁﬁm§@céﬁﬁ*§ukéﬁﬁaﬂéwwﬁ%ﬁ®@Uﬂ@he el ectrode
assenbly having a pIurallty of electrodes, the el ectrode assenbly having an

open position and a closed position, the closed osition being defined to
15 transiti dft f\hsé‘bii'[alj’r[&‘l‘]plﬁg el at Feotes It doler - tHierdimbe giceds assamliin

cont actfuiict fchib® kst catrRuih &Ndiffe8faNas (o a to mufa@esof Alx§%9§t»¥lﬁhg reldgidl i ng
assenbly as recited in claim 14, wherein eac% the first substrate clanp,
the second substrate clanp and the el ectrode assenbly has an i ndependent
actuator. 17 A sublfate ParSbRSIsE Rabdlcl RdiassAMRlMedsmpaGid ed in claim 14,
wherein the el ectrode assenbly further includes diffusers configured to

di spense a Qéfg“‘t”éss*a‘)”t‘ﬁ‘ﬁ’“WF‘&&‘?‘*@POV& adpihyiriaeg o theHen sphstrgiestamp; 17. A

substrate hanrh@}ehﬂ@h@rs&@W&tysuﬁs%afee&étﬁgeﬁ InNne |L§S'SJH‘ ]J‘O%lf]ofl U{ 1k Q?x@: SO LShRY: a
conpr essi on nodul e PosSI ti oned above a togsr{sur ace of Fst substrate
I

cl anp; SXerts & confngt ks opmlesron Hefars ¢fdke dbwbsiateelagipanp |s |n the cl osed
position, the conpre55|on nodul e exerts a constant force on the top surface
of the first substrate clanp 18. A substrate handling assenbly as
recited in dPabbptpate %wéh@a #p5qpRly aoiepifcddn Flobp b dihetsin e gompsessiog module is

19. A sypsigrate handling assenbly as recited in claim 14, wherein the first
and second substrate clanps are nade froma non-netallic material.

20. The substrate handling assenbly as recited in claim14, wherein the

actuator isPNEW¥B{#ke handling assembly as recited in claim 14, wherein the first and second

substrate clamps are made from a non-metallic material.

20. The substrate handling assembly as recited in claim 14, wherein the actuator is pneumatic.



