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Cross Reference to Related Applications

This application claims the benefit of U S. Provisional Application No
60/374,010, filed April 19, 2002, the disclosure of which is hereby incorporated

by reference herein in its entirety.

Field of the Invention

The present invention relates generally to plasma processing, and more
particularly to a plasma treatment system configured to perform downstream-

type plasma treatments.

Background of the Invention

Plasma treatment is commonly applied for modifying the surface
properties of workpieces used in applications relating to integrated circuits,
electronic packages, and printed circuit boards. Plasma treatment systems are
configured to produce a direct plasma from a process gas and expose a surface
of a substrate or workpiece with generated active species from the direct
plasma to remove surface atoms by physical sputtering, chemically-assisted
sputtering, or chemical reactions. The physical or chemical action may be used

to condition the surface to improve properties such as adhesion, to selectively

-1 -
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remove an extraneous surface |ayer of a process material, or to clean
undesi red contam nants fromthe surface. Plasma treatnent is used m

el ectroni cs packagi ng, for exanple, to increase surface activation and/or
surface cleanliness for elimnating delam nation and bond fail ures,
improving wire bond 5 strength, ensuring void free underfill, renoving

oxi des, enhangifge dh extAinkasdsurabslial &mdr awr @ sadhesibp B thfeafNpapgdhat i on
Pl asma treatnment systens may be integrated into in-line and cluster systens

or batch processRsindrls W 62 BFESPIBEMAEHKBIERCIESs& 16 cREPSRSSed by

successi ve plasma exposures or processing cycles. Wrkpi eces may be 10
suppl i ed by vgdckadisy, MRtRQbSe, th etdsde sdehdevatiyation apd/orgaabae, 1 ndi vi dual
delivery by a conveyer transport system or manual insertion into the
process chanbesaniifdsassrenmnaatdasmisy Sdrearsl boay falLse, herqiruiideshnw t h

aut omat ed robotic mani pul ators that coordi nate workpi ece exchange into and
out of thes proeegt, etvantperod ode pldesiareprootgstidag capatcaig ddsttaddh, Convent i onal
pl asma treatnent systens have failed to provide adequate process uniformty
across the suarfdameroeing iatichswindoredncapsdtgiioeces. The pl asma density nust be
precisely and accurately controlled at all positions on the surface of the
wor kpi ece so t hat Plasmi$restuiest systanad ingy baintegratediotcosding hed slusttace. Criti cal
paramnmeters for controlling the uniformty of the plasna include the 20
-spati al uni foseitsyr obich hecesses traviidngponeof verichicdee ach wperssedhy of t he
process gas. A non-uniform plasma density at the surface of the workpiece
degr ades proceissessEk pbink iekyosaitd of @tRFERBNG ¢hslepr Heigieoph alad.beTo achi eve

wor kpi ece-t o-wor kpi ece uniformty, the process gas nust be evenly dispersed
and uni f otti yeupBlfd ¥ dansustprihedecineaifl ¢ 8RlIVEBUB P esaERatind Héual felvenf acti ve
species is spatially uniformacross 25 the surface of the workpiece. -2
Convent i onal 3¥&&Eeer BEaRsRan 6YL§Bt ¥Rl Bs§ T RERodee PrarsssFhe@Lechi eve
adequate reproducibility of the plasna Treatment between successive batches
of wor kpi eces. 25 FFRTHUSHIERS FEYREARE BPY I8V HetieriediPPPie preci se
control of process variables and paraneters so that successive workpi eces
are exposed @?W@ﬂ?féﬁ%f?’%?'f‘?ei"‘ﬁ’é}f’ﬁ"?‘:&ﬁxcrﬂﬁr%l’fﬁo é?)#]ﬂl] ?%ﬁ§rW§over,

conventi onal cﬁl %Ermf treat ment syst ens .are i ncapabl e of rapidly processing
wor kpi eces witTATRCt A RITYHUP CSHEASBFEIPS aut omat ed process |ines or

fabri [ [ . 10i I, f I
L ot mant Tt beC RR e LR Pridel st AN e g Lot o

mline plas ”%récfe@?&%ﬂ%it)ﬁé’c%s%qﬁe e 'o%lﬁilvfdbﬁ %ngég%é’.. 0 &Séel-ﬁé ate a

downstreamtype plasnma that I's substantially fre ions, ectrons and
light in at |gast, rﬁu@@b%’b%’ci@él?aﬁ@gb&ﬂatgﬂy chheoigh ‘é‘f?éllrdl%@_ﬁgr:i‘se&d fespectrum As iIs

wel | -known, a direct plasma is a conbination of nultiple different species
i ncl udi ng i ongrraktrelaedkOie dohakt iNdseoaitielly Givefg8cradithng Q4R gas
nol ecul es 15 and free radicals that are neutral. Free radicals are gas
mol ecul es t haitiadi @an@rtdry fdr esrtzREg YIes uditraityof thediisnidihbiugompl ement  of
el ectrons so they are neither positively nor negatively charged. WrKkpi eces
may be praocessetthl whitohmiay ditieeedcitaloasmmwee omd tie @ispgrshlof pleassmmsspeci es or with
a downstreamtype plasma including primarily free radicals. Processing
wor kpi eces WA ionaurttbomesitisipd asveaty 20thp sorfadess tHerveakpieset degrddes botchsphysi cal
action due to ion and el ectron bonbardnent and chem cal action arising from
surface i nt erdebiiyrandfredubnes the eeoceadyieldl §o aCnetcheorbpiher-tohastipieqr ocessi ng
with the dowmnstreamtype plasma involves prinmarily chem cal action.

uniformity, the process gas must be evenly dispersed and uniformly ionized by

the excitation power so that the flux of active species is spatially uniform across

25  the surface of the workpiece.



Conventional plasnma treatnent systens generally include a fixed 25

di mensi on pl asma chanber and a substrate support in the plasma chanber that
-3 hol ds t he workpi ece at a fixed position between opposed treatnent

el ectrodes. Because the workpiece is |ocated at a fixed position, the
surface to be plasma treated is |ikew se spaced relatjve to the treatnent
el ectrodes. The f{PREENIHE PRYR2 ('62IERBERIS Y /B U Eseflghleiaryeed f ecti ve to
provi de an effective plasma 5 treatnent for rkpi eces of a given

thi ckness. | t348HBIRPTeHAPIIYARL ooy CRAIBER! BSFVEeRSUGRSSRIY? BRENSei ng tr eat ed
in the system changes, the | ocation of e surface is no |l onger at the
desired fi xeoOfﬁf@é}ip?‘?CSﬁ %tc?'f?'?at?rhr@p@fjf’?’é‘ﬂé‘r‘?@?}erg{s oppiee Wﬁgé%"rﬁﬁoé‘?ft nment may
be reduced. Therefore, conventional a&a ma treat nea% S\S/stems are ill

equi pped o dRRTTRUACE CRARGETEH® ABY Kb BB TR HUSS® SHOPRERE 1 s thus a

d f in-1i t t t t t hat i
need or & RS ISR SaE st s et conprocies
Lhat can accommiet s, Yorkol sces. ol SLLLEr DG AN Ekagss. Bl e i aining an
Lhese and oL NEr BLORL ST, BEaarl AL osk ML NG BrLGL At BRI Cing 2

Lreatent | Tl AL TORLo NP LA LAChydes apkachup chgnbey | el ud

a processing space, a I asnma Ined in the

chanber |id rkpi t. positioned in the processing space, a
» Br 88 §ud19) d&ks.P P g space,
vacuum sour ce coulﬁ) ed&?n Cp?u?% Scon’rmni cation with the vacuum chanber, a

process gas suppl ¥oGRRRbEHNRe blading 1ea B bEadh CAstMabhinkR8i¥aguum chanber,
and a first plasma excitation source. The plasma cavity and 'processing

space are in Johbisth £0NRANESANRbiashenBl i96@sSardAaf fRPiohs! Secdnsapabl e of
provi di ng process gas to at |east the plasma cavity, the vacuum -4 source

i s capabl e ofanavasuati I@Qst"tﬂé&@dl@f‘e@%\id’ﬂ%esél@&@rr%?ﬁ'etfc@e&}@ﬁms gavity, and
the first plasnma excitation source is operable tor exciting process gas in
the plasma camdlitnolvn, HARRE Bhendiskl @sthalibeofrthashadieseht glecied source further
i ncl udes a grounded plate positioned between the plasma cavity and the 5
processi ng spagelinghengsaundgednptrat eavenchdidesgaam souadd dag rodleaeni ngs
capabl e of prohibiting or, at the |east, substantially reducing the
transfer &f chdfigedasqctiessre seidtal. aSrek omicatnate gheabteonlss tHat erm t he pl asna
cavity to the processing space However, the openings preferentially allow

t he transfer refrf ioeieed pddiretainghdirfohrarh@epérofralectennistsy they arhaeifredocessi ng
space. According to this aspect of the 10 invention, a downstreamtype

pl asma free, PopilidaihRerawediively\Ehaiged, Werkniasas gl bp &Faceesedviliriodiigibt ons can be
generated at the workpiece for performng plasnma treatnents by the chem cal
action of theéasaHi @aleiRg Q"W%W@C‘ﬁﬁ%‘wg}ﬁ dAMSIEAMIYRFR'AT®R provi ded by

the charged partjcles Accordi ng to the principles of the invention, a
method is pr én\;il% Rgrigiarly free radi als, Processing workpieces with a direct plasma

20  promotes treatment with both physical action due to ion and electron
bombardment and chemical action arnsing from surface interaction of the free
radicals. On the other hand, processing with the downstream-type plasma
involves pnmarily chemical action.

Conventional plasma treatment systems generally include a fixed

25 dimension plasma chamber and a substrate support in the plasma chamber that
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15 treating a workpiece with a plasma. The nethod i ncludes placing the

wor kpi ece in a processing space of a plasma processing system generating a
direct plasma conprising charged species and free radicals, filtering
charged species fromthe direct plasna to create a downstreamtype plasna
including free radicals, and exposing the workpiece in the processing space
to the free 2®lasdté watksiecsathixed papisor belveey preooptdisermeRcdamtrdilery t 0 anot her
aspect of the invention, a plasma treatnment systemincludes a vacuum
chanber havi ripcausshiherberkplzas é lagatehatehixgd e@psiidnd theoudbldeglobelpdasimee t o t he
chanber base between a closed position that defines a processing space and
an open posi ttiegtedfiplikemiserepbead ielagvatotde kKeiteeet dlentrodemd hedike@5 of t he
processi ng space, a vacuum source coupled in fluid conmunication with -5_

t he vacuum chrestien is chosande lepiveiee spsrcde effpduateriovige ameffgstivepssnag space, a
process gas supply mfluid comunication with the vacuum chanber, and a

pl asma exd t dfsa8Rens imeEskPETes pragieasthishsessupdpipws shatsdbe Bidshegsr ovi di ng
process gas to the processing space, the vacuum source is capable of 5
evacuat i ng t HS tersreRissemy g Eeeed 1 YREMpthasats Eedeeien eiheource i s
operable to provide a plasma in the processing space generated fromthe
process gas.S?Héxﬁﬁﬁﬁﬁﬁweﬂ@dm¥@$Wﬁ%FXQQﬂﬂSW6%§OﬁmPW?§ﬁm§F@éWHF¢ section
capabl e of being renoved fromthe chanber lid for changing a vertica

di mensi on ofF¥¥%“V5@HDW¥6ﬁ§§ﬁé?¢“¢€c5?ﬂ?%@iFB”FHngb@ﬁ%E%r%ﬂ”ﬁﬁb i nvention
t he vertical dinensiOﬂ of the 10 chaqgﬁr may be varied to acconmopdate

wor kpi eces ofSYHFFF&FG HGIVRREKAGELHY° %ﬁ%ﬁé%ﬁpﬁﬁxfﬁFe§WH§FP%te t hi ckness
by pl acing the exposed surface of the workpiece at, 6 a predictable distance
fromthe fbr eat msn‘?heéi3 5&5?50%18?8%{8&%‘} 'Hﬁ'ﬂa p[a ’%faﬁr aw}%nhﬁsgﬁ%gﬁag‘faﬂ he invention,
a method is provided for plasne tr I rkpiece i ocessi ng space
of a vacuun1éﬁ%ﬂ%%%g%gmﬁggFﬁgmémﬁﬂgﬁ%éQ&Fﬁgvg*ﬁgcﬁ%ﬁﬁ%%mggﬁ%rises pl aci ng a

workpl ece | N hhRLI BAERI00a0RA DRI KLY et HIEEE Wil chanber 1id

to alter the stance from an exposed surface o piece to a

tr eat ment 6|¢&£@%@§8eﬁﬁﬁ%%gﬁ%gag nt Becichgnber 1id based upon a thickness of

t he wor kpi ece. er objects and advantages of the present
i nvention shall 20 becone nore apparent fromthe acconpanyi ng draw ngs and
description thereof. Brief Description of the Figures The acconpanyi ng
dr awi ngs,1sWhiguimmgg | ncorporated in and constitute a 25 part of this
specification, 1lTustrate enbodi nents of the invention and, together -6
with a general des&s jrptdrdmveitiohhadieBynhésenangioten pabrve, asatdatetie det ai | ed

with the prior art by providing a plasma treatment system capable of performing

a downstream-type plasma treatment. The plasma treatment system includes a

vacuum chamber including a processing space, a chamber lid, and a plasma

20  cavity defined in the chamber lid, a workpiece holder positioned in the

processing space, a vacuum source coupled In fluid communication with the

vacuum chamber, a process gas supply coupled in fluid communication with the

vacuum chamber, and a first plasma excitation source. The plasma cavity and

processing space are in fluid communication. The process gas supply is

25  capable of providing process gas to at least the plasma cavity, the vacuum
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description given below, serve to explain the principles of the invention.
Fig. 1 is a perspective view of a plasnma treatnent systemin accordance
with the principles of the present invention, 5 Fig 2A is a side schematic
and partially broken view of the plasma treatment systemof Fig 1; Fig. 2B
is a side schematic and partially broken view of the plasma treat rrent
system of Fi giouceirncagaplelef eYrsueinanibeprockindssreae antihesledmaesiiti on, Fig. 2C
is a detailed side view of the plasma treatnment systemof Fig 1; 10 Fig 3
is a front viasd tes firstriagmeasieition sauiee H ORSjalier Bfcitmigprocess Bagindhd s a
schematic block diagramillustrating a control systemfor the plasm
treatment sys¥smatavity g genermieg Pissme Ahq Plavie RKitRlian Jouseertutiang a process of
inpl enenting a plasma processing cycle utilizing the control systemof Fig.
4, 15 Fig. 6 ‘”%Udfssi‘l %@JWP%WG‘@F’O&”@U%??‘%@“ E’G[ﬁ’ﬁéﬂa FHYREGPlance with an
al ternative enbodi nent the pri nc%{fl es of the present invention, Fig. 7 is a
parti al fﬁontpr%eéW%Fp%CﬁeT%B@HP %@WS Sfp'tff?'kﬁy ofgppefings capable a top vi ew
of a pI asma chanber in accordance with the grl nci PI es of t he invention; 20
Fig. 9is a éDéBth@Hﬁﬂ %laéwet'%?éﬁuﬁﬁﬁ@iagi’ U P%H@taPﬁfér C@a@ﬁ Fig. 8 Fig.
10|sasect|onal takendoeﬁn fy {{’ i ne 1q1€ﬁ}n % 9; Fig. 11
is a detail ecfpg?'%%vstﬁ Ed s vigd rP”?—"l gm 18 F@ gty le hGPrasgsshded vi ew of
the plasm ChanberHé)vEevg#. %e opem:nl"]g;'é preferentially allow the transfer of free radicals
from the plasma cavity to the processing space. According to this aspect of the
10 invention, a downstream-type plasma free, or substantially free, of charged
particles and photons can be generated at the workpiece for performing plasma
treatments by the chemical action of the radicals without the physical action
otherwise provided by the charged particles
According to the principles of the invention, a method is provided for
15  treating a workpiece with a plasma. The method includes placing the workpiece
in a processing space of a plasma processing system, generating a direct
plasma comprising charged species and free radicals, filtering charged species
from the direct plasma to create a downstream-type plasma including free
radicals, and exposing the workpiece in the processing space to the free
20 radicals in the downstream-type plasma.
According to another aspect of the invention, a plasma treatment system
includes a vacuum chamber having a chamber base and a chamber lid
movable relative to the chamber base between a closed position that defines a

processing space and an open position for transferring a workpiece into and out

25 of the processing space, a vacuum source coupled in fluid communication with

-5-



Fig. 13 is a perspective view of an alternative enbodi nent of a grounded 25
plate for use with the plasma chanber of Figs 8-12; -7 Fig 14 is a
perspective view of an alternative enbodi nrent of a grounded plate for use
with the plasma chanber of Figs 8-12; Fig 15 is a sectional viewsimlar to
Fig. 9 of an alternative enbodi mrent of a plasma chanber in accordance with

the principl epe ofcubiMenbMYENh WBkpicde Foler bBAedirdps piokesting Hucdfs a portion of
Fig. 15; Fig 16 is a sectional viewsimlar to Fig 10 of the plasma chanber

of Fig. 15 Mrécedd ghSsidpled Miid eshmmlevai@h vathpos tdeomahamber, aAda and Fig. 18
is an expl oded view of the plasma chanber of Figs. 15-17. 10 Detail ed

Descri ption gfiastiaexkmientbate The poeseitasisop@nikicapabld & @ega@rgance with the
princi pl es and objectives herein, provides an apparatus and a nethod for

processi ng a pMekpiece tvd frbcasphasam, thEhacpuresente israpadié on provi des a
pl asma treatment system configured 15 to provide a uniformy dense plasna,
rapi d punp- dewaclandg \hemptdcagsieyslaes, andepe pldsoi bk@tapsrooess ingpeandi ti ons, and
sinplified material handling. The system advantageously requires a reduced
exci tation powerovide aiphdshiadt éregmacesaisy aparegyenniafaairfrinythd @nsespbasm i n t he
processi ng space, while enploying a control algorithmthat mnimzes the
cycle tinme rdhaichadberdidfurtheessludacdfirst sidewall section capable of being
removed from the chamber lid for changing a vertical dimension of the vacuum
chamber. According to this aspect of the invention, the vertical dimension of the
10 chamber may be varied to accommodate workpieces of differing thickness by
compensating for substrate thickness by placing the exposed surface of the
workpiece at a predictable distance from the treatment electrode.
According to the principles of the invention, a method is provided for
plasma treating a workpiece in a processing space of a vacuum chamber
15  having a chamber lid. The method comprises placing a workpiece in the
processing space, and varying a volume of the chamber lid to alter the distance
from an exposed surface of the workpiece to a treatment electrode positioned in
the chamber lid based upon a thickness of the workpiece.
These and other objects and advantages of the present invention shall

20  become more apparent from the accompanying drawings and description

thereof.

Brief Description of the Figures

The accompanying drawings, which are incorporated in and constitute a

25 part of this specification, illustrate embodiments of the invention and, together

-6 -



20 successive workpiece. A plasma treatnment system 10, in accordance with
the principles of the present invention, is illustrated in Figs. 1, 2A-2C
and 3. Referring to Fig. 1, plasnma treatnment system 10 i ncludes a
processi ng chanber 12, a |oading station 20, and an exit station 22, which
are situat ed voh aggesaias tsmtiptahlof theliate naordgi2&n aechaanidobd Bstaigddabl e surface 24
atop an instrunent cabinet 26. Processing g chanber 12 includes a
chanber |id D4shiphgeabdrybadonrsecktddetmaia tiechaimoetes bathe i8nlign. a hi nge assenbly
16. Chanber lid 14 is selectively positionable between an open position, as
shown in Figs. 1 apd 2A peaapdctvecicosefch pragna ireatmeaissysthovin aceorddnge 28 Chanber
base 18 and chanber lid 14 are preferably formed of an 5 electrically
conducti ve mattbrtheprinspicsablhe prarenhinggntivacuum appl i cations, such as an

alum numalloy or a stainless steel. Chanber |lid 14 includes a doned
ceiling 28 and anfig rifeigraidesictienelld angdPagirdy pokedviby oathelpésmai m 32 A

vi ewport opening 38 is provided in ceiling 28 for holding a viewort 34. As
best shown i Wefimgnt 9etenypfdwpdit 34 is a substantially 10 planar panel
attached to chanber |id 14 by a frame 35 and fasteners 36. An Oring 40 is
recei ved within a'grdfoeé sue schemalsi andFsEHY Peseny'ewsbi e Psewi ng 38.

Vi evvport 34 conpressi velfy engages O-ring 40 to create a vacuumtight seal,
where the sedPRAEEN DS PG UPPIMNED cotaBwReT (-FY" B§IoBeEPTHE8sUr e
differential between the interior and_ exterior of processing chanber 12 and
by fasteners 15 389 4% ‘@Rgsrles3de wepahdis %St”éadtr‘iﬂ‘iméntcﬁf%t?@c‘tf%igc%er amic,
such as ggartz, t hat_ has a | coefficien i S gas inperneable,

Cror
wi de t r%%ﬁi? §§ri°8hv'$"\évﬂéggf’%§%éB%F’E%ﬁm9\)6?\%1’8{1@9' s. Oring 40 is

and has
f bly f f | ast. h Vi t.on. nb b 18 i ncl ud
Pl Gor nall 44 1 ntaardh Sarrara o er ARt e o L Gt R by & frat

lip 48. Lip 48 _inc¢ludes. a circ erential groove 50 for receiving a
conductive r@%ﬂn?grﬁf’m%eenéﬂsﬁeén %%Err%ér or Oring 51 that provides an

ceciL | cal Ly, conHEld 15 LN %y ot e o ool

bet ween chanber er I men groove 50 and

Oring 51 ar f i tj.ght seal. It may be 25
appr eci at ed Fhoggé%%ﬁgls Lfglﬁzggg{/@@%%ﬁ%éﬁyﬁﬁgfg?&e Oring 51, may be

positioned _O_ Fg. 6is aside view of a substrate support in accordance with an
alternative embodiment the principles of the present invention,
Fig. 7 1s a partial front view of the substrate support of Fig. 6;
Fig. 8 is a top view of a plasma chamber in accordance with the
principles of the invention;
20 Fig. 9is a sectional view taken generally along line 9-9 of Fig. §;
Fig. 10 is a sectional view taken generally along line 10-10 of Fig. 9;
Fig. 11 1s a detalled view of a portion of Fig. 10;
Fig 12 1s an exploded view of the plasma chamber of Figs. 8-11,
Fig. 13 is a perspective view of an alternative embodiment of a grounded

25 plate for use with the plasma chamber of Figs 8-12;
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in either chanber |id 14 or chanber base 18 w thout departing fromthe
spirit and scope of the present invention It is appreciated that
particul ates fromthe surrounding environment are less likely to attach to,

and conprom se the sealing ability of, 0-nng 51 if positioned in chanber
'1d 14,5 0-ring B 16°F Bemaaee(a" o Ahy GBI kel TS HIoLP SFRBPS f or med. of
a conposite of .a.conductive fill powder. inpregnated m an el astoner border,
such as a poW%%Ff% S%PﬁbgFFgﬁ Eﬁﬁ%ﬂ*ﬁﬁ%ﬁ%&%@ﬂ%Cone. An exenplary 0-nng 51
is formed of a copductijve Lt e mapufactu nd_mar ket ed under the
trade name Cho-seg'lg %%/'Slgl\ﬁe%%ﬂ%g '%%”%6"@? {éﬁ%tgso,rf%g ag'lar\r/‘?tvieoeﬁn%élp'”ﬁ?ﬂ ker

Hanni fin Cor pdf aib?asgngc%\é%&yg lg’aﬁ%%%fnlcg »«ﬁtﬂ%%@r{nrcgfe%%ﬂﬁe ir?vhe% er base 18

further includes a worKpléece er - or su e support'%h configured to

recei ve and suppo [ r kpl - erally, workpiece 56 is a
rectangulgg, p|an§@'§?f%§@6@§ t agﬂéﬁ%ﬁﬂg§§q§%39riphery havi ng opposed si de
edges 58, 59 of agpr 1 -t hi I I 0, and a
Crailing edge 62 Bpibied eing dtpsa age iy QP EREartiEREs:
predet er m neds;fmexi num transverse width that is neasured perpendicular to a
| ongi t udi nal axisfof wor kpi ece 56. Workpiece 56 may be a strip type part,
such as a ball grigd afkayelBoNieRlor @ poRbAbs Figass; bpame, singulated BGA's
carved in an Auer boat, or a pallet carrying nulti-chip electronic 20

nodul es, integrategd fikeHiekpi6dddPFew B the BRshbkRamNGIKPigeCce-pE May al so be
any di sk-shaped sem conductor wafer or substrate forned of silicon, gallium
ar seni de,1pand ot her sem conductor materials famliar to persons of ordinary
skill in the art and may include patterned areas of netallization contacts,
i nsul ating | Desisedababctibgoh bKge I2eri®nbest depicted in Fig. 2C, substrate
support 64 conprises opposed -10 side rails 66a, 66b that extend

vertical ly from aTsupstaintivahtioy, iplaatadargdppidrtite piratiearami@8jebivde rail 66a is
in a spaced relationship relative to side rail 66b along the |ongitudina
axi s of suppoeteiplpatvides mmGB8pasotut laat atnethaveir processind tahwdrgtiswsemtisa de edges 58
and 59 of workpiece 56 nmay be accomnmopdated. For 5 convenience, side rai

