PLASVA TREATMENT SYSTEM Cross Reference to Rel ated Applications - This
application clainms the benefit of U S. Provisional Application No.

Pacor porated by reforence erern inite ontirety. 5 Fier MUTIMENAMMen : o
.The present invention relates generally to plasma processingssaad nore

“particularly to a plasma treatnent systemconfigured toperform- - —
downstreamtype plasma treatnments. 10 Background of the i

Plasma treatnent is commonly applied for nmodifying the #QMﬂﬁHQMHMQMFrtieS
of workpi eces used in applications relating to integrate ;

el ectroni ¢ packages, and printed circuit boards. Plasme-tred?®®nt systens
are 15 configured to produce a direct plasma froma process gas and expose
a surface of a substrate or workpiece with generated active species from
the direct pPaagsmalREAENIWET S¥sframe atons by physical sputtering

chem cal | y-assi sted sputtering, or chem cal reactions. The physical or

chem cal act CeyssRefeleace selelbedcAslicktionst he surface to i nprove properties
such as adhesion, to selectively 1 renove an extraneous surface |ayer of a
process mat eri al ,Therapblicatbtredairsride semsdid oCOr{ @mvistombsAfgicatdritéo.sur f ace.
Plasma treatnent is used in electronics packaging, for exanple, to increase
surface acti S&BTH0N Gfidd dprilsi®r Lekk thel dsaiddune sbwiidr is Gkrably radorpogateei ami nat i on
and bond failures, inproving wre bond

' by reference herein in its entirety.

5
Fieid 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. |
10

- 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 tréatment systems are

15 configured to produce a direct plasma from a process gaé 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
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5strength, ensuring void free underfill, renoving oxides, enhancing die
attach, and i nprovi ng adhesi on for encapsul ati on. Pl asma treat nent
rsystens may be integrated into in-line and cluster systenms or batch
processes in which groups of workpieces are processed by successive plasma
exposures or processing cycles. Wrkpieces may be 10supplied by various
“met hods, i ncletdee dekitnaasdlsisarfacanagezdf aeyrodens matedidabr dalidanaidedieda conveyer
transport system or nanual insertion into the process chanber. Plasm
treat nent sysinensnangyfrah $1@ shéaqer CYasted trabttrenaisesmihetkcirohies i ¢ mani pul ators
t hat coordi nate wor kpi ece exchange into and out of the process chanber for
pl asma pr ocesskagng fre eadrmmaso intEEsaveriddeoarédlatiph astvar §ureat nent systens have
failed to provide adequate process uniformty across the surface of
i ndi vi-dual woedkphessds clifhetimd ddaraindesrséndypamd $ailutes, prreciiseye aodi accur at el y
controlled at all positions on the surface of the workpiece so that it is
subst ant i @l | strempinf ersmiracyoasised Utalesilir feavwing@xides, cahapanqadie zeash, f or
controlling the uniformty of the plasma include the 20-spatial uniformty
of the exci tatdimpropoperhesivd fotmcdpspatiosi on of the process gas. A
non-uni form pl asma density at the surface of the workpi ece degrades process
reliability and P&gued&satsst pisiscesdaypelndesrated Béhindipe and cluster
- wor kpi ece-to-workpiece uniformty, the process gas nust be evenly di spersed
and uni f or ni S¥Sieas ¥ datchprocgrseaincvhigh BewPpalwerkyiecastiat prasessediy of active

species is spatially uniformacross 25the surface of the workpiece.
. successive plasma exposures or processing cycles. Workpieces may be

10  supplied by various methods, include delivery in a magazine, individual delivery
by a conveyer transport system, or manual insertion into the process chamber.
Plasma treatment systems may also be provided with automated robotic
manipulators that coordinate workpiece exchange into and out of the process
chamber for plasma processing operations.

