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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.

[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

irregularities 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
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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
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.
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[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
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.

[0021] Figure 11A and Figure 11B are schematics illustrating various clamping distances,
and comparative deflections of the substrate, in accordance with embodiments of the present
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.



in a gripper assenbly in accordance wth one
enbodi nent of the present invention. [0020] Figure 10

w0 2008/1s3sBEMatic il lustrating a side of an el ece€DUS2008/006418
assenbly installed in a gripper assenbly in accordance
wi th one enbodi nent of thg present invention. [0021]
Figure 11 A and Figure 11B are schematics illustrating

arious. cl [ ' ti
10023] {Gpr b isghoB ehetn o BHBATE Apeerne B SRt ayppete through a
processﬁf:%bég t1§ alforddiRe RV i@SETterhBVAGNEA T thd Sredetk iftiedtb®.
and |gure 12B are schematic illustrations of a

transport systen1fdl;nﬂﬂﬁ@ﬁ&ﬁﬂngumpper assenblies in

ccordance t of

[0024] NIV iteny lf 8%&1@1; OQEP 1%&} %SP?%\I}{E @ﬁg&trate The holding and

transpoi’t IngUsHsOBS G AnRTREEHE ke taﬂ@%eld NS PREA sémRBRGIdt& Rbstrate
ﬁoug a processing assenbly in accordance with one

processe"n‘bmblhmto hoild arhﬂatrqmsegamsubstwémMtbnmnmamm_eabrence with a variety

DESCRI PTI ON [ 0024 nvent i
of proc SR e PSP TeRth gt Rt R 51 o hgregpton
therebyﬁn&’é?é ﬁ%’?fetdsngur‘ﬁﬁerﬁllé%s tokeESratdRaA b dtdredsb& by attegr@fiflg multiple
yield a gi ven sem éonductor substrate process. The

processa:*.)sllCihtay plasinigaind cmdlrtgr\anl@p@rsungie pubsnitpheadsitidwayeniihedn be
erenc 0ocess

aificut {3 Ffagts A FEaRDEdEE s o p R Gyl as rpyonstiht Bdhuact

with th€QHsgaienat i on thereby increasing yields. Furthernore,
process rates can be increased by integrating nultiple
[0025] Pnecedwdimeni ofi adoldinganhigamspdrt sy gemifoya sbskale uses fwggappers to
wever ffi uIt Le

nold anflgat oA nld Bk bee riliipdbissrdbon st exorer

picks u % s‘il%sﬂrzﬁe af OAFLAN z&RMUIGES theietife biBe SubsitatedtT@e first gripper
25] One enbodi ment of a hol ding and transport

transposty sneemnbfstmte antg tipsproximaity) bess! amkpn@r thesubsirateistexpelsegig the

processtr%egnt ne Sl{ﬁétﬂibas rgtefq%eggea gf?(?rB p%er prBXgﬂlgraﬁiead i ééo%l | g¥ipipgr is in
posﬁmrﬂth%&é@é €hel bvAProR¥ssed ShdraZO o é}ﬂlgodlﬁhenledgl@ndﬂff bhthe
substrate. The first gripper 5 transports the

substratsUivtween the ifmst@ripher adosecond grinneagcamsialien the segend gripper clamps

stra ed to the.proce
down o S iRl R R kb PR i R et e 08 forh i
order tcgf)ﬂom&ra thSrduigh RA8érk{afBing O f HIRCSest Irha%nﬂ@W Rl &es@Parent,
substrate. In one enbodinent, a handoff of the

howevqu@smeaskéledemmn thab thei nrgqengm.vgpmn e be prasHecdywithpresome or

occurs. af econd grinp
ol of S RePFEIiE IR STRE T Oty LA PR S8 Mo Rat ot been
describe@atddthit iledder hét taun&Rbsakity blb't;cufb th@ pRdseigtrinventipnovi de

a thorough understandi ng of the present invention. It
[0026] Kiigure Bds apjgrleval schrsmaticeof 2 procespancskle 1 Q2dnjagcqrdancg yith one

embodlgbe[(ﬂ& g{ﬁ Ifr)cr:s%ﬁ 1nver|1t1 Ve% {h?pergﬁcydlgn%mp 'El?ecﬂrbgeesg n)MdtuﬂprZ 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
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.
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[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
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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.