66a wi || be détsaial ddebedsem mienhon previdexle ptaadealgenhatstesit danfigaiel 66b has an
identical structure. Side rail 66a protrudes above a horizontal plane that

i ncl udes i p tagrodide aiungegmpodeanse lagmaelapidpame -doarand|veming ayslepest shown i n
Fig 3, that extends parallel to a longitudinal axis of substrate support

64. Channel TEPrHASIDE RIOEHAIHEFORP NS FECHTOHEH Mntorl handtitgtThes 10

di mensi oned to slidinqu recei ve side edge 59 of workpiece 56 therein.
Opposed ext r SKTENEEVHTageraHhEAqUTSS 7 FRAVERES G oqPadel Pgniteie 238 pest shown in

Fig. 3, that i call t i.de edge 59 of Kpi 56 duri
[ogdi ng. By G55 BF GUARY STHRACREE 1§ P reoRe THE. P BCGSTAE Thanber 12
Pavi ng. 15 P ARe B REAGT R B7oes 1% SER G B BRERR Bl & (i el

or maxi di i.on f 6" x 12" x 1". In other enbodi nents, the
processr%g]c a§%§$aﬁ§0%%§&%e configured to accept workpi eces 56 havi ng

maxi mum pran di Menskons (SLdft ot 3 5o BELRERDIG BeBiflnds of BT N9 station

20 and exit statio are proxi m respectiv pposed ends of

br ocessi ng. ChAMRINAAANL AIFRHAPERY | Oh BuHIL] AgaRg kpEgces 56, 56" into

and out of processing cha . Loading station 20 1ncludes a

substanti al | yaBhaRakint4PPRIdM P RLfLOE4M SR caNh MRS d Qasidig side rails 78a
and 78. Loading side rail” 78a is in a spaced relationship relative to

| oadi ng si destadd 20/3Rd ah @RGsthive 22008ich 4l HRbteddns RbsHRPORE: dat form 76 25
so that the maxi num w dth of workpiece 56 may be acconmopdat ed. For

25  mechanically stable surface 24 atop an instrument cabinet 26. Processing

-8-



-11 conveni ence, side rail 78a will be detailed below wth the
understanding that side rail 78b is substantially identical. Loading side
rail 78a protrudes above a horizontal plane that includes lip 48 and

i ncorporates an el ongate channel 82 Channel 82 has a U shaped

cross-secti onghmBEofd h&udelatchbsipsl Immﬂiiﬁ%@biy)éoﬁne%%m)%cthgﬁbéﬂ dalgabl y
recei ve one opposed side edge 58 or 59 of workpiece 56 therein. Qpposed

extrem ties of bgg?rﬁrggl 2s38mbiN&b UdBa@bé iarads Eél@ctﬁgi/bbﬁﬁor%hbésﬂe@ dy captures

t he si de edges of wor kpi ece 56 Support posts 84 extend froma bottom

surface of thg SURBSforPhasHoMnMh FRs! Pasdi2A af8 a2fbosebpbliis, ak kRGP 1S
configured simlarly to | oading station 20. Exit station 10 22 i ncl udes

opposed unl oaglFigg2si dRarkisdr basSfPandBinivatd exiepkitpvisinsdang, out war dly
froma planar support platform 88 For convenience, side rail 86a wll be
det ai | ed lyel ewcwchily dohgudinsprstianditaige tdaighsiadeurs abpic8fdhshagnag i denti cal
structure. Side rail 86a protrudes above a horizontal plane that includes
rima48 and i ngeipana@h afoyaorlbanghiédsdtsml channel 90. Channel 90 has a
U-shaped cross 15 sectional profile that is dinensioned to slideably

recei ve one of thenhdrimzrpénd pbieted a edged b8lng Zlandadn iptegaesiseaivgar kpi ece 56
therein. Opposed extremties of channel 90 include a flared lip 91 that

ai ds i n physiegatdiad waptainimmbg ttheewpateopede$858proviBBd inafellpy ag&ssed wor kpi ece
56' during unl oading. Support posts 92 extend froma bottom surface of
support pl at fhoidmg88vi¢weposiif dceeiisho iPFigsie viaveattifgns a sytsttamieh0 f urt her

i ncl udes pinch wheels 99 attached to | oading station 20 and exit station 22
and a posiiot i oRinagpdrelataced toRhamheniedl by a0frreg 85 epkiealsherst36. Aake fi ne

adj ustments in the positioning of workpiece 56 or workpiece 56'. Lever 94

i s operabl e ti69ABEeadi Gy tinea grepa f¥ BRt drcsMeenbes vigepprerening 3the t op
surface 24 of instrunent cabinet 26 and to also 25 translate vertically. A
drivi ng mechdfvERitGreemMeressiMyly PRISEEE At 18 creaiier Vauumioht sgahd i s oper abl e
to move arm 94 vertically and longitudinally mslot 96, Lever 94 is

posi tioned eMtPreEeng sealng e iopuRRiee edertigchanderestye diitersigaa pl asma
processi ng c%cle Positioning | ever 94 further includes a rod 97 having a
first finger P98%eD fINEIYANE KU Y PRSGEUNRCTIATRET dagRd BYfaSENGIST kpi ece 56
hel d bet ween _| oadi n ide rails 78a,b and a second finger 98b t hat

sel ecti vgr%y QBute’seszgFgér‘S @8% “Cgeéj %fa (ﬁeé%%%%c%m'ﬁp?”&éls§ga%lﬁ'@?8%§ ween si des
rails 66a,b It e appreci ated t i_nge . . resiliently

bi ased rel at F\I/%wn?%utfegn ”5’#?8?'% %asd@ %Etn{egﬁj%’ %'ﬁdat?a%% ﬁ'&gﬁgngglg%lgénay further

include a Se?]azﬂ@%rfércgb%ti%aﬁggg%é%%sr eé'nﬁ%p@?"%%r%%%ﬁ f{))r]n{b%acff ar]rgla%%pent of

posi tioni ng e or exa kpi ece msaligned with a set
of side rail g, pudng,@ workpi ece | oading operation, workpiece 56 is
del i vered by an aut omat ed conveyi ng system (not shown) and positioned in

| oadi ng si de railGhaffRr Ba2M ol iRatHeRG RbalvhiPi ABgrdPivte R si2eeliae 99 of | oadi ng
station 20 are used to 15 nmpue the workpi ece 56 short distances for proper
posi tioniong. wifch® efchtaB®8y aikdip 48. Lip 48 includes a circumferential groove 50

for receiving a conductive resilient sealing member or O-ring 51 that provides

an electrically-conductive patnway and a substantially vacuum-tight seal

between chamber lid 14 and chamber base 18. The dimensions of groove 50

and O-ring 51 are selected for creating a vacuum-tight seal. [t may be

25 appreciated that O-ring groove 50, and therefore O-ring 51, may be positioned



14 is opened, positioning lever 94 is lowered fromits initial position and
linearly actuated so that finger 98a will engage rear edge 62 and push

wor kpi ece 56 along | oading side rails 78a,b toward substrate support 64.
The front edge 60 of workpiece 56 will traverse the gap between | oadi ng
side rails 78a,b and side 20 rails 66a,b. Opposed side edges 58, 59 of

wor kpi ece 56 imkiHer beansder feabbychaener vad iiywsodeiepaithg flePandspidher eaf ter,
the positioning lever 94 will continue to push the workpiece 56 until it is
sui tably and sadcusm@t@ne pesint ingdraidn on isatsddatethaupRpiutatéd&h efeer abl y, the
center of workpiece 56 is positioned coaxial with the central vertical axis
or cent erl i neugburtdie qpriosessi ag lehdkbeto APachRysint conpmenisghht ever 94 t hen
translates vertically so that finger 98b will clear the | eading edge -13

of wor kpi ece sbélingsabliigugrO-8A4g b8 if petin@etiedcitaontet 8d i/ tial position, |f
processed workpi ece 56' resides on substrate support 64 during the

wor kpl ace 5l oadi ngOopegBatd amndiictvg efas@Bier gngiey esefermaly fedgd 062 and
positioning | ever 94 sweeps the processed workpi ece 56' toward exit station
22. Front 5 edgeod® of efcomiuctvessedwieriRpreaiceteBdt awelbstomeoissddarhricgap bet ween
the processing chanber 12 and exit station 22. Side edges 58, 59' of
processed workpifsede5E silr end lpminuetinisyicerre. cadiegpginde-rngidids 86a, b. Wth
continued |inear novenent, processed workpiece 56' is conpletely renoved
from pr ocessifergegisapberdusdie pmpesitehaaliectged gpd @)%ik?tegt@ﬂﬁfdhe fradeare used to
nmove the workpiece 56" short 10 distances for pro positioning in

prepar at i on ﬂémeﬁH@ﬁ§6bPVEWBSPﬁ%“Mb&de?%éﬁﬁﬁﬁﬁboé%%@ﬁéﬁnﬂﬁmﬁ@éDassenbly 16
i s adapted so that chanber lid 14 may be selectively pivoted relative to
chanber b&se (¢8V8@tdneER an open position, as best illustrated in Fig. 2A,
and a cl osed p05|t|on as best illustrated in Fj 2B. Hinge 15 assenbly 16
i ncl udes at | east"@Rehs %%R%tgmﬁﬁﬁrbﬁﬁ1@4§W“§H5“ﬁe?ﬁ“@ﬁ@“m%hopﬁht are

di sposed in a s cuumsid of si dewal | 46.

hen e ranber O PGSR sl e A R Pad Rtk e D 38@9{%% PBFenber 11 d 14
and chanber base 18, g%gagﬁc%gg%ua%%g B0 R RS RG 2B a, 25 Shove for

exanple in Fi cket des 'y Brlace 104 and a

nub 106 munbgrq]p ‘@r}r% n%shsgs 43 .e 8%95 gdis\ﬁ%é% g?hl(?{['we& gewall 46.

Each brace 1 i s carrre recel ved w n’an aperture

112 near %hel_é%%ﬁ'\ﬂ e'dg%% aa%‘c?a]t%"rﬁgggé"%i hb % %9@%&% sﬁf%g%b‘éFee 124 m nub 106.

As shown in Inge pin sha ckets 100. Returning
to Fig. 2A @Qﬁ‘arg@@b% p?e%etérn%gd Hdind 9%}@&&%% Pat REndiR0rMacuum si de of

sidewal | 30 of chanber Iid

perpendicular to a longitudinal axis of workpiece 56. Workpiece 56 may be a
strip type part, such as a ball grid array (BGA) or a metal lead frame, singulated
BGA's carried in an Auer boat, or a pallet carrying multi-chip electronic

20  modules, integrated circuit chips, or the like. Workpiece 56 may also be any
disk-shaped semiconductor wafer or substrate formed of silicon, gallium
arsenide, and other semiconductor materials familiar to persons of ordinary skill
in the art and may include patterned areas of metallization, contacts, insulating

layers and the like.

25 As best depicted In Fig. 2C, substrate support 64 comprises opposed
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14 A second end of each brace 104 includes an aperture 114 that receives a
connecting rod 116 that is also shared by both braces 104. Connecting rod
116 is further attached to a rod end 118 that is threadingly carried by one
end of a piston rod 120 of a bi-directional pneumatic 5 cylinder or lid
act uat or 122 sideodilseftd, AfBhituxtendveitnalyidesa avbstgdietyyrnanal saiposthown but
simlar to, and collinear with, aperture 114) with an inner dianeter sized
to slideably ptefoen $e 8damsicdtanginraozpatddreidiengiipreldRivs tooaide md 6420 1 s adapt ed
for reciprocating linear, vertical notion so that brace 104 can pivot about
hi nge pi n 11@ldng tealtgivewmelraxchdsberort flafolm Betowes theamaapem vodtsi ti on and 10
a closed position As shown in Fig. 2C, the opposed end of |id actuator 122
is affixed vibatveenouiatadoes B ackdI1d Gvarkpiereiorrumt ber commopatet. Foot shown)
Wi thin instrunent cabinet 26. Referring to Fig. 2B, in one aspect of the
present i Avempiemenas ssleralffe Wk he dalgiladseiow wih (heiungeptandoeihatd wi t hin
aperture 124 of nub 106. Obround 15 bearing 128 has an exterior, annul ar
surface of amdeueiepbidiagrmatéantietslseriureo Sideired PenripIrydesiabovgd @ hi n aperture 124
and an interior bore 130 that is di nensioned to receive hinge pin 110. Bore
130 has a subefizatdl alang thetarludssdetosmdtinemraratps ot plorgatp ereraevigr ti cal maj or
axis, as viewed nornmal to the longitudinal axis of bore 130. Wen chanber
lid 14 is in2aRegpEAvPEST'Y ifoHat adendsdare!ichios ignaitognalzxsghgeasta® 20 one end
of hinge pin 110 will _ contact a | ower interior surface of bore 130. As
chanber 1id P4PR%E & ORBEF By NEh8 U-shaPae cieat-67ciend Prafisngat din 110 rotates
about a I8ngi t udi nal t her eof . e outer surface of

1

i Dur i t i on,
hi nge pin 16‘”?@%’??%%lxﬁlllg'eg?‘lfe&&ve\ﬂdteﬁrdbaggI%gwgrﬁ‘b'g%f%%F‘SFe'r’surface of bore
130. Wh [ i 32 ts t f i 1 in Fig. 2B,
0 attont or Leposar T eSk R b eRta T2 SRk ot it e R SR see 1 8 1
d d,t ) 0-1 i 5 th f ob d
boartng 1op B RERS SR EG s B sgop OB BuPafe SO bR B Bilard (o bor'o

130, Referr 09,40 B 0,2G 10 whlieh, 06 shamer g, 1A gepLdes in a ol osed

position, the r - peripheral 'surface e chanmber Tid 14 and chanber

base 5 18 boenﬁénaw%géébma%g%&gigg%ﬁ 1d BEYREUNPL LA avirgnhanced by the

further conpression 6f Oring ween chanber base 18 and chanber |id

14. The addi HLMam GRIERLIESSA A" fidE) X b P8 Rhgh 25/ Lisich) P MakifinPr essur e
differential between atnospheric pressure acting on the exterior of chanber

lid 14 and t Bgnena@HE bR auixtdi R 101 QLARSH dheboeiadRe theltoddiahg 3Rahbeges2a force
that urges chanmber 10 lid 14 vertically dowward towards chanmber base 18.

Hi nge pin 1l6haymanshmiues tvatddperbikyieadwlsemdvingmaiciah planaisseiche noti on due
to the presence of obround bearing 128. Bore 130 within obround bearing 128
af fords an adtliz'ibgnat. degree of vertical freedom for hinge pin 110, as
conpared with a conventional bearing 15 having a bore of a circular
cross-sectional preérihgto Rindmveding sdtidd 20 snd exitestation @B\aes prexitmatatol y i n
response to the forces that conpress Oring 51. As a result, the

vacuum t 2@ht reseadtivberawsen ehdgofPpocgaein@chrdnmgr 32 ang agradepiemfetbout t he
circunference of groove 50. In a preferred enbodi nent, the presence of

obr ound bear Bifigtlin@BofspigosdEs S HPe 6RY ARt PHOCEBSING shamber @rkdaglil noverent for
20 hinge pin 110. A pressure gauge 52 is connected_via tubing 53 to an
openi ng pr ovF@sn thinglperamsybsieptialippasiswrgaalgEenn’s anheRerati e to sense the
vacuum pressure within processing space 102_and provi des a pressure

f eedback si glaf'ng Ale &S8R 8Py 7Hr BRSNS ItpAal 6551 '?ésaa%éﬁ%{é'i'q%éwee manonet er ,

such as the 25 Baratron Capaci_tance NManoneter manufacture S
| nstrunments ' ative to loading adgranl 78b along the longitudinal axps of support pqatPo¥m|¥|é

25  so that the maximum width of workpiece 56 may be accommodated. For

11 -



-16 (Andover, MA). A bleed valve 54 is connected via tubing 55 to anot her
opening provided in sidewall 46. Bleed valve 54 is operable to vent
processi ng chanber 12 with anbient air or a supplied gas, such as nitrogen.
Referring to Fig. 3, plasma treatnment system 10 is connected for fluid 5
comuni cation with a vacuum punpi ng system 134 through a large, centrally

| ocat ed exhaustvepente 586 réih7dsovt bendaliglied ljovefvitle herdnéersizadieg 18t Vacuum
punpi ng system 134 includes a coni cal reducing nipple 138, a vacuum val ve
140, an exhadgige relatApisrsdsiamtialty i¢enscals hoadiyg sian il 489 amtrudepaigye 844. Cpposi ng
ends of conical reducing nipple 138 carry a first vacuum flange 10 146 and
a second vactharEantahplges tebinciFigsdip AaRNGURGrPaRigRa dengaie eltrmmeliZed t o exhaust
port 136 via a screened centering ring 148 circunscri bed by Oring 150 and
a plurality &hapidl RReasa Eranped a8ss-seliPreetledhanpdmensionsals symmetrical |y
di sposed about the periphery of first vacuum fl ange 146. Each bul khead

cl anp 1525hagdariehisey epbyegpfayf OMESPPPRAL Siisedasaast e d9 vbwetpiasrSt 15

conpl ementary | ower surface of first vacuum flange 146 and a bl ock portion
156 t hat furﬁﬁ Inj REPerge §¥1Huries ¢firdennshBnir!uief ReAYR 4BIAtr ecei vi ng
fasteners 160, Preferabl fasteners 160 are threaded bolts attachable to

Zzenirngs ha;/Pﬁbg'C@BWfﬂpéH‘fE%%‘ﬁfﬂ?eieﬁiF%? fﬁ%ligtorw*’@%kf;;ﬁ%t S%@%\V\%ﬂot '%t Sﬁsr§§b?t t om wal |

. To create a yacuumti sea ast ene are tightened to a

Pected PEFRUETDE RoHoH HETEay e a0 BRERTS (P GSUFEEAt 1 or

El??ﬁgeESS. thﬁ .val ve 4g C ?ri S nau er.. vacuu BI nI 0262y082222523
for fluid connunﬂ%%f&“ﬂngégcgn'Lﬁﬂﬁﬂ?ﬁ@%ﬁﬁ&?dTgfﬁwfgh Sgﬁgﬁamecuun1flange
166 whi i i.ed i i i Vi i 164
conpr | sod0n PRRSLHET e S THERInd T He B Ry e R EMITEN X Y T 0 ond &

Lhrough 25 bareBRIYSELRLE! 090! Buiiets "EOURLELOSULE ARy U1 9t ered.

an Oring 17 errng ring I's conpressed to created a

vacuum {1 ght o 5§y AT AL (Rad4lnahs ot Sul HilehEhaCaRRRARES for fluid
144 Vac 144

. . le
comuni cati on mnth vacuum punp Vactuum punp may conprise one or nore

vacuum punpss@ag WUk e 321 3PRRIE o bR PR&iZOAtaifHNBEYnBIdek Firad he art  of
vacuum t echnol ogy. A preferred vacuum punp 144 is a single rotary-vane

vacuum punp gfd hB&pb¥Re B @E4IheshdPY0. ERinneKaise uAhSRIdeosdacuum
Technol ogies Inc. (Frenont, CA), that has a punping rate of about el even

cubic feet pesctiohdpiddicans indimehsiothdeotsiddabE riicple Gedtettapce of processing
chanber 12, can evacuate 10 processing space 102 to a vacuum pressure of

about 200 niTpsriphenl é@RH8t, Bamfahedtsesl worgeeridsthe Al edpratéde vacuum punps
144 include dry punps and turbonol ecul ar punps. |In another aspect of the
present i nveattieontjesaf vizpneiodngtdd Hildredip Bafhit @addB@hyscapsaptuingeed on a
shoul der 178 on the interior of chanber base 18. 15 Vacuum distribution
baffl e 180 ibeaideledgeebDrigatieorpieased WwoRpiges @ datrgdnyadimg. Support

posts 92 extend from a bottom surface of support platform 88 to surface 24.

20 Plasma treatment system 10 further includes pinch wheels 99 attached

to loading station 20 and exit station 22 and a positioning lever 94. Pinch

wheels 99 are operable to make fine adjustments in the positioning of

workpiece 56 or workpiece 56'. Lever 94 1s operable to move along the length

of a slot 96 defined in the top surface 24 of instrument cabinet 26 and to also

25 translate vertically. A driving mechanism (not shown) Is attached to lever 94

212 -



plurality of orifices 184. Orifices 184 restrict the flow of process gas
toward the inlet of vacuum punping system 134 so as to divert the pressure
differential. As a result, the entire processed surface of workpiece 56
will be uniformy exposed to the plasma while sinultaneously allow ng

i oh- speed evaguation, of, 20 ACESSLAaR ANdosRLLaLad G0 AT oAnl speci es

during a plasna roce tion cuum % tron %F'e”80 al so
prevents gas sition of

wor kpi ece 56 '%%%WOEU é@ﬁé’l?@@ﬁ%f JT%@%%T“‘@%}hg’PW‘L%W'Q o st i buti on
baffl e 180 i r&gggﬁgﬂg an electrlcally25 |nsulat|ng naterlal, such as a
machi nabl e ceram c aving a mninmal out -18 gassi ng potential Sui t abl e

machi nabl e ceram g5, oﬂﬁ%% fuﬂhéﬂhﬂ&'ﬂ@s@(r’og%7%5w kA% fir ?ﬁ} E‘e present

conposite, such as ycal ex or Macor e aspetct

i nventiong c@@@@@;ewlébqtsla B IURUIAR S o oURS sUiSHTRIh heris amfhat | s

configured to symmetrically and evenly dtstnbute the 5 flow ng stream of

process gas Q¥gkh 4hHe ssHbiamgefsowRstkRicfRIDbuIPREH Eddeddd o seb&idl | N 28 of
chanber lid 14 includes an énbedded cavity 186, a process gas Inlet port