15 Conve-ntional'plasma treatment systems have failed to provide adequate
process uniformity across the surface of individual warkpieces. The plasma
density must be precisely and accurately controlled at all positions on the
surface of the workpiece so that it iséubstantially uniform across the surface.
Critical parameters for controlling the uniformity of the plasma inciude the

20  spatial uniformity of the excitation power and the dispersion of the process gas.
A non—uniform plasma density at the surface of the workpiece degrades process
reliability and reduces the procesé yield. To achieve workpiece-to-workpiece
uniformity, the procéss 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 plasma treatnent systens have |ikew se failed to achieve
adequate reproducibility of the plasma treatnment between successive batches
vof "wor kpi eces. Batch-to-batch reproducibility depends on the

preci se.control of process variables and paraneters so that successive

wor kpi eces are exposed 5to substantially identical plasma conditions.

“Mor eover, conventGoovetltiopd asrma treelatare aystays hamsikaviee faieapakdrevef rapi dly
processi ng wor kpi eces with a throughput anenable to automated process |ines
or fabricatigffaeguerremmsiiliyy of Sysplesma Hesloghprtwasrdsusaedshrertiatanesf the pl asma
treatnment: nust be maxim zed for reducing production costs. 10Conventi onal
in-1ine pl asﬂdeQrFRé%ﬁeﬁeﬁ?tcgﬁt’@%reﬂ@@Cilbgiwemh@dm thetpyectse. cpemnsoat e a
downstreamtype plasma that is substantially free of ions, electrons and
light in at Peaas emrd&s aidipleeaneder on tioft supresevevokpiragm@tisepepect rum As i s
wel | -known, a direct plasma is a conbination of nultiple different species
i ncl udi ng® i oRsUasaNBIeieerisA 2R covdiiena Meteordrasgweniivdasparmce gas

- nmol ecul es 15and free radicals that are neutral. Free radicals are gas
nol ecul es t hEtAIEPR SHEUBTF @re ingAPARIE of B epraressingeiarkifiedes witbrpl enent  of
el ectrons so thex are neither positively nor negatively charged. Wrkpieces
may be proceSLHEMR AReRaRYE RO e RRCBBIINGS AT 195reatiPn pRasiamesipeci es or wit h
a downstreanxtype. pla i ncludin rimarily free radicals. Processing

wor kpi eces Kﬂ%e"ratfﬁwg%g@ %B&g'ﬁﬁmﬁgﬁﬁaﬂ&%@aﬂ?ﬁé%%muswet maKeiasdphysi cal
action due tf%r%réuamd e!jeCrcg‘tron bonbardnment and chem cal action arising from

surface interactron BPYYHR"FPE: radicals. On the other hand, processing

Convent Shal ol acel TYEG MeRE Phyue e GRHar Ty o AA® iy Fod 254 mensi on
pl asma .Chanbfé’ne?a@ga%o@ﬁ@r%%w%&e ag&pao{htat :isnsu antgﬁl?ﬁggoﬁg%@%rctréngat
and light in at least the visible region of the electromagnetic spectrum. As is
well-known, a direct plasma is a combination of multiple different species
including ions and electrons that have a net charge and source gas molecules
15 and free‘ radicals that are neutral. Free radicals are gas molécules that are
nearly ionized yet retain their full compiement of electrons so they are neither
positively norvnegatively charged. Wbrkpieces may be procéssed with a direct
plasma containing all plasma species or with a downstream-type plasma
including primarily free radicals. Processing workpieces with a direct plasma
20  promotes treatment with both physical action due to ion and eleétron
bombardment and chemical action arising from surface interaction of the free
radicals. On the other hand, processing with the downstream-type plasma
involves primarily chemical action.
Conventional plasma treatment systems generally include a fixed