[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
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moduledu dther embodiammisatandre anggstunterraaneble pf providing g coayant and
a 300 or 304 as needed.
ﬁmeMaﬁéﬁecegﬁﬁg Fﬁ?ﬁ?@ %ﬂgd@ﬁﬁﬂgp#%é el ectrode assenbly to
[0035] T8e §66?ﬂﬂ’&§( MYtis tohpladtPslthpt4 18R cah pravidssLiiey linStbf
[ 0033 ure 4 is an exploded view of the gripper

movema@tsfenﬁllewu stiat¢ plagps 403 ané 404vwvhan orpyeé iye diinenan resitianeby the

actuato&ség)znﬁ% ?t nven% cﬁwantﬁot €.sto qb gg‘iglf: I&é{[tqg(ll& hﬁ%f}% the actuators 407

can be @diﬂﬁghf&ﬁt@ mﬁIama&Qﬁuﬁrdlamtdfaiaeelcl anp 402, a
onpressi on nodul e 408 and a stop bl ock 412. In one

[0036] & b eltictrede assemblysi{Psinelades %cm leygn 468G leptpdg manifold assembly

400, ac 8#& 4%2 Qf}ﬁrg ng)éBlfa}{l Eqﬁ 8)%'(: ehlé)oﬁbﬁerﬁ ﬂ@l e@%ode
mamfofdoasé’tﬁnlﬂpemo ROSdIpI@Ntoané cc’;ht@ét Q@\%@i 4peshd therconfics D:ver 406 is
coug ed to the based 410 are the actuators 407 that
e

couplecatocthe hpeetst19. The pprviactileer e iseanpladdedhe bases 2 gogplipgpoint that

allows fh@&g&{%@%ﬁ:ger 48%6 tto Ipo Yo‘ctlntl | ) o%%ﬁggm alﬁlg rﬁcgg Bi (?B%th -Adilitional

exemplﬁ%addﬂziiﬁs ﬁ%él'dtn% th@bl%btfra@eemmﬂfadtab@myrm@s\snl b8 praddddebelow in
408. In the enbodi mrent shown in Figure 4, thefeMUre

the discpssion of Higumsrit e&(ﬁdmé)np@gm@mm@tﬂtb@ 3{1 @dyle 414 is positioned

e PR3 008 A S 8 TR foBrscon

provideeX €sHitank Yoras tHab giveaItRE eRsirede m’i@ﬁiﬂil& abdentll1@00 into the open
enbodi nents can be an actuator gable of providin

position Jrhstagatarid7ocanchsecaualsiddo s oa 43h andahepgetplgdscanower the
electroc?é r%npl?olé(%gse%qy 48¢ 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
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



[0035] The stop block 412 is coupled to a top 416 and

can provide an upper limt of novenent for the
wandwstismBE cl anps 402 and 404 when noved i nt o POEUSHES006418

position by the actuators 407. In other enbodi nents,

the stop blocks 412 are ngt required as the actuators

407 can be configured to I'imt a maxi num di stance of

st St el OP T B B TR 2R B e s0
is partif§l d&ined b Ao radifl Rieni RY IHRHE kmbidimcnn a1 3RAGBEY 145 Mm and R2
one embodi ment, the el ectrode manifold assembly 400 is

is aboutc bifred Noge tlhétlmdmt@otalues\ferr Ri@ad RAdire mrmdm ot a sebsate
0 10.. The ,conf act 06
having gl AdPp 1 Emsn CosaR e R P Bl 0w B {hgagtues of
R1 and@lecdﬁR{‘B@%dlffé\d% oﬂ&@ té PabRicRlsubdttate AImPP &ﬂa&@ﬁhﬁéd&ﬂe
and a closed position. Additional O exenplary detali

substrawee gfaltirnafe tdmn@e@clfmrdwemnmﬂ tifenisd ofisiwewlnt snbag@esind thlge

B e 5 AOKARBRL s, s B o
substrafe@INE, nﬁﬂdi‘&d@ﬂﬁl@caﬂ%@ Rnflglrea t@hc%h{r@&fétdﬁ%ﬂ Eidlar substrates.

asse 400. The tension nodul e 414 can provide a
[0038] Ewonst embochmeoe thehabstpate stasnisHié2 eind ¢0# caie haerdrf evegall length L, of

o 35 P b A BRSBTS B, PhofRPe s

can tra\te‘i’é’éﬁhe W’i@th%f@ﬁ@%&@ﬁ’t@ e 407 6 ARSAIIPrYvidO the é’t{uﬁhh@ focation
e

cl osed position. In one exenplary enbodi nent,
between theisibstrate Olampeandidbe bpssr at ed pneumatical |y whil e ot her