190, and a phuhigldck¥sokidaReidenrsRes 1R .66A% sty shamieddledirdt idfers 9as i nl et
port 190 is positioned mchanber lid 14 and is coupled via gas line 194 to

a gas mani f oloda, BR8N bEr&hilieftly fiddedpeiomiedbRed &7 P FRERItIGAShAGiNGERCESSI Ng space
10 102 As best shown in Fig. 3, the vacuum side of ceiling 28 includes
apertures 19284 6mdyfLEel intUdpeoerss fgastdchaimegdienty inkBblingat 0 processi ng
space 102. Preferably, apertures 192 are symmetrically distributed in a two
di mensi onal atovaye@shoubsitidnengliewrgbt ddé nakoraxamplefa poapgiessmirgliglzdnber 12 so
that process gas will flow uniformy over the surface of workpiece 56, and
t herefore, cerbrisBubdfesidecakS i nproving plasma uniformty. |In another aspect,
chanber base 18 further includes a power distribution systemthat transfers
el ectrical power Buromaavqkmpesroasting arerdton, wotpiee, Siadhlivased tydino- f r equency
(RF) generator 302 (Fig. 4), to ionize and dissociate the process gas
confined wit ﬁﬂtﬁﬁ]@fﬁ‘@cﬂ@%ﬁyﬁ@ sgﬁia@énqt@zownrh@dpm/é@n@i ig{qedingtsiasaisy) syst em

i ncl udes a power distribution bar 198 operably connected to the RF

gener at or 3028a.h opdfadingfstaiieng?- F@é@t"ﬁ?@@@ﬂ@f batiag patian Foare vaeelcect rode 202,
and substrate support 64. The RF generator 302 is operably connected by

f eedt hr odghs ”@G@H‘eb"’qr@‘?q?éGﬂﬁgtdfs%t”ée%[?bﬁfﬁ’lp?r M't'oﬁiﬁﬁcﬁﬂ%’ ?@Qera@ a powver ed
el ectrode for C aC| coupl i excitation en t he process gas
in 25 proces§| PERK 8?'“ @qlqurﬁggq 'Qi’“@reg%{?”é'lfs'f“él?'rP%g't’%“ Q%Weiaﬂ processi ng

space ect ely form an

npoveT ed: gPBURE" 6F DLt Gl e <A B cenanur” BALEBTE Y o ner
Ll uies £ GR80LRD 7Rk 90 TS S ARIEL SRR AUAGR Ag0R .
I ongi t udi nal o%&&pi@ée %aﬁlh' trQ\Pe‘?Qé g Q%Q%eﬂcw% rc%%ﬁ'g‘é‘o%gans 78a,b and side
20 ralls 66a,h. Opposed side edges 58, 59 of workpiece 56 will be slideably

received by side rails 66a,b. Thereafter, the positioning lever 94 will continue to

push the workpiece 56 until it is suitably and accurately positioned on substrate

support 64 Preferably, the center of workpiece 56 is positioned coaxial with the

central vertical axis or centerline of the processing chamber 12. Positioning

25 lever 94 then translates vertically so that finger 98b will clear the leading edge
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an O-ring 210 therein Each of the power feedthroughs 200a, b includes an
electrical tie rod 212 coaxially surrounded by a shield insulator washer
214, a chamber insul ator washer 216, and a bottominsul ator washer 218.
Preferably, washers 214, 216, 218 are conposed of a gas-inperneable ceramc
dielectric, 10 such as quartz or alum na, and each tie rod is forned of an
el ectrical coriduwctptace 56 e hevasocie pgercieddb iirintahposronal | oys t her eof . Power
f eedt hroughs 200a,b are electrically isolated from processi ng chanber 12.
El ectrical tie rodpRib2siedciongesesofleangedn hdsta222ppattitadurogposed t hr eaded
end 226. Fl anged head 222 is received within a conplenmentary 15 recess 228
di sposed i n twakpippepadsng frecaionflinget $mrakees lcaded 22" #rot pasltiesingi cal
continuity therewith and nechani cal securenment to inhibit downward
nmovenent . Ti deven@4 2% Rersxbe psessoMMREKDEECE BE dayhrdterd sigéen 22l Figores in shiel d
i nsul ator washer 214, chanber insul ator washer 216, and bottom i nsul ator
washer 218 THiige&fed penedsseg e ogtriice piekill swps i dsotbebrasndhe ppdessing connect i on
with the 20 excitation power sug | y. Bottominsul ator washer 218 incl udes
an annul ar | ciRembpiota drgrex 32tiet ig ‘g'id?§ﬂ9‘%ﬁﬁ8ér59d@faﬁmeé$edc‘mﬂ<@'ﬁ@o‘i% with an
annul ar upper portion 234 of a | esser second outer dianeter. Upper portion
234 is recei A58 CoRYRT RY sperd igysidDmis 852 Rat "V EhcAppesd [SaaFAREIN| ower
portion 232 abuts Oring 210 for a vacuumtight 25 seal with the non-vacuum
surface of flR6eResHRd Workpiecen s romplEdly @&POVB%%PW%"C?%”%F“Q%F 2hore 230 is
238._ Frustoconi ca si zed and

adapted to receive an Orin | portion 236 i

coml‘oi gured sdD'%%aWheé;rﬁgr@eﬁg@awr?%eea (}Dég%vgdh‘gfvart@'&g? 5%&}‘0%39 to provide
a vacuum seal .%eﬂtwe n the circunference pf fti r od go]% and bottom i nsul at or
washer 219 o C@Fg’ripﬁj@ﬁf RASYPN A ShRE PP A 16" FEH{SB??) 58@"6Et ween the | over
surface of bottom.el &c rode 202 and the upper surface of vacuum

di stribution BAFIRY T8°™ shi el d i nsul at or washer 214 includes an annul ar

| ower portion 242 of i i i i pper
portion 244 of a }aﬁg%? SeSIe”{ap c%ﬂ%gg{‘aﬁt% S%ﬂ%rﬁr%[a@rb.e%%ieﬁgbggg %‘%‘%r\/§&4 abut s

vacuum di strifptd 0800 t%lcg%éﬁ%ebggg 18 Bi‘é\g{eevjrgn BB%{% b&glo%flgs PPt rudes downwar d

into an opening therein. I nsu or washer 216 1s 1 nterposed between

the inner, boifpmafacs, 9hd kRBschasdeh, hasa hibswngd ib gy bewelingaur f ace of
the vacuum di stribution baffle 180 Chanber insul ator washer 214 has opposed

paral l el gurfac8an248incikads atTelst AP 3481td 10, HElBsst andvir iFid. acess that is
adapted to fit over 15 a length of upper portion 234 of bottominsul ator
washer 218. QppesestediH § aaredrationstipeRsg theSRPORBUINE SIS 3f Sfievdalldi ver se

di aneter that receives a length of |ower portion 242 of chanber insul ator
washer 216. Haswvenrerchad9ehias 4as tdntieaded iloneladapbsibnt ohametiee iawid h t he
threaded end 226 of tie rod 212. \Wen fastener 239 is tightened, an upper
surface of 2@nbohsomeribasaldbamdwasherm2igl morgssieg spacel W2eamgages O-ring 210
and is urged upwardly thereagainst to create a vacuumtight seal between

t he exteri or fofexameledinbighd®. base 18 and bottominsul ator washer 218. An
upper surface of fastener 239 conpressively enga%es O ring 238 disposed in
frustocorOcal t apeachiBackeio! Mriecitdess WralkaPeMOIAIgHO* geak yetlleen t he

circunference of tie rod 212 and 25 the inner dianeter of bottominsul ator
washer 218. -Jmounted with fasteners 108 to a non-vacuum side of sidewall 46. Each brace

104 1s carried by a hinge pin 110 received within an aperture 112 near the bend
in brace 104 and within a coaxial aperture 124 1n nub 106. As shown in Fig. 1,
hinge pin 110 1s shared by both brackets 100. Returning to Fig. 2A, one end of

25  brace 104 1s connected to the non-vacuum side of sidewall 30 of chamber lid
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Power distribution bar 198 is attached to threaded end 224 of tie rod 212
by two fasteners 256, 258. The top surface of bottom el ectrode 202 engages
the | ower surface of substrate support 64 in close contact so as to provide
electrical continuity Therefore, electrical power applied to the power 5

di stribution pover..d98edbortebanNstes i 64 nkiued ér?ade%jrezﬂ-% ha réémts&at e support

64, which itself functions as a portion of the powered el ectrode Bottom

el ectrode 20Z.aRskiay RRt118tieat SUPRPEHar&bpbdn Brgber@bl y formed of an
el ectricall yconductive material, such as alumnumlIn an alternative

enbodi nent, bot t ogb&leGid 9de12Q%umRy aBEcreanPaseref 11@ &ham ¢ such that
substrate support 64 10 al one constitutes the powered el ectrode Vacuum

di stribution Raklihgy 8Req Blesr ddead aipistétetoai 120 abevedraalistl fansiduens as a
pl asma shield that reduces the RF field strength between the underside of

bot t om el ect rQpiRIe?Odidartathapherodase 1urthsr ifiudes dhtapertine (Rrasma wil | be
intensified near the surface of the workpiece 56 held by substrate support
64 15 and t hehpowest s td, BRd taNirear fvt, mpartpreas npwith @#ahr@aneash wor kpi ece
56 will be mnimzed Further, the configuration of powered and ground

el ectrodes prsddcesiana®ey ectié corfreetirdy dabst aridial Pigtopespertdscul ar to a

wor kpi ece 56 residing on substrate support 64 such that ion trajectories
are subst ant iaabptyd fre repgnckiatiod @reat, oetticel rsetichacehatoraraliOotai peotwor kpi ece 56.
20 Workpi ece 56 i s advant ageousl y-positioned in processing chanber 12

havi ng a ver tabodlhingesirt 1 @rio saMgsdvanthamtey i N4 elpleamen hadif pabitay abeét ween t he
ceiling 28 of chanber Iid 14 and the top surface of support platform 68..
Rel ati ve 1o lkrbveed pbsiiona Asrsbatmenftig s3fstteerenposehend ofdidiactatel 12his vol ume of
chanmber 12 for a high punping rate and precise positioning of workpiece 56
permit rapidafBepligsmaoyntioc e WP tate UL cerPopdishper)erithin 22 Referri ng
to Fig 4, the plasma treatnent system 10 includes a gas flow control 300
and an RF germ&{THE6Pt @bPec¥hnected to the processing chanber 12. A treatnent
system control 304 receives input signals fromvarious devices within the
pl asma treat ment R§fetiaadons AR prsasaes dbieRiesest gnantientd dpadte 5 the gas
flow control 300 and RF generator, 302 The co tr?l 304 is al so connected to
a progr anmablPE2§Salshiit Sidiglresehted M aleArsHg e {%ﬁé) MHR &9% S2¥OW%bvi des user

i nput devi.ces, for anpl e ushbut t an switches, etc., and further, has
out put - dei o257 o BEzamp PRt GHLE S S AFLRr&) YeErEERIPRY aby al | ow ng
the user to follow the status of,,t ration | asn atnment 10
system 10 ang 'C(t:'?)rr‘l%wyF)'rw'fnt'%apoeﬁtgrrea{‘zld'oar%%ﬁ%gﬁtgﬁé{tb(r%{ﬁ @Othgtﬁnsagmﬁe@ggﬂ%/d’(t%ype of

m Cr opr ocess ol ' I Il i c @gapabilities.
For exanpl e, (‘)i?e;p)“r@z‘g%ﬁﬁgﬁ% Blogbg?lécd}%g%?gr%lsiag?é@Sgﬂ%ggssI\%gteﬁ% taflig}?@%t Logi c 205
manuf act ur ed vk Keyadtl CARTE GhAL YorHeRld B0IRalURm A gk o Dl rect of

Cumm ngs, Ceorgia. Fu , e graphics user interface 306 is also 15
manuf act ur ed when K Rbé A 1t4h‘.§5‘in@n{d%§ﬁ pb Q@ ad QRN Fis 28| SRng@msrEr Ci al |y

avai |l abl e from Automation D rect.
20 one end of hinge pin 110 will contact a lower intenor surface of bore 130. As

chamber lid 14 is pivoted by the lid actuator 122, hinge pin 110 rotates about a
longitudinal axis thereof. During rotation, the outer surface of hinge pin 110
remains in contact with the lower interior surface of bore 130. When lip 32
contacts the surface of O-ring 51, as shown in Fig. 2B, lid actuator 122 will

25  continue to extend so that the chamber lid 14 moves downward to compress O-
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Normal Iy, during a plasma processing operation within the processing
chanber 12, a plurality of process gases are mxed within a mani fold 308.
Exenpl ary process gases include Ar, He, (02, N2, OZ, CF4, SF6, Hz, and 20
m xtures thereof. Each process gas has an i ndependent gas supply system 309
conpri sed of a ur f t , i sol ation

val ve 314 aﬁ'88a595§ %gootpgﬁ{/ea%rgcee Cgfgpol%ﬁdtbhge)rmgggﬁbrﬁ'géévﬁépg&f v(be%g%ses, for

exanpl e, Ar ) re.woul d be two i ndependent gas supply
syst ens 309§%H§g§%eg@%§#¥§§%'8%9§5§050urces 310a, 310b, nass flow 25

controllers 312dze@lehia Al Ofc BlousamBlan 143140 A0d algnoi d val ves

315a, -23 315b e appreci ated, any nunber o tional gas

suppl i es 30?[35'(.%,tﬁé@m@9&%%%@egastsgrf5&eofw%ﬁa%@r&984 %dcr%ﬁrbgrn pdi tional gas

will have its own gas source 310n, mass flow controller 312n, 1solation

val ve 314n ar@@o%ﬂsﬁ?@ée@sﬂ@%b’a%iaa@5.”-Th§v%dﬂ1uﬁ1dé$iatlis‘éﬁhatn‘%e& pAgRendent gas

supplies, the gas ow control 300 includes vacuum punp 144, vacuum val ve

140, sol enoicdm¥akY6n 3A3.nAN 91 BERBEH ERarBIRBRsE 7 ThEcHRhRBIR {4 efldment system
10 is highly responsive to changes in processing paraneters Therefore,

pressure gayg@tidral kSmpba6Rhiiohtd PSR sPtsndniite)prdRBulchiGhiarber 12 and is
fluidly connected to the chanber 12 10 with tube 55 of an advantageously

| ar ge di anebetuech AImESAEMR Ressardladhfg oh fehextiraneteembebiRl {Ehgdgas Tl ow
control 300 further includes bleed valve 54 and its sol enoid 357 for

bangi ng t he vacweesisimgrochamenarhBebackat apprdsmdphenitardysedsube at the end
of a plasma processing cycle. Again, to mnimze the depressurization
process,10bl éed4 verdivaely ddwnsard coweatd ghambck bsee & aXngd iy 1t ©trédedatdd processi ng
chanmber 12 and has a relatively large fluid conmuni cati on openi ng

t herewi t h. Véisgllytahe widh eddmuldianevésde maton te to dpabesdancy obbbrogtdur ni ng t he
processi ng chanber 12 to atnospheric pressure in approxi mately one second.
The RF genevatrowg 1202 is conprised of an RF power supply 318 providing RF
power to an L-network tuner or inpedance matchi ng device 320, for 20
exanpl e, a pair Bfre V3@ b ebraknd eeasiaei1EdeEordReN pedikanakdaspteyof302 operat es at
a frequency between about 40 kHz and about 13.56 MHz, preferably about
13.56 Mz, #Hpidca fgedast fpeindean 1dBotR CONRREAL ¢ eheP BB i@t t s,
preferably about 60 watts to about 400 watts r fromthe variable

., RF ) .
ai r capdeit BréNg280reha Cir@J'%EﬁfﬂSiS'eSBCW@Pprﬁﬂe'oﬁf‘?m?éarg\é\g“f%ﬂ%ﬁfﬂst rate support
64 (Fig. 3 i t hi 5th i hanb 12. A it 320
Chcl udas = MOVabPEc at @S5S S EE et BA TR BrF 50 TR Bl t her has a
h trgl 322 that i d . | f eedback sij i t 323
b the cont 8231 B Reb{FR 1B aen S She AL e808br o "ol at e Connect ed
to a not or. gi?c%ﬁgrgnéeugfpgﬂ%&?%g;gma%gg?ﬁ%d%%toﬁﬂlen%%@e p]irggéncgropv' des an anal og

f eedback signal on an i
obround bearing 128 provides approximately 50 mils of vertical movement for

20 hinge pin 110,

A pressure gauge 52 1s connected via tubing 53 to an opening provided
in sidewall 46. Pressure gauge 52 1s operable to sense the vacuum pressure
within processing space 102 and provides a pressure feedback signal. An
exemplary pressure gauge 52 is a capacitance manometer, such as the

25  Baratron® Capacitance Manometer manufactured by MKS Instruments
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5 the control 304. The control 304 utilizes a known PID control loop to
provi de anal og command signals on outputs 328, 329 to the respective notors
321, 325 to nove the plates of the variable air capacitors 320, 324 in a
known manner. The PID control |oop of the present invention utilizes a
control algorithmthat automatically provides a variable gamto inprove

per f or mance (ahqdvBe M. Rodany e sandidinensd I‘Iaeumggw U8Rt ofdind eedback
signal on the i nput 323 has a range of from-5 volts to +5 volts and with

a constant gadudeeMS Liesyalass. tm@edr%%lmugiep@tamémefnegaé@@% qXhgRaL, noves close
to and through the zero crossing, accurate and stable systemcontrol is

difficult. FaaaﬁﬂaﬁygﬂtbyorgQ@Xﬂgu@bggu@fgsdmbg@nflxed value that is a
conprom se between that needed to handle 15 | ower signal |evels while not
letting the contrekrsysd B8R Spladmatieagheibghen 18igmmhedigy el 8uidThe result is
a generally conprom sed or |ower |evel of systemresponsiveness and

per f or margc e cotnhrthichan withea tdcoemmeaipingeystor1 Mheocens rade, system to stabilize
is longer. The present invention continuously recal culates, and dynam cally
sets, a gai mooasddushasst aort UTEhibotorofvall ldé OSDtg!nraierS£S’eeT&gt\}‘laCOilmt he 20 feedback
signal on the input 323. Thus, the PIDloop is critically danped, that is,
it reaches ausipallsgstsinatie irglidek byomrad!heducmgmippiem 38f a ev@ushadie |1 n ot her
respects, the tuning network 320 functions in a known manner to match an

i npedance ofl4amnRxhsys vemugorpriis @dt gfowan aRF acatpun pohp e RF power supply
318, the tuning network 320 and the RF | oad presented by the RF circuit

wi thin 25 the proewssirrgdeblaavhiel reduany eprledss edriafseldancen Yatdse, for

exanpl e, 50 -25 ohms. As will be appreciated, various limt or proximty
swi t ches!033048eed atsptdngedcium Bawedat F@ﬁ VARYUD Yange dperssronpectet o t he
processi ng chanber 12. For exanple, limt switches are utilized to detect

t he respect |e?ﬂé3Lt§bléfPféH36a%3 é‘Frégré}-‘tﬂj C;%Eei”t‘@ ons 140 ScueReipsERY G-I Fig. 1 ) of
t he processin r 12 an ovi a state feedback signal on a
respective Pﬁgéﬁm%@ﬂyQﬁm$ﬁ%@%@ﬁTP%F5%dﬁ””@ﬁ6§@mPFﬁ?%a@Mntches may be
connected to the lid actuator 122 é g geratln the Lid 14, may be
mount ed on CHBMEIGalAsPgrehrarst WE S8 Efrﬁﬁ “ﬁﬁ%'% 848 ERfiL 1id 14. A

imt itch | I dt tect .t d t f k
DO Y 5oL kRSt g5in RSP HRSaRIT BB D) YT P e

comer ol gl | Yo AXALLARL el Mol SMPH SENIERRL A o1 | uoé@pgaagm | sm

nechanlcal contact oximty or position of an

obj ect  The qeé)&hg?fu%eﬂmﬁ SN B3 B8 Oy BT [ycaeegb.ngav%de@'e i mi t

switch is dependent oOn e application an erence e designer 15 An

end point ofis@ plAsHRy, F?és‘?é%‘%?ﬂéb%r&%éé‘-‘deﬁ%lt??tté%ﬂéﬁé'EH g8 several ways.

The plasnma treatnent system of the present invention ﬂ as a very high |evel

of control; haney &Wl%g{@y lﬁt@'ﬁ&llﬂhf@%ﬁ@- R SERHS INNHBIEYGIR 445 TRI ghl y
repeatabl e. Hence, with the plasma treatnent system of the present

invention, thetCOHMUOh- t@%e@pmeénle];@, 160i dré BGRer@A th Blopddafcicditd@le t O Measure
the duration of the plasma 20 processing cycle In sone applications, an end
poi nt debecinod p@BAnddseqpeaicatsb\aelieyuniformly compress O-ring 150.
Vacuum valve 140 carries an upper vacuum flange 162 connected for
fluid communication via a vacuum fixture 164 with second vacuum flange 166
which is carried by conical reducing nipple 138. Vacuum fixture 164 comprises

a removable clamshell clamp 168 with a wingnut closure 170 and a through-

25  bore centering ring 172. When wingnut closure 170 is tightened, an O-ring 174
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connected with the processing chanber 12. The end point detector 334 is
normal |y a photoelectric swtch that changes state in response to detecting
a desired and particul ar wavel ength of the light of the plasna generated
wi thin the processing chanber 12 Vi sual comuni cation between the end point

25 detector 334d%nd Hhe intqﬁhor ofrtQ% goceﬁiiqg chapQﬁr 2 may be

achi eved by @969 %Y GPRENGHY Y RE GRP HoTAfC deF&degFe 4819 setlgh t he vi ewport
34 (Fig. 1 gr mount i t he. end pai tector 334.w thin an opening or
hol e (not shéﬁﬁw“V%V%”ﬁgﬂﬁ“aﬁ”ﬁﬁégﬁV@%%§§¥ﬁ§“c QH%@F%%ﬁTN' eation of the
gas plasm Wﬁghi &F§1ﬁ{ocessing chanber 12 produces light. Further, the
wavel ength o ght 5 changes with the conposition of the different
materials wthi e I i r . _For_ex I with an

et chi ng process?Végupﬁgﬁggéggﬁgéﬁﬁpé?%ﬂﬁgaﬁﬁﬁfg%éﬁ¥£kﬁﬁ%ﬁ$%1%ﬁaron1the
surface @f I - i r t he pl asma
W1l b 3 1 CacerEE Ry By e BB R0 ol Bl O e Blbo BB ot "t rose

materi al s A@ggﬂmggnggﬁﬁgggapﬁpg$'éu %Rﬁkﬁﬁn?@ﬁgoﬁﬁe. en etched fromthe

surface, conti nue in a inati'on of atons of the

nati ve mat enil bl ddig WOLKRIRC R VeBRAISPLAIAR T atmeanbi nat i on

produces a uni que wavel ength of |ight which is détected by the end point

detector 334n)ang HaB8 p@%%@%}é oPHLUPERVE AE DI Fe bl RARNESHPRGKn S| gnal on an
out put 336 back to the control 304. Thus the control 304 is able to detect

15 when thedDé@ﬂH@h@hQ@ﬁ@%iaﬂ@e Eb&skifig eRambStiedeaphsacddiat f eedback signal
changes state. Fig is a flowhart il?ustrating t he operation of the
control 1804 ptdtebdiR] BN ING aavabiyrh pAdssiea$ BBoUPLOT BSBirNYleSyBbe. At 602) a
part transfer cycle is initiated During that process, the control 304

provi des coahand xegsraks Alt@nativaacomnt pahpetd4inctdsdhroponps bed causes t he
positioning |l ever 94 to nove an unprocessed workpi ece 56 into the chanber
12 bet ween tuneorsole@ilarauigs.78a, b. As the part 56 is noved into position, one
of the limt switches 330 detects the | oaded position of the part and

provi des a st at dntedtdrackednf the pespeicvengon @tvaaturd 8ittribotidnieffeont r ol 304.
Upon the control, at 604, detecting a change in the 25 swtch state

i ndi cati ng fBats pokigonedran 4 sholideded, ontthe intesier piothag04r pasevibdes a - 27

command signal on an output 337 to open a sol enoid val ve 338. The open

sol enoi d°338agiunedsisbyicaSatlieilBets aliat efonedtt Rl tiraricertlabiit e, for exanpl e,
shop air, 340 to the lid actuator 122 in a direction causing the |lid

act uat or 12pfARIvEicendst i Qs 84 raskictingdlay %B@Fﬁs(ﬂ?s@i’éargfhet he limt
switches 330 detects the 5 closed_position, changes state and provides a
state T oedbU osTGHAN PHHPRS FUSTRARE 98 oF HEIerG88 PRGSYRENEG ol | 304,  Upon
detecting the lid closed positign, .at 608, the _control 304 then, at 610,
provi des a St GHaT"o&P YR PEGERE Sgﬁ%xﬁgﬁﬁgﬁﬁc égﬁﬂ@b%8P§HHVd 341 to open
the vacuum g)?plo\égd &JATRe IBQH&'? Evﬁfpeescfllﬁﬁlltélﬁeogély gli]b%lingt mgh-géje%tdreggcu%gén of

20  process gas and sputtered contaminant species during a plasma processing
operation Vacuum distribution baffle 180 also prevents gas flow to vacuum
pump 144 from disturbing the position of workpiece 56 upon substrate support
64.

