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*(300002* ADJUSTABLE ELECTRODE ASSEMBLY FOR USE | N
PROCESSI OF DI FFERING W DTHS I N A PLASMVA
PROCESSI N@nmﬁmﬁﬂ iﬁﬁl d of the Invention The
invention relates generally to plasma processing

systens and, “hore partlcularly, to an el ectrode

assenmbly for supporting substrates in a plasm
processing s ckground of the Invention

Pl asma pro %mm@m E B nms are conmmonly used for

nodi fyi ng t properties of substrates in

vari ous i ndust ré@ozappl i cati ons. For exanple, plasm

processi ng systens are routinely used to plasma treat
the surfaces of 10 int egrat ed Ci rcuits el ectronic

NADYBSTAB I E LK T‘RG!‘JE E48iNG
@@bsﬁm’é‘§ OF DIBFERIN WID M%’ )§§E|V|£F QCESSING

@E |ve conponen
bstrat es used in flat panel d| spl ays. O‘ten
the substrates that are subjected to plasma processing

o cal formfactor or shape of
rectangul ar strips wth opposite side 15 edges that
are subst anthealnvenpian a¢lbtds. gehmraliynta plaamappraeesasing systems
processi ng systens include a plasna chanber and a

rmtdeTh@Je peaticliariy, @yt electrbaé assemblyeio? seppsingt &bstiates in a
a -

plasma processing system.

Background of the Invention

Plasma processing systems are commonly used for modifying the
surface properties of substrates in various industrial applications. For example,
plasma processing systems are routinely used to plasma treat the surfaces of
integrated circuits, electronic packages, and printed circuit boards in
semiconductor applications, solar panels, hydrogen fuel cell components,
automotive components, and rectangular glass substrates used in flat panel
displays. Often, the substrates that are subjected to plasma processing have
the geometrical form factor or shape of rectangular strips with opposite side
edges that are substantially paraliel.

Conventional plasma processing systems include a plasma
chamber and a material handling system that transfers substrates to a
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processi ng space inside the plasma chanber for plasma
treatnent. Traditionally, electrodes inside the
pl asma chanmber of an in-line plasnma processing system

L g | h f
Ao s L R P T
BB 55T B B B et

system The rails inside the plasma processing system
haFecessiRg aysiemohavreingtided reils nsed 4o support tize transferred strips
contact side edges of each strip |oaded fromthe
netusingailasmaadtaatmest.sTheraitae siyplicdiih pardilel paws that are ideally
conventional el ectrode design, the

s llighea wdthseqrrespionaing s loal the rabReriap haRding %2Rl 1 the rails
wth the rest of the electrode. If the plasna
- H o t . H
D3 S HoBY BRceSenB 98l R BS5Eslor Shtd n ratne
[ I : L i t.h .
oot B8 A8 e o STyl A bl farbing syt

different .relative separation. This results in |ost

pro([)1 @ﬁ@r\sti me for replacing the el ectrode. Moreover,

the 15 integral rails on the new el ectrode may be

m sal i gned W CRetaaaVeRiioral ghectrade desion, the substrateygupporting
system which is inpossible to remedy with an
adpilssaresiormed integeally with thedeest af tre blectrode. (ffthe ptagma

i ntegral construction. To overcone this deficiency,

plpaseessinigpsyEtei e rétedleito praBaAES At <BHiSs HQMH% a different width
i ntroduced el ectrode assenblies with non-intéegra

I HehWedh e coftadled éTﬁé! 3 h%,gtggr%}tﬁ%Hég?@?teﬁhg%t%e?ﬂépgaced with a

separations across the s

C i i nstruction featyres guide bars and )
- S8 ReralE maxPBIEtolgraf wifich dkEertfeleliva gaarslion. This
separat.i ?n between the rails constrained by the guide

b e g PstqHPdnetien meifor aplacieg Heelestioder Wereovee the
rails. Typically, an operator will make fiduciary
nmtﬁgradmalgt@ thecaew @lrctrasie may be misaligned with the rails on the

material handling system, which is impossible to remedy with an adjustment to
the electrode rails because of their integral construction.

To overcome this deficiency, plasma processing system
manufacturers have introduced electrode assemblies with non-integral rails that
are movable among multiple different separations across the surface of an
electrode. This conventional rail construction features guide bars and rails with
set screws that are loosened to change the separation between the rails
constrained by the guide bars and tightened to fix the separation between the
rails. Typically, an operator will make fiduciary marks on the electrode for use

in aligning the rails to accept strips of different widths. However, aligning the
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25 in aligning the rails to accept strips of different
wi dths. However, aligning the -2 rails with fiduciary
marks to fix the rail positions is not readily

reproduci bl e, especially among nultiple different _
od%#'%%‘?‘s’ﬂ%i?éy i”?‘tgr;iﬁrt‘é @X%'% fait positiens isumtaeadily rgproducible,
involved in aligning the rails with the fiduciary
nefsescialyasenrg Multiple differept operatorssdudn langs paddodhel
tightened in order to change the distance 5 between

adjubjestivity éviabvednini alignireptiver redls Wil the didd cRINP Weark§.€ Moreover, the
process. Productivity is lost during the tine

r esptisersivd MuUsPBE edofHed Ard {i?ht@hbgﬁh bnferrtéiéh%npg’:tﬁg ditance

set of fiduciary marks, and Then ti ghlten eac

. : _ . Can e

VS SRS 1K Wi PhI%oh B TS prdess o

o PAEhR 88 diilpolpR e Bt BRdR Ipcbregscn il afon the rails
CHRBEA R348 9805 A0 ThoL o o SlobrshfSovoremy
assenbly 15 for supporting one or nore substrates in

a Mesiogdhe abigemenhy system conprises an el ectrode

having a plurality of first connecting nenbers.

Associ at ed it wbuldhise desicalsledtherefoee, 1b previde ancdleEbds
that cooperate for supporting the substrates on the

elcopstrodtion @@pl@%nﬁﬁo&éé&iﬁgis%ﬂeﬁﬁﬂ%t dvBFdHAbs thestfand other
second connecting nenbers. Each of the second

e 7 chably with
g(ryylg tCL% Wééggﬁ%gﬁéﬁﬁéﬁ%@%@mﬂ §b§lr enovabl y

nmounting the rails with the el ectrode. In one
speci fic enbodi nent of the present invention, an
el ectrode assenbly for supporting one or nore

S BUMMANs in a pl asma processi ng system

In an embodiment of the present invention, an electrode assembly
for supporting one or more substrates in a plasma processing system
comprises an electrode having a plurality of first connecting members.
Associated with the electrode is a plurality of rails that cooperate for supporting
the substrates on the electrode. Each of the rails includes a plurality of second
connecting members. Each of the second connecting members is connected
detachably with one of the first connecting members for removably mounting
the rails with the electrode.

In one specific embodiment of the present invention, an electrode
assembly for supporting one or more substrates in a plasma processing system
includes an electrode having first and second grooves that are aligned

substantially parallel. A first bar is positioned in the first groove and a second
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i ncl udes an el ectrode having first and second grooves
that are aligned 25 substantially parallel. A first
bar is positioned in the first groove andha chond d-3
in the second ve The el ectrode
Q@%A%P@g Hohed B thel ki F05%8: SRaiaegiieste Rasarsbiydoner
n ed wth the first and second bars and
eé'a u ‘iﬁér’?&' Mtr@é%ﬁasfhéempvgblymagedwﬂw therfirst amesecond
rails cooperate for supporting the substrates on the
elbacs pod€ach ertending betwelen thestnsbhind seobnd bars. nVearaizn
may conprise a portion or conmponent of a plasma
prooopesate forssugiparting tree susstratep bAERS Bldtirodest em
i ncl udes a vacuum chanber encl osing a processi ng space

capabl e of Re@echUds d3s&AblSs Bf thar |h{/é‘rlmtlcg'?‘ y@on?pr%% a portion

port defined in the vacuum chanber
RSP aodiRn bhbGafe %@%@é&%@@@é%hoeiﬁfés&ﬁ%ﬁwﬂg system
I
oA B pG0R orbererorbhe Mpateudd shece sapale of being
he elrgltaLrode assenblies of the invention my

aleé’éc%%tefilP PO RTALYARUIND,E g5 RET dafinerdn the ¥aewimghamber for
systens as a replacenent for a conventional el ectrode.
Tlaélnatt'@lta binsess gestintp the proeessing:space) asidppoveesupply. The
process of 15 configuring a plasma processing system

t elentodetasseniyly éxpssitionediinsthegiresesying 8pdéé bad @électrically
size by readily adjusting the di stance between

adpapledtwithitits pekver sepilp friddiieftid the ﬁB@eé’é §§ fd’ﬂ"% plasma.

assenbly of the invention reduces or elim na

PiheEIbéto dﬂé’ﬁsé@rﬁ?l‘lé@%@tm\p@ﬁﬁ%ﬁﬂg? gf@otnﬁ% é%tlgqjﬂ@adtp &sting

system an asma processing

DB RS SRR o Pl Bt e

between  ad| %%eé]tectrrgcliel assembly of the invention simplifies the process of
configuring a plasma processing system to accept workpieces or substrates of
a different size by readily adjusting the distance between adjacent substrate-
supporting rails. The electrode assembly of the invention reduces or eliminates
the potential for misalignment between a material handling system and the
plasma processing system because of the high reproducibility in rail position
when the electrode assembly is modified to change the spacing between
adjacent rails.