25 dimension plasma chamber and a substrate support in the blasma chamber that
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hol ds the workpiece 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 relative to the treatnent
el ectrodes. The fixed position is chosen to provide a spacing effective to
provi de an effective plasma 5treatnent for -workpi eces of a given thickness.
“I't foll ows htias theamritdretdtizdikeregssitoh tetweamortdopsacieaesmegletiregdsed i n t he
system changes, the location of the surface is no |longer at the desired
fi xed posit Bereuse tiehatrkpibes iefdchied @heyixed podignplhasmeaderte aé peRinamay be
reduced. Therefore, conventional plasma treatnent systens are ill equi pped
t 0 accommodat&ee sdigeise sprasdrplivede tiehiraimentslecoddserideifised hus a need f or
an' in-line plasma treatnent systemthat can provide a downstreamtype
pl asma for pesdniinghasen kpbrewds aispaditeefitcivene phadear eftestivet lagmaan
acconmodat e wor kpi eces of differing thickness while maintaining an
ef fective tFeaigeher epkpieres@ . oivES USgfasey !t follows tphas preeldisitessnvent i on
addresses these and other problens associated with the prior art by
provi di ng acphasgweriace 2eiremealsy 91 msyparingnads. perdghion eighea downst r eam t ype
pl asma treatnent. The plasna treat ment S){St em i ncludes a vacuum chanber
i ncl udi ng aSPraseéssy REILFAEE, dearahaRB &SP S0 HRbing efiFig8meei 3t avi ty defi ned
in the chanber lid, a workpiece holder positioned in the processing space,
a vacuum soBPeB2 FEapeedmMen Pf refiuaet ohAIRPEa CPBENifnehrasTes eRTIERS chanber, a
process gas supply coupled in fluid conmunication wth the vacuum chanber,
and a first Sb*lt%@?r%reé'k% YRRSA N ALE I 2 T B P B S PR (Y SR ES pr ocessi ng
space ang in f1ujd communi cation, TS BLASETR A SHRR! ¥l Sn

provide a downstream-type plasma for treating workpieces in the plasma

chamber and that can accommodate workpieces of differing thickness while

maintaining an effective treatment efficiency.

15 Summary

The present invention addresses these and other problems associated
with the prior art by providing a p[asma treatment system capable of performing
a downstream-type plasma treatmeﬁt. The plasma treatment system.includes a
yacuufn chamber including a prbcessing space, a chamber lid, and a plasma

20 cavity defined in the chamber lid, a workpiece holder bositioned 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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25capabl e of providing process gas to at |east the plasma cavity, the
vacuum source is capable of evacuating the processing space and the plasma
wcavity, and the first plasna excitation source is operable for exciting
process gas in the plasma cavity to generate a plasnma. The pl asma
excitation source further includes a grounded plate positioned between the
‘pl asma cavi SSHrehid CerRY S YRR RPN G e PHACSS NTRRAGrddntRBIFFTAc®Viyncl udes a
plurality of o&Fnjngs capabl e of prohibiting or, at the |east,

subst ant i al Pyd édﬂ%Pﬁ@m?ﬁé”?P%h§¥@F'Bpp@ﬁapggﬁ”§$8%P%@?a%%ﬁhn§§ i ons and

el ectrons, fromthe plasma cavitéqt%_th %$£dcessing sPace. However, the .
openi ngs pr BEEFRARETHIP generatedPtaseet rias PI*CHIUO8 SPYGE S48 From t he pl asma
cavity to the processing space. According to this aspect of the

10i nvent i onE”C%.‘d%M%P%@ﬁ'?tﬁﬁ%s’fﬂrﬁgr?&t‘ﬂ’?‘egé,he 8’@@66@‘('&@["‘%@ y free, of
charged particles and ¥ t ons cag E§ ﬁ@ﬂﬁratep q% t.he wor kpi ece for