Preferably, vacuum distribution baffle 180 i1s formed of an electrically-

25 insulating material, such as a machinable ceramic, having a minimal out-
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10 establishes a pressure set point equal to PRPROCESS and initiates
operation of a process pressure nonitor. Normally, in a plasma treatnent
system the chanber 12 is evacuated to a desired and fixed partial vacuum
pressure prior to the start of a plasma processing cycle. However, the

Aol i cant s chaegadrBad nar FRRGRE e R b Ty o PEuRR S e i be
rocesei ng ot Sastr bR AR Adb R IHEER BOPUEMET N B T essur e range
W thin the chambarERer R o B R P B B Bt the
present inveﬁét}.maoﬂgyﬁé@w&terc%ﬁﬁdamegc%@ggﬁ%rz%aw Mdevehbh BHAIPL S 250

mlrorr, is determ ne adding a t pressure, exanp 50 nilorr,

to the n i for , ' rr. Further,
o mlowng@egmwfe§%§§ rﬁi}atg,o%ﬁﬁé 'éﬂr‘?acelo@ No%gg%g s&&ﬁgaﬁy

a | ower pressure boundar or exanpl e, orr, eterm ned by

subtracting dfifg 9B P &laneP P Relub &y arPeRERIIEs caty TRO S r,oéefsgg]ag he normal |y
used processing pressure, for exanple, 200 mforr. In tFF‘lI s exXanple, the 25

pressure nDNhkOorSKRL S4B £5iLaRyIoE BEstUdte1 0Tk YsHRGh PHOSESRENY pressure
of -28 200 niforr as the pressure set point, but the pressure nonitoring

system wi | | netpssetooadipahiangd ArchatBer i searndnPasipiddim gRenatibpr of the

pl asma treatment process as long as the pressure renmains between the upper
and | ower baugedanynifoldBos$rigf4)28GreWlORd a Brdessodhsid prokesdiresdpacd i vel y.
Therefore, as long as the vacuum5 punp 144 is running, the control 304 is
moni t oriTy tte iAspett sB48n whAighs, tre vacowh didagf eeilpigesandeicseediask si gnal from
the pressure gauge 52. Wen the control 304 detects that the chanber 12 is
evacuat ed t 01925Q m#diny prdches gasropl et 188 Ingt @mptesdinGispadet @aeously wit h
starting the pressure nonitor at 612, the control 304, 10 at 614, provides
command si griatferablyerpdrivessoldlpurt synBddicBid @istroutpden atwo diespgotdlve nmass fl ow
controllers 312 and isolation valves 314 Process gas is introduced through
process gas aml eboyidie lon@Odiag! axispf etheeesing shethbel BIvq hekprogselyaas 5- 100
standard cubic centineters per mnute ("sccnt) for Ar. The flow rate of gas
provi ded by “lhiovwrargformly evierdemsyreice ef worsaigcedfd ant éepiongi erjtrivatetoof 15 t he
vacuum punp 144 are adjusted to provide a processing pressure suitable for
pl asma gener@PP¥AY 8ESTRANIIEWBYequent pl asma processing may be sustai ned.
Processing pressures within the chanber 12 are tyE)i cally_on t he order of 50

to 1000 mrorr and 3PBEEFSREPFYyChantenRaseAifgEtaR inchisies § Power distBPYion| n cont r ast
t i t W th i h 2 i ti | ted 20
Aty TR e R R e U e
initiall Lent ai , . ol nbodi t,
the mass 1 o oRir P B T3i8 %k, BLrd AT Pee J00Rtce b rat e of 30

sccmto t heg,wcgrgig% &gfiﬁgﬁmﬁ{prx\%g#ﬂagﬁceﬁ O\éplTHgﬁowgr &Q%Lﬂéh mat el y 0.50

liters. Thu gases are ‘exchanged w thin the processing chanber 12

appr oxi 159t eLyo @A d s LiBRS: B8fioReh 83os\Ricrrly AfihLLOnR) npRaS® L1 eat ment

systens exchange -
generator 302, a pair of power feedthroughs 200a,b, a bottom electrode 202,

and substrate support 64. The RF generator 302 is operably connected by
feedthroughs 200a,b to the substrate support 64, which serves as a powered
electrode for capacitively coupling excitation energy with the process gas in

25  processing chamber 12 to Initiate and sustain a plasma in processing space
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the gas in the processing chanber approxi mately once every five seconds.
The higher gas flowrate of the system of the present invention inproves
the renoval of etched materials and other contam nants fromthe processing
chanber and al so m nim zes the deposition of etched materials on the walls
and 5 tooling within the chanber 12. The control 304 continuously nonitors
the feedbackosi gRahbedNd thend ERuibeddS8sd 1O0BIENRIPIRES R pBRALEE, 54 Which is
continuously measuring the pressure or partial vacuumw thin the processing
chanber 12 AioufdBiecttdte control 304 detects when the pressure in the
processi ng chanber 12 is equal to an initial 10 pressure, that is, the
normal |y used progessi ngopirasssr easel BSuttine irefiisetvaqsreemys eovdbue, which, in
t he exanpl e above is 250 mlforr The control then, at 618, provides a command
si gnal on areceué powerdeditiroudhgrao0ah. therckEr grover 208uppdryediifally However ,

i nstead of providing full power fromthe RF power supply 318, the control
304 conmmandgispdyed Rboytiwetensaipphytudmasappbieaonbyersng0di fouecdibngpower | evel
for exanple, 30 watts. Traditional plasna treatnment systens initially apply
full power #Otring 2P0 deessi Bgchodiambearwel 2eaditaoddie 200mb ingludet wor k 320.

Creating the gas plasma at full power often results in plasma spikes,

el ectric aréesslriehes gpgd Hdtcospalysurrotided barmoneld iesulatndvashee? 4, anst abl e gas

pl asma. Further, since changes in the gas plasma result in a different RF

| oad 20 i n ¢heebsr veesior weshehahtbhend abottemenyyipdtralsiseergd8. prefgadlymakes it very
difficult for the tuning network 320 to match the inpedance of the RF
systemto ava®es &d. ?/hﬂ,géf} aecrewgerhef a/9aspipprpimeablalcelarie diglerig t he gas
plasma at full RF power, a substantial ampunt of tine is consunmed waiting
for the!Pl adtfh 26 Guatzaidymiea e KRE thedps BEBS PRy LariifBetoNdvCteind

thereafter, operating the tuning 25 network 320 unti| the desired inpedance
match is estBIPs SARRE™ WPV Y SiPEsiiereosd ower feedinrmugns $Y%R#feof the present
invention, initially applying a |lower or mnimmlevel of power, for
exanpl e, 30°'GEL¢ YEP@“FH@%%Wg?%ﬁW§2$ﬂWB@“g%e plasma in the chamber 12 to
stabilize very i ckly wh [of0) red.to traditional syste After turning
on the RF power%Eeﬁﬁlﬁf‘veﬁ%azommﬁgesrﬁ %?r}gﬁ%hﬁ%%%z Efng\fé‘l%pgset%ﬁe control 304,

at 620, ex t a i1 | is. del i permts the

ol asm at (HE e powseeT Boay 2ot L tP ut R BheBAl R BT 620 e

cont rol | S04eb AL RS LG, ARSTALT QDL oA AL L HB) BEYR © o

aut ot une control ch' e alr capacitors are used to match the

RF inpedan%n@@u,@%&w% ﬂgchgﬁﬁal%EWET%HQQﬁ%ib%Jd%w%%dt%e%n{ npedance of

the 10 input o he processi ng chanber to a desired inpedance, for

exampl e, 50ri@hm212lUIdnAY bRt ar@iRERFShe 8PSt SRARRRKNSIZBAl s from the

phase magni tude controls 322, 326 are provided on respective inputs 323,

329 of the aynkr 214, 3mbel MBuUIBRAIWaSher@X 8 CAHdED Itam Mot Miaspdr d160p and
provi des command signals on the outputs 328, 329 to operate the respective

nmot ors 321, Tr3&mes kot 2Rh atotrudes syonvdbotalal walad4 focapmectioandth320, 324 provi de
the desired i npedance match. The control then, at 624, determ nes whether

t he tunithg exetationkoB20subpig. achi eved the desired i npedance match. Wen t hat
occurs, the control 304, at 626, begins to ranp the power fromits m ninum
| evel to a naxi Bottonh eselbtor aasheag 18 melugeswer airsilar hovee agdid) 28hef &control , at
628, continues to operate the tuning 20 network 320 with each successive
power | evelfirstPhtes diags tar hentoonts with grogresilar upper portion 234 of a lesser

second outer diameter. Upper portion 234 is received within opening 204 so
that an upper surface of lower portion 232 abuts O-ring 210 for a vacuum-tight

25  seal with the non-vacuum surface of floor wall 44. A frustoconical portion 236 of
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fromits mninmum power |evel to the maxi mum power |evel, the variable air
capacitor 320 is continuously adjusted so that the inpedance presented to
the RF power supply 318 remains natched to the desired 50 ohm | oad.
Applicants have di scovered that by maintaining the i npedance match while
ranpi ng the pdh R POUSedUB rE QiR OBy BYM FeVekonidl 54Ak biggd gas plasma is
achieved at full -31 power in less tine than if the RF power supply 318

wer e initialsl¥dbh BefgdRdke ta &-MRydIsumpewsipleyel viandidberigpedance
mat chi ng operation executed It should be noted that as the power is ranping

up to its naxivinen JRuEh sediRiAGRSSr@ASaEN@RIE hE ke RGkiboasgh the

processi ng chanber 12 at their 5 desired flow rates and the vacuum punp 144
i s continui nguta@rdepres3pri ze the processi ng chanber As previously

descri bed, a range of operating pressure was determ ned by processi ng many
wor kpi eces usi ngstdéifi freuient wates @ss 1pakaet € bstweblsinB govidrBLtade @NMpi ri cal

nmet hods, the maximumrate at which RF power can be increased while

mai nt ai ni ng battdroBRAtrdYe Dphe menaseabstacd Of delenrbistediiomabsté hgd. maxi numrat e
of RF power increase provides a reduced plasnma treatnent cycle. If the
control 304sShatd 680stodedstent ridscitdes dRRenpoelbwesparidn 242 dftagirstaxi mum | evel ,
the control, at 628, again increnents the power |evel and operates the

t uni ng net wdiskneB2 Iht¢@almathcm anhelar ngred apten 64 thegrdaist seadndalteae. |, at 630,
the 15 control 304 determ nes that the power is now at its maxi num val ue,

t he control dieheter. dppE3Rtchedi asutryatuloT {intgbfiton bafiledilpod weof t he pl asma
treatnent cycle while the power remains at its nmaxi mum value and the plasma
treat medf ppPoBessiTortridasaownpRaid g 28 qpeaisaiere@at nent operati on,

contam nant species sputtered fromthe surface of workpiece 56 will be
evacuat ed from prieeessinagateowaiige 819 92ntoiraseskirivesn theinendetiemong with the
fl owi ng stream of process gas. Plasnma treatnent system 10 is optim zed to
enhance bot AUtas8 & Fgtchambeiiapd i fiep§ thefloOwsrasface ¢ é YAsHEMand syst em

t hroughput. The control 304, at 634, checks the state of the feedback

signal on t A&TPRIAMD2EE! 80, GPTRE IBFIHEIR0T A e tietRasPPaseA RAR!kt er mi ne

whet h th i le i, lete. In th i bed

enbod: ment . STHEER Ao SoTe el rghe 155 ERnGeCs abfr A Akl ned by the
dpoi d t 334 det i iLcul th of light of th

ol aora S pEoeeR B B 2e” P BRLhb s oY P T e e 508 s i 11

be_appr eci abagy oy I 05883 |410s Ao A5 A5 WIRELer O WRLKR! RSP Ng di fTer ent
P ers, the anount o I e require to P

processi ng parane ocess a workpi ece

can be det el%%ﬂé&néd‘z kL esdratd Leoredadiognt, the control 304 can start
tinmer at t [

an interna! _ e sanme tine that _the aut ot une control is started at
622. The timer I3 RE 139 htaQ%tﬁr@Q&H’&itbc% alid &y foeskiL Dvﬁﬁ'tﬁe%r%%@é?cﬁss a

wr or kpi ece as was enpirically determ ned Therefore, when the internal tiner
expires i ndégptiong idRoMD. Alnd¥asteh@IBe iPfiPeR e8] dHupper surface of
20  bottom insulator washer 218 compressively engages O-ring 210 and 1s urged
upwardly thereagainst to create a vacuum-tight seal between the exterior of the
chamber base 18 and bottom insulator washer 218. An upper surface of
fastener 239 compressively engages O-ring 238 disposed in frustoconical taper

234 to create a vacuum-tight seal between the circumference of tie rod 212 and

25  the inner diameter of bottem insulator washer 218.
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10 cycle, the control at 304 detects the expiration of the tiner as the
endpoi nt of the plasma treatnent cycle. Upon the control, at 634, detecting
a state of the end point feedback signal on the input 352 representing an
end of the plasma treatnent cycle, the control 304, at 636, provides a
command Si gnal on its output 350 to cause the 15 RF power supply 318 to
decrenment or rﬁ?%ﬁhﬁ”@!ﬁ@”ﬂarﬂ)%@/\é@tIPFIEﬁ?\IPIIEer%@?FQI/@ rod@1Rt s i ni mum

| evel . Normall t he paower is_vanped down fromits nmaxi mumlevel to its

i ni mum | ev8Y I%faﬁtﬁ%erééﬁ% 204t énald St“FIG%e OlpEPM gtEClrathEiZeigagese peri od, as
s reqwred to ranp the power @@ {% sI m nimum | evel to its maxi num

| evel . Upon IIEH%W’%f&HfI?Q?IO@I‘IIZF”&I?t PhgY ’rhﬁosgﬁf’taf%asttﬁé’rwepomr 20 supply
318 is providi hg power at he control 304 then, at 640,
the control eI§6tﬂg?Iﬁ8'&tW§‘ti I:’;IIe efI‘PIE I’-IZI%CIII@I%P%WF ?QIWHB&”%IPO“I%e M ni mum power

I . T t h 304 f th t trol
and cxectt e kDI TP | So SR TG R URT B 00 Ao Rt ol the

Tr ad I I
5 o TR R o S P
u iS i i
out put from [I% d%l’—u\ggté%\%?u@ﬁr ?fre I%bﬁeé%bq Iﬁﬁégg %%%Irfcaﬁfigl eis stngoed,
whi ch may b@orgmg%mt &0k gsgm.nhﬁwv% an SRARalb Tl infefloied Lo for the

t uni ng net wor dance contrast, Wth the present
I nvention, gb.dde 2%9% fbe%o?n}ﬁ%}% ofIaIL%ratrHE‘%M tRSLBLL té Su BH%QI to mni mum
power . Thus at the s rt 0 € next processing cyc the RF power

supply 338 é;gngwr@@tqtegrhet&wggg dn-seewer , the tuning netvvork 320 is ma
state such that, either, the desired inpedance nmatch already exists, or it

can be quickly {A4BE ai@tn@utmtt@me PMonie¥cbdidn bR BEof alkhe,BFoySt em can 10
result in cycle time savings of up to 15 seconds. Next, the control 304, at

644, stops idhepepasakitathatedubss Iaé%swcestrm@thtt@fw@mh@m@rg@@oﬁormand
signals on the outputs 342 and 346 to cause respective sol enoid val ves 341
and 315 to wiesecth@dE e6Pesd inaembeassemay dsvereddf) tansladrsohatieon val ves 314
Further, the control 304 provides a command signal on 15 output 344 to
term nat e tihenfifiewied eheafurfgase shd hortpighe Sheclappeastiaat ®ippass4 f | ow
controllers 312. In addition, the control 304 provides a comuand signal
over anioutputth@béwvtrandamsdo sefema pasrad reat@86it daoh epemidchéébiiieed val ve 54,
t hereby depressurizing the processing chanber 12. At 646, the control 304
det er m nes hehamimined prusbsiuie aantdvraiionivé ppreeesad aguchalrberdes? is
substantially equal to 20 atnospheric pressure This determ nation is

normal |y meiedusy anipecEisrieldoiubeigntingy aprPERiafaide ationwieceSoieddod e a period of
time required to depressurize the processing chanber 12 with the bl eed

val ve 54. THetLafitesurreft 6g44ch IhﬁIs‘OEHﬁIeF@I'e%@'& SHPYF@Y a command signal on
t he out put 337 cau5|nq t he solen0|d val ve 338 to change state and reverse
the oper at iRSPOAIHRE ey syecs apare! ?ﬁtﬁe"@ PRSELPEafter, at 650, the control

304 det fOCt st haINotrIIIp?ece 5% lslgIdvIarSItaéchuSsIey posi lonedsm pPo%rngs(IIng-c amber 12

having a vertical position substantially in a plane half-way between the ceiling
28 of chamberlid 14 and the top surface of support platform 68.. Relative to
known plasma treatment systems, minimization of the volume of chamber 12 for
a high pumping rate and precise positioning of workpiece 56 permit rapid

25 plasma processing at a reduced power level.
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position and initiates a successive part transfer cycle 602 The above
process is then repeated for successive workpieces Figs 6 and 7 depict an
alternative enbodi ment of the processing chanber 12 according to the
principles of the present invention which includes 5 a variable-wdth
substrate support 260. Support 260 advant ageously permts workpi eces of
vari abl e dinension to be received thereon. Referring to Fig. 6, substrate

support 260 i nclydesnan Fﬁ‘g{; evak smaatFéca%éﬂt%?%e%h@ﬁn&d&eg%";gglsyloﬁarries two

noveabl e opposed side raifs 264, 266 and a flat plate that is attached

to bottom ebgai 96tea0n BY gdieaidoRhAe&i&s BanapREi&hinpBEAi e rod 212.

10 Elevated platform 262 is nechanically and electrically attached by a

plurality of (feash&nelsterkBhtloP3dd @te PdAhBUtERAIsASSRAVNS BYiQEr ows 268, 270,
side rails 264, 266 are noveabl e between an extrene position near the

perimeter of,isHRRONEsrR] R REMsZOEMt10 MdGRahdedlouRRsEibhMNARRge t he

| ongi tudi nal axis of elevated platform262. As a result, the separation

di st ancesbetiaags fisiv@8sirdl 300 S1d287 geddbionBy2 Deldanv@rioed 41§ acconmodat e a

wor kpi ece 272 of a predeterm ned transverse wdth. Side rail 264 and side
rai |l 266 ar eorirde®t itcabrogtamiedols gaphibatsanididrfdee 3destrd begrane t h reference to
side rail 266. Referring to Fig. 7, side rail 266 conprises a horizontal
menber 274 piloaikedsaatinpeasdvicepposedmertd pbyhbatorisnteigihat, eterdndcal post 276. A
channel 278 extends longitudinally along the entire length 20 of horizontal
menber 274 amdehass authltsbapedfoc erssplsdghisemdw didplay presdetheraniyned w dt h t hat
accepts a peripheral edge of workpiece 272. Each opposed end of channel 278
i ncl udes a &llcavirgrthé uper28®livvhate ftacs bi thavperawin déabblesrcaptaimentof si de edges
of the workpi ece 272. Each vertical post 276 includes an upper prong 282
with a f0r esxéain hored o528l dperatipec éis/fongondenaskes @w t2860fand a bevel ed

| ower prong 288. The | ower -35 surface of upper 282 prong is displaced
vertical |y Mcoearedessuppesd enntrpladweingofrdagie apy ampgmedscapgbittesater an
indentation 290 of a wdth that is slightly |ess than the thickness of

el evat ed pl St INATBRIraTHEDIE IRENECATPIR SPIDASMPeRI &IPS Logeed®es a peri pher al
edge of elevated platform 262 Accordingly, each side rail 264, 5 266 may be
i ndependent I'YNHBHEE L8 FaYD AU EPIRBGA RS FenSetgartioniyscetd affi xed with
set screw 286. Wth reference to Figs. 8-12 i mh%?h |i ke reference

nurer al s re@%W”W@SI9ﬁ§9@e§P@W%§h?H“gﬁ§§ysﬁﬁﬁeﬁﬁﬁ %éﬁﬂﬁ?ng to an

| t i nmbodi t of the i ti t he .pl { t t 10
b pr o BT AN R WoBPB B oh D10 EHARoro%400 T AES RATIG THE. chamber base 16

and a chanmber_ lid .4 hin l y .coupl ed with the chanber base 18.
SpecificalI%fmgﬂgﬁgﬁégn%ﬁgﬁﬁEW%gr lid 402 is nmounted to hinge assenbly 16

s that chaber . 402, 1By heRelEGLbyE ke Byl At e saatihgver ed relative

to chanber base 1 n open positioned for transferring workpi ece 56

into or out nfdher Bf 9GERs bitGosREGEsek0e haxcdfinth £aask Bgsi tion in which
the chanmber |id 402 nakes’ a sealing contact with chanber base 18 Loading

station 20 gfdrhlark plocBSyR¥4 Incili@it, o, 22,(fft, @,, dF,) sPRW,beqused for

shuttling workpieces 56 1nto and out of processing chanber 400 as descri bed

herein vt hmix@gad Hetedf. PER6 Ptk g ssharberindependaragbesudpiytyded may be
i nterchanged with chanber lid 14 (Fig. 1 ) for expanding the 20

capabi | i ti esogodonighieepbfasgm sbueatmed maysiemch@olldri31f,adnl ismstionhat an exi sti ng
pl asma treatment system having an original chanber |id nay be retrofitted
wi th a substdiiaeudie ahardaenoidiveive B¢Hr pahatkargplé veeieriwegbsasefaaspect s of
chanber |id 402.

example, Ar and O,, are used, there would be two independent gas supply

systems 309a, 309b comprised of gas sources 310a, 310b, mass flow

25  controllers 312a, 312b, 1solation valves 314a, 314b and solenoid valves 315a,
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The chanber |Iid 402 is an assenbly that includes a | ower sidewall section
404, a doned ceiling section 406, and a nedial sidewall section 408 25
separating the | ower sidewall section 404 fromthe donmed ceiling section
406. -36 The sidewall sections 404 and 408 and the doned ceiling section
406 are fornmed of a material that has a relatively high electrical

conduct i vi t B15subhwideanrrcatadnami mrmear eheddiienal Jaspumlies ApPremsy bl e

el astoneric Oring seal 401 is provided between a circunferential upper rim
of the nedi & contkalgl b thegoanfold WOSNY eapk additanakaasivel baveiislownaggsr rim of the
upper domed section 406. Another conpressible elastoneric Oring seal 403

i s provi ded SBecasddn. aash flew adrarodet 312N, PN i3 fn epdsoedidhyaly dewal |
section 408 and a circunferential upper rimof |ower sidewall section 404
Oring 51 i $'ébnpressively captured between a circunferential |ower rim of
the | ower sidewall section 404 and an aPr on of 10 chanber base 18. The

| ower sidewal | s8@dfiben woadeppedandess sRe! s Bk 9961 '0W £8RIENBP? es, of which view
port assenbly 410 is visible in Fig. 12, for view ng the plasma processes
transpi ri ng THIERKRFHBRES g Graed VelS 18P 8@ VRg4¢éREfber 400. Provi ded
inadividing wall 406a of the domed ceili % sec%}j on 406 15 separating

pl asma cavi tpﬂgﬁsﬁgf? HEF A FEAIBE ERIBRESYERE) 10509t reppsnse ¥ gas port 4009.
The gas port, 409 is confi aured vvithTa gas fitti ng 411 %hagﬁcﬁgj}upl es a plasm
cavity 442 CRETIERITHP RTHHIAPAEMSEHS W PHTY QAL P REAUGE LR PATET iy to a source

407 of h i tt 411 i lLled . with pl [ 442
by o gas 0 SOFT BGLTOK DRERTFRETUARY i SeE e B b agBy 15 & pait
20 of 415a, i

413, and ot iy BB LS AR R b B B A0 B oy e 41%a, b

SO as to te%%@?eﬁg%r i’ﬁ%@% ﬁ?\% Ecﬁqu%PQ@d uRhANAudEY bl Ga0L 58 6€[AM C

i nsul ator plate ny “sul € process gas or process gas m xture nay be

provided thatchsy §§Pf@pbﬁlgﬁ{9 t%:e%icgégn@ a‘hra%er?éi&a%ah@agpqpr%#aer reactive

speci es, 25 when excite energy to generate a plasna, appropriate to

performa - 3fss,dQMRshe 8N b%RGa BIRSMd &/eRt rﬁgaﬁn,@fmiwlfeoén@ces 56, as
descri bed herein. Typical process gases include OZ, CFA, NZ and HZ and nmay

be m xed W bbpraskubinRioh plRSss, BER vaSe Al is APmMBION cdEe BroRFRGeShegas m xture. A
gas flowrate suitable for downstreamtype plasna treatnment in processing

chanber 1400pgeasimy drgmber BNgRIShak 0Blaahdukrgk RRCIvHintura2a6t o@Mhgscecm and an
appropriate pressure in plasnma cavity 442 ranges from about 50 mflorr to
about 1000 mEeswith. AhoR s fiéawabedr iadsl tedcddaolityaf reaurhingrtte ai r from t he
surroundi ng environnment of processing chanber 400 may be used as a process
gas and haspiveessirigabacibéo! 2oe apasdphend @messureinfapotaxiveatélnocesdcand appl i cati ons
for renmoval of 10 surface contam nation. Such a downstreamtype plasna is
expected to contlaemRM geseratadiog id eomriraed ofdimigh oxwayesnpiias &lprariding

ni trogen-based free radicals, derived from hydrogen, oxygen, nitrogen and
ot her pri maRy pPewASPiandertworstungr or impedance matching device 320, for

20  example, a pair of variable air capacitors. RF power supply 302 operates at a
frequency between about 40 kHz and about 13.56 MHz, preferably about 13.56
MHz, and a power between about 0 watts and about 600 watts, preferably
about 60 watts to about 400 watts, RF power from the variable air capacitors
320, 324 is applied over an output 328 to substrate support 64 (Fig. 3) within