These and other objects and advantages of the present invention

shall become more apparent from the accompanying drawings and desbription

thereof.
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These and ot her objects and advantages of the present
invention shall becone nore apparent fromthe
acconmpanyi ng drawi ngs and description thereof. 25 -4

Bri ef scr,iption of the Figures The acconpanyi ng
dréﬂ%@%ﬁ&!ﬂ@ﬂﬂﬂ&ﬁurat ed in and constitute a
part of this specification, illustrate enbodi nents of

t he i nventi ofhe aa@bmpalgpngldramngb whighr@edhcorporated in and
description of the invention given above, and the 5

d edomistitte desart bDﬂ'il@Qp&hﬂ@ilohe||I@%ra§@éﬁ1%o¥jﬁn§|’ft§|cﬁ'tﬁ‘e M ntion
princi ples of the invention. 1 is a perspective

Si iR, Yo ef with @ér@'aptﬁé’&ﬁ |bHQ)f§l¥§ rﬁ/éhtlgﬁéo\)(}?wnen ve,and the

el ectrode assenbly I n accordance w an e

t t outl et-s . .
rmrbt‘%_:‘éar''llézzﬂvgﬁé gﬁlo“ sys eIWI EI‘% %Eiﬁ%'ﬁgg? SpNGIP %ﬁ?\e invention.
th I $sing._s em o 0 shown from
: SePsSZII?i S%Sbﬁweap%w%@'nxm@&weﬁv of %RESEROAFCRPFAD System
ocesse substrates supported by the inlet-side
mga?" gIads psseablyin ascardancemith anembedineent af the
be processed supported by the plasma processing

syaventiondiankeddyeiniatsidaibsd oatlessiseppateriathydlingesystems;
outlet-side material handling system 15 Fig. 1 Bis

a di agr ammatHig. VA eaebp tiewv of Maﬁhﬁqﬁéééé&@%%t@m of Fig. 1
of Fig. 1; Fig. 2 is a per spective view of

elspeWnoemas perdlektivd bEhQath]the Eﬁa%bzei I|!dsarﬁpsi%§9n Wi

of one of the bars of e Vi ew

t A RPocHSARY durfafds %dorﬂte'c:i' t%l th% inlet-side material handling system

on the left, substrates to be processed supported by the plasma processing
system, and processed substrates supported by the outlet-side material
handling system;

Fig. 1B is a diagrammatic view of the plasma processing system
of Fig. 1;

Fig. 2 is a perspective view of the electrode assembly of Fig. 1;

Fig. 3 is an end view of one of the bars of Fig. 2;

Fig. 3A is a side view taken along line 3A-3A in Fig. 3;

Fig. 3B is a bottom view taken along line 3B-3B in Fig. 3;

Fig. 3C is a side view taken along line 3C-3C in Fig. 3;

Fig. 3D is a top view taken along line 3D-3D in Fig. 3;

Fig. 4 is a top view of one of the central rails of Fig. 2;

Fig. 4A is an end view of the rail of Fig. 4;
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Fig. 3; Fig. 3Cis a side view taken along line 3C 3C

in Fig. 3; Fig. 3Dis a top view taken along line
3D-3Din Fig. 3, .Fig. 4is . at view of one of th

central rai %gg.oqu 5 %%r%s-sqﬁt@naﬁ&ewstagﬁn @ﬁ&e{ﬁ'@v@'@'ﬁg line 4B-4B
the rai] of Fig. 4, -5 Fig. 4B is a cross-sectional
viddWig-fken generally along line 4B-4B of Fig. 4; Fig.

4Cis an end viewsimlar to Fig. 4A of one peripheral

rail of Fi ¢rig.24C & &h @ndAliewsimitarctod iy 44vof onel peripheral rail of
Fig. 4A of the opposite peripheral rail of Fig. 2;

FiRdg.  is a bottomview of the central rail of Fig. 4

Fig. 6 is a detailed view of an encircled region in

Fig. 2, Fig reg:L a

o gener (’;lqyﬂglsg‘ﬁré%ﬂ ‘@lh@arg@ Ftlb J}A%rf g'?éﬁéa‘&él{e Peripheral
tI}gH? F_I@ bng between a central rail and a bar of the

el éc e assenbly; and Fi g 8 is an end view in

W th an ol ¢ &% (e BanBitaral B celaliaudssis 4 7

i nventi on. ]F\?gDet ail ed Description of the Preferred

Enbodi nent s Ng-thisrafetailpd view ofpgencircledaegian ingFiga2;

pl asma processing system 10 is flanked on an inlet

side by a fiRigt7 iseareendividvairdpartigl syssesectiGn dmcen genenally along
outl et side by a second material handling system 14.

Miihers-alin Frpd éht@vin%)’(ﬁé esupithg bétwedpsa sehtrgltrall @nd®bar of the
shown) that is capable of transferring a

electrode assembly; and

Fig. 8 is an end view in partial cross-section similar to Fig. 7 in

accordance with an alternative embodiment of the present invention.

Detailed Description of the Preferred Embodiments

With reference to Figs. 1, 1A and 1B, a plasma processing
system 10 is flanked on an inlet side by a first material handling system 12 and
on an outlet side by a second material handling system 14. Material handling
system 12 includes structure (not shown) that is capable of transferring a
plurality of substrates 16 to the plasma processing system 10 for plasma
treatment. Material handling system 12 includes structure (not shown) that is
capable of removing the processed substrates 16 from the plasma processing
system 10. Each of the material handling systems 12, 14 may include

structure, such as pinch wheels, pusher arms, and other mechanisms, for
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20 plurality of substrates 16 to the plasma processing
system 10 for plasma treatnent. Material handling
system 12 includes structure (not shown) that is

capabl V|n he substrates .16 fro

* RN dafito STRASE 15 S GAdaisiors biEd i FRunaarhany skil in
gydllng systens 12, 14 may include structure, such

gftch wheel s, pusher arns, and ot her mechani sns,

for -6 mani ulatlng substrates 16 as understood by a
person havi E pe@lasmarnmyoesdsing systemhtd includeshe chamben20
processi ng system 10 i ncludes a chanber 20 consisting
otomsisfirenbfa chasbe? bage®@2zandhardhamberdid24. The chhmbeetid 24 is
lid 24 is 5 novable relative to the chanber base 22

bejovasie flatiectoat e PNl baseat2 B@tW@etnSar%ﬁSﬁéd beé.mon that
substrate exchanges and a cl osed position.

E@Fmﬁé abésheXbr bﬁbsﬁat%@cﬁhﬁgggﬁefﬂcﬂgﬁ%% Pegl on. uIV}Ih%n the

vironnent 1s creat I Nsi
f n ne..or re substrates 16.
?ﬁa%?ﬁﬁaégﬁ S FRf1o8od BOGiRhob o bR T s Grabagnaive the
b@a& rimof the 10 chanber |id 24
cbhmbee Qsaﬁﬁﬂsﬁgraaﬁmaﬁrsatmw ofieeoR Mg substrates 46. In ts
seal ing relationship that isolates a grocesm ng space
26losed mositionaths @mmgenﬁxé Bhds lowergy suchibatcn patipheral dm of the

24 is in the opened position, the chanber Iid 24 is

schambee tid PAwmontagiaia peripheralsrid f tS chimber base QRdnizegealing
base 22. The arnms 23, 25 are vertically novable for

pPreétutichshp tH isaaret Bf&esbm%%a@@%ﬁ ﬂr@r‘?rsth@farﬂ&ehf‘ﬁtmosphere
chanber |lid 24 relative to the chanber base 22.

I
DIMESHSARREPIESL eIy BERTRIDSA, o chaperyidpe
IO S Eg o T .
V%%fjgén are vertically movable for providing the opened and closed positions of
the chamber lid 24 relative to the chamber base 22.