TR e R .
of the p%éé&Htr BvéntRine TRANKITBY DL $raérs&sURS toRh& 16V 06 aﬂ@ 3118wl the tension

i n accordance with enbodi nents of the present
module| tmbe ist¢ued agdiest s ase and &ae@le&trpée nopifelddsspabliigMeuating holes

b i t hat. I
7000 angf B3RS it oariat BFp i Brrlr BIRLT AL RER R Ryrord
assembﬁnﬁld“tgé cbitaét 16V Q08. PRSt hdle04 thetreversaing gv@mréfaﬁec&aact lever
be in contact the substrate. The substrate cl anps

406 anm@@vm appling pait betvwedn ithe qingact éeye54%@d6thabese

onf i red 0, acco da e.a,circular .
00401 £ 35 &7 b PodTRTB08  FrPacbitoRanditiy o4 n Ak Bgge vin
one emb§d1hféh?8fjlﬂg ?é&eﬁﬂﬂb&ﬁbnaﬁl SieCdrisddame! £ eddctloe manifold

substrate, the clanmping surface 500 is parti al
assemb&jseﬂi)(h@gludys awgntaqdnamf et elarrode arne¥04% 3 gleﬁéﬁ@e diffusers
t 145 mm out

502, Th uRBAdA CGRESTUI. b (% eg tandd iy )0 B whPlishilteed
below.Substrate having a diameter of about 300 nm One

skilled in the art should recogni ze that the val ues of
[0041] Figrire §Ads R ilbustiatiom ef ths¢ldcirede manyplded00; i Fogprdapes ylth one

et REH 8 Ao SERATRE ML o S gl pry

e ‘use
couplingUb&dtioattRvé@ntthé BRctrode manifold and the contact lever. Addltlonally, outlet

holes 810 are positioned and sized to accommodate electrode tubes. The outlet holes 810

T

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
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
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subsequent radii of the substrate clanp are not
intended to be imting. OQher enbodi nents of
wandwstismwBE cl anps 402 and 404 can be confi gur eBCT/0S2008/006418
acconmodat e non-circul ar substrates. [0038] In one
enbodi nent, the substrategcl anps 402 and 404 can have
an overall length L, of O"about 66 mm a width W of

boyt d ah
overall fhedh ofRboRRgR3 P B T e E AR ? i dofa ioiet damgtey of
about 1% é@étré&darﬁ{ Q04 &igo hde ﬁ‘l%%luféad Isog ahd 9 elRetry@Send 822.

strate clanp and the base. [0039] Figure 7 is
The maaifold érmls&ZOaB configurechtocmmuplowith thearutléOliole § 16 of threddentrode

ol S0 BESRTEL oL S e e

802. Ast Fl%éd gﬁb én'mqwn%téd%hp&gﬁ%&h@l%vagatﬂaseue@roaaﬁﬁn%od the

ectFrode manifol d assenbly. Munting hol es 700a
couplmgm ﬁetﬁ&@b theer naamiécﬁld red 820 apd thei dectmde mllﬁomfiﬁ(b@atbecﬂubstantlally

st SRR, Wt bSR3 ERL el A im0

can alsé{\’bggtlibsgjntltaﬁﬁ afrRPiaFhe LEYEAintAR &@&1&'&%‘6'00'@&% exempldridnd
poi nt between the contact | ever 406 and the base.

should p@amboqongndgmddnﬁltmg aathd dleaimide arm@@4 ohn bh eoritastaddem a variety

of mateéﬁgsol{ﬁ%h%ﬂa\sf%feetyf ﬂﬁcrﬁﬁsegé;ﬂpnzﬁ %ﬁ]t% glﬁ)r er;hmglr%eot%er embodiments of

the ele&m?.l@ A0 caf BE c@ﬂls@ﬁkfe‘a%xﬂﬁmlﬁgbﬂh%&ﬁﬁﬁ@hé’r 3&fare, pentagonal,
I ncl udes a contact nanifold 800, electrode arns 86)

hexagoaaidetel goss-satgonli f f users 802. The i ndi vi dual corrponents

o0 i S oG5S5, A 08B R i
one emﬁb&%eﬁ@gﬁth%%sgﬁ’tl ifdv&dn. THe Ble6@6SEadIERsMY0D AR Be Prade from an
nbodi nent of the present invention. Munting hol es

electrlcatlyl canducpivs intatasiaband be pristantiellyn cylindsicahyith teealargsst diameter D,

bet ween_t he el ectr mani nd the c ct lever
measurR A LTy 0 O PP B £ oaps (IEGPETDRaH® and (Bl length
L, of aliduf g%&OA&ﬁ@wﬂmﬁaﬁ@ele&te&derdaﬁﬁsérlsb%as db6uphisgl datmgn ghes