25 the processing chamber 12. A phase capacitor 320 includes a movable plate
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Wth continued reference to Figs. 8-12, the doned ceiling section 406 of
chanber |lid 402 is provided with a grounded plate 412 and a powered

el ectrode 15 414 that defines a powered pl ane opposite and generally
parallel to grounded plate 412. The grounded plate 412 and the portions of
the doned ceiling section 406 surrounding plasma cavity 442 coll ectively

define a grQWAfedd ABR: mAor LALARGURF hadh BRAe GRFAMLS (1Rh BRI Idegdgn i nsul at or
416 electrically isolates the powered el ectrode 414 fromthe doned ceiling

section 406,ankRglisdibB&k S-RVAISN30 IP3a eedbRiolBoas menspuidy 442 is defined
in the doned ceiling section 406 as a vol une encl osed between the grounded

plate 412 andpidier pomeisethlertigiadeodiktiedthe nitermndedd plrdkensl? and the
power ed el ectrode 414 are each fornmed of a material having a high

el ectrical gmaghiedntyi 326, th8 Wedvidas aalarBTod tsBdBECkagral sHTammputadzay 25 Grounded
plate 412 includes a plurality of openings or throughhol es 421 -38 (Fig.
13) havi iy ahe€edrtioga4atiingRontehi BBNStIQEs a AMSWrOP|Dadohasigespeb brdlependent upon

t he geonetrical shape of the workpiece 56. The throughholes 421 allow the
pr ef er ent i alantigrsminasd egnaf of b@euts 3dB cEloo trendspather mPpECERISIZHFAS Speci es

| acking a net charge, froma direct plasm created in plasma cavity 442 to
the 5 processimoge Spateedd2havalape alridapsciiors 320es&nt atkdhewh rransérer of char ged
speci es, such as ions and electrons, fromthe direct plasma residing in

pl asma cavity 44PhdRIDpootdsipng thepaesenl 02ent®y phicak byonttdielggribomded pl at e
412 is effective for renoving a significant percentage of the charged
speci es frofhatketoplatisain padidet & edriftloga plaisweove peifeynatd@aitheo t he processi ng
space 102. The 10 throughhol es 421 may present tortuous paths having no

| i ne- of -1§i gleuisEnherntitions t e praagree efdle topdiares stapakdnehpimee®si ng space 102.
The plasma in processing space 102 is a downstreamtype plasma that is
free, or subafaniggldf {fonraxolisde +&nalgand ik & icerséant paip speemorniPAg pl asma
treatments of the workpiece 56 by the chenical action of the radicals

wi t hout t he "9pSYdeAl edeedaciotiarg Moyves pPeR/icded Budse R&ochar ged parti cl es.
The throughhol es 421 may be arranged in an %rray or matrix or may be
arranged wi CIPSHBR-JEYVPIEANE SEO FPEMHSPERL B ATICHY e T'epleTays"e $RB ar ea
density of throughholes 421 in the grounded plate 4 ange from about
ten (10) hoF%¥Q§%?'§ﬂaaP@ Fﬁ@ﬁa?%mﬁggﬁFbF&ﬁeﬁﬂﬁ%P%ﬁ%%égg%“hﬁles per square
inch. The 2 i ter of indivi thr es, 421 range from about
0.001 iﬁghego“?eég@ﬁ%ﬁ?ve% “H%”PH%qﬁ@!he\ﬁf{’ﬁ&%gggr”esﬁ%‘éa%?SP@%/“ges’.s’g 4 and 14, the

chamber 11 91102, TBY 6 [SCORLIANESToNakAg IIRE g Qv agednPl ates, such as

grounded pl ate 4 groun ate 14). G ounded

plates 418, /A20n&fefiedarldHeRbrRRESAR i€ 1 §iPe B AHOORA Rl BRE412 for varying
the distribution or pattern -39 of free radicals delivered fromthe

direct plasgpsidh tobasne ;@@M%;éryrﬂé rdsBniIR RFESBEMINERAGG AR, ul timtely,
delivered to an exposed surface 56a of workpiece 56 supported on substrate

support 64 Zhedjtresapbak esghldiidags amenechmadigt 4ldhqans 1420 differ m
configuration, dinension and/or
20 feedback signal on the input 323. Thus, the PID loop is critically damped, that
1, it reaches a stable state quickly with a minimum of overshoot. In other
respects, the tuning network 320 functions in a known manner to match an
Impedance of an RF system comprised of an RF output of the RF power supply

318, the tuning network 320 and the RF load presented by the RF circuit within

25  the processing chamber 12 to a desired impedance value, for example, 50
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5 arrangenent from grounded plate 412 for varying the spatial distribution
of free radicals admtted fromplasma cavity 442 into processing space 102.
Grounded plate 418 includes a plurality of throughholes 419 arranged inside
the circul ar outer periphery of a disk-shaped hole pattern. G ounded plate
418 may be used, for exanple, to treat sem conductor wafers, such as 10 300
mm silicon wafers, with a downstreamtype plasma. G ounded plate 420

i ncludes two frane plates 422, 424 having a rectangular central opening and

a screen or gridad2f aphi eqadb%r}@e@nmﬁlaaaexmt%@ﬁcfég%aoé?e ytfighAS 10O

partially occlude t he central opening. The scréeen 426 is a f|ne W re nmesh
made from a .ﬁrawcna%n Wtk tfaebsér@%rmlwe ﬁb%s%%ﬁérﬁbéﬁ'z epductdvity, such as
al umi numor an 15 alum num alloy. The ability to sel ect fron1anong vari ous

grounded pl aj@Ssuhios ﬁé-ﬁn;@@&ito%’e@ed@we%&p%cm dpeﬁémgmoé;oéefa%ogm@ﬁ@t rical
pattern of radicals delivered fromthe plasma to the workpi ece 56. To that

end, the sholg cRahbeend 19frd hn etgbhedcessingeambas11 Afopahbobesté21l of grounded
plate 412, can be adjusted to 20 correspond to the geonetry of the

wor kpi ece 56Ged@abgsiphaAsia rédpeaivethprt B shee envasiodednadeyipet pl asma.  For
exanpl e, the throughholes 421 in the grounded plate 412 can be arranged in
a di sk- shapegitatdsenpaid @nhRedt@r topi®RLSIUANG 12QURAY. 3®rdopidiogshe lid squar e- shaped
hol e pattern for square workpi eces, a rectangular hole pattern for

rect angul ar Momkpbeeoesnteand thetfdeird, gedhatrsecatecathe anggoresrttise Rb14apparent to
persons of ordinary skill in the art as necessary to correspond with -40

t he geonet r icabxistippeitafis blhe uvdr tk piecethB GesiBygpostdn §f,a worgpietr ughhol es 421
are positioned in the grounded plate 412 so that the peripheral extent of

t he hol el0patvtitemnhe processparstismberbist alieicadre ynang dffeeenbetremnersily pheral rim or
circunference of the workpiece 56 5 Wth reference to Figs. 8-12) the
chanber I|da&@@bﬁdmvheNChﬁ@*%ﬁé@ﬂamﬁﬁdmﬁmﬁﬂ%mm@ﬂﬁymEﬂFPmﬁﬁlkﬁéad fitting
428, a pair of ceram c caps 430a,b, a pair of _annular ceram c spools

432a, b, a p&iG 'Breisevibs PRsEYY BF BREINS o43RabiBct Ihpehiee efi RaTiiBiA on oar 436,
and a radio-frequency (RF) lid closure element 438. A radio- frequency (RF)
power suppl yYP# CP@”@F%WY?Y%@WPym8§W6¢eadBV”QBTG“HP%ﬁBWFé@vﬁﬁ‘I|ne 440 with
the RF bul khead fitting 428. The RF power supply 439 and the conponents of
t he chanberpﬁ?ﬁeﬂﬁ?“cﬁi@@&WPVely provide a plasna excitation source capabl e
of eXC|t|ng pr oc ss(g in tp g asnma.cavi 44 ?&éﬁ ener.at e Iplasma Power
f eedt hr odghs 4343 B RANSE PR REREPS'IS O Wﬁi %%HBS?Y%Q. ng 428 and
power dlstrlbutlp 4%4 he RF power

supply 439 tyﬁ dﬁ?@a%ﬁ%{%¥@em nggf$§£3gﬁ%yfﬁe'ﬁgeh%?gou kHz and about

13.56 Mz, prefsrahty. a"?‘xB‘?r‘r!atr?fﬂx 2]% %ﬁé‘&ﬁn&%@é ;sh’fﬁh%%geﬁmw 0 watts

and about 600 watts, typica watts to abo watts. Ceramc

cap 430a is f.asd %\nﬁcﬂhet@aénkgetréa@rﬂemsyaewf tHfe jﬁé’éeﬁfﬂb‘&h;oﬂ%@c@rﬂ%l 20 is
posi tioned between power distribution 6 and closure el enent 438.

Cer anm ¢ spogbs A4 §mﬁéﬁéﬂhﬁﬁu@ﬁﬁeﬁﬁﬂm&BQmthHQbﬂ@wMﬁ%épégﬁﬁ and the power
di stribution bar 43 and power feedthrough 434a extends through the bore

of ceranipc %@ésmﬂ@%@let%&%@éﬂdl@éﬁoﬁé eptdnt gaint §08dtaciashebygeietlyne power
di stribution bar and the powered el ectrode 414. Ceramc cap 430b is 25

f ast ened t octhecteapvitfiihdorveissihgedimsaugh TAS4hd paiet detedqaersidiiioned bet ween
power

narmally a photoelectric switch that changes state in response to detecting a

desired and particular wavelength of the light of the plasma generated within

the processing chamber 12 Visual communication between the end point

25 detector 334 and the interior of the processing chamber 12 may be achieved by
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-41 di stribution bar 436 and cl osure el enent 438 Ceram c spool 432b is
captured between the dividing wall 406a, and the power distribution bar 436
and power feedthrough 434b extends through the bore of ceram c spool 432b
to establish electrical contact between the power distrjbution bar 436 and
the power ed §eeingdbs eefePunt Aetetiop Seb Nt eape s i dbPerate to
electrically isaolate the power bar 43@ and uRper ends of the power

f eedt hr ough<NA4UES Rerend RPPhee e Ystf &V BINeHEIEN NS 8T NGR &L Shavi)d @ pool s 432a, b

cooperate to electricallﬁéisolate t he @gxe f eedt hr oughs 434a,b fromthe
I

di vi di ng wal'Ya£08% REPCeayRRENCES i g CER Shhages Pleara itéin §%ool s 432a, b al so
maintain a snmall gap in the 10 vertj|c i mensi on, be en the ceram c
i nsul at or plpé?ceesﬁl%%g?ﬁﬁ’gjef Ijigpiﬂdwecfi“ﬁbt'%”ﬁeag'@d”as‘@’ef’ﬂ%}tlo\l?ﬁﬁé“q’lt ow can occur

th bet I d with, . i f i -12,

et ot Ho: e b e B S LR ke s s el T octeg O°°
t hr ough 413, 415a.b to the multipl 417

ter m nat i ng BRo B EhG: Upher B Be bt o1 Re REPRRTE PHLGita 8P Rrat e 416. The
process gas Zc'h%‘ré]"gift {]eg?%eﬂ%ﬁal?rfr%%r‘ﬂﬂ'e %Qr%g?%é{hgpg)rr%ieggslﬂgWa(fr&%rﬁ%h 9f [the powered

el ectrode 4f ceram c I nsu o the w of process

i di . ik ti 406.
The process att! SRR sk e S B wf BFR0uRboL B ORTRAERIY RS ®T! (Cesei ng
space 102 aﬁ)%nat%g LH0es 19fsethfe 2 c/ﬁfe?gwcaaraﬁ%é Ak 94.@65%6&6 and toward
ol es 1, orm pr as

t he through _ I ch Sronntes uni f cess istribution in
the pl aspp %"éghEbéré”o‘l@omyéesuﬁla:cé?'88&%:3@9&25%8%@%&%@!%@ bhBirdigygded plate 412

and the powered el ectrode 414 i1gnites and Sustains a plasma fromthe

process gas Jigsd SiiRdndtNe RlaAsEPorGRY bMp@dLandliRE gRS BaBMal MhAAl asma cavity 442
is a full direct 25 plasnma containing ions, electrons, free radicals and

mol ecul ar  spREEbAStor #Heduce BaCAUES walgeddtovf IRht PHOCRIS GRS tPthdiend| asma
treatment system 10 is generally conducted toward exhaust port 136 in

bott om wal | pddt détbgonVB4i usSthe asolBeBtsprofidéebidateeddoptiastrml bn pl asma
cavity 442 will be attracted by a suction or vacuumforce toward the

t hr oughhol exn42ipuos3agsaaundied cphtatl 6041 1Phukhiee Sorebetldrionsleamdetedns have a
tendency to reconbi ne inside throughhol es 421 because grounded plate 412 is
gr ounded 5r elvaien e glasneaprbtesgingunde 1sAnmalaetabwihdan thatHeedbanissigmd el ect rons are
significantly less likely to enter processing space 102. The grounded plate
412 permts cphrggsaatadpeci es | acking a net charge, such as free radicals and
neutral nolecules, to be transported through 10 throughholes 421 into the
processi ng spacefigd®2is aTpprieal ilystratingethg poeratedo phagantran304i8 ef f ective for
removi ng substantially all of the charged species fromthe plasma

t r ansf er r ed "BRICAEMNGEEYP ¢3! BIRSPHR REIFESTHPHCIE- 44 8027 Pt FRESISF 6¥9%iSi ng space

the 1roe radilisi BiRGSHENPIAT=nicolr8got BAR® FREMGDY RAMRED 56 0 perform
he downlt r EaeRE T aEREIF Lt BT PeU By LG &1 GeTPH P2 coa, 6ob of |
Contact w ¢ ATDRE spuCBaCet P ne e Rt BB el R PE oL TR PRl Chem cal 1 y
with the matA rﬂiweaéjart 56 1s moved into position, one of the limit switches 330 detects the
loaded position of the part and provides a state feedback on a respective output

331 to the control 304. Upon the control, at 604, detecting a change in the

25  switch state indicating that the part 1s loaded, the control 304 provides a
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20 form ng the workpiece 56 to performthe surface treatnment. Excess free
radi cal s, unreactive process gas nol ecul es, and contam nants renoved from
t he wor kpi ece 56 are exhausted fromthe processing space 102 by the punping
action of vacuum punp 144 Chanber |id 402 provides the plasma processing

system 10 wicbRméas 5QHS R 2ndufesent peralblehbii@sivé Da@ddid éeR to the ability
to generate a downstreamtype -43 pl asma for surface Treatnents Because

t he groundedoph@t 83ddi% Ry H¥isdR S PaiOf 1 AGNPLIARE, sostRSIOF 8tfnmalpport 64 may be
energi zed by RF generator 302 (Fig. 4] to generate a direct plasma in
processi ng spacar, B98to the 11d atthevsiihata dreploassaasitd @atigRbluaky $22@® such as

pl asma treatnment system 10, which is 5 equi pped with chanber |id 402, may
be used to seleatd \elayo pt assam fdseadh BoEkpinetes shiicwistdzoektdBritna direct

pl asma or a downstreamtype plasma, as required by the process, so that

bot h capabi kické®sositior, @eaddsadite ant proveienglseats fatieak k@nallah &an al ternati ve
node of operation, the plasna treatnent system 10 can 10 be configured to
provi de an rawpectivechpdi 3&CH ti @siral 3¢, r enovi ng t he grounded pl ate 412,
groundi ng the substrate support 64 to earth ground, and energi zing the
power ed el ect r odéposhétdcongiendd albecdpahitroecdt 6B aberaontml pooibesstng space 102
and plasma cavity 442. Wth the grounded plate 412 renoved, the chanber
confi gur at i 60, chevipes sgmat hvat at hetppoerednEnding thessqrowd dddoby powered 15
el ectrode 414 and the ground plane is provided by the substrate support 64.
The i nvert edrgll thececymagie ‘@onfSimuilcacd ey, petidc B cohieol 3Pbcess time, under
certain circunstances, for inproving the plasma treatnent of the upper
exposed 18ur peelisBena pfestiie seldokpeae ISBRrRopesa At REPeToReralen effer at i on, the
pl asma treatment system 10 can be 20 configured to power the powered

el ectrode 4RWPCRistMEtHE HPHohder N atie 2 2iEsmadiealieadt ayfemithe addi tion, to
energi ze the substrate support 64, as described herein In this node of
operation, PHEIRETpEVRPCYHGUPIRPSBTY R AR IELRSHY M PEFSHS FEPECt r ode 414 i s
driven 180 degrees out of phase relatjve to the ower provided by

gener at or Sg‘fgsﬁfi%f.apE’)S”F’OOFB‘F?éS’EE6%?'?'a'lt—'8‘”%"l?bﬁ%‘?'ﬂ“'t'gze‘%g“ 'OﬁgFﬁ)‘@sult, t he
gas. i h pr ocBlG 'Eba U BRSO R rTSaLr USrY LB or an
equi val ept . t i_al i t hi s node
of oper a1 on e Hioaf T sefd ool b BB R e SRR 2o <

reduced duealPdpa difal JBLASER. Sl BGHLANS ANh 10BRarAUARL! 8o when ¢ he

power ed el ectro energi ze et anot node of operation) the

Dl asma, {1 eak SRRy 4 8t An5ansB6ad A B8 by LRBOUR! mbfgoRauer ed el ect rode

414 with the grounded plate 412 installed and, iti'on, to energize the

substrate supRPHkic®M cRILIRSHENINEE RAemBEM2. IThub Wifh tBPBkahEonal node, the
wor kpi ece 56 will be exposed to direct 10 plasna generated in the

processi ng s@aeentlY2einni ueadent hvéiten ahadhedrésshiraspuhbigy dintget pl asma in
pl asma cavity 442 admtted after filtering of charged particles by grounded

pl ate 422 i atanp, @6@5Tongis spretinddBy addepsdofgt presihe fprdacipel es of the
i nvention, the process gas flowi ng from process gas source 407 into the
pl asma cavi $§madi2, toehe hirhéierusked pmcebengprresess gaxampewldigmdor.ect |y
Further, a lower pressure boundary hmit, for example, 150 mTorr, is determined
by subtracting the offset pressure, for example, 50 mTorr, from the normally

used processing pressure, for example, 200 mTorr. In this example, the

25  pressure monitor system establishes the normally used processing pressure of
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15 into processing space 102 from an i ndependent process gas source (not
shown) so that the free radicals transferred to the processi ng space 102
t hrough the grounded plate 412 fromplasma cavity 442 differ fromthe
species mthe direct plasnma generated in processing space 102. According to
t he princip%gs gf t he invention and m{ h continued reference 20 to Fi gs.
8-12, nedi afo&p @%ﬁ?ﬁmégﬁﬁF@ﬁeh@§”$E“db%P@??W%”FHPmVﬁGWé%ETWB”@he chanber
di mensi on oftthelchanb@r l'id 40%t'n thetvegﬁ%%ﬁl direction. The chanber
di nensi on i I ERE B PLAT' T FEEt' 'oh ORd§ Ve W B IPENRIPTGS t he medi al
si dewal | sectﬁon 48§ fromthe chg er Lid 402. dditiongl negial si dewal |
sections 408 WRY 2bEC LRt edPMeNa RREFBAGWRH e OBRT JiUREFY RGP al 25
sidewal | sectjaon 408 to further increase the height of the chanber [id 402
ond Lo - a5 O Y e S i BRANERY TaF RORGrS o b P cal
direction. |t | urther contenpl.ated he i nventjon that the vertical
di nensi oﬁ o?“r%Z“‘{:'ﬁé%‘é'}Q’ F&Oﬁtgg 3%3'/5 ngAl't\?éP %13 l?pﬁjtg%]éic/)w%h Ful t i ple different
manners, such . y. t i i i I i op 408 as an
xpandabl o Gadnt BT DR b Sl e PE BeaPl 8% 95 bR lea 2 domed
ceiling sect] 6 1.ng chanber |id
202 and, wheh LU o EneiRT 20 b e PR AR Yort BN Cocti on 408,
t he dinensi&gfnggsﬁﬁggions 404 and 406 define a m nimum separation between
the powered el ectrode 414 and the exposed surface 56a of workpiece 56 _
confronting thesﬂﬁM@E@&sf«’ylvﬁﬁtsﬁQﬁ’r‘?‘g tﬂ\é‘ﬂ)r@s@u%hﬁqrﬁf@ﬂé&%ﬁ2,5thg_%ééY?c"oll agection 408 is
i

renmovably nounted to the | ower sidewal | section 4. Quides 444 are

provi degy t 04t@14, ﬂrB\fl@é%SdoHn%id%g;nTaEqum:le%htp&isCﬁW@MG 1©@ptilagn 408 relative to
the |l ower sidewall section 404 during installation. Simlarly, guides 444

ai d the posickpsani@af dosmbdored Bi ngndeshiicdnaAa6 31 £l aldcye d0 i¢ he nedi al
sidewal | section 408 during installation. Guides 444 15 may al so be used

for positi anirciicederslerpehboeed fasnglesent t Wat4Qbedetdratioddlotvaatehe | ouver
sidewal | section 404 if the nmedial sidewall section 408 is renoved fromthe
assenbly. Fastenéri9oddddatieubtickntmededs@er sdruty (svgmt Ifer aredihalfiosi dewal
section 408 with the |Iower sidewall section 404 and for applying a

conpr essi omafecsf ges pvided bnhediBstlloweoeadliersad \Naodume purghtg séadf. Sim |l arly,
fasteners 450 are 20 utilized for securing the domed ceiling section 406

wi th the nettlé shcusindewal 144see pijosted 08pravide £ orocappiyypragsuse swiapeessi on force
to Oring 401 to create a vacuumtight seal. The ability to vary the
chanber di fenRpYM eFneption 68 Siahgusraviys Plaame PrACEPENd/BaY Peal direction by
inserting and renoving one or nore of the nedial 25 sidewall sections 408
pernits theUslaiSra Praceat tressyast WHIN e oy omibe APEalu® thewor kpi eces 56
of differing, thickness Specifically, a reproducihble edi ct abl e di stance
or separat icg?l'er@éﬁo B GRQirmE s ?{’éjcPrE%{E\%’éﬂ ”ieHé”?)eoQ\féEééo g%%’(%ﬁ?%’d 414 and the

To that ondhURS G/aie LT bl LB GR PO 'BAGH VaHar GP AT FOLGET | on 408 may
> be SeioeCts?gu&a%egﬁs?yv\jviﬂwethg‘m%%gli_uc"tl%g o?%e%pc?cteisspgasggwﬁ%%nar&%‘n’t\%ﬁyed el ectrode 414
used to purge ambient air from the chamber 12. In one embodiment, the mass
flow controllers 312 are operated to provide a flow rate of 30 scem to the
processing chamber which has a volume of approximately 0.50 liters. Thus,
fresh gases are exchanged within the processing chamber 12 approximately

25 four times per second. More traditional plasma treatment systems exchange
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and exposed surface 56a. For exanple, configuring the chanber Iid 402 with
two one-inch thick nedial sidewall sections 408 will separate the exposed

surface 56a of a two-inch thick workpiece 56 from powered el ectrode 414 by
the sane distance as a one-inch thick workpiece 56 in a process chanber 10
confi gurati onpé Ba sk bR sPRRMNREe dofr ARRtBASn & SIROR RBSTdsN§Re Medi al