The processing space 26 defined inside the atmospherically-
sealed chamber 20, which is created when the chamber lid 24 is closed, is
evacuatable to a partial vacuum by a vacuum pump 28 coupled with a vacuum
port 27 defined in chamber 20. A gas supply 30 is coupled with a gas port 32
defined in chamber 20 and transfers a stream of an ionizable process gas to
the processing space 26 inside the atmospherically-sealed chamber 20. After
an initial evacuation to remove atmospheric gases from the processing space

26, the mass flow of process gas from the gas supply 30 to the processing

space 26 and the pumping rate of spent and fresh process gases from the
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port 27 defined in chanber 20. A gas supply 30 is

coupled with a gas port 32 20 defined in chanber 20 -

and transfers a stream of an ionizable process gas to

the processing space 26 inside the

atPiPEqNsHI] SRAGS 26 858 rrpUaigaAieProdde af suh-atraaspherici ciiamber
evacuation to renpove atnospheric gases fromthe

prroessise syitapleador p2Ema treatmeerst dflsolystyhtesr t8:ess gas

fromthe gas supply 30 to the processing space 26 and

the punpi ng A pbwepbusplg34, siich b SIANSTRSRECYIRFT pbveFsupply,

the -7 processing space 26 are regulated to provide a

S b eRIRANY 2bLBIENAIPEh o|RREE a85bdidtldEwi {heoér?zirﬁﬁer lid 24
pl'y 34, 'such as

treatnment of substrates 16. A power sup Suf

i t
> SRR REHE0 246 Bl B8 YESoSHRRl o G BHERLE B8 BE. wier
C IR0 BREmba" 2B in sBABRs nlAm S AR SuSORLNY picass ansy the

20 is seal ed, evacuated, and supplied with process

g&lectiode 36 pad elerdwdsassemily 88tareanesaizediby,the powes supply 34.
energi zed by the power supply 34. An el ectromagnetic

f i Ah ¢lantroneagneaticdiald betweerdthe enengzdd éctaodl 86 antraldetrode
assenbly 38 interacts with the process gas to generate

a gskembly 38 witdrmctd withAhe hesEss dis © rafe a bfashd¥finside the

power supply 34 supplies RF current to electrode 36

om A o r2oT s e S SRR B
36, g HEESRE B lmpl 1% SR e AlciRaghe s i intefcling with the

el ectrode 36 an el ectrode assenbly 38,, are exposed .
C BTOIHsS s Egne LGS & IDRaAING5 e SubREREs 16, which
The vacuum pu 28, gas supply 30, and power supply 34
h&ye positiepad in pP@weeaning rspace @tiyetwesnrtbe eléciradeg36 and
ordinary skill in the art and wll

electrode assembly 38, are exposed to the plasma to accomplish a plasma

treatment.

The vacuum pump 28, gas supply 30, and power supply 34 have
a construction understood by a person having ordinary skill in the art and will
not be elaborated upon herein. The chamber 20 will also include various seals,
gaskets, feedthroughs, etc. (not shown) required to provide an environment
inside the chamber 20 suitable for plasma generation, as understood by a
person having ordinary skill in the art.

With reference to Fig. 2 in which like reference numerals refer to
like features in Figs. 1, 1A, and 1B, the electrode assembly 38 associated with

the chamber base 22 includes an electrode 40 having grooves 42, 44 that each

receive one of a pair of bars 46, 48 to form an assembly. The grooves 42, 44
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not be el aborated upon herein. The chanber 20 wil|

al so include various seals, gaskets, feedthroughs,

etc. (not shown) required to provide an environnent 20

i nsi de th cha r 20 s ble for plasma generation,

adrt 98P 'é{&?fg@ﬁé“dp%rﬁ BeAted\Iang @ndiphalitly Taset fromnopposite
the art. Wth reference to Fig. 2 in which like

r PREPBAE Siflmedges ot bpaleetinde #e Thexdapte of the giapyes 12, 44
1A, and 1B, the el ectrode assenbly 38 associated with

t maay hachoseh asch #zati arclipplerssuatace afcdaohdsf tHe baey 46048 is
grooves 42, 44 that each 25 receive one of a pair of

baubsttmtialpfiush hethraradppesrseirdce 4Thethar Qemesd<t30 vMen the bars
-8 are generally parallel and are | ocated near, and

S '4169 hB'aVe's"tﬁSfed‘ ihSide t@ﬁ @956&%}4%?41 PRRE Bhogil Qtfci@%?éroﬂle of the

of the el ectrode 40. he grooves

c h r surface.of ea
BRSSP, S 68 e oo
SHe! 352 Fhbubph FaCh R e 8 90y St oSt among
cross-sectignal profile of the bars 46, 48 nmay be

cIPORRYSAS 4% the cross-sectional profile of the
grooves 42, 44. Preferably, the bars 46, 48 may be

i nt erchanged’asybc;ab@ﬂ witbibe bane a6, 48 iea @hmalvtgsammr e4dample, five
Associ ated with the bars 46, 48 is a plurality of, for

exyaids and Support 14iln50,B2, $4J 56188 @f whicH Fils TD, 5@2are5[fenpheral
56, 58 of which rails 50, 58 are peri pheral rails and

I fhilsSamd raifs%2, T4, B6Care Wantal r I%'ﬂo%ltml%'dtc?rpg% Lﬂ'!}aéehgf the

surface of the électrode 40 bet'ween r ai

> Slachiehie 4 bEtithn A acbaing PR 58 Th aergm éﬁgﬁﬁw%é&aw

oliaed sUBSaBRab ouRodanil e Aerpariiodls’ s A Al 5. The ras

collinear with a corresponding plurality of rails 60
a$0082aPedthiad which have a mutually parallel arrangement, are

substantially collinear with a corresponding plurality of rails 60 associated with
material handling system 12 to define a plurality of lanes along which
unprocessed substrates 16 are loaded into the chamber 20. Similarly, the rails
50, 52, 54, 56, 58 are substantially collinear with a corresponding plurality of
rails 62 associated with material handling system 14 to define a plurality of
lanes along which processed substrates 16 are unloaded into the chamber 20.
Each of the lanes is defined between an adjacent pair of rails 60, between an
adjacent pair of rails 62, and between adjacent pairs of rails 50, 52, 54, 56, 58
so that the material handling systems 12, 14 and the plasma processing system
10 have an equivalent number of lanes. A person having ordinary skill in the art

will appreciate that the specific number of rails may vary contingent upon,
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material handling system 12 to define a plurality of

| anes al ong which unprocessed substrates 16 are

| oaded into the chanmber 20. Simlarly, the rails 50,

52, 54 6, .58 ar pbstantially collinear with a
cm@%taﬁr@r LI Thg Ht’?e'a?rlow af the subsirae, d fansithgi dimensions of
mat eri al handling system 14 to define a plurality of

2dhe ghambgr @Ag whi ch processed substrates 16 are

unl oaded into the chanber 20. Each of the lanes is

def i ned bet Rails & 5254 661 5 @boperate forl suppdrtifptheesubstrates
an adjacent pair of rails 62, and between adj acent

paifin Ddistarided refationdhipodith &b upSer Q@féc@aﬁ bhhe electrode 40.
mat eri al handling systens 12, 14 and the plasma

| g@%aﬂg hETERIE0 162, W?@%aeéié&éﬁﬁltﬁé‘%upﬁﬂgﬁsr fd above the

erson having or'difdary s

t he er of [
ﬁye@%ﬁﬁ?ﬁ%ﬁﬁ%f&,@%%od% S BRENG et BE R e} Bies e

|ons 60&{) he substr te 16 and the dinensions of
tﬁ‘é‘ 155et6 st eFﬂ??@aS’O &Proegssingspass 2 oper at e f or
supportl ng the substrates 16 in a distanced
rel ationshi rWWntrﬁferwmﬁ@p@g%arandé’eA-Mncwhuchd;ke reference
el ectrode 40. 5 Specifically, the rails 50, 52, 54,
S5éunidratd refertte likedeatubes iraFigs. 161AptB cand2, bap48 may be
surface 41 of electrode 40 during plasnma treatnment

t hehtersp oot bh@ngznmdnﬁlraadse& 182 agt Whidk malbd ﬂﬂjbhh# includes a
processing space 26. Wth reference to Figs. 3 an

b o e g A U g
oS e SRS AL, S kbt o

68, ,70 of subst equal area that face outwardly
aftghéranpieecarner 22{% %é%ﬂﬂdf%%@tgnseph%bﬂarﬂgmangiaj@@ner 74,
64 and 66 intersect along right-angle corner 72,

sisiias &% and d Ooptarseeraleny rlghtaalggleuogzmeramgIamdcsxdeserTOmd 64

intersect along right-angle corner 78. As such, bar 48 has a four-sided
polygonal cross-sectional profile.

As best shown in Fig. 3A, arranged along the length of side 64 is
a plurality of openings 80 in which the adjacent pairs of openings 80 are
separated by a spacing S1. The openings 80 are aligned linearly and are
centrally positioned between right-angle corners 72, 78 that border the
longitudinal edges of side 64. Side 64 includes an identifier 82 that may be
inscribed into the material forming bar 48. The identifier 82 provides a ready
indication to an operator of the value of the opening spacing S1 so that the

operator can reliably determine the distance between adjacent openings 80.