810 intersect a gas manifold 816, the gas manifold

conﬁgthad/tmxgatemﬂo@@mlwg@dapncbgf the eraﬁ@tq@sr ©n gpgconrrndgthe end

oppos1tgﬁ'n o5y §ﬂlgpé18réﬁgyl%g¥$ t erlrgsége%,J A Bl(zwaltg fgh 9 ?321 Eha't BRYrse from the
second@hd ttlﬁﬂo@%ﬁ 8fkht Qoliplhgiabltpt T A& SUlsan(42062]iffabdetrpré&ied gas

~is an illustration of an electrode arm 804 in
transueddbmuah itseelogtrade anas éowrrdithesubsioatet h e present

[0044] h%%ﬁ]tcmﬁ%yp RS & ap%lgi?)h%ogr%e? WItha{l]]le Efegtp Erlé g 1 591r 4Ad %ler{d§ from

the sec6RNEMESS HE cI¥BEr6dd diffuscrBD2eTRE El%@l(ﬂ&le&imﬁﬁéhnhﬁﬁe a contact surface
anoverall |[ength of about 23 m;gr an outer dianeter of
832 thag boswbsantalyaesdindnicalwidh a di of abeit Ot mm. Fyrthepeore, the

contact:s:ugfgl%% gg%caglrnl%] (ngs?t ?L)%othg Baodha' Rl Ioffﬁledelg&%dg %Qfﬁ?srég 3G 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
through the hollow of the electrode 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.



The manifold end 820 is configured to couple with the
outl et hole 810 of the el ectrode manifold 800 while

wo b@sabmst r ode end 822 is configured to coupl er@i/UR20081€06418
el ectrode diffuser 5 802. As pressurized gas can be
transited through the hol|pw of the el ectrode arm 804,
the couplings between the nmanifold end 820 and the

S FETE L TR RN S
in a grl@ﬂ?‘ij ab Aty ﬁfﬁcfcefiﬁngé tvﬁtﬁ%%é BB dindht BF &R Ji&sent invention. In this

bstantially airtight. The enbodi nents descri bed
embodiateat; ehecempnessigr mo;iulammsm sprngthit a;mhcsasonkéarécforce to the

i m he e ec ode arm 8 on
substrate g 304 FuliFdh o SREes e 414G AA Siguis i EElpsef position. To
open thg E@%gra&eagllnﬁ gk, RE %ﬂuhﬁﬁ 407 BlsHeX PN Bstrit Qﬁaﬁnp 404 which pivots

i ments of the el ectrode arm 804 can
the substome tlampt46d dboonthe whiplgngnpdint ﬁ)ﬁmddrfguhaplanmgsteface 500.

o SRS RSP RaL s5 STMRahUB Fhe
grlpper%sfefnﬂﬁf in %%%rdaﬁc@mr&l@%%o\%ﬁéht QP theiFBRAL IRBALIGA. Iﬁ Iﬂﬁs

resent 1 nvention. The electrode diffuser 802 can
embodmmle, thie ensian nfodele€t4 is asplipg tot dac apphe awanmmtatbrcartd tlbae

N P T T TR
place tlﬁi:' dIE4RRE a&Q&Wﬁﬁl AB1oSMEp Hithor, ﬁfégéch]altor A7 RRR Ao thd

first end e electrode diffuser 802 has a coupling
electrodrmssetrybl&anercby]fOVgﬂlrrrgctht olentmode tipstihtot dpmtask mathrthel subsirdte. Note

f the ectrode. t ube.
that s s sigtfroge FRg FEo b EyeCaui JreBetrath db S e arms 804 can flex
providiRg Hrsﬁhhé ¥rradt o ﬁ{cﬁﬁat%%hl%ﬁ‘@treﬁz[@é/ Ble&@ichlr Mtdch &ithGhe substrate.
second end throu to the coupling cavity. The holes

[0047] $ure dbAaot Fugurdulﬂ Busesadwematiesdludtrating varmms clasiping distances,
t hr ou h e .el ec oward t

tr
and comppRHTe AHECUPELTT B S B REHD: Iebckgreanrs VAR g ot the
present&ﬂ@en%loﬁ Cltnrcﬁfé'eenﬂjdcfdﬁﬂ’l&ﬁr a @ﬁigle%fp%%j%s&h@m RISt fibstrate

he el ectrode diffuser 8 The el ectrode tip 835
150 in wemsubaivate &lanyrstseparatedrifyzcdadpingtdigiandes Theplomping distagce can be -

o G B 210, s i

can be Héfﬁr@dtala% cﬁﬁﬁx%dY %e@ve% thd\&labfptdrodesodi f f user 802 by
about mm Wen the el ectrode assenbly 400 placed in