( b g
sidewal | section 408. %he separatlonp etween the treated surface of the

wor kpi ece 56 @h: BREIAPRL Stheh BRI 90Fe fbehSnidalHRFRAL fle var i abl e that
must be controlled for effective plasma treatnment with either a direct

plasma or a dewBsd bEARRINRSelDs BhASHE doniaMhslis k8 1id §atdmay unifornity is
adequate. It is appreciated that the capability of changing the encl osed

vol ume of thenehasbely ddctnhPdzaNe L&RsRBACESIEHOMSBAAE of 82 Wik 3gg one or
nore of the renovabl e nedial sidewall sections 408 is applicable w thout

limtatiors fasolpginditheeian®easra and downstreamtype plasnma treatnent
systens. 20 Wth reference to Figs. 15-18 in which like reference nunerals
refer to |ike feafiy e@mtrbrsodi @sunubudé mdntoratieoeedbagk tignamnahd Bpmat i ve

enbodi ment of the invention, the plasma treatnent system 10 nay be provi ded
wi th a procesxzBrgmcthaptesurb@buden®d widtng dohenwbsynbensbagehdfresdite a chanber
lid 502, simlar to chanber lid 402, that is hingeably coupled with the
chanmber base ot 8artiehanten w2bin lthedhrbO2sing chaubdreld t40 66, nigecassesdal y 16 f or
selectively pivoting or cantilevering -47 relative to chanber base 18

bet ween an opetecfzogidnitonpds$ws intthapsicessingngnamdek 3 eequs o amtngiabr out of the
processi ng space 102 and a cl osed position in which the chanber |id 502
seal i ngl y'0comresstis, thhbmbbe nbrasdy 18:d ICheasber prasduB@Risrtag otfeet i nt er changed
with chanber |id 14 (Fig. 1 ) or with chanber Iid 402 5 (Figs. 8-14) for
expandi ng t heresapgbialuet weish.of thelseapplasbava iseaf maerr dystcenrd eirnata manner
simlar to chanber |lid 502 and may be retrofitted to an existing plasma
treat ment sy$tlemroddrse easnpindsyanat peat AwAY! PP 8 2o thedaf®¥™ 1id 502 is an
assenbly including a domed ceiling sectiaon 504 having a plasma cavity 542
and a | ower §FE§§W§T§- Hergveonsted of RSVEREdUR e R 1D REPRIE™ 38PYi ng secti on
504 The doned ceiling section 504 includes a sidemall(ggf ext endi ng about
the peri phery'ofN¢ ARG A¥heeBRAIEYNSAD PANE SYPAIVA ARG WA § T8YW8 Cepar ati ng a

di o-f RF hanb 43 t I ity 542, @iid 544
(Eo e BT SRR, S SRR A e 0 S
o the | ower . sidewa ection e ring sea
503 is provi 'e'té?(a%gg%féﬂ PRVE tPémen?rg?%gﬁﬁggjﬁgﬁﬁgﬁrZ%ﬁ Jrrr'?z"lmqﬁﬁeét‘g%rged ceil igng

section 504 ang ALt FHILEL BALEAL HRBSKe! il olahONEloSidlenell section 506,

Fasteners 448 are utifi: or securing the doned cel settion 504 with
the |ower si @%\e@ilc|arc%?gﬁér&ﬁhcﬁgéoté%ﬁhér%ﬁoﬁ@l@syénﬁga ArfGRIRSEION force to

Oring 503 to create a vacuunmtight seal. Oring I's conpressively
captured 20 bekweeRruAh& §ifddhansitih 8le daRWRIsnal rB3 Mfin bRBfekRIF Isddewval |
section 506 and an apron of chanber base 18 to provide a vacuumtight sea

t her eat. 2fheid @¥RFocsb@PHanbsees, itnuktdid gl piskesa Randsawppsiticassenbly 510
incorporating a site glass that allows an observer to view the plasm

processes tr &gy fuhing nkfvob&ons aeesstha gnsdeane: dQ2e RF spitewessi ng chanber
500. It is contenplated by the 25 invention that one or nore nedi al
si dewal | secdeonrs vehet Cstveumntly dymiliglly ctaating8ie gas plasma at full RF

power, a substantial amount of time is consumed waiting for the plasma to

stabilize within the processing chamber 12 and thereafter, operating the tuning

25  network 320 until the desired impedance match is established. With the plasma
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medi al sidewall sections 408 (Figs. 8-12) described herein, may be

i ntroduced between the doned ceiling section 504 and the | ower sidewall
section 506. Wth continued reference to Figs 15-18, a gas |line 505 couples
a process gas source 507 (Fig. 16) via a gas fitting 511 with a gas port
509 5 provi dedaimert hgstaoniide peiskntrigyeseot, irorall%6dplyiid e lapas opoimim&09 i s
coupled in fluid communi cation with plasma cavity 542 defined i n chanber
lid 502 by a lgya@bofdioser, iftrekarople pt Wattsh&t the spdterdesrmatspheplesva gatbe passageway
513 and a gas distribution baffle 546 defining a gas distribution chanber
515 coupl ed ichamberi ‘@ tc etahilird cay ook wivhén prropesstogaditpadsagemay 513. The gas
distribution 10 chanber 515 is coupled in fluid communication with the

pl asma cavity 542Aly tandg st thielRft pavelrsuapliy it it thefmimmbminolver gasl, out | et s 517
in the gas distribution baffle 546 The gas outlets 517 nmay assunme any

di mensi on$ orhagardagdentt20 cesraes 808 myhsechohde!gui Trabida pariotai | ori ng t he
plasma admitted into processing space 102 for plasma treating different
types and comBiTgifrtae Pleprsa ef thasriKpHeResel Bvedo siapyize ulhessiter. pf 6&rss gas or
process gas mxture may be provided to plasnma cavity 542 that is capabl e of
provi di ng fr & FARHPCEINEAeE HE REPrafi@netanAtapriieilednd GRierPr exieiued by RF
energy to generate a direct plasma in plasma cavity 542, appropriate to
perform a dowARTY BAHDIC) B Eraviear Crrastiphsfre B?S%F?&@E%BFSG, as descri bed
herein. The invention contenpl ates that gas 20 distrjbution baffle 546

h

may be omitt BPRACE Ridbe P¥RUHA B\R ROFYEp PP 533 87ad b SRRERNEHY 1 asma cavity
542 th h th tlet of | 513, To that d, th
out I et of tpr BULY hnEopseERGEsEy S P10 Ay B BBEH 118N R PE PpPoxi fat el y

incid ith th trical the d d il i 504. 25
o1 0o e RERTE L oo A AT s e ng g an 08
and a power ed ﬁlo?scﬁ%gggq%%%é@?a%%%q ot etch\PearhM? ksombh Bfwgrc&‘r%%&.p' ate 512.

p ep

The powered electro nes a powere ane in l'asma cavity 542

that is opposiiecand.aRBLaldy RALAIElnh 3rdhiies ShanAedopliaLe 1312 The

grounded pl a as a goo ectri ontact wt ' 501 that

el ect ri cal | y oB0i0uad%dIr BUdRT, Plabe DI AcRS: bBE 68abRYalhd 502 is
ed plate

grounded. The groun 12 and the portions of the doned ceiling
section 584 sufidopuAdingcRl £ 38aNI0lMe TRt Bideudflaymatef.i ne a ground

pl ane. The grounded plate 512 and the powered el ectrode 514 are each forned
of a material haviHaGoardingh, i e2at ddt6ddindxomnbaed: iths tiding Be@ra®oalagm num or an
al um num 10 alloy Wth continued reference to Figs. 15-18, grounded plate
512 is an asaetbleyl thdhadsirk Ghpsdasceanatdpp@imes et bediry hiad @nbdiBo4aatcent er
slotted plate 518, and a |ower slotted plate 520 The plates 516, 518, and
520 are of sab&tbapins &l laynpalpipdwdriookittesisimuat teheugh raxenumiesalt exh is not so
limted. The upper slotted 15 plate 516 is perforated with nmultiple

openi ngs or 8} texpoB2Rishavéasgd.aheraprimol, akb2s, exttonds togpperagthedvded y to a

machi ne direction, into and out of the plane of the page of Fig. 16, in

whi ch woRRpi eelaorcE0avid dactngisessiedodwes ravElo diiupgssnacdndiel ?0vaso substrat e
support 64 and from substrate support 64 to exit station 22. Simlarly, the
center and | a@ritsgipiuaPQuieatessl (g MBPDURPEWERIEKR!PEP VTR Wi t h

capacitor 320 is continuously adjusted so that the impedance presented to the
RF power supply 318 remains matched to the desired 50 ohm load. Applicants
have discovered that by maintaining the impedance match while ramping the

25  RF power up to the maximum level, a stabilized gas plasma is achieved at full
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20 nul ti pl e openings or slots 524, 526, respectively, each having a major
axi s extending transversely to the machine direction for workpiece
transport. The cross-sectional profile of each of the slots 522, 524, 526,
when viewed vertically, nmay be any shape having a najor axis aligned
transver se t @owhenesshimadhat if &etRFaypvandypiins Fawere cutialy furned/orbe 1gi t her
rectangul ar or oval. 25 Wth reference to Figs. 15 and 15A, slots 522 and
526 of the upmmundowdQevel rgivbe impastapedimplicatneopSaBoraentcB20, respectively,
are aligned vertically. The slots 524 of the center slotted plate 518 are
of f set from sl ot slt grRiddrechBBhetrastthe pevieHs ey ecloilgmariteurslayels 522, 524,
and 526 permit a fluid flow of process gas and radicals fromthe plasm
cavity 542 t dhapiecgss gessssirgfowpasoudine pigcesingrabgener B atdhauous or

| abyrinthine path that substantially elimnates all |ine-of sight paths
fromthe Proceggdilywspiaeandthe veguunhBUpP Adhis @aliung B4erieasuidefer ati on with
the relative inter-plate spacings between slotted plates 516 and 518 and
bet ween sl ot PERFEPTRE @9MHER AmricB2es!y qersnedd, Airengei bAPYRLNG pieswfsi ght pat hs
prevents light, typically in the visible region of the electronagnetic 10
spect rum geﬁ"éPéFé&“’B?d PhE ofF SRSt P HEHEP F 555 P RE R CEeA P1OGe542, from
entering the processing space 102, other than |light redirected. by
reflection. WFWeFeéf'epgﬁ%é'W'%r §e7Ry4cay §ethpgs. ARy MeRMUGFE 2t N Ed pl ate 516

is spaced fromthe center slotted plate 518 lurality of, for exanple,
four peri phePRIPy SR LR et -apatls S BT hat et it Yo B UREP ct ri cal —cont act
bet ween pl.ates, 516 15 d ,518. Siml ar | ower slotted plate 520 is spaced
from ¢ ne Gent Ut oo Vst Reamsty s A i re e Pofhe Buldfiar e, f our
peripheral | y-arran spacers 551 that provide a good el ectrical contact
bet ween pIatggsg%gggﬁgnggﬁg‘Spacers 550 are dinensioned for separating

plates 516 and 5:llfgthméorqrolljQMc af @ecgagtfg’nﬂes ﬁﬁ'[g;%:l ;gd;/v\le\a{iszr%)?gpl?srrﬁaér%&mar €

~di mensi oned for separating pla and uni formgap that may

differ from Fek’gl, Ro F&l%%%%@g%@jﬁcr%@nt@% Mﬁlebél ejnﬁ o?)@r%‘ie%rmé ated by the

invention that the slots _ and 526 may have any relative spatia
arrangenent { /gl nehibrk 98PE ALk iPMe Whbdbdnbe td Rk BEsiRbidbRieSFagigA@She €l | M nat es,
prohi bits, or at |east substantially reduces, |ine-of-sight paths between

the plasne caitloy3ehdet@hfhdshigat HOSHRES id¥bvb A enakPrum Thge 2Be Edni@Nt i on al so
contenplates that the slots 522, 524, 526 may have a -51 configuration,

di mensi on, an@host 63D FHIGE MRIMtorGRITEE Aradidpeint bf théiplagaemestrcbatyckhape of the
wor kpi ece 56. I n one enbodi nment, the slots 522, 524 and 526 are rectangul ar
i N Cross- secwhitmiak ppwedf rehnainy iaeNgedaximua \ilueectitionplexhendatmgnbet ween
processi ng space 102 and plasma cavity 542 and have a di nension along their
5 mayor axi spwftesmppniniennbDeting 4 peosi2 frepinehésperatiodi crptenioantabeigs t hei r mi nor
axi s
sputtered from the surface of workpiece 56 will be evacuated from processing
20  space 102 via exhaust port 136 along with the flowing stream of process gas.
Plasma treatment system 10 is optimized to enhance both the spatial uniformity
of plasma treatment and system throughput.
The control 304, at 634, checks the state of the feedback signal on the
input 352 from the end point detector 334 to determine whether the plasma

25 processing cycle 1s complete. In the described embodiment, the endpoint of the
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of approximately 3116 inches, a spacing between adjacent slots of about
3132 inches, and the slots 524 are offset fromslots 522 and slots 526 by
3116 inches. The upper and center plates 516 and 518 are separated by a

di stance approxinmately equal to the plate thickness and the center and

| oner pl at es BeSess09ande 52Bteanved 8p HreaandgoibydeiecorsiBanietechnppa oxi mat el y equa
to 1.5 times the plate thickness. The grounded plate 512 prohibits the
transfer of chailigead wepeenassof lighicefitd piasmaasd aierdiap asignehrepresedingt he dir ect
plasma in the plasm cavitg 542 to the processing space 102 and all ows the
transfer of f§ushteidiceatradd 30ants vl herErRsCFtese By progessingpdaisesumieki ng a net
charge, fromthe plasma cavity 542 to the processing space 102.

Speci fi cal | y, Oft4pekrasas yeas difeerigyowmseng aptamesersye ehevnef Breal of the
slotted plates 516, 518, 520 surrounding the slots 522, 524, 526,
respectivé?yﬂeﬁﬁﬁ@Hoﬁﬁﬁe§W%ﬁﬁﬁ@898QWEP%é%ﬁﬂﬂﬁfdaéTP%ﬁmﬁﬁmV§cuun1punp 144
(Fig. 3) attracts the free radicals and neutral nolecules through the slots
522, 20 524, EPPEPHIN P @Rl Lhvaepyptay Digr! tRe" i edng e 8hce 102 and
toward the workpi ece 56 to perforngé%e domnstrean}ggpe pl asma treatment The
pl asma in proB88YPige SPRAPLISEIser & B2 oMt PE AT YpEE FITeSHEP iMSt is free, or
substantially free, of chargggmgarticles and I%g t for performng plasm

treatments of HHENMBPIOSFER P P& THBRTCAY FEITBRY of "Y' HE S adi cal s
i thout 25 th i cal ti .oth . i.ded by th h d ticl
RO 25 (e B 9l ) 40 0LV S5 LAY 89,0 B ehaoec bar o e
bstanti gl | | 1,0f th d i | f .t di t
ol aema t r ShetaPiee eoh A PRGBS BiidRua’ Bk PeRioht 80uimeT s oceset ng

space 102 Typi ded plate 512 is effective for renoving at
| east about 88%?%%%?ﬁ%g§ﬁg£§g%'particles and 5 may be effective for

removing 99% or npgg, pf cbm@,%%g%@te%ésgia?éof o ounged rloghg 512 is

configured to be renovable fromthe chanber |id 502 for changing the

confi gurati onyg i sRMii: 35NA0RE AN, 3RFRARA IheHlasiaQfcdtrRd? cydZdhe 526 tO
accomodat e, for exanple, a change in the type of workpi ece 56 being plasna

treated, as desesidpedhtses alréyidstdconeaaidkidial of euaded 3pb & easdingd 10 418 and
420 (FIGS. 12-14). For exanple, the slots 522, 524, 526 nay be di nensioned
and arranged RMpavélisSKplp hepedicpatiear o rhOb dpwatessF peverdronditavor kpi eces, a
squar e-shaped pattern for square workpi eces, a rectangul ar pattern for

rect angul ar woskmpigces)| toasthioihbere\geonetraligahe pswangempat sioappament t o
persons of ordinary skill in the art as necessary to correlate with the 15
geonetri cal Stapedoimidvel tods kiirece 1656) alW¢ hamefae emtbus,®vBi gs, 15-18, the
chanmber |id 502 further includes a radio-frequency (RF) bul khead fitting
528, a pair dferditddimeinsabd, esiisveabicad tagereags M8Eaubhirom itpainmgm leedl ectri c
spool s 532a, b, a pair of power feedthroughs 534a,b, a power distribution
bar 536, a refByaBKEUTHEYD- Ppeytieseprq ﬂﬁ? detegingl eiidteth2ine RERMET 538 t hat
affords access to RF chanber 543, and a pair of annul ar ceram c spacers
540a, b. A% aduBPl BbdisereqdingIowes ghbe ryuiplyM/esdghe ondiobdd4 Peaiaty coupl ed by
a transmssion line 540 with the RF bul khead fitting 528. The RF power
supply 539 arfdOt e cedipharferiteskoat the REREY's Itqnﬁdgbt%e%m'ﬂ’é'&?%ry provide a

pl asma excitation_source capable of excitin rocess gas,25 in the plasm
cavity 542 t evgnQF%?ﬁméabg HﬁmeHWéﬁﬁﬁ@@agﬁﬁﬁﬁﬁﬁgu PRI a3
executes a 200 millisecond delay which permits the plasma at the minimum

power level to stabilize.

25 Traditional plasma processing cycles simply turn the RF generator off at
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transfer RF power fromthe RF bul khead fitting 528 and power distribution
bar 536 to the powered el ectrode 514 The RF power supply 539 typically
operates at a frequency between about 40 kHz and about 13.56 Mz,
preferably about 13.56 MHz, and a power between about 0 watts and about 600
watts, typicahd ¥ndofdnbdesSifg wadd, snd theab@ng n&GBrvaInt SstatBhe power

f eedt hroughs 534a, b and ceram c spools 532a,b are positioned in respective
openi ngs 541 @rbsexbief e Ngrotéyspiggawer vitgitigmvak RFS% eCamphd0eencs, f ast ened
to the top of power feedthrough 534a and is positioned between power

di stribution voan 1536 apdicch esHE® velidiraa bd3& dfaeaforebR8] schk: 532a has a
flange that is captured between the dividing wall 508 and the power

di stri buti on tiraris BE36ire ARdoponenb eedidik 02ty rhadathexhentdscé hhough t he bore
of ceram c spool 532a to establish electrical contact between the power

di stri but ison coarashIbthamdprekent poneroadateheetd ofdecyblkdine Gapnd3Bborkss f ast ened to
the top of power feedthrough 534b and is positioned between power

di stri buti on tdeddamiyd36manderc| Osur2 ted gamtnt thB38xt pCerasmacgfeoohe32b has a
fl ange captured between the dividing wall 508 and the power distribution
bar 536, and tipoRepofeedbply 8UYis tHBdd oria mmisurt hpwergthettimendoateodf cer ami ¢
spool 532b to establish electrical contact between the power distribution
bar 536 and t3Re povcstaelsehdottroitier, SddesTa mperdamesnapasieaadB4@iatsi s capt ured
between the dividing wall 20 508 and the powered el ectrode 514 and is
concentri c wof i ceebafiieksipoed tosapatch.sMmgngyuningef theRBsydegsacer 540b is
captured between the dividing wall 508 and the powered el ectrode 514 and is
concent ri'® wire!icepysls ttnsiaBos 8RILIO PHECYHSs 530a, b cooperate to
electrically isolate the power bar 536 and upper ends of the power

f eedt hr oughs 534aY#tfibdMNRES Bkt estePeireRPeaay afie REFLHIF E1008°Tspool s
532a,b and the ceram c spacers 540a, b cooperate to electricallﬁgisolate -54

the power fedBfAFVIT§HEOBEARL BT DM PREVBPUS WicRgdwaP fo SB8e 63SPaTIed ceil i ng
section 504 Wth continued reference to Figs. 15-18 he, power ed el ectrode
514 is posi ti%'ﬁ%%l&‘ﬂﬁ%?ﬁ #qtaﬁ‘g%ﬁ?é"s‘grﬁsecth@fetsﬁggﬂﬁ VagLH! ‘faﬁfﬁat“ﬁ%ta\é\%pl anar upper
surface 514a | anar r surfac and side edge, 514 re positioned
substant i ai | VR AERaE SlrRsnaETurt P BUeS AR REOE PiEal o Prhe domed

cei ling sgction o4 t?&e‘?m&'&% (R %Wr?%doflﬁé% Shihgh thaaﬁagt rgﬁat%'n%%&% ally

gr ounded. SpeC|P|caI upper surface a I s’ sepa vertically from

and in a generaldiy, al | .el lad LORSHEd Whiille Aonanes dlysfachng pl anar
surface 546a o gég ?Sb?ﬁgﬂéﬁéﬁg %ﬂba?fI%%§4§ 9 appro%gha?é y the sane

di stance thabydoves 18 YalaGBienddRal s 35ERA RN AL BIEQMAR diPWRrH,Y - f aci ng
pl anar surface 516a of the upper slotted plate 516. The surfaces 514b and

516a have a genesakikiig PRMAbdesling Blatdcpnshinpe4d, theadelirdiizon defehfinks ansver se

di stance between the side surface 514c and adj acent portions of an

i nwar dl y- f acthagtrewréaoe voBih tae plocsdstiey shahbeSNlisissbappiapxédquatel y 15 equal to
t he separations between surfaces 514a and 546a and surfaces 514b and 516a.
It followes thatosbheicposeued Telsettarodat&iid noansly mmeterbydisd tontpbsi ti oned
relative to and equi distant fromsurfaces 501 a, 546a and 516a. |In one
speci fi ¢ enbodhgremintdrhatimpr ovineesreaa parodiof tilhardquiremid depmsplresnie i n pl asma
cavity 542 and, consequently, a particularly uniformdownstreamtype plasna
in 20 processgiogswmatembe2]2 wihehe tisad aglvohs Thetaaden at 18, pewenieed el ectrode

514 and
304 provides a command signal on the output 337 causing the solenoid valve

338 to change state and reverse the operation of the lid actuator 122.

25  Thereafter, at 650, the control 304 detects that the lid 14 is raised to its opened
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surfaces 50l1la, 546a and 516a are each approximately one (1) inch. The

equi di stant spacing and the nmagni tude of the spacing cooperate to permt
application of full power, wthout canping, fromRF power supply 539 to the
power ed el ectrode 514 wi thout inducing plasma spikes, arcing, energy hot 25
spots, or pl assmeor arstiatdibd & yucceSHve pdrntranster ayutk 892 Mheenbidpededsef erence to
Figs. 15-18, process gas enters the chanber lid 502 through the gas port
509 and is disrteert egesthd ughcogasvepasspigeways 513 to the upper side of gas
distribution baffle 546. Gas flows fromthe upper side of gas distribution
baf fl e 546 t hr oughiggéasnodtdepicsarbditernatv o ebboheeml digmereassiny 542, which
pronotes uni form process gas distribution in the plasma cavity 542 The RF
ener gy appl i echrbstrvieéencdriieg grtbepdecbigd ctiee Ht2erdimdetstive oosenaddesl ect r ode 514
ignites and sustains a plasna fromthe process gas residing in plasm
cavity 542. TIherigllayit sursipdtasnepoctadnit yubddt 269 alvanthgeadisly @etmifsl asma
containing ions, electrons, free radicals and nol ecul ar species. 10 Because
the flow of prteEsss gasridie timenpbaimte terezethibateosyBetmnyto Fiy. General |y
conducted toward exhaust port 136 in bottomwall 44, the various conponents
of the directustraermappert P0aseiedesaaialgyasqplatiorm 2p2that slidaelledarbgs a suction or
vacuum force toward the slotted plates 516, 518, and 520 that collectively
constitute tHE GPohewpplesteiesats 20nasgan 3 frieiae26%iahs atadedct r ons and
15 ions, reconbine inside slots 522, 524, and 526 because grounded pl ate
512 is grountfRP!PeEl E‘é‘%qtr\‘?@e £Q7 afe HOUF“fﬁfﬁdorC%p%‘e? &% gpeh tig r@ﬁ;gﬂénd el ectrons
are significantly less likely to enter (gr ocessi n space 102. The grounded

pl at e 5130 pefisiztEd |a§%rﬁh2§2dé61€é§arl'%&? e'ECtH%ﬁ”V@ aGe. by AR OF 1 e
di cal d tral t ted th h
Fots 522 SEREIAeBIRI So DAY Her BIOLLSTP RS 280 dcD TP TAR el at | ve.

arr angenent Iatl%ﬁshi p between

t he upper angg’ %rﬁt”éqve§tP%‘8??@8%?%9%&8%%0&%@63( tﬁgf)ﬁrgn%tg t'SHPRNY | ower
slotted pl at e|§%518 qPS %l?tlﬁa pg?elltiloensélo thgro?\%@?f‘@;[ g)luzlf %f eqevatedeo%tﬁﬁ

| i ne- of - 5|ghP rocessi ng space 102

so that | ighbegener aLegl tpevsegaﬁau%gsfggggbs@ggngaegeﬁs @é@g&g Bpgavity 542 is

not visible mprocessing s vacuum or nmpi ng action

of vacuuny p“@;ei‘j%aééﬁhﬂnodﬁ e M%&ueéé‘?ﬁ SorE Rl B t%ﬂ%e'?@é%@ﬁw‘ mol ecul es

toward the workpiece 56 to performthe downstreamtype plasm treatnent.

The wor kpi ece 56 di@ B 2t4 &f 84k M bBs bhadswashieak tivaRQileasma is supported
by the side rails 66a, 66b of substrate 5 support 64. Free radicals

adm tted i nt @eRFiPGLSIH REr&RaEEsidd7I08B! ReterMdlib Fighe, Sapeseds surface 56a of
wor kpi ece 56 and react chemically with the material form ng the workpiece
56 or cont antdmairisos a GENBhtanthetber Expasrel statiacgibachdbpet hasgmalt he surface
treatment. Excess free radicals, unreactive process gas nol ecul es, and

cont am nant svargrabped 27 6. ofchdreeminskpisnce |G tateaile xlbag Steethtitledigtiom t he
processi ng space 102 by the punping action of vacuum punp 144. Wiile the
present kv esithoorortia sndpaen 274 dnustiasat edhbgedarasseciiqut withne of vari ous

enbodi ments and whil e these enbodi nents have been descri bed in considerable
detail, it igedgemime Widthenatiaoeepts a phiéohambriasasiverknieoeéser F8EN or in any way
limt the scope of the appended clains to such detail. Additional

opposed end of channel 278 includes a flared lip 280 that facilitates slideable
capture of side edges of the workpiece 272.