-10 -
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sides 68 and 70 intersect along right-angle corner 76,
and sides 70 and 64 15 intersect along right-angle
corner 78. As such, bar 48 has a four-sided polygona

cross-sectignal profile. As best shown in Fig. 3A

arranged al %t?}?#é"?‘lo@’rﬁ‘g‘f’ﬂz'gﬂgi aplusalityof opepingsA4 isyalso

of openings 80 in which the adjacent pairs of openings
s@ranged theclenpth af sige&6nig vBhich T adjeeenhpsirs6f apenings 84
aligned linearly and are 20 centrally positioned

betrevseparaterh by anspaxing Spe Thechenlifgd Boardaligesd fifsarly and are
| ongi tudi nal edges of side 64. Side 64 includes an

i dentrafly E@siﬁ@né@ pbtvii@sh hght-émgié IcoR®sts i 7% G 4tiRat 28;@%? b

form ng bar 48. The identifier 82 provides ar

i 'MHQ?@HH?JI‘ cbiBed'df SRR 66.05idy 6§ Ko 'an F’Jearg{ﬁgr 8B3R5t Way be

spacing S1 sb that the operator can rell

d i ne ' ' e en pacent .apepings .80.

ot Beliub GraiaterRr B MBEr 4B NS HnfBERb GRS an
84 i.s also arranged along the | ength of side 66 in
wUFRHAMEIOR]) qRed %%f? the Vsjue gifefpening spaeing dpsedhatithe
by a spacing S2. The openings 84 are aligned linearly
a9@eater carreadilyl 3ndwiiablygieiarmisevbedistagbe batwgen adjacent
corners 72, 74 that border the 5 | ongitudinal edges of
siopent@s 8&&i.de 66 includes an identifier 86 that may be
inscribed into the material form ng bar 48. The

identifier %ﬂé%hﬁ@%s%st isAdivpah | .3@,0§?l%gt9ﬁ§'ﬁ£%enings 88

of the val ue of e opening spacing S2 s

SREBREeE TR Lo 46 S SN s oo

SR Bl BN S o B 00 e 1850 B

< satiraly ebstianed bebleensonemale cameAdd. 76 bar byrdanthe

arIc?ngitudinal edges of side 68. Side 68 includes an identifier 90 that may be
inscribed into the material forming bar 48. The identifier 90 provides an
indication to an operator of the value of the opening spacing S; so that the
operator can readily and reliably determine the distance between adjacent
openings 88.

As best shown in Fig. 3D, a plurality of openings 92 is also
arranged along the length of side 70. The adjacent pairs of openings 92 are
separated by a spacing Ss. The openings 92 are aligned linearly and are
centrally positioned between right-angle corners 76, 78 that border the
longitudinal edges of side 70. Side 70 includes an identifier 94 that may be

inscribed into the material forming bar 48. The identifier 94 provides an

indication to an operator of the value of the opening spacing S4 so that the
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centrally positioned between right-angle corners 74,

76 that border the |ongitudinal edges of side 68.

Side 68 includes an identifier 90 that may be 15
inscribed into.the material form bar 48. The i

i QRAELPY cqn m?d&mndof@&a%m etermuiae in orssangs beteanadiggent
the val ue of the opening spacing S3 so that the

0pBeRINEP 9%Zan readily and reliably determne the

di stance between adjacent openings 88. As best shown

in Fig. 3D, Taegdentiiars 32086 0perdhomyde fosmedsin tBE bar 48 by
arranged along the | ength of side 70. The adjacent

pathes vatuopscompatisié mettiods epairidatstooy l%' Ber86heBadihg ordinary
The openings 92 are aligned linearly and are

C8Kill oSNk It r
U G pOEARE AR 388, 421580 35801 e sets o

Si 70 igacloyd o i fi 4 : e .
oHEnifgs 5 64,88, 88 1 Paes Sk e hinBRretiss of openings 8o,
identifier 94. provides .an 25 indjcation.t,0 an,.operator
oAt 45 pre RsRieRy B3R T titeleRfous oo find fie ordove 42
11 operator can readily and reliably determ ne the

dil bepesedanesf thajsidasi4. €568 (§arsh hemge, the exposed set of
identifiers 82, 86, 90, 94 may be forned in the bar 48
bypeainge 80, 84u8ir 88nipLhapped ipytlifiings thesbar#f-and ootating the bar 48
persons having ordinary 5 skill in the art. \Wen the

babod8longitudinbbaxie@3. n groove 42, only one of the sets
of openings 80, 84, 86, 88 is exposed as the

remai ni ng t haadeRfifere82086160.954 BBrmit $4bi
hi dden by portions ofr the el ectroge"zlo olﬂﬁ(gelrﬁgi%taﬂ%ﬁo”he

OGBS 4 penl SRACAGEH 2R Bk Mo S B, 361 S ot e

¢ HlerBiere;82. 8 WE S e gt hioast o ecaphantieric chdracter
indicative or suggestive of the corresponding distance or spacing between
adjacent pairs of openings 80, 84, 88, 92, respectively. Alternatively, the
identifiers 82, 86, 90, 94 may comprise simple non-alphanumeric geometrical
shapes, such as bars or circles, indicative or suggestive of the corresponding
distance or spacing between adjacent pairs of openings 80, 84, 88, 92,
respectively. The invention may, in an alternative embodiment, mark fewer
than all of the sides 64, 66, 68, 70 by omitting one or more of the corresponding
identifiers 82, 86, 90, 94.

Bar 46 has a construction substantially identical to the

construction of bar 48 so that each of the bars 46, 48 may be installed in either
of the grooves 42, 44 in electrode 40. When bar 48 is installed in groove 44,

one of the sides 64, 66, 68, 70 is exposed and visible. Similarly, when bar 46 is
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The identifiers 82, 86, 90, 94 permt rapid

identification of the particular opening spacing on

each of the sides 64, 66, 68, 70. Each of the

identifjers 82, 86, 90, 94 may conprise at | east one
a|",‘zﬁ¥a'|'ﬁd1@r9r@0&ﬂém2a@t5éde of han 4@ crirespending de the expased one of
the correspondi ng di stance or spaci ng between 15

adjdesehnt, G6ai6Bs 706of iaedBrigexpOsedand 8&ible2, The bars 46, 48 are
respectively. Alternatively, the identifiers 82, 86,
9PosRiénedyin thstpraspectivarptodvest 2 lughsienitRat the openings in bar 48,
geonetrical shapes, such as bars or circles,

| fH Saimpie Perttiiss bi t ' - -

di st anceMordb;pam ng E2m€§4égjﬁ%§géﬁ€d§?rggbg’?e 888%”198580 n
8Q; , | ' t] ol
artjisr 84 of ar 26, THREBGTAINGh EnodfiS hIEE nRRPR Faje Ppcb 54
si-de 66, 6 70, by omtting one aof, nore of the,

coPr B8 e s OtantalHau sl tpShg ot A Undgm paing between
a construction substantially identical to the .
 GAIACRRE PR Obrallsca0, b2, 84, bhab6.odbR spRCtngeLefwiesnsBljacemnt pairs
may be installed in either of the grooves 42, 44 in
eloécailscfl 520 54WhEn5Y i resalily sleterminéd by refergnemtcethés,

25 one of the sides 64, 66, 68, 70 is exposed and
vicerrebpondingidnerdfithe idertifiees 82686,900,-0U2%0n baisode e48 ARd is
groove 42, a side of bar 46 corresponding to the

expesigdd Wh@faccé%éiﬁl% 4 of Penfifys 1) 8af 8Bapo48 i's

exposed and visible. The bars 46, 48 are ' positioned
intheir re j r
openi ngs | n?@gﬁéﬁfﬁvgfe W@@%ﬁseéﬁwgﬁﬁgaé@bvéﬂ?%'&%e bars 48,
6 directly.. osite to the openings 80 in 5 side 64
ofeyTay Fave HITEBRE oridufatana nEoi wxapig: therarooNes 42, 44 and
rails 50, 52, 54, 56, 58 have a substantially
pRAES 161 4§ man havesa djfferpotcemplementarysprass-sgctionatesofiles, such
adj acent pairs of rails 50, 52, 54, 56, 58. The
spaa complemerdanaphlpgeml cpess-sectial profileSWith 3ss tvén or more
56, 58 is readily determ ned by reference to the

than four contiguous sides.