[0048] mgamllass eﬁtmaéampmg distance) @@Eﬂlﬁbhlln rdmﬂvg/eth@ awbstate clamps, the

substraf 3030 ak o § Gy N o] e uEn Ao am G FE Al . e

mass o£th8 GhbRHe PI0RBAedt® anitfinitReh Matiea ﬁil&uhﬁl@cﬁb@ @b;ﬁr@ﬁﬁnately
tip 802. Concurrently wth the application of

where t@b @@bstnamlampaa@@onmmg thesulbistrpae | 2T emgaient ame garpresult in
e subgh Aot HE . Bilabread AFBE I EReBR FHPIRa i Figures 14

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.



802. The application of conpressed gas can disperse

heat generated fromthe flow of electrical charge
wbedosasisst he el ectrode tip and the substrate. [ POWDE$2008/006418

Figure 9 is a schematic illustrating a side view of a

substrate clanp assenbly #nstalled in a gripper

assenbly in accordance with one enbodi nent of the

o B DB o B OB e YA
movmgtth %‘pﬁpe? lé?s%Htﬁ’Je? iFARORIaAOA with Dk ehib8dinfenk BE tiRh8dehirfention.

404 defaulting to a closed position. To open the
Vlewedsfurhmtanané gr[p@npas@emblycmd @otheatar awbé’embgﬁ@sam&&? The Arm

o2 TR o3BT B 1O T B

conﬁguFe% TREtREt AU 6R6Lthe Afm ih QQl'fI@J:tl(Fd R &0 151 B0BCheamt | C

IlTustrating a side of an el ectrode assenbly installed
embodiimeng thyr iadp@06 aspartbf alingar actuatod that ellovs theguma 1202 to move in the
ﬁgodl nt.o the esent invention. In this
directiog Wi in Figure i on nodul e 414 is a spring that
[0050] Qﬂﬂoﬁ&@m 1)4 d@véi@&?lt(ﬁ{‘tthe aﬁﬁqqoi Qas?eh%n%@ﬁialé@@ﬁthe%ﬁbﬁal zﬁ&sembly

resulting 1n the el ectrode assenbly defaultin

and adchatmroq:femsqhm&atb ivdren presept indke ghippes| Elousy tkaen@tssélrﬁmld)s iame af the
the

t to
o 12 RS eoRe) S ABTLL RSB PR e
processI ﬁH:l&)S £2PbaG5edh i dose o8 HRG tb MeLarnINPA(2, h@ddiBSndIRBnsideration is
[ ectrode tips cone into contact with the substrate,

the chemmal sisistivitp d€a arateriad o thaarm 1382.dn oué dmhgdmlespprthﬁ grm 1202 is

i G A PA B T N A G T et e 316

In othelF érﬁ%(ﬁméht@‘ &fferené hatRalCsich lab PRbti@tnoRFe8id MBS, coated ferrous
anpi ng di stances, and conparative defl ections of the

metals &ubaitelrmtet}prS)pf stainkess siedlaneebansdd. enbodi rrent s of the

o051 B530 ¢ TSP 08 SRSl 9 e

process%gbeﬁfsérﬁtal% ift hB8CR8arke %E@ér@erﬁ&o@n@ﬁt&ff@h@ﬁre@érﬁﬁw&ﬁon The:
anpi ng d| stance can be defined as a distance X from

procedltrh degidg evithfoperationul3oR veteee hEGubsiraterlampe alyd elepigode assembly for

i stan an be defined as_a. d
o frst PRGN 7§ B hh et Poobon el LS Bsdanghe firs
grlppertaQ&n%lﬁ‘thGedjﬂnﬁf @?Sﬁtlo@ﬂﬁlﬂ)lﬂ alekubbrfib a0ext b()‘petrzhﬁ)n 1306 closes
substrate clanps, the substrate 150 can act as

the subsizat¢ clasps roedhmrhs@ate which|is fpdloweddry apsratioguB88 tlllatld%ﬁS the
csrof st Ry TR PSRBT S SO ot v

the subgtpﬁe 1 %%ﬁ@étﬁt&bl@@@&%lr@r Rty AThisg fdlhﬁvéﬁlﬁgséﬁeait&)nlﬁﬂ 2 where
his noment armcan result in the substrate 150

the subsreefte elanipsgnd eltcpdmassemblnefitbe sasand gHBPY @SSRy 3F¢ placed in an
illustrated in Figures 11 A and 1IB is exaggerated for
open POsitiQl¢ ¢ at i ve purposes. Conmensurate with deflection d,