per f or mi Ag PICASTHH4PEST Lo REE HEWTBRF PHER TYOH %8P P HeC3PaRFcal s wi t hout
t he physical . actjon otherw se provided by the charged particles. According
to the prinéi R{P@L]'(a?ﬁ Cf ﬁtetF‘%Nl?\?étn ‘i’bﬁ?‘/ﬁngalgynfgié‘ﬁ%w g trﬁP%@ﬁ U&HBEF 15treating a
wor kpi ece with.a plasma. Th hod. includes placing,the .workpiece in a
processi ng S%%ﬁ?’%#gfsﬁrﬁfﬁgegg% %%gPﬁHk% E?@%faﬁgggﬁ§ﬁ¥ﬁ§5§” irect plasma

conpri si ng %Q%[egg%w%%erc{hg%gmg s];grgf%a%w&%if%leoglm% %;%Drgs?&io@geg%ric% d speci es

fromthe di asnma fea e plasma 1 ncluding free

radicals, apd exposing IAe WRLKRIECENd D48 REQGRT S AR ARG R the free

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 thé chemlical action of the radicals without the physice;l 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 plasmé. The method includes placing the workpiece
in a processing space of a plasma procéssing system, generating a direct
plasma comprising charged species and free radicals, filtering ‘charged species
from the direct plasma to create a downstream-type blasma including free
radicals, and exposing the workpie’ce in the processing space to the free

20  radicals in the downstream-type plasma. |

According to ancther 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
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20radical.s in the downstreamtype plasna. Accordi ng to anot her aspect
of the invention, a .plasnma tredtnent systemincludes a vacuum chanber
~havi ng a chanber base and a chanber |id novable relative to the chanber
base between a closed position that defines a processing space and an open
position for transferring a workpiece into and out 25of the processing
space,. a VagidiNBcSOH LESER WPk &pieBe hbdkMo68aTH MLAbEQRINY doBce, the vacuum
chanber, a workpi ece holder located in the processing space, a process gas
supply in fbticdsCeaEaappig atfiuaicomrh nitdiRnwae WwyR cbaieambandnda pl asm
excitation source. The pr.ocess gas supply is capable of providing process
gas to the preeesStit@osHALe. TR ryasywas SMCe chfabtagrapbedigd Sevacuating
t he processing space, and the plasnma excitation source is operable to
provi de a plhasaes §43 tb e PéResss Epgres proacgenesated chpayr bhe process gas.
The chanber. lid further includes a first sidewall section capable of being
removed Br omvidietictasbercedsird dpate cihange pigsma vaithicadoutigTeapéapeof t he
. vacuum chanber. According to this aspect of the invention, the vertical

di mensi on ofo ploeidd Bphamber themyodeesivaspae deoeaeaomthatpeodses kgd. eces of
differing thickness by conpensating for substrate thickness by placing the
exposed sur flagehafbeartie futbekiptleds atirshsipevealisettmblcepelis bapereg fr om t he
treatnent electrode. According to the principles of the invention, a method
i s provi ded réroevegli@snthe thaaiar fig fa ohendipd agertitaldnegpsioo s §iengcgpace of a
vacuum chanber 15having a chanber [id. The nethod conprises placing a
wor kpi ece i ghgmker. 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 forv substrate thickness by placing the exposed surface of the '
workpiece at a predictable distance from the treatment electrode.

Accord-ing 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.

Thesé and other objects and advantages of the bresent invention shall

20  become more apparent from the accompanying drawings and description

thereof.

Brief Description of the Fiqures

The accompanying drawings, which are incorporated in and constitute a

25  part of this specification, illustrate embodiments of the invention and, together
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processing space, and varying a volunme of the chanber |id to alter the

di stance from an exposed surface of the workpiece to a treatnent el ectrode
*positioned in the chanber I'id based upon a thickness of the workpiece.
These and ot her objects and advantages of the present invention shall
20becone nowih appedreinteséripton bittee aeedivpagiyannapods, sand Wgssdeasmidddescri pti on

‘thereof. Brief Description of the Figures The acconpanyi ng
drawi ngs, wheshpiameiventeloporateth 4xplagntheconsbliet ot beavedjpart of this
specification, illustrate