In other alternative embodiments of the present invention, fewer
than all of the sides 64, 66, 68, 70 of bars 46, 48 may include the respective set
of openings 80, 84, 88, 92. For example, only two sides, such as sides 64 and
66, of each of the bars 46, 48 may be populated with openings 80, 82,
respectively, as shown in Fig. 3, and the remaining sides 68, 70 may omit
openings. In this instance, another set of bars (not shown) may be provided
that have sides populated with openings having the same spacings as openings
80, 82 of bars 46, 48 so that this new set of bars and bars 46, 48 with

populated sides 64, 66 will provide the same set of possible rail spacings as

bars 46, 48 with populated sides 64, 66, 68, 70.
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corresponding one of the identifiers 82, 86, 90, 94 on

bars 46, 48 and is 10 specified by the accessible set

of openings 80, 84, 88, 92. In alternative enboginents

of the present |nyention. .the bars 46, 48 may have )
differ eﬁt cof#P Bﬁ‘é‘t'iaétﬁgﬁ‘atw&re@&a%e@,ts Pﬁ&egwr@ﬁﬁekmxgntlon, a
44 an? bars 46, 48 may have a different conplenmentary

c 564 81 furhass nothemn) say eae includeorly@psinglerside hat is

pol ygonal cross-sectional profiles with | ess than or
mpopulated withrogenings and ibgumenbie dea.substititd €6r at least one of the
al ternative enbodi nents of the present invention,

f doses 461 H8n Imthis dfstamee, 2he €sursars WouldBaved Bnefsidasinilar in
46, 48 may include the respective set of openings 80,

84ppRBrare tofMfgsexfm e, only two sides, such as sides
64 and 66, of each of the bars 46, 48 may be

opul ated w j 88 .82, ,20,k¢€ tively, .as
Chouni n Fi o/t PERREAE s 7 £ e %ﬁoﬁ%@%ﬁf rference

] LNngs... L this instan anot her. set o ars .
(R BBRTR ks deptlisds boioR: fax rabge, Whishds peprasaniatve of rail
wi t h openi ngs havi ng the same spaci ngs as openi ngs
82 e gl Qfgﬂ@clu@sas APaof upportswTaces asethebiestif, O8srparated
bars 46, 48 with popul ated sides 64, 66 will provide

t Y aseemiralsivider HoG.s Thesupaort shelvesf; 98sexbnd dietwdén opposite
48 with popul ated sides 64, 66, 68, 70. -13 In yet

oteinels 1415, ¢ 07 aff itive rainB®.dMiversup poft shiatveldr 36 DF are spaced from a
invention, a set of four bars (not shown) may each

ektiesthn Q05 e b o ARV HE T i

Oadigh 5008 A8 THEsubPol el B em el bevete

iF Iﬁ%aﬁp%ﬁoﬁr Qé& rg,srggfgﬁ\zggn,caec ttt18 eﬁid%'s cﬁ" raﬂ%’S tﬂgf fa%gg tgward
material handling system 12 when the rail 56 is coupled with bars 46, 48. The
beveled surfaces 104, 106 are used to guide substrates 16 transferred from
rails 60 of material handling system 12 vertically to provide a tolerance for
vertical misalignment of rails 60 with rail 56 and the other rails 52, 54 that also
include the beveled ends 104, 106.

The central divider 100 has opposite sidewalls 116, 118 that
extend vertically to intersect with a corresponding one of the support shelves
96, 98. The separation, W4, between the sidewalls 116, 118 at end 105 is
narrower than the separation, Wy, between the sidewalls 116, 118 at any point
along the length of the rail 56. As a result, the support shelves 96, 98 are wider
near end 105, which is adjacent to the rails 60 of material handling system 12,

than near end 107, which is adjacent to the rails 62 of material handling system
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nunerals refer to |like features in Figs. 1-3, rail 56,

which is representative of rail 52 and rail 54,

i ncludes a pair of support surfaces or shelves 96, 98

separ at ed a central diyjder 100. The support _
o v‘g%grb@f %W&%h%\éﬁi/éér% BHaisEminimasavidibsat a location L
107 of the rail 56. The support shelves 96, 98 are

spEne @ndr19a and bas aoranstantawdthiiiom: that locatianjtaeadt1070 The

the el ectrode 40 when the rail 56 is nounted to bars
4dncregsed widtsgiibe suppeit shelvas 969 8 8ansdt éndcl 08lepérates to correct
bevel ed surface 104, 106, respectively, at the end

10&tend] misaligririenhot thban@strafasa6ldufifg Wadihg.NANGhé Bfecific
system 12 when the rail 56 is coupled with bars 46,

A&mbdtembat BEwR i‘ﬁ@eﬁ%ﬁ,%ﬁ?aﬂ% hégfés\ﬁ{ggw 8?1‘3%& %l‘(febr ?g‘]i QGual to

substrates 16 transferred from rai

h ' ' 0. provi t ol erance

r Gtk 2% AT bR Rk i R o rtfiaf o e 6.6 mm,

and the other rails 54 that al i ncl ude the

L '%??g?”l'olﬁ oy Z6ATEM B 1S 405 dor 100 has

opposite sidewalls 116, 118 that 20 extend vertically

to int er sectPraiackng frasm thesbeltemmyriase K12 ofvail SGogar pair of pins

shel ves 96, 98. The separation, W, between the

sioteasts 108, 116,0 thag are useditalesgage thearail@ewith lae bhised 6, 48. Post
separation, W2, between the sidewalls 116, 118 at any

pdiO8tis sphoed atdng therighdithadf raing6frdrh pokt 118 by d 8istHrice, P,
t he support shelves 96, 98 are wi der near énd 105,

%hﬁgtainﬁamﬂbgﬁﬂﬂb the nﬁiBQinbﬁiil‘i%PEQ,mﬁ gﬁﬁ?é;éﬂ lool889b! B9 in

system 12,” 25 than near en adjacent to

t IS 0, Fal Ah | i ng,system ., -14 14 = Each
o aiBsCad Beond (16802, 108 iUt Bt it 0 e the
at _a Iocaéd on L % omend 105 apd has a constant w dth
f ORRNNGSCY Bk sidePrt 3 Walhas @penings 84,78, S2-xusidest§, 68, 70,
the support shelves 96, 98 near end 105 operates to
c desrastivelyaischighlyrrependugiieniThefpasts 188b510 haes afixed separation
during loading. In one specific
and the openings 80, 84, 88, 92 have a fixed separation, which eliminates user

subjectivity when adjusting the position of rail 56, and rails 50, 52, 54, 58.

With reference to Fig. 4C in which like reference numerals refer to
like features in Fig. 4B, rail 58 is a peripheral rail and has a single support shelf
112 that is constructed identical to support shelf 96 on rail 56 (Fig. 4B). The
support shelf 112 has a beveled surface 120 similar or identical to beveled
surfaces 104, 106 (Fig. 4A) on rail 56, a divider 120 similar or identical to
divider 100 (Fig. 4A) on rail 56, and a sidewall 122 similar or identical to
sidewall 116 (Fig. 4A). With reference to Fig. 4D, rail 50, which is also a
peripheral rail, has a single support shelf 114 that is constructed identical to

support shelf 98 on rail 56 (Fig. 4B). The support shelf 114 has a beveled
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5 enbodi nent of the invention, divider 100 has a width
WL at end 105 equal to about 4.5 mm and a maxi num
wi dth W2 near end 107 equal to about 6.5 mm and the

fgﬁﬁ%éﬁﬁ?%o#fﬁaﬁf §'“ e e ToYeplRiirases, 107, HETFIGAA) on il

pi 110 that are used to engage the

P28, a s@igf 28 Rl cE GRn1IcaBto pyitor 100 (i 4 e, and a
aI ong the length of rail 56 frompost 110 by a

disistearadie! 28similab or idential tp sidenbll 1 66t(Rig. #AJ- | i ne

di stance, G between grooves 42, 44 in electrode 40,

as shown i nV¥itly refarenBectodige] 6 Bad Of inneisits ik Fefetdhice numerals
with the openings 80 on side 64, as well as openings

BfefeB i il feaitudisdR Figd 1-8ail B hag BREAHI dtRipYed b§ pln 108 with
hi ghly reproduci bl e.  The posts 108, 110 have a fi1xed

S%Hérdftthé’ﬁpéﬁm%@%d B%lﬁé’@ﬁ'd\'%r&% ariffan %%go%@e Qfla%oﬁf;led by pin

fixed separati el i m nates user

L5700 50 S R 0 i 411 P v ﬁn%ﬁ% oo

r fere enurreralsre rto ke features_ in Fi

iroug |%°BGB@Q§;§%¢ paamllyamit@thaéntsn@mbhh@ tsarw& 148
shelf 112 that is constructed identical to support
shesrfectigelyn Railsl 5G &2, Big58 HBve arhen@dyesuemtovith bhed 46, 48 that is
112 has a bevel ed surface 120 simlar or identical to

beubstadtialbuidieaties td ke eh§géiricnt bdtWeamraila ahd baes 46, 48. Of
di vider 120 simlar or identical to divider 100 (Fig.