[0052] IGpetdiRni I8AH G héxd afdl psiifi@ssSthaBebontl iggippendskdthblytiia location to
substrate 150. Thus, the cl anpi ng di stance, and the

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

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,



subsequent deflection of the substrate 150, can be

partially constrained by the sensitivity of the
wandwstismBE 150 to stress and strain. Anot her ppeSEHUBL088/006418

constraint on the clanping distance is the width of a

process assenbly. A w de process assenbly may

necessitate a snmaller clanping distance as a ngjority

operai S GRS B oY oA BT il BBy
operatiddeIIMttha dpehdek sGbariid S18mPs of ARARs] A3t adsemble 12A
and Figure 12B are schematic illustrations of a

[0053] Atthoegiothe ferggeiaginentian hphbeeniisseitiedpe some detai| fpepurppses of
. cqrdance wi.th.one enmbodi nent. of the present. .
clarity GG Pfeutt aU e RpBeRn e edh s ER B Fecion may be
practicedavitilf tfefRpabf teappaiediclams 2Rt drdihtly, theprtént ka{bddiments are
can be coupFed to guide 1204a and gqui e_1284b. The,
to be cogsiidered as Adarsrativielanduatiseseietivo and theriavensionas net tee limited to the
details &gy Retpl, R B i V8 P 3Tl s B fhe appended
claims.| i near actuator that allows the arm 1202 to nove in
the direction X, as shown in Figure 12B. [0050] A
What isrebrimed is's devel oped on the arm 1202 based on the mass
of the gripper assenbly and addition of a substrate
when present in the gripper. Thus, the nmaterial and
shape of the arm 1202 can be chosen based on its
ability to resist deflection. As potentially corrosive
process fluids nay be used in close proximty to the
arm 1202, an additional consideration is the chem ca
resistivity of a material for the arm 1202. In one
enbodi nent, the arm 1202 is fabricated using Anerican
Society for Testing and Materials (ASTM stainless
steel type 316. In other enbodi nents, different
mat eri al s such as plastic, non-ferrous netals, coated
ferrous netals and alternate types of stainless stee
may be used. [0051] Figure 13 is a flow chart
illustrating a procedure that transport a substrate
through a processing assenbly in accordance with one
enbodi nent of the present invention. The procedure
begins with operation 1302 where the substrate cl anps
and el ectrode assenbly for a first gripper assenbly
are placed in an open position. Operation 1304 is next
and the first gripper assenbly is noved into a
position to hold the substrate. Next, operation 1306
cl oses the substrate clanps on the substrate, which is
foll owed by operation 1308 that cl oses the el ectrode
assenbly on the substrate. The procedure continues
Wi th operation 1310 that noves the substrate into a
substrate processing assenbly. This is foll owed by
operation 1312 where the substrate cl anps and
el ectrode assenbly of the second gripper assenbly are
pl aced in an
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open position. [0052] QOperation 1814 is next and
positions the second gripper assenbly in a location to
WO e@si1v38t he substrate, as it energes processeBCT/UBING/ 006418
the process assenbly. Once enough of the processed
substrate has emerged frogpthe process assenbly,
operation 1316 cl oses the substrate clanps of the
second gri pper assenbly t he processed substrate.
This is foll owed by opergﬂﬂbﬂﬂ§318 where the
el ectrodes assenbly of the second gripper assenbly is
cl osed on the processed substrate. Operation 1320
conti nues the procedure as the first and second
grippers continue to nove the substrate through the
B oces% sebstrateiojdingand trgagnoriéng sserpblyneoropsing on 1322
q) {pe el ectrode assenbly of the first gripper
2B ﬁafollomed by operation 1324 that opens the