Each vertical post 276 includes an upper prong 282 with a threaded bore

25 284 for receiving a set screw 286 and a beveled lower prong 288. The lower
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15 advantages and nodifications wll readily appear to those skilled in the
art. The invention in its broader aspects is therefore not limted to the
specific details, representative apparatus and nethods, and illustrative
exanpl es shown and described. Accordingly, departures may be made from such

details wit h%UFfa&ﬁﬂ%Eﬁér%zproQ@@ @@p@&dr\}e‘hlc@ry PérP e L}}preraﬁpﬁat@@fnt s' general
i nventive concept e 20 scope of the invention itself should only be

defined by tha.apreRded t&&@bt@&m NRBERILR 298 04 HdtA thalBd siightiiedd B AN
apparatus for treating a workpiece with a plasm, conprising: a vacuum

chanber incl ygH RERR0EEEIENNaSNACE?2. anehadhesioh beh siABsbIRrRbas™® cavity
defined in said chanber |lid, said plasnma cavity and said processing space

being in fluishegipRartinidgabi iatdy @avdinkidze e@chrahgereRasideiranggd i n sai d
processi ng space, a vacuum source coupled in fluid conmunication with said

vacuum chanbers nigivd inRe BN SPMbER] BaPeBliQeafine@Matdal s gosiaintnpr ocessi ng
space and said plasma cavity; a process gas supply coupled in fluid

comuni cat i omfiwkd Witis aétdceacaggm 10 chanber, said process gas supply capable
of providing process gas to at |least said plasma cavity; and a first plasna
excitati on sourcewtiapddbecesab Fepcs-t 2 ngwptiotlessfegase inomsalrefdr &siika cavity to
generate a plasma, said plasnma excitation source including a grounded plate
posi ti oned bétamzenindagd 191 asrmacadvgtiy amnitersaive epodiessi afghe
invention, the plasma treatment system 10 may be provided with a processing
10 chamber 400 including the chamber base 18 and a chamber lid 402 hingeably
coupled with the chamber base 18. Specifically, one side of chamber lid 402 is
mounted to hinge assembly 16 so that chamber lid 402 may be selectively
ptvoted or cantilevered relative to chamber base 18 between an open
positioned for transferring workptece 56 into or out of the processing space 102
15  and a closed position in which the chamber lid 402 makes a sealing contact
with chamber base 18 Loading station 20 (Fig. 1) and exit station 22 (Fig. 1)
may be used for shuttling workpieces 56 into and out of processing chamber
400 as described herein with regard to processing chamber 12. Chamber lid
402 may be interchanged with chamber lid 14 (Fig. 1) for expanding the
20 capabilities of the plasma treatment system 10. [t follows that an existing
plasma treatment system having an original chamber lid may be retrofitted with
a substitute chamber lid incorporating the inventive aspects of chamber lid 402.
The chamber lid 402 1s an assembly that includes a lower sidewall

section 404, a domed celling section 406, and a medial sidewall section 408

25  separating the lower sidewall section 404 from the domed celling section 406.
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15 space, said grounded plate having a plurality of openings capabl e of
prohibiting the transfer of ions and electrons fromsaid plasna cavity to
sai d processing space and allowi ng the transfer of free radicals fromsaid
plasma cavity to said processing space. -58 The apparatus of claim1,

wh d I f d
oot st oot ST YEL YR L Shr TR il

t th f t d
o b caviy P dRe hdh R BEfled reia"ﬂa s el et e B e
exci tation SOLI'[HH?% (lé)rr glnﬁwugna? 891‘S| S réss% é’ ﬁl)rg%ricrcggugegg I4Q?Wer suppl'y

electrically coup e rs pomere 5 r st

ra_dl o- freque(';b(fé{\/|(§)g1 etlﬁpao%%u%ye[?grlt%! n;%e'; farqBO(?tl'Ie é]puaq d%w%ff ectll Ié&gl energy to

said first powere of ~exci ocess gas

cavity. 4. Tha%daapcﬁ’r%gr%ﬁle%n% |0\Hér6Hn%r~°1heLgéetr%}fne&%g};kh%bé‘gﬁ\ﬁ%tﬁ CO”d po""ere‘j

el ectrode positione ssin Fadi o-frequency

pover SuPply ghgfddhRaldotofiiib. Al ¥‘é§l|30§§' o RRLAA ROEL R el EGLT 0de, sal d

second radi o-frequency power supp y capa provi di hg excitation energy

to said second.Howesane %'e@%%&q\%ll QEt|o%>ﬁ‘éhtah5‘Q cgétﬂﬁ@%t@%p%ﬂjﬁ@f d

processing space to generate a plasna he apparatus of claim4, wherein

sai d first ragig-ddQauensyn RONEH. rr%b}%ﬁ’hé’co%kﬂ@és‘n%ﬁ/ Ja?ﬁ:‘r&ﬂ@ét@%é‘cy power to
said first powered el ectrode driven 180 degrees ‘ou phase relative to

radi o- f r equengyuRRWR alSeWR kst tioilvBes s&eandcRpvRued eheptdage by said
second radi o-frequency power supply. -59 6 The apparatus of claiml,

wherein s d jphibad Hasy 10f TRPRMENYSe\ddIBsedfidrtgagkiidisawPakiveiort correspondi ng
to a geonetrical shape of the workpiece being plasnma treated 7. The

appar at us of seka&hined, of WARR&idl Futt Adb@blype iphatiain Rgoe, ofr veaird tpat t ern
corresponds substantially to an outer peripheral rimof the workpiece.
plasma processes transpiring in the processing space 102 of processing
chamber 400.
Provided in a dividing wall 406a of the domed ceiling section 406
15  separating plasma cavity 442 from a radio-frequency (RF) cavity 472 is a gas
port 409. The gas port 409 is configured with a gas fitting 411 that couples a
plasma cavity 442 in fluid communiucation with a gas line 405 extending to a
source 407 of a process gas The gas fithing 411 is coupled with plasma cavity
442 by a gas distribution path including a process gas passageway 413, a pair
20  of process gas passageways 415a,b coupled with process gas passageway
413, and multiple gas passageways 417 extending from gas passageways
415a,b so as to terminate proximate the upper planar surface of a ceramic
insulator plate 416. Any suitable process gas or process gas mixture may be

provided that Is capable of providing free radicals and other reactive species,

25 when excited by RF energy to generate a plasma, appropriate to perform a
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8 The apparatus of claim1, wherein said chanber lid is novabl e between
open and cl osed positions for permtting introduction and renoval of the
wor kpi ece to and from sai d workpi ece holder 9. The apparatus of claimS8,
further conposing: a |oading station configured for introducing the

wor kpiece 10 @)t IR KBL B6EARdRta BRI RAELCRABDELbdh hdehn the open
position; and an exit ‘station configured fof rehoving the workpiece from

id5 Kkpi j lyid -5 A ] ition. 10
The. appar at s Gr DAl R Oe M B CR e A e AP B e

process gas iu‘x‘érF%%sp%cﬁﬁ da%auggham.o%ag oPEQCRI$ABS. SUPR!owl Bl lhife

conmmuni cati on w sal cavity. 11I. The apparatus of clalm 10,

wherein said fsmcrm%rreér&-d/pzgrafsﬁs%rtreianﬁémﬁ&rp@esgag cHhsibd iy bR At h for
di stributing process gas received fromsaid process gas inlet ‘port to said

plasma ca t a5k frombeboliNE s@RPPRI BbUSIRf scehainah hopBeAtE bRess@k G, first plasma
excitation source conprises a first powered el ecfrode | ocated in said

pl asma cavit yant @hned obraderdnstdiabommeasb bhanedodatryeen said first
power ed el ectrode and said chanber (id, and said gas distribution path

i ncludes a pl ural hiwasefioRlbhiRdied How bpXhpBAEaIt fors Be@ueb@fiigode i nsul at or
emtting process gas that seeps around an outer periphery of said el ectrode

i nsul at or anGnaforPin€sf PedelsPAE Eiartfer 380 thayibesisepovepades gatanade for
substantially uniformdistribution into said plasma cavity. 13. The
appar at us of hakaken blnd wher@irtcuay dffgase di strrinkappi@nopaibhrec@uprdfises a gas
distribution baffle having a plurality of spatially-arranged gas outlets
posi ti oneld f curfdiestontdoutding Sheh 4§ Homnadfeapripoesssngas dxpéadedaicdnplnasma
cavity. 14. The apparatus of claim 1, wherein said grounded plate is
renovabl y posieeiraheds, betwipgrxgsincbgskdsnéniagét-yasan des aadicahy, deessi ng space.
15. The apparatus or' claim1, wherein said openings are arranged to
subst ant i al | yrosl hyeiragat eoxdygare nbgen g otper tisndnetansitvestaiotiaipr ocessi ng space
and
With continued reference to Figs. 8-12, the domed ceiling section 406 of
chamber lid 402 is provided with a grounded plate 412 and a powered electrode
15 414 that defines a powered plane opposite and generally parallel to grounded
plate 412. The grounded plate 412 and the portions of the domed ceiling
section 406 surrounding plasma cavity 442 collectively define a ground plane.
A rectangular, planar ceramic electrode insulator 416 electrically isolates the
powered electrode 414 from the domed ceiling section 4086, including grounded
20 plate 412. Plasma cavity 442 is defined in the domed ceiling section 406 as a
volume enclosed between the grounded plate 412 and the powered electrode
414. The grounded plate 412 and the powered electrode 414 are each formed
of a material having a high electrical conductivity, such as aluminum or an

aluminum alloy

25 Grounded plate 412 includes a plurality of openings or throughholes 421
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said plasma cavity 16. The apparatus of claim 15, wherein said grounded
plate conprises a plurality of slotted plates each having a sl ot
arrangenent that cooperates for substantially elimnating |ine-of-sight
paths. -61 17 The apparatus of claim 16, wherein adjacent ones of said

Sl otted pl at g, NBYE.) O ELo P LR SAARLELh ORI Bl estl o ext endi ng

bet ween sald sal proceSS|ng S perate with

said sl ot argwgﬁg}a%mé@%@ﬁﬁ%@mﬁ Rkifel] 4" ARULAGGIING B ot paths. 18

The apparatu ot arran | east one of

sal d sl ot tedyplplesals ah{mel doépgﬁee%%é;aﬂmoﬁ@ roééat Ahgngement of at

| east anot her sal ofte tes he "app rat us  of a I m 18, wherein

sai d vacuum ate@ srnehaa[gae rraﬁ@'cn%ct és%ter@aeawggﬁcawm R3fe are

transported, sal d slot arrange In sald at least”one slotted plate

I's offsets paﬁr%t:és%tn g Patd fod BRI r&ﬁ‘m% éﬁ@\;e'nptrﬂe tr%sterTéT%h Qé"’sa%d%r of claiml

wherei n said pl asna cavity iIs de i ned by a plural |ty y-oriented

surfaces of sahthsGhAMRE eldctBhARImaAnS UFdRERsAk re%?dlrﬁig onded,p abe, said
powered el ectrode being positioned equidistantly fron1sa|d pllurality

i nwar dl y- ori @ne&kssiHg fsasa%aogf TRty ahaaRehddd slagndo spdibcsi hace of said 5
grounded plate. -62 An apparatus for treating a workpiece with

pl asma) conpre®iving:a s?gnwaamwa&ha@‘e@r thBavbiagd ap&anher easenand a chanber
l'id novabl e
admitted from plasma cawvity 442 into the processing space 102, The
10  throughholes 421 may present tortuous paths having no line-of-sight paths from
the plasma cavity 442 to the processing space 102. The plasma In processing
space 102 is a downstream-type plasma that is free, or substantially free, of
charged particles for performing plasma treatments of the workpiece 56 by the
chemical action of the radicals without the physical action otherwise provided by
15 the charged particles.
The throughholes 421 may be arranged in an array or matrix or may be
arranged with non-periodic center-to-center hole spacings. The areal density of
throughholes 421 in the grounded plate 412 may range from about ten (10)
holes per square inch to about two hundred (200) holes per square inch. The
20  diameter of individual throughholes 421 may range from about 0.001 inches to
about O 125 inches.
With reference to Figs. 13 and 14, the chamber lid 402 may be
reconfigured using other grounded plates, such as grounded plate 418 (Fig. 13)

and grounded plate 420 (Fig. 14). Grounded plates 418, 420 are

25 interchangeable with grounded plate 412 for varying the distribution or pattern
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relative to said chanber base between a closed position that defines a
processi ng space and an open position for transferring a workpiece into and
out of said processing space, said chanber lid including a first sidewall
section capabl e of being renoved fromsaid chanber Iid for changing a
vertical di nmeivsieondicdls Salivered douuihe dhestipersmaan plasuainastgyre® coupled in fluid
comuni cation with said vacuum chanber, said vacuum source capabl e of
evacuat i ng smicdeprgcesss iy apademately, delwerekipo ec exduobdeurfdcodébeti m sai d
processi ng space; a process gas supply in fluid communication with said
vacuum chanbepkpsead 86 gasosepph sutstipebiuepat 64r D tionghimtescEdsn gas to said
processi ng space; and a plasnma excitation source operable to provide a

pl asma i n sabupdescedss AP FpPaCe dftener canéaurprontiswindopeodess gas. -63 22
The apparatus of claim 21, wherein said chanber Iid further conprises a
domed cei Pi ngrywemeondngloucdadoplaie gl asiwavigitiy spadaldigdiudopblisssn exci tati on
source includes a powered el ectrode positioned in said plasma cavity. 23
The appar at uRdiselsEdaitiedIRm pipeiasayity At dingl RieprssegcPeact 108n source furt her
conprises a grounded plate positioned between said plasma cavity and said
processi ng space.CroundetRiateapifdpaedrs ofuelyioninesighities €iSereaped gr ounded
plate includes a plurality of openings capable of preferentially

transferri ng'”F'F’%éherCJH‘i”é%ﬂ”gerfpteﬂﬁﬁ*ieéy pl &<FEshaped Arig pﬁﬁ@@n@r%ﬁ\gﬁﬂy to said
processi ng space. 25. The apparatus of claim 22, further conprising a
second si dewdlPi® YESRFYPR L@E?)é%l eagpPIes R 93h §FY comlyspEHEIFES " Sai d chanber
e A e oS S s YBuREh B bl 0o B F SRS domed

includes two frame plates 422, 424 having a rectangular central opening and a
screen or grid 426 captured between frame plates 422, 424 so as to partially
occlude the central opening. The screen 426 is a fine wire mesh made from a
material with relatively high electrical conductivity, such as aluminum or an

15 aluminum alloy.

The ability to select from among various grounded plates 412, 418 and

420 permits tailoring of the geometrical pattern of radicals delivered from the
plasma to the workpiece 56. To that end, the hole pattern of throughholes,
such as throughholes 421 of grounded plate 412, can be adjusted to

20  correspond to the geometry of the workpiece 56 being plasma treated with the
downstream-type plasma. For example, the throughholes 421 in the grounded
plate 412 can be arranged in a disk-shaped hole pattern for processing round
workpieces, a square-shaped hole pattern for square workpieces, a rectangular
hole pattern for rectangular workpieces, and other geometrical arrangements

25 apparent to persons of ordinary skill in the art as necessary to correspond with
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sidewal | section. 26. The apparatus of claim25, further conprising a guide
for aligning said first sidewall section with said second sidewall section.
27. The apparatus of claim 26, wherein said guide is further capable of
aligning said second sidewall section with said donmed ceiling section. 28.

The appar at U%h%fcﬁwéﬁ}h@l% e loH L RS i e sﬁyaea@i %git%u§%%|e§'4[zggieng sai d

renovabl e si de section with said doned cel secti on. 29 The

appar at us of ;fb'sﬁ\b:’i@d%hhe}’g}%&ﬁd%@j BlaftPd @ R tAstTRe BAPhEAT LABNSPHeGRILONMPr i ses a
powered el ectrode that i's part of an assenbly which includes said workpi ece

hol der -65  RQed dBBLARAIOLURIAGS 14 (R Gedortps KRl GCHclANRIdge 8 t hi ckness
and an exposed surface in a processing space of a vacuum chanber having a

chamber |id apgwaikbieabgent el ectrode positioned in the chamber lid,
conprising’ varying a volunme of the chanber lid to alter the distance from

E Eg exposed surf agenefiethe: Wondspbaoent @ndhig:rtin aab ARmL: ALiegdsy Hde based upon

radio-frequency (RF) bulkhead fiting 428, a pair of ceramic caps 430a,b, a pair
of annular ceramic spools 432a,b, a pair of power feedthroughs 434a,b, a
power distribution bar 436, and a radio-frequency (RF) lid closure element 438.
A radio-frequency (RF) power supply 439 is electrically coupled by a

10  transmission line 440 with the RF bulkhead fitting 428. The RF power supply
439 and the components of the chamber lid 402 collectively provide a plasma
excitation source capable of exciting process gas in the plasma cavity 442 to
generate a plasma Power feedthroughs 434a,b transfer RF power from the RF
bulkhead fitting 428 and power distribution bar 436 to the powered electrode

15 414, The RF power supply 439 typically operates at a frequency between
about 40 kHz and about 13.56 MHz, preferably about 13.56 MHz, and a power
between about 0 watts and about 600 watts, typically about 50 watts to about
600 watts.

Ceramic cap 430a is fastened to the top of power feedthrough 434a and

20 1s positioned between power distribution bar 436 and closure element 438.
Ceramic spool 432a 1s captured between the dividing wall 406a and the power
distribution bar 436, and power feedthrough 434a extends through the bore of
ceramic spool 432a to establish electrical contact between the power

distribution bar 436 and the powered electrode 414. Ceramic cap 4300 is

25 fastened to the top of power feedthrough 434b and is positioned between power
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t hi ckness of the workplace, placing a workplace in the processing space;
and exposi ng the exposed surface of the workplace to the plasna. -66 31
The net hod of claim 30, wherein the varying of the volume further conprises
removi ng at | east one sidewall section fromthe chanber lid 32 The net hod

of claim 30, wherein the valéing of the volunme further conprises adding at
| east one si deWEPHISESE fEAdraveEe @IRARDIETSS| | GErameEPool332b & eetusd of

treating a workpiece with a plasm, conprising placing the workpiece in a
processi ng spgﬁﬁe@TmédﬁFH§W%mﬁW@ée§§VH@pQV%ﬁﬁéhm@%%QWé@ﬁﬁ@d@OWﬁWect pl asma
conposi ng cha&ged species and free rﬁ%icals 5 froma process qas, filtering
char ged speci E8INFHEN FA @ilselstBIHLHE PPG U CRBIME $PCAS? BHAPS) pe pl asma

el i ng 1 reg LAt ool and SiposLog e MorkpLgee, | the, processing space
5 electrode 414. The ceramic caps 430a,b cooperate to electrically isolate the
power bar 436 and upper ends of the power feedthroughs 434a,b from the
closure element 438. The ceramic spools 432a,b cooperate to electrically
isolate the power feedthroughs 434a,b from the dividing wall 406a of domed
celling section 406. Ceramic spools 432a,b also maintain a small gap in the
10 vertical dimension between the ceramic insulator plate 416 and the dividing wall
406a so that gas flow can occur therebetween
In use and with continued reference to Figs 8-12, process gas enters the
chamber Iid 402 through the gas fitting 411 and is directed through gas
passageways 413, 415a,b to the multiple gas passageways 417 terminating on
15 the upper side of the ceramic insulator plate 416. The process gas flows or
seeps around the penphery or perimeter of the powered electrode 414 and the
ceramic insulator plate 416 so the flow of process gas is directed toward the
outer edges of the domed celling section 406. The process gas is attracted
laterally by vacuum forces in the processing space 102 about the edges of the
20 ceramic insulator plate 416 and toward the throughholes 421, which promotes
uniform process gas distnbution in the plasma cavity 442.
The RF energy applied between the grounded plate 412 and the
powered electrode 414 ignites and sustains a plasma from the process gas

residing in plasma cavity 442, The plasma in plasma cavity 442 is a full direct

25  plasma containing ions, electrons, free radicals and molecular species.
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10 -68 34 The method of claim 33, wherein the filtering of the charged
speci es includes positioning a grounded perforated plate between a pl asna
cavity in which the direct plasma is generated and the processing space,
the perforations being capable of preferentially transferring free radicals
fromthe 5 di Beelisplhasow df procbss gasas e ptaswiat tyeatroertt Restgn acesgdmealigpace.  35.
The nmet hod of claim 34, wherein the plasma processing systemincludes a
vacuum chanbecomniitthd wanyabhkestoharbem thatdmanal 4, pleagrisuscavidoyients t he
chanber |id separated fromthe processing space by the grounded perforated
pl ate, and wh&frties dirdchplagemermddsmegeantty #4iwitlibe @ttaciplddyrmesuvotgusrs i n sai d
plasma 5 cavity 36. The nethod of claim 33, wherein said process gas is
air, said di rectuplfasertoviagd Qe tteoathedled rahridroyndedlaad 2 seeond pl asna
contains radicals characteristic of constituent gases in air. 37 The net hod
of claim 33, slb@rogsand lwes jeveet wnilengy of reachwbide mscle tploaghelgsrd@duces | i ght,
and further conprising substantially elimnating the transfer of Iight
ori gi nating fhesaviengrodided tatpt Bsipardunted tetpdive iarpsidgroijds paceesuliso . AL A° . Ah
. Ah&Y . AU . AU .A@. AU. Ay ,
the ions and electrons are significantly less likely to enter processing space
102. The grounded plate 412 permits plasma species lacking a net charge,
such as free radicals and neutral molecules, to be transported through
10 throughholes 421 into the processing space 102. Typically, the grounded plate
412 is effective for removing substantially all of the charged species from the
plasma transferred or admitted from plasma cavity 442 into the processing
space 102
The vacuum or the pumping action of vacuum pump 144 (Fig. 3) urges
15  the free radicals and neutral molecules toward the workpiece 56 to perform the
downstream-type plasma treatment. The workpiece 56 to be treated with the
downstream-type plasma is supported by the side rails 66a, 66b of substrate
support 64 Free radicals admitted into processing space 102 contact with the
exposed surface 56a of workpiece 56 and react chemically with the material
20 forming the workpiece 56 to perform the surface treatment. Excess free
radicals, unreactive process gas molecules, and contaminants removed from
the workpiece 56 are exhausted from the processing space 102 by the pumping
action of vacuum pump 144

Chamber lid 402 provides the plasma processing system 10 with various

25  different capabilities in addition to the ability to generate a downstream-type
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plasma for surface freatments Because the grounded plate 412 provides a
ground plane, substrate support 64 may be energized by RF generator 302
(Fig. 4) to generate a direct plasma In processing space 102, It follows that a
plasma treatment system, such as plasma treatment system 10, which is
equipped with chamber lid 402, may be used to selectively plasma treat
workpieces 56 with either a direct plasma or a downstream-type plasma, as
required by the process, so that both capabllities are available in a single
system 10.

In an alternative mode of operation, the plasma treatment system 10 can
be configured to provide an inverted direct plasma by removing the grounded
plate 412, grounding the substrate support 84 to earth ground, and energizing
the powered electrode 414 to generate a direct plasma in processing space 102
and plasma cavity 442. With the grounded plate 412 removed, the chamber
configuration changes so that the powered plane is provided by powered
electrode 414 and the ground plane is provided by the substrate support 64.
The inverted direct plasma configuration reduces the process time, under
certain circumstances, for improving the plasma treatment of the upper exposed
surface 56a of the workpiece 56.