4pure, BAbth&r Bf tﬁ@gld@sfﬁﬁjeﬁaVb o?%%cﬁ'df‘tﬁé‘ba% 46, 48 may be
i dentical t dewal I 116 (Fig. 4A) Wth reference

o s
%xﬁb&sq ﬁog?hérgjé th%&vld!mbfﬁm %’c Isstﬂegﬁ glé%tria{ grgoac'eSSed by
THE B %'lﬂé%g%%ﬁ%%‘i%{%?ﬂe'ﬁ@% I%Ibor 82554, 58 qullen SRoaged with
simlar or identical to bevel ed surfaces 104, 106

(Fhfgba"@AGG AP extend betwegndheikpss 46248si ni | ar or

identical to divider 100 (Fig. 4A) on rail 56, and a
The bars 46, 48, grooves 42, 44, and openings 80, 84, 88, 92

operate as one set of connecting members and the pins 108, 110 of each of
the rails 50, 52, 54, 58 operate as a second complementary set of connecting
members that detachably engage one set of openings 80, 84, 88, 92 for
detachably connecting the rails 50, 52, 54, 58 with the electrode 40 to form
electrode assembly 38. These complementary connecting member
constructions may be varied for detachably connecting the rails 50, 52, 54, 58
with the electrode 40. For example, the pins 108, 110 and openings 80, 84, 88,
92 may have different complementary geometrical shapes. Alternatively, the
pins 108, 110 and openings 80, 84, 88, 92 may be replaced with a different

construction that provides the same certainty and reproducibility in detachably
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sidewal | 128 simlar or identical to sidewall 116

(Fig. 4A). Wth reference to Figs. 6 and 7 in which

like reference nunerals 5 refer to like featurgg in A

Figs. 1.5, rail has_one end coupled by pin 1 Wi t
oﬁg”&?“ﬂ%"%@i? %g)s 5%0514n5§-i A émpﬂgqer %"%/pi& Heagreaves 42, 44
opposite end coupled by pin 110 with one of the

o F5i BRys 460 48rmay be shapet angt dingensidres! €108 thit @ portion of each of
project through the openings 80 and partially into

t iiee batre46 048 pfojetteatinvesthéd@ledtfode 4@aREhé Y&ils/50,F58, 154, 58 may
50, 52, 54, 58 have an engagenent with bars 46, 48

t Ihat forhed QvitHiteasés (JHdtys,Hogﬁ’H) Tse?é?ggéﬁ’ gEESsi@é‘ grd Qtﬁﬁlg'r%ceive the

between rail 56 and bars 4 rse, ano

O‘é)réj%ti 'ggﬁioﬁﬁof tﬁé’reZ[tQ?]c.‘,(;lfvvevi E4§; 4?he bars 46, 48 may

b exposed to change he substrate 16

bei n | as . the pla rQcessin

system 10, THEh PERFEREE, B eig: 8o Wrig Mk aReiEhga tusratseter o
th ars 46, 48 tend between the bars 46, 48. 15

Tllee E%qtgr%l’n é’lgé ‘E— oagég)%gggl heighadiusiseentigember ithe form of
88, 92 operate as one set of connecting nenbers and

t §8appM$20 0wy he nsertedratween the gail 56 Bpd 30e bap 485hd &sbther

operate as a second conpl enentary set of connecting

nmoptiens| hdight-adjusinmeril membgage spacergadt stiownpsimias oP@ientical to
84, 88, 92 for detachably connecting the rails 50, 52,

54pabsr Y20 dyse RisesletBtawdEntRe FAI 58 2Rl t8& &t UBYEr changing the
assenbly 38. These conpl enentary connecti ng nenber

¢ PSR ef IhERaPY SR BT Ce oy RINEER: S TeaE8r ispfode 40

S HEb sl R AL RRe B 1 B0 bl roletive t

5015 BiEctge 4romtahecir i ONtoN o te rai G0l mRter

construction that provides the same certainty and

r Bpnding system 2. BpacentP@inay be aévasher-like annular structure that is
installed about the pin 108 or have another construction. Similar spacers (not
shown) may be provided for adjusting the vertical height of the other rails 50,
52, 54, 58.

To configure the electrode assembly 38 of plasma processing
system 10 for handling substrates 16 of differing width and with reference to
Figs. 1-8, the chamber lid 24 is moved relative to the chamber base 22 to the
opened position to permit access to the electrode assembly 38. The rails 50,
52, 54, 56, 58 are removed by a vertical lifting motion that releases the pins
108, 110 from their confinement. The bars 46, 48 are each re-oriented within

grooves 42, 44 of electrode 40 such that the same corresponding one of the

sides 64, 66, 68, 70 is exposed along the top surface of electrode 40.
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connecting the rails 50, 52, 54, 58. As anot her

exanpl e, the grooves 42, 44 and bars 46, 48 may be

shaped and di nensi oned such that a portion of each of

tgﬁ bars 46, 48 project above the el ectrode 40 and the

r AileEnaityelys anothier segofhars (et shewahwith differept eperingspacings
shown) near each opposite end that receive the 5

pieAele instellsst inigraoves #Red4.eIpedails/80 baR2,s54 66, 8. ardiresinstalled
reference to Fig. 8 in which like reference nuneral s

r dlyaoupling Withegrbewdsid2s44 rurffegsthelnumbenobiiils d18hanged to
hei ght - adj ust nent nenber in the formof spacer 120
MaychRmates hesteREL NERINNG S stethd 1261808th D aifentdfurAber of
anot her optional height-adjustnment nmenber or spacer

( MHesS AL 'r@l'sﬁﬁc? s 158 dy‘é@ Q%gallt%ﬁ gﬁg@%?é@%@;@gistance

be I nserted betwe e rail

c |1 ' t uppor.t Y 96, 9
So0eta i suPBLlheRlesis?: gBl Pl 52 64" S5 pdbport shelf 112 on
ad. men ermts vertical,k position of rail 56 to
bé'ﬁéﬁl@?‘fﬁ&’%‘?&?h%@ﬁﬁ on fiad 30 feemreleerede #8. natch t he
vertical position of the rails 60 of nmaterial handling
system 12. EpEDSrUSE2@ Sidg edaeof whigast onelaubstrate 36 may contact
structure that is 15 installed about the pin 108 or

h&aeh ah théhsupparhshelves 92N 94 Sinmailai52s f4c 88 ssuppairt shelf 112 on rail
shown) may be provided for adjusting the verti cal

h&gghihd slippdr shelfer 4ren k4l 56). FoPéxarhple % ad@hown in Fig. 6, one
configure the electrode assenbly 38 of plasm

PLPRRSSUBMIratey %B%Bglé)sfd%fedg%nﬁued@@g&?%% sh8If 9 of rail 56

differing wdth and wth r

t C I 4 i ved relatiyv e.ch er

400 B3 e 4988 subeFBER Ao dha 1 1 28L BBRG « ne

el ectrode assemhly 38. The .rails 50 52, 54, 56, 58

are r ermvedsrg'?raeéé‘?qq 4@, rails 00, fg, aht 5P, ead hars 48s 48 may be

the pins 108, 110 fromtheir confinenment. The bars

4Gormegi Biom @ aohductivermateriatl saichrdsnaluminumesr arRaluminarh alloy.

el ectrode 40 such that the sanme correspondi ng one of

t Mée pins 108, 110 may be formed from a stainless steel for durability in
repeatedly coupling and uncoupling rails 50, 52, 54, 56, 58 from bars 46, 48.
When assembled, the electrode 40, rails 50, 52, 54, 56, 58, and bars 46, 48
comprise a conductive electrode assembly.