% &tdfaslldimﬁd ciRscted td the bhbd Slhtedh aRpRIedapar BoilentatibAthSkpaced
Al't hough the foregoing invention has been described in

apart oggrﬁ@u@neb@ng defyredsqrepable supgoreofy subgtrase witeleash e mglependent
a rtai n

points, r%e L east FW Vo, r@@ﬁan%géteé%% é):él% ﬁge(? E? %hefqgg %% og Fla{l}?s and

an réwwede G4sebby bAGE 061t Yo tHeRis®pREECAa 100 theik S

are to be considered as illustrative and not _
substantigdy beyqendhe paigof tlemppntbaelcetiodesaspanbly slefaed tqmr@at anp

v, [ i f 1e& t hi

electrlctaﬂgong c:cct), g% haensglbsetga&e Vgng RFes eserlﬂl'ﬁtn %Ydab ptélgg)g garél%s V\ha t

is clainmed is:CLAIMS 1. A substrate holdlng and

transporting assenbly, conprising: 5 a base plate a

Bai rA Bbstrpterhedding ARG HARPOFNE asecRly @s proited i plasmdp Auther
Com@ngggrt orientation, the spaced apart orientation being

efined to enabl e support of a substrate with at |east

tawhird dTdeRep detodtoptieiiSeorinBétedto thedate pe dnddepapaedito

poi nts bei ng defined by each of the pair of clanps;
maneuygy dhe;paiepeelampg et 88 Rl 90%@Ihg connected to the base

plate at a location that is O substantially between

the pair of clanps, the el ectrode assenbly defined to

i3TpaA tsubdiratd Beltimgeald teasp@tihg henbly subsitédinelaihe) further

present and held by the pair of clanps. 2. A substrate
Cmnpﬂﬁégdlng and transportlng assenmbly as recited in claim

[ t.or

]an enelé'frg)gﬁ %cetg?tgp B%lﬁé Qg geg etB q téR gfate A on?ﬁ%ﬂ?ﬁ etg n?aéxeuver the

ekcﬁomamﬁuuefnﬁmEchﬁwdp@ﬁn@ianps |nto an open 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 is defined to dispense a gas to the substrate when present.

6. A substrate holding and transporting assembly as recited in claim 1, wherein
compression modules exert a constant pressure on the pair of clamps to hold the substrate

when present.



3. A substrate holding and transporting assenbly as
recited in claim2, further conprising: '0 an
web@stiswde act uat or being connected to a top ppPer/@sSzng006418
configured to maneuver the el ectrode actuator into a
closed position. 4. A subgjrate holding and
transporting assenbly as reC|ted in claim3, wherein
the cla act s and the el ectrode actuat.ar
ndepdn il RUIDE 6N Sanshosiag soae Sbls et FIBc g, Wherein
thecowsswmée&eém angenbly as recited in claim1,
erein the el ecPro e assenbly is defined to di spense
a gas to the substrate when present. 6. A substrate
ol di n orting, assenbl S d.in clai
B ek aieao{oF BRus e Aebtine ad cBbuwical toriinn g afpudte,
cmnpﬁgﬁgssure on the pair of clanps to hold the substrate
n present.7. A substrate hol ding and transporting o
pseadigy dampiegiassntily heviagan mtegmede:ilewmoﬂe assembly in a receiving
are

positiof PR 0f SFRE BUEPSRG AL BHER T & oSG paiipn b B least two
substra?é@%b?tnea re'éeﬁlﬁ{g’ﬁdsﬁicﬂlg thelNuBYikAE Bﬁnﬂ)s %hﬁd’ﬂ@é BEbaas fHlp¥ndently

having an integrated electrode assenbly in a receiving
actuategd ostiotal dampmgalobioof bei ng i ndependent|y actuated into
nd, at .| east substrate clanps in

{1
56?%%E$3Fﬁﬁ%é%§$3 CkFﬂ%“%ﬁﬁ@F%ﬁ?e cl anps capabl e of
Beideng HRBAEHRES &iamp@qﬁteaﬁ@éilam?tr% postl RN TaRfi rr%tﬁoﬁ’lﬁon

[0 recéiving the substrate at the clanping asse
placingatbt sebstraty ¢lamps wbsintast avithl therpebsiratepanche ¢l anpi ng

araee s Aeieds anrny FS o sliBee PofEongl G RoNgof placing o
plurahttyhﬁ e@c%ﬁé%h@@l%@t‘?@de\’as‘s% Iy&ln ehagdvipetictsuBiiede, t he
closed position placing a plurality of electrodes of

Mi@r@h ot plotidity eSeattrades that eret laaontmt Wwith e sbbssate apply the
) t.ig te|n the plurality of electrodes that are in
electri@bfiUAT with the substrate apply the el ectrical
contact. 9. The nmethod as recited in claim8, wherein
the el ectrode assenbly further includes diffusers
Qonf i giheadethod d$ mpded m claiga8, vherainitbp eleoirodgassemnblyrarther

include? %? tse"ris‘,t on guredqo %sspense a gas to a top surface of the substrate when present.