In another mode of operation, the plasma treatment system 10 can be
configured to power the powered electrode 414 with the grounded plate 412
removed and, In addition, to energize the substrate support 64, as described
herein In this mode of operation, the RF power provided by RF power supply
439 to electrode 414 is driven 180° degrees out of phase relative to the RF
power provided by generator 302 (Fig. 4) to the substrate support 64 As a

result, the voltage potential providing the driving force for ionizing the process
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10948 ()-"10%&’ () - S@O0%& ()~ SMLOYVHE' () - SLO%E' () - S109%4& () - SLO%&: () - ai K-

, S 1098 15) - @to BP3@E&sikQ space 102 from an Independent process gas source (not
@O0%H& ()-,glo%u& ()- @O0%I& () - S10%&' () -s109%& () - #&EJKLi KA7, 10H1O0H610%&
()-" S109%1&' ( )showdPed8at(the free radicals transferred to the processing space 102
through the grounded plate 412 from plasma cavity 442 differ from the species
in the direct plasma generated in processing space 102.
According to the principles of the invention and with continued reference
20  to Figs. 8-12, medial sidewall section 408 is operative for increasing the
chamber dimension of the chamber lid 402 in the vertical direction. The
chamber dimension in the vertical direction may be reduced by removing the
medial sidewall section 408 from the chamber Iid 402. Additional medal

sidewall sections 408 may be added or stacked between the original medial

25 sidewall section 408 to further increase the height of the chamber Iid 402 and to
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5 sidewall section 404 and a domed ceiling section 406 are always present in the
assembly forming chamber lid 402 and, when assembled in the absence of the
medial sidewall section 408, the dimensions of sections 404 and 406 define a
minimum separation between the powered electrode 414 and the exposed
surface 56a of workpiece 56 confronting the powered electrode 414

10 The medial sidewall section 408 I1s removably mounted to the lower
sidewall section 404. Guides 444 are provided to aid in positioning the medial
sidewall section 408 relative to the lower sidewall section 404 during
installation. Similarly, guides 444 aid the positioning of domed ceiling section
406 relative to the medial sidewall section 408 during installation. Guides 444

15 may also be used for positioning the domed celling section 406 relative to the
lower sidewall section 404 if the medial sidewall section 408 is removed from
the assembly. Fasteners 448 are utilized for securing the medial sidewall
section 408 with the lower sidewall section 404 and for applying a compression
force to O-ring 403 to create a vacuum-tight seal. Similarly, fasteners 450 are

20  utilized for securing the domed ceiiing section 406 with the medial sidewall
section 408 and for applying a compression force to O-ring 401 to create a
vacuum-tight seal.

The ability to vary the chamber dimension of processing chamber 400 in
the vertical direction by inserting and removing one or more of the medial

25 sidewall sections 408 permits the plasma treatment system 10 to accommodate
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same distance as a one-inch thick workpiece 56 In a process chamber
10 configuration in which the chamber lid 402 has a single one-inch medial
sidewall section 408.
The separation between the treated surface of the workpiece 56 and the
powered electrode 414 is a fundamental variable that must be controlled for
effective plasma treatment with either a direct plasma or a downstream-type
15 plasma in which the treatment uniformity is adequate. It is appreciated that the
capability of changing the enclosed volume of the chamber lid 402 and the
processing space 102 using one or more of the removable medial sidewall
sections 408 is applicable without limitation for both direct plasma and
downstream-type plasma treatment systems.
20 With reference to Figs. 15-18 in which like reference numerals refer to
like features in Figs. 1-14 and according to an alternative embodiment of the
invention, the plasma treatment system 10 may be provided with a processing
chamber 500 including the chamber base 18 and a chamber lid 502, similar to

chamber lid 402, that 1s hingeably coupled with the chamber base 18. Chamber

25 lid 502 is mounted to hinge assembly 16 for selectively pivoting or cantilevering
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a manner similar to chamber lid 502 and may be retrofitted to an existing
plasma treatment system, such as plasma treatment system 10.
Chamber lid 502 1s an assembly including a domed celling section 504

having a plasma cavity 542 and a lower sidewall section 506 fastened with the

10  domed celling section 504 The domed celling section 504 includes a sidewall
501 extending about the periphery of the piasma cavity 542 and a dividing wall
508 separating a radio-frequency (RF) chamber 543 from the plasma cavity
542. Guides 544 (Fig. 16) are used for positioning the domed ceiling section
504 relative to the lower sidewall section 506 A compressible elastomeric O-

15 ring seal 503 is provided betwgen a circumferentiai lower rim of the domed
celling section 504 and a circumferential upper rim of lower sidewall section
506. Fasteners 448 are utilized for securing the domed ceiling section 504 with
the lower sidewall section 508 and for applying a compression farce to O-ring
503 to create a vacuum-tight seal. O-ning 51 1s compressively captured

20  between a circumferential lower rim of the lower sidewall section 506 and an
apron of chamber base 18 to provide a vacuum-tight seal thereat. The lower
sidewall section 506 inciudes a view port assembly 510 incorporating a site
glass that allows an observer to view the plasma processes transpiring in the
processing space 102 of processing chamber 500. It is contemplated by the

25 invention that one or more medial sidewall sections {not shown), similar to
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With continued reference to Figs 15-18, a gas line 505 couples a
process gas source 507 (Fig. 16) via a gas fitting 511 with a gas port 509
5 provided in the domed celling section 504. The gas port 509 is coupled in fluid
communication with plasma cavity 542 defined in chamber lid 502 by a gas
distnbution path that includes a process gas passageway 513 and a gas
distribution baffle 546 defining a gas distribution chamber 515 coupied in fluid
communication with process gas passageway 513. The gas distribution
10 chamber 515 is coupled in fluid communication with the plasma cavity 542 by a
distributed arrangement of multiple gas outlets 517 in the gas distribution baffle
546 The gas outlets 517 may assume any dimensions or arrangement to
provide a gas load suitable for talloring the plasma admitted into processing
space 102 for plasma treating different types and configurations of workpieces
16 56. Any suitable process gas or process gas mixture may be provided to
plasma cawvity 542 that 1s capable of providing free radicals and other reactive
species, when excited by RF energy to generate a direct plasma in plasma
cavity 542, appropriate to perform a downstream-type plasma treatment of
workpieces 56, as described herein. The invention contemplates that the gas
20  distnibution baffle 546 may be omitted and that the flow of process gas may
enter the plasma cavity 542 through the outlet of process gas passageway 513.
To that end, the outlet of process gas passageway 513 may be positioned to
approximately coincide with the geometrical center of the domed ceiling section

504.

25 The domed celling section 504 is provided with a grounded plate 512
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P11 S&10%23z3& tﬁ%rlyégy%s&e ér)d ééﬁ%ga?@‘é&a(lél'to the grounded plate 512 The grounded

plate 512 has a good electrical contact with sidewall 501 that electrically
5 grounds grounded plate 512 as the chamber lid 502 is grounded. The
grounded plate 512 and the portions of the domed ceiling section 504
surrounding plasma cavity 542 collectively define a ground plane. The
grounded plate 512 and the powered electrode 514 are each formed of a
matenal having a high electrical conductivity, such as aluminum or an aluminum
10 alloy
With continued reference to Figs. 15-18, grounded plate 512 is an
assembly that includes an upper slotted plate 5§16, a center slotted plate 518,
and a lower slotted plate 520 The plates 516, 518, and 520 are of substantially
equal thickness, although the invention 1s not so limited. The upper slotted
15  plate 516 is perforated with multiple openings or slots 522 having a major axis
extending transversely to a machine direction, into and out of the plane of the
page of Fig. 16, In which workpieces 56 are transported from loading station 20
to substrate support 64 and from substrate support 64 to exit station 22.
Similarly, the center and lower slotted plates 518, 520 are each perforated with
20 multiple openings or slots 524, 526, respectively, each having a major axis
extending transversely to the machine direction for workpiece transport. The
cross-sectional profile of each of the slots 522, 524, 526, when viewed
vertically, may be any shape having a major axis aligned transverse to the
machine direction and, in particular, may be either rectanguiar or oval.

25 With reference to Figs. 15 and 15A, slots 522 and 526 of the upper and
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11 &10%& () -! ( &kQHxe dvr&tib) - TIO@OE 622, 15% vi&d §26 permit a fluid flow of process
gas and radicals from the plasma cavity 542 to the processing space 102, but
5 present a tortuous or labyrinthine path that substantially eliminates ail line-of-
sight paths from the processing space 102 to the plasma cavity 542 in
cooperation with the relative inter-plate spacings between slotted plates 516
and 518 and between slotted plates 518 and 520. The elimination of line-of-
sight paths prevents hight, typically in the visible region of the electromagnetic
10  spectrum, generated by the direct plasma in plasma cawvity 542, from entering
the processing space 102, other than light redirected by refiection.
With reference to Figs 15, 16 and 18, upper slotted plate 516 is spaced
from the center slotted plate 518 by a plurality of, for example, four peripherally-
arranged spacers 550 that supply a good electrical contact between plates 516
15 and 518. Similarly, lower slotted plate 520 is spaced from the center slotted
plate 518 by a plurality of, for example, four peripherally-arranged spacers 551
that provide a good electrical contact between plates 518 and 520. Spacers
550 are dimensioned for separating plates 516 and 518 by a uniform gap and,
similarly, spacers 551 are dimensioned for separating plates 518 and 520 by a
20 uniform gap that may differ from the gap between plates 516 and 518.
It is contemplated by the invention that the slots 522, 524 and 526 may
have any relative spatial arrangement that, in cooperation with the inter-plate
spacings, eliminates, prohibits, or at least substantially reduces, line-of-sight

paths between the plasma cavity 542 and the processing space 102. The

25 invention also contemplates that the slots 522, 524, 526 may have a
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processing space 102 and plasma cavity 542 and have a dimension along their
5 major axis of approximately two (2) inches, a dimension along thetr minor axis
of approximately 3/16 inches, a spacing between adjacent slots of about 3/32
inches, and the slots 524 are offset from stots 522 and slots 526 by 3/16 inches.
The upper and center plates 516 and 518 are separated by a distance
approximately equal to the plate thickness and the center and lower plates 518
10  and 520 are separated by a distance approximately equal to 1.5 times the plate
thickness.

The grounded plate 512 prohibits the transfer of charged species,
including ions and electrons, from the direct plasma in the plasma cavity 542 to
the processing space 102 and allows the transfer of free radicals, and other

15  process gas species lacking a net charge, from the plasma cavity 542 to the
processing space 102, Specifically, the charged species are captured by the
material of the siotted plates 516, 518, 520 surrounding the slots 522, 524, 526,
respectively, which are grounded. The pumping action of vacuum pump 144
(Fig. 3) attracts the free radicals and neutral molecules through the slots 522,

20 524, 526 from plasma cavity 542 into the processing space 102 and toward the
workpiece 56 to perform the downstream-type plasma treatment The plasma
in processing space 102 1s a downstream-type plasma that Is free, or
substantially free, of charged particles and light for performing plasma

treatments of the workpiece 56 by the chemical action of the radicais without

25 the physical action otherwise provided by the charged particles. Typically, the
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plasma cavity 542 into the processing space 102 Typically, the grounded plate
512 is effective for removing at least about 90% of the charged particles and
5 may be effective for removing 99% or more of the charged particles.

Grounded plate 512 is configured to be removable from the chamber lid
502 for changing the configuration, dimension, and/or arrangement of slots 522,
524, 526 to accommodate, for example, a change in the type of workpiece 56
being plasma treated, as described herein with regard to grounded plates 412,

10 418 and 420 (FIGS. 12-14). For example, the slots 522, 524, 526 may be
dimensioned and arranged in a disk-shaped pattern for processing round
workpieces, a square-shaped pattern for square workpieces, a rectangular
pattern for rectangular workpieces, and other geometrical arrangements
apparent to persons of ordinary skill in the art as necessary to correlate with the

15 geometrical shape of the workpiece 56.

With reference to Figs. 15-18, the chamber lid 502 further includes a
radio-frequency (RF) bulkhead fitting 528, a pair of electnically-insulating caps
530a,b, a pair of dielectric spools 532a,b, a pair of power feedthroughs 534a,b,
a power distribution bar 536, a removable radio-frequency (RF) lid closure

20 element 538 that affords access to RF chamber 543, and a pair of annular
ceramic spacers 540a,b. A radio-frequency (RF) power supply 539 is
electrically coupled by a transmission line 540 with the RF bulkhead fitting 528.
The RF power supply 539 and the components of the chamber lid 502

collectively provide a plasma excitation source capable of exciting process gas

25 in the plasma cavity 542 to generate a plasma. Power feedthroughs 534a,b
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13.56 MHz, and a power between about 0 watts and about 600 watts, typically
5 about 50 watts to about 800 walts.
The power feedthroughs 534a,b and ceramic spoocls 532a,b are

positioned in respective openings 541a,b extending through dividing wall 508
Cap 530a is fastened to the top of power feedthrough 534a and is positioned
between power distnibution bar 536 and closure element 538. Ceramic spool

10 532a has a flange that is captured between the dividing wall 508 and the power
distribution bar 536, and power feedthrough 534a extends through the bore of
ceramic spool 532a to establish electrical contact between the power
distribution bar 536 and the powered electrode 514. Cap 530b is fastened to
the top of power feedthrough 534h and Is positioned between power distribution

15  bar 636 and closure element 538. Ceramic spool 532b has a flange captured
between the dividing wall 508 and the power distribution bar 536, and power
feedthrough 534b extends through the bore of ceramic spool 532b to establish
electrical contact between the power distribution bar 536 and the powered
electrode 514. The ceramic spacer 540a is captured between the dividing wall

20 508 and the powered electrode 514 and is concentric with ceramic spool 532a.
Similarly, the ceramic spacer 540b is captured between the dividing wall 508
and the powered electrode 514 and is concentric with ceramic spool 532b. The
caps 530a,b cooperate to electrically 1solate the power bar 536 and upper ends
of the power feedthroughs 534a,b from the closure element 538 The ceramic

25  spools 532a,b and the ceramic spacers 540a,b cooperate to electrically isolate
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With continued reference to Figs. 15-18, the powered electrode 514 |s
positioned within the plasma cavity 542 such that its planar upper surface 514a,
5 planar lower surface 514b and side edge 514c are positioned substantially
equidistantly from adjacent surrounding surfaces of the domed ceiling section
504 and the grounded plate 512 that are electrically grounded. Specifically,
upper surface 514a is separated vertically from, and in a generally parallel
relationship with, a downwardly-facing planar surface 546a of gas distribution
10 baffle 546 by approximately the same distance that lower surface 514b is
separated from an upwardly-facing planar surface 516a of the upper slotted
plate 516. The surfaces 514b and 516a have a generally parallel relationship.
In addition, the transverse distance between the side surface 514¢ and adjacent
portions of an inwardly-facing surface 501a of side wall 501 is approximately
15  equal to the separations between surfaces 514a and 546a and surfaces 514b
and 516a. |t follows that the powered electrode 514 is symmetrically posttioned
relative to and equidistant from surfaces 501a, 546a and 516a. In one specific
embodiment that provides a particularly uniform plasma in plasma cavity 542
and, consequently, a particularly uniform downstream-type plasma in
20  processing space 102, the separations belween the powered electrode 514 and
surfaces 501a, 546a and 516a are each approximately one (1} inch. The
equidistant spacing and the magnitude of the spacing cooperate to permit
application of full power, without ramping, from RF power supply 539 to the
powered electrode 514 without inducing plasma spikes, arcing, energy hot

25  spots, or plasma instability.
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the chamber lid 502 through the gas port 509 and 1s directed through gas
passageways 513 to the upper side of gas distribution baffle 546. Gas flows
from the upper side of gas distribution baffle 546 through gas outlets 517 into
5 the plasma cavity 542, which promotes uniform process gas distribution in the
plasma cavity 542 The RF energy applied between the grounded plate 512
and the powered electrode 514 ignites and sustains a plasma from the process
gas residing in plasma cavity 542. The plasma in plasma cavity 542 is a full
direct plasma containing 1ons, electrons, free radicals and molecular species.
10  Because the flow of process gas in the plasma treatment system 10 is generally
conducted toward exhaust port 136 in bottom wall 44, the various components
of the direct plasma in plasma cavity 542 will be attracted by a suction or
vacuum force toward the slotted plates 516, 518, and 520 that collectively
constitute the grounded plate 512. Charged species, such as electrons and
15 lons, recombine inside slots 522, 524, and 526 because grounded plate 512 is
grounded relative to earth ground. As a result, ions and electrons are
significantly less likely to enter processing space 102. The grounded plate 512
permits plasma species lacking a net charge, such as free radicals and neutral
molecules of process gas, to be transported through slots 522, 524, and 526
20  into the processing space 102. The relative arrangement of slots 522, 524, and
526 and the spatial relationship between the upper and center slotted plates
518, 518 and the center and lower slotted plates 518, 520 eliminates, or
substantially eliminates, line-of-sight paths from the plasma cavity 542 to the

processing space 102 so that light generated by the direct plasma in the plasma

25  cawvity 542 is not visible in processing space 102
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15

20

the free radicals and neutral molecules toward the workpiece 56 to perform the
downstream-type plasma treatment. The workpiece 56 to be treated with the
downstream-type plasma is supported by the side rails 66a, 66b of substrate
support 64. Free radicals admitted into processing space 102 contact with the
exposed surface 56a of workpiece 56 and react chemically with the material
forming the workpiece 56 or contamination covering the exposed surface 56a to
perform the surface treatment. Excess free radicals, unreactive process gas
molecules, and contaminants removed from the workpiece 56 are exhausted
from the processing space 102 by the pumping action of vacuum pump 144.
While the present invention has been illustrated by a description of
various embodiments and while these embodiments have been descrnibed in
considerable detail, it is not the intention of the applicants to restrict or in any
way limit the scope of the appended claims to such detail. Additional
advantages and modifications will readily appear to those skilled in the art. The
invention in its broader aspects is therefore not limited to the specific details,
representative apparatus and methods, and illustrative examples shown and
described. Accordingly, departures may be made from such details without
departing from the spirit or scope of applicants’ general inventive concept. The
scope of the invention itself should only be defined by the appended claims,

wherein we claim:
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plasma cavity defined in said chamber lid, said plasma cavity and sad
processing space being in fluid communication;
5 a workpiece holder posittoned in said processing space,

a vacuum source coupled in flud communication with said vacuum
chamber, said vacuum source capable of evacuating said processing space
and said plasma cavity;

a process gas supply coupled in fluid communication with said vacuum

10 chamber, said process gas supply capable of providing process gas to at least
said plasma cavity; and

a first plasma excitation source capable of exciting process gas in said
plasma cavity to generate a plasma, said plasma excitation source including a
grounded plate positioned between said plasma cavity and said processing

15 space, said grounded plate having a plurality of openings capable of prohibiting
the transfer of ions and electrons from said plasma cavity to said processing

space and allowing the transfer of free radicals from said plasma cavity to said

processing space.
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3 The apparatus of claim 2, wherein said first plasma excitation source
further comprises a first radio-frequency power supply electrically coupled with
said first powered electrode, said first radio-frequency power supply supplying
radio-frequency excitation energy to said first powered electrode for exciting

5 process gas in sald plasma cavity.

4, The apparatus of claim 3, further comprising a second powered electrode
positioned in said processing space and a second radio-frequency power
supply electrically coupled with said second powered electrode, said second
radio-frequency power supply capable of providing excitation energy to said

5 second powered electrode for exciting process gas In said processing space to

generate a plasma

5 The apparatus of claim 4, wherein said first radio-frequency power
supply supplies radio-frequency power 1o said first powered electrode driven
180° degrees out of phase relative to radio-frequency power supplied to the

second powered electrode by said second radio-frequency power supply.
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plasma treated

7. The apparatus of claim 6, wherein an outer peripheral edge of said

pattern corresponds substantially to an outer peripheral rim of the workpiece.

8 The apparatus of claim 1, wherein said chamber Iid 1s movable between
open and closed positions for permitting introduction and removal of the

workpiece to and from said workplece holder

9, The apparatus of claim 8, further comprising:

a loading station configured for introducing the workpiece to said
workpiece holder when said chamber lid is in the open position; and

an exit station configured for removing the workpiece from said

5  workpiece holder when said chamber lid is in the open posttion.

10 The apparatus of claim 1, wherein said chamber lid further includes a
process gas inlet port coupling said process gas supply in fluid communication

with said plasma cavity.
11.  The apparatus of claim 10, wherein said chamber lid further includes a

gas distribution path for distributing process gas received from said process gas

infet port to said plasma cavity
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h& () -M 6310%/0VO&it3teMd said electrode insulator emitting process gas that seeps around an
outer periphery of said electrode insulator and an outer penphery of said first

powered electrode for substantially uniform distribution into said plasma cavity.

13.  The apparatus of claim 11, wherein said gas distribution path comprises
a gas distribution baffle having a plurality of spatially-arranged gas outlets

positioned for distributing the flow of process gas into said plasma cavity.

14, The apparatus of claim 1, wherein said grounded plate 1s removably

positioned between said plasma cavity and said processing space.

15.  The apparatus of claim 1, wherein said openings are arranged to
substantially elminate line-of-sight paths between said processing space and

said plasma cavity
16.  The apparatus of claim 15, wherein said grounded plate comprises a

plurality of slotted plates each having a slot arrangement that cooperates for

substantially eliminating line-of-sight paths.
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17.  The apparatus of claim 16, wherein adjacent ones of said slotted plates
have inter-plate separations in a direction extending between said plasma cavity
and said processing space that cooperate with said siot arrangement for

substantially eliminating line-of-sight paths.

18 The apparatus of claim 16, wherein said slot arrangement of at least one
of said slotted plates I1s offset spatially from said slot arrangement of at least

another of said slotted plates.

19 The apparatus of claim 18, wherein said vacuum chamber has a
machine direction in which workpieces are transported, and said slot
arrangement In said at least one slotted plate is offset parallel to the machine

direction.

20.  The apparatus of claim 1 wherein said plasma cavity is defined by a
plurality of inwardly-oriented surfaces of said chamber lid and a surface of said
grounded plate, said powered electrode being positioned equidistantly from said
plurality inwardly-onented surfaces of said chamber lid and said surface of said

5 grounded plate.
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21.  An apparatus for treating a workpiece with plasma, comprising:

a vacuum chamber having a chamber base and a chamber Iid movable
relative to said chamber base between a closed position that defines a
processing space and an open position for transferring a workpiece into and out

5 of said processing space, said chamber lid including a first sidewall section

capable of being removed from said chamber lid for changing a vertical
dimension of said vacuum chamber;

a vacuum source coupled in fluid communication with said vacuum
chamber, said vacuum source capable of evacuating said processing space;

10 a workplece holder located in said processing space;

a process gas supply in fluid communication with said vacuum chamber,
said gas supply capable of providing process gas to said processing space; and

a plasma excitation source operable to provide a plasma in said

processing space generated from said process gas.
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22 The apparatus of claim 21, wherein said chamber lid further comprises a

domed ceiling section including a plasma cavity, and said plasma excitation

source includes a powered electrode positioned in said plasma cavity.

23 The apparatus of claim 22, wherein said plasma excitation source further
comprises a grounded plate positioned between said plasma cavity and said

processing space.

24, The apparatus of claim 23, wherein said grounded plate includes a
plurality of openings capable of preferentially transferring free radicals from a

plasma in said plasma cawity to said processing space.

25.  The apparatus of claim 22, further comprising a second sidewall section
capable of sealingly engagement with said chamber base, said first sidewall
section being positioned between said domed ceiling section and said second

sidewall section.

26.  The apparatus of claim 25, further comprising a guide for aligning said

first sidewall section with said second sidewall section.

27.  The apparatus of claim 26, wherein said guide is further capable of

aligning said second sidewall section with said domed celling section.

28.  The apparatus of claim 25, further comprising a guide for aligning said

removable sidewall section with said domed celling section.
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29 The apparatus of claim 21, wherein said plasma excitation source
comprises a powered electrode that is part of an assembly which includes said

workpiece holder
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30 A method of plasma treating a workpiece having a thickness and an
exposed surface In a processing space of a vacuum chamber having a
chamber Iid and a treatment electrode positioned in the chamber lid,
comprising’
3 varying a volume of the chamber lid to alter the distance from the
exposed surface of the workpiece to the treatment electrode based upon the
thickness of the workpiece,

placing a workpiece in the processing space; and

exposing the exposed surface of the workplece to the plasma.
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comprises removing at least one sidewall section from the chamber lid

32 The method of claim 30, wherein the varying of the volume further

comprises adding at least one sidewall section to the chamber lid.
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5 from a process gas,

filtering charged species from the direct plasma to create a downstream-
type plasma including free radicals; and

exposing the workpiece In the processing space to the free radicals in
the downstream-type plasma.

10
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includes posttioning a grounded perforated plate between a plasma cavity in
which the direct plasma Is generated and the processing space, the
perforations being capable of preferentially transferring free radicals from the

5 direct plasma in the plasma cavity to the processing space.

35.  The method of claim 34, wherein the plasma processing system includes
a vacuum chamber with a movable chamber lid and a plasma cavity in the
chamber lid separated from the processing space by the grounded perforated
plate, and wherein the generating of the direct plasma occurs In said plasma

5 cavity

36. The method of claim 33, wherein said process gas is arr, said direct
plasma Is generated from air, and said second plasma contains radicals

characteristic of constituent gases in arr.
37 The method of claim 33, wherein the generating of the direct plasma

produces light, and further comprising substantially eliminating the transfer of

light originating from the direct plasma into the processing space.
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