A second set of bars (not shown) may be supplied for use with
electrode assembly 38 that have opening spacings that differ from the specific
opening spacings of bars 46, 48. The opening spacings may be selected to
meet a particular customer’s requirements for strip width. Rails 50, 52, 54, 56,
58 are designed to be used with any arbitrary set of bars 46, 48. Hence, only a

single set of rails 50, 52, 54, 56, 58 is required. However, the specific number

of rails may vary depending upon the number of substrate lanes to be provided
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15

25 sides 64, 66, 68, 70 is exposed along the top
surface of electrode 40. -17 Alternatively, another
set of bars (not shown) with different openlng

spaC| installed in groqves 42, 44.
BRegtaedseiiblv ol o Gramp . Falbay. 10 SHncl et mavae used if

vvlth rooves 42, 44, unless the nunber of rails is

c#ﬁ@%@tm@e a568mn a8 8l yiackides thieeanes forsipeeiving substrates 16,

14 with a different nunber of 5 |anes. The opti onal

s resteads ofL lir taryedh eAs mabtidresafriple, nadls 88rtp58 heay be used if

di stance separating the support shelves 92, 94 on

I 2ldctrodd, adzémiiy 3890610864 oﬁigeé BinylellaPe fof Addeividy séﬁ‘ﬁrates 16.
support shelf 114 on rail from el ectrode 40.  During

use, a sideypRigetH pv%tseh?ff\%ng(ﬂ? PéH *B%gé%%&:%‘?ed'rﬁg a descrlptlon

contact each of the support ves

5 n

- eh s fmppURghis A F"%é?e%o?*ébé%%ﬁs Ry %E%ﬂaﬁﬁ"bed n

of. .t he 1es has side e

sasaﬂa?@%'%ﬁeﬁm' s ot fh teoBrof e RReHCamhia rastogin any
si de edge supported on support shelf 112 of rail 58.
TM@EYd ln@gtheo%@mo f thgiappepdedziaimpdio ssh dsdail.aAdditians!
46, 48 may be formed froma conductive material, such
aadaamtﬂ'gas randrmadifiabtionswiih reladidy appéaﬂ’dmethpwskilléﬁ in fhbart. The
may be formed froma stainless steel for durability in

r giveatiedliry its @wédmasm@thﬁémfop&wétaiMem thé?speéi‘ﬁc details,
56, 58 from bars 46, When assenbl ed,

e'r@&%%@r‘i’t%tlé@ a @i’étgs %Qid méthods; an@: llluéﬁ'an?ggxgﬁk%s‘l&owdm and

conprlse conductive el ectrode asse

28%s$ib$$oésé&§&giﬂ°#%g"?%sa%’w§qﬁ2%@%ﬁr&rﬁ il s

g Jffer f omtBe specific enj ng spaci ngs, of

p4FRa T the SRR 0K SREPS Bk &PRIKATagenE dnuentivg qancept. The
meet a particular custoner's requirenments for strip

Wiseepe ogzghe inventiomjtselsahowd only be defined by the appended claims,

wherein | claim:
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58 are designed to be used with any arbitrary set of
bars 46, 48. Hence, only a single set of rails 50,
52, 54, 56, 58 is required. However, the specific
nunber 25 of rails may vary dependi ng upon the nunber
of Cbabmsrate | anes to be provided -18 on el ectrode

asgenbly 38. i 4 and 58 .
peused i Anaegeapsteridl ok stproatig, e Bh el albbuates ina
three |anes for receivin ubstrates ., __instead of

{ QU a ool UALT B8 satode SR caRB 8B aray. be

used if electrode assenbly 38 includes only a single

| ane for recdl §lEggodeMavig aplurglity of fipgt qasnegting marsbers; and
i nvention has been illustrated by a description of

vari ous enmbaciplsality ofrailsagsosiated sdthesdid ¢ientiode ared eooperating
been described in considerable detail, it is not the

i foesupportiog théeubstpdtes amt s&id efexttade; Baoh of saiimails Wdluding a
limt the scope of the appended clains to such detail.
Addlitalitynefl secorhdastinmgeting Atbribels] apdtdaehsofalid sé&sHl tannecting
appear to those skilled in the art. The 10 invention

| Mmbfrbebs 08ANSCas RIREAchably WtR oW di@tirst icHhﬁ@%iﬁgon{eli’ﬁoers for

specific details, representative apparatus an

THL RSP bl ShicAG B R spgun_and

ccordingly, departures may be nmade from
such details without departing fromthe spirit or
scope of applicant's general inventive concept. The
scope of the_invention itself should only be defined _
by2-t he appentiielectpag assemphepkelaim 1wherein said first:gonnecting
1. An el ectrode assenbly for supporting one or nore
sunemberefurthergomprisermplirality of bats egch bayinglaeplurality of first
el ectrode assenbly conprising: an el ectrode having a
plapeaingsyand afplustitycafrsubstantinllgpabaites greowes defined in said

electrode, each of said bars positioned removably in one of said grooves so as

to expose said first openings.

3. The electrode assembly of claim 2 wherein each of said rails
extends between said bars, each of said second connecting members is a pin
projecting from a corresponding one of said rails, and each of said pins is sized

to be inserted into one of said first openings.

4, The electrode assembly of claim 2 wherein adjacent pairs of said
first openings are separated by a substantially uniform first spacing for

providing a substantially uniform first distance between each adjacent pair of

said rails.
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a plurality of rails associated with said el ectrode

and cooperating 5 for supporting the substrates on

said el ectrode, each of said rails including a

plurality of second connecting nmenbers, and each of

sai d second connecting nenbers connected detachably
with one of said first connecting nenbers for

r&novabl y ndietelagireds assembly ofi daimsawheseinceacivef. said bars
The el ectrode assenbly of claim 1l wherein said first

c duntieert Gamgprisesnd phusality of Isecond openings pepthuohbaitdybarg being
bars each having a plurality of first openings and a

plposiionbisledh drighsit sHid igpddvesPsy 86 tebxsiioxEieadednéeflsaifl second
said electrode, each of said bars positioned

I FRNAHYSYor! SRt © eﬁ?Hg@ ng&%ﬁﬁ §ifs 8Fsaid ste%f)ﬁé %?J%ﬁings being

said fiIrst opening el ec rode assenb

2%?95%&?%922%%535 &&@@5&%&?@@%@ @%ﬁ@?ﬁeﬁ‘i‘g@s a

froma, gorrespondin n .
P s pstandhfy it potbri SRlare e ietivedf cach djacehicais aipaid rails,
into one of said first open| ngs. 4 The el ectrode
256 sepond spasing wiftariofremm seid first SRREWG0f  sai d
first openings are separated by a substantially
uniformfirst spacing for providing a substantially
uniformfirst distance between each adjacent pair of

s@.d rails. Thelelbctrdde ass@nibhyosteciains s wtatedf eadnonsdd bars
wherei n each of said bars further conprises a

Plingiadéd ¥ fnaét iSRRG tﬁ:ﬁ’ﬁ@'r@l@?ed RP&41d @Jrst 58d B&dednd

pOSItI onabl e in one of said QYOOVGS SO S expose at

on e el s Mafee B sapBEd o8y §Ln3""'o§e25 ngs bei ng

5 separated by a substantially uniform second spacing
for providing a

7. The electrode assembly of claim 1 wherein each of said rails
further comprises a first end, a second end, and a support surface extending
longitudinally between said first and second ends, a portion of said support
surface of at least one of said rails declined in a direction toward said first end
and intersecting said first end, and said support surface portion operating to
correct vertical misalignment of one of the substrates being loaded onto said

support surface.
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substantially uniform second di stance between each

adj acent pair of said rails, and said second spacing
differing fromsaid first spacing 6. The electrode
agsenbly of ~¢laim.,5 erei

el udes o Thp Ak Frseshol RS B T Bngrell <Bsnaategid rait
flrst spacihg and a second identifier that is related

t Birther &0%1’5@%3 aslirst eRE. @ pecane epfcand acﬁélpwgte%f%pecﬁxtendmg
claim1 wherein each of said rails further conprises
alomgitedingliyi betweryt said firsidandiaeicendsengsra peiiohaf said support
extending longitudinally between said first and

seodack ehaldeast gog bf saidahils aiderdng roa direstioh &sveardfsaid first end
| east one of said rails declined in a direction toward

sahd intefsEctifg $akd At ehbt 8@ eaid sippom @brfadeS,somaﬁ op@?@hng to

sai d support surface portion operating to cor

Vééﬁégqéte'?élsrﬂléagaﬂﬁ@nt 8f oRE%f fe E%t%@%%ﬁcﬁ%a@&b Bto said

| oaded onto sal surtace

electr senbl y of cla|n11 wherei n each of said
rgFP@° q?ﬁ%r conprises a first end, a second end,
and a support surface extending Iongltudinally
between said first and second ends, a portion of said

support surface of at |east one of said rails
wldeni ng i nThedileetsedeassemalydfciaion 1 whereisraach ofrsaid rails
intersecting said first end, and said support surface

pindludes @ peppdit sgriaoe, and fLHtHerlcahﬂfrrwingﬁ sal i gnnent of
one of the substrates being | oaded onto said support

surface. anlﬁreﬂ*ihﬁéﬁ ﬁ@iﬁﬁt-ééjﬁ@ﬁﬁém Rbmbledd Férﬁo%lﬁy Hserted
each of said rail i ncludes a support surface,

e SO P i s

Sﬁa‘f el eCt ) Od?hg R8I PO Sirface rgrﬁf\asta'un%lec?mde

10. An electrode assembly for supporting one or more substrates in a
plasma processing system, the electrode assembly comprising:

an electrode including a first groove and a second groove aligned
substantially parallel to said first groove;

a first bar in said first groove;

a second bar in said second groove; and

a plurality of rails extending between said first and second bars
and cooperating for supporting the substrates on said electrode, each of said
rails connected detachably with said first and second bars for removably