10. The method as recited in claim 8, wherein a compression module positioned

above the substrate clamp exerts a constant force on a top surface of the substrate clamp.

11. The method as recited in claim 10, wherein the compression module is a

spring.

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 electrode

assembly is performed pneumatically.



JO 10. The nmethod as recited in claim8, wherein a

conpressi on nodul e positioned above the substrate
w@ba@spsmsserts a constant force on a top surfaceCDiS1008006418

substrate clanp. 11. The nethod as recited in claim

10, wherein the conpression nodule is a !5 spring. 12.

The nmethod as recited in clTaim@8, wherein the

t f t bst I f d
JRcundh Pty g S srRblEoRBEoRE  Bci tod in ol ai m

8 peeprika the actuating of the el ectrode assenbly is
performed pneumatical ly.14. A substrat e handl i ng
asfrsnduibytrate olaorp sdupled ta thxakase plaie and having & clamyisg fast e

config s P udfhe arearmptiipr vt arEanRoases: B Sy SePdd damp
having W@peR pOMIiSEnd & E%Séd %@Stltloqﬂ‘l st 4184 pos AT b'élﬂ%ad@fﬁgd @secure the

open position and osed position, the closed
substragmsi ti on bei ng deflned to secure the substrate; a

RRSPHY SHUSFAR I PR3, Gite et o BT p ampInE face

conﬁgtﬁ@@ ERdahe aé'co'iﬁ’r%&aft@ﬁ @myyﬁ%fe \pﬁ&vpféemed adHd thb SecoRA @iktrate
substrate clanp i s spaced apart 1%ﬁa cl anpi ng di stance

clamp fsrspagedraparftibyst clgmpm’grdasttmcclfmnp thel gsth@atb akeny) dopg thecbase

plate to Gof{rE saPBorE FRTRE huksTs: hE B Btits BT T Y e aneg position

and a cR%%H bbQfen,the clok&s 1tR9§Betiﬁg78‘ef§ﬁkiriQ sétekd tRAubfraseGHa e
the substrate; and an el ecttode assenbly connect ed to

tah@leb:a@ée pssamblyacoraettod & therbastplate at adodssioarthatas sypstantially

vetweeg o FRG ! el B RGTRERS T lraideEy S dy Biviph galuratic of

electroﬂ&etlﬁé' B&dtrode AsREBATRAMN AY bpéh FAvitiRLdRCSbIddPdsAIM, fhe closed
cl osed position, the closed 5 position bein defi ned

posmon beingalesined torirarisiiopl the plurality of elsreedasdawarditbohasy nlete and in
in contact with the substrate when

ComaCt i%g%tSUE%Ba%eﬂlhgﬁBge(SFlgte handl i ng assenbly as recited

|n claim 14, wherein each of the first substrate
cl anp, the second substrate clanp and the el ectrode

désenth yutn;ggtedwndh@@pgﬁmbm as@eeitadjatctyim lde wharein each of the first
substra\tj’aqgé ? ﬁcgc%n lsgpg%agesagr% 2hd e elect'r(gcﬁc assembﬁy %as an mrdependent

actuator.

16. A substrate handling assembly as recited in claim 14, wherein the electrode
assembly further includes diffusers configured to dispense a gas to a top surface of a substrate

when present.

17. A substrate handling assembly as recited in claim 14, further comprising:
a compression module positioned above a top surface of the first substrate clamp;
wherein when the first substrate clamp is in the closed position, the compression

module exerts a constant force on the top surface of the first substrate clamp.

18. A substrate handling assembly as recited in claim 17, wherein the compression

module is a spring.
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assenbly further includes diffusers configured to

di spense a gas to a top surface of a substrate when
w@eesanies2 ! 5 17. A substrate handling assenbl yPawUS2008/006418

recited in claim14, further conprising: a conpression

nmodul e positioned above a,top surface of the first

substrate cl anp; wherein en the first substrate

I is.nt : d it h [
dur o Sitsttale KangliRE EnPBRtsoBOied PRUTPOR: STRFR thedfrst and
second sBstfakd ShmPY BRI hAdEr&haon-Pethflic MatSt rate handling
assenbly as recited in claim 17, wherein the

conpression nodule is a spring.19. A substrate

2P st R aUESERR B i Te s iste B g AP BfE R he Sotuator i
pnmnnﬁgg-netallic material. 20. The substrate handli ng

assenbly as recited in claim 14, wherein the actuator
IS pneunmati c.