mounting said rails with said electrode.
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5 di stance separating said support surface fromsaid

el ectrode. 10. An el ectrode assenbly for supporting

one or nore substrates in a plasma processing system

t el ectro assenb cOo | sing:, an_el ectrode,

i ng udi ng aqﬁer gl a8SeIRlY;PfaiBh A0 Yheeeie said frst gar and
substantially parallel to said first groove; 5 a first
b&Rid; speoaddarieanh igelude & pluralily ohapeaings reacki adjseenirpair of said
groove; and a plurality of rails extending between

s apdnings stefining 3 distancebetveaman adigrentpaingf taid rails.
supporting the substrates on said el ectrode, each of

said rails connected detachably with said first and
second bars for renpvably 10 nounting said rails with

sgpd el ectr qgg. eIect?@dé%sse?ﬁSlB/deQfFéigP‘ﬂg gﬁ‘?é‘lﬂtéa\éhctg said rails

claim 10 wherein said first ran second

e C MAY , . , : e

o feludgta §148 ot Slzgbs DBt i it R o3RI oBEh TGS s irst bar
adj gcent pajr. of_said rails. 12  The electrode . .
220 A T5rBR Eindizsthte o Bieefiedafio e ofsgT qpanings in said second
includes a first pin sized to be inserted into one of

s&Bb openings in said first bar and a second pin

sized to be inserted into one of said openings in said

second bar. 13. The el ectrode assenbly of claim 10
wherein said first bar and said second bar each

i 1@l ude a fiThetelatitedevasserablyl afraidit YO WheréihSaid first bar and
openings and a second side with a plurality of second

oRSR SR inBR ey | i
oS8 o SN R 0SB Y oA an

di . ) ' irs.of idrails nd. , .
CBARE SRS RS ACHRrA iRl Blen e of o s
openings being separated by a first spacing to define a first distance between
adjacent pairs of said rails, and adjacent pairs of said second openings being

separated by a second spacing to define a second distance between adjacent

pairs of said rails.

14. The electrode assembly of claim 13 wherein said first side
includes a first identifier that is related to said first spacing and said second side

includes a second identifier that is related to said second spacing.
15. The electrode assembly of claim 14 wherein at least one of said

first identifier or said second identifier comprises at least one alphanumeric

character.
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15

separated by a second spacing to define a second

di stance between adjacent pairs of said rails. 14.

The el ectrode assenbly of claim 13 wherein said first
includes a first iden fler t hat s rel ate

AP 1ot SpatRsS B evSlETh LGS aubS i i mdsma,

second identifier that is reI ated to said second

sFaBINEINGl5. The el ectrode assenbly of claim 14

wherein at |east one of said first identifier or said

second i denta ¥aaaunt ohambse snalosingas pramessngpdpavensmpable of

character. -23 16. A processing systemfor treating a

s blefritg evacusitéd taa plagitatwacugenpr i si ng: a vacuum chanber

encl osing a processi ng space capabl e of being

evacuated tg ft dekindd Y Y8id vacRuBRShAAbEr fddnsittin

P M
sal d vacuum c anggr for admtting a process gas int g

o AL RS R e e et QlBe T 0, U proceasi ng space

and electrlcall¥ lggﬁle th said power supply for
convertlng " to the 10 plasm, said

el ectrode asse i ncludi ng an el ectrode having a

plurality ofrfg P% O%ﬁﬁmbgf ordlianadsingaid Rronessing sRace and
of rails associated with sald el ectrode and

c egntricalypuptad withsaid peyer aepplv et ¢anvesting theapracess gas to the
el ectrode, each of said rails including a plurality
ofplastmashid efevtoderasseattiie ircluding asasiécteddeshaving ecplachlity of first
connecting nenbers connected detachably with one of

S RoAnbttirg nfé?rﬁli@*@tdn@!ga Pﬂ:ﬁ’alﬁ?'ﬂ?%@s A¥oclRE® W s4id electrode and
nounting said rail sai d el ectrode.
cooperating for supportlng the substrates on said electrode, each of said rails
including a plurality of second connecting members, and each of said second

connecting members connected detachably with one of said first connecting

members for removably mounting said rails with said electrode.

17. The processing system of claim 16 wherein said first connecting
members further comprise a plurality of bars each having a plurality of first
openings and a plurality of substantially parallel grooves defined in said
electrode, each of said bars positioned removably in one of said grooves so as

to expose said first openings.
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17. The processing systemof claim16 wherein said

first connecting nenbers further conprise a plurality

of bars each having a plurality of first openings and

a plurality_of substantially parallel grooves defined .

i ﬂgsai d eld r@S@?S%ﬁQﬁyﬁﬁﬁﬁfﬁa%ﬁz tn @aehof said rails
renovably in one of said grooves so as 5 to expose

s gxtendisthgtwepe saithyears, gach 8f saidssgsond @onnegting mambers is a pin
claim 17 wherein each of said rails extends between

s prajettingfromas boréspending ecersf satthradie] ang eaehledsaid ping is sized
pin projecting froma correspondi ng one of said

r 8 bé insdttbinedIoRé of 8bM Msnepésings.zed to be inserted

into one of said first openings. 19. The processing
system of claim 17 wherein adjacent pairs of said

first openings are separated by a substantially

unigf orm fir S j Ldi taptially . .
et orm 11 r S0 fEbafd SleeBLAY uelR Tz ietah lapRntairs of sai
said rails. 20. The praqcessi system of claim 19

R A A B oo B e SHBSeRLACUMATTE RSt Spacing for
plurality of second openiqgs,_each of said bars being
pPsoviding ebsubstantially wiifosai firshdistanse tatwagntaacbm@rgtpalr of

| east one of said second openings or said first

opeaid rajjs, adj acent pairs of said second openings being

5 separated by a substantially uniform second spaci ng

for providing a substantially uniform second di stance
bet ween each adjacent pair of said rails, and said

Segond spaciig %E%gﬂhggyéﬁremﬁ%ﬁnf1brv§ﬁer%ﬂ?8h&g pf géild Jars

The processi ng 'sys wherein eac

bar includes a first identifier that is related to .

o 30dnor REpAGES £ plirall o SBBbak gBEnhaR: pachPFEAKE Being

related to said secqond spacin )
positionable in one of said grooves so as to expose at least one of said second
openings or said first openings, adjacent pairs of said second openings being
separated by a substantially uniform second spacing for providing a

substantially uniform second distance between each adjacent pair of said rails,

and said second spacing differing from said first spacing.

21. The processing system of claim 20 wherein each of said bars
includes a first identifier that is related to said first spacing and a second

identifier that is related to said second spacing
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-25 22. The processing system of claim 16 wherein each
of said rails further conprises a first end, a second
end, and a support surface extending | ongi tudi nal |y

bghveen s gLl Skodlith BGSEATEANT) 18 MEBrbi dadH of il rais
??ﬁﬁ%?@fﬁ&@%ﬁ ﬁr%‘ftre'n {2 SREONG RIS ANE SAROTL S TACEcRXReNding

portion oEeratl ng correct vertical msalignment of
ohmgttﬂdma yb@tmerase@ firel ang Becentiends.c paition af gaitbsypport

surface. 23. The processing systemof claim 16 wherein
eaatiacd ofai léashohe of Saidtrais declined imes daettiorstowerd said first end
second end, and a support surface extending

I aﬁelmt@ﬁbmhb)sahﬁﬂmandsamdi shid suppuits s fortib e opefating to
portl on of said support surface of at |east one of

gﬁg{:ﬂ‘érﬁcéﬂ" rﬁi%ﬁhék%bﬂt & &Hdé ?fﬁgghe%sgﬁ%éﬁ gé@gﬂ%&ﬂéébnto said

and 1 nters ng sal

sgggﬁ?éﬁ}@ﬁ{;gce portion operating to correct |ateral

‘'of one of the substrates being | oaded
onto said support surface. 24. The processing system
of claim 16 wherein each of said rails i ncI udes a
sugport surface, and further conprising: plurality
£3hei ght - adesrREAESIRG Sreiem %ﬂamﬂﬁwmf@m gaeh of said rails
between said rails and said el ectrode, said spacers
c furtresratoinmuyidfesra first eeds arsgcand endi andra:mmmqvtasmfaaegextending
sai d support surface fromsaid el ectrode. -26
longitudinally between said first and second ends, a portion of said support
surface of at least one of said rails widening in a direction toward said first end
and intersecting said first end, and said support surface portion operating to
correct lateral misalignment of one of the substrates being loaded onto said

support surface.

24, The processing system of claim 16 wherein each of said rails
includes a support surface, and further comprising:

a plurality of height-adjustment members removably inserted
between said rails and said electrode, said spacers cooperating for increasing a

distance separating said support surface from said electrode.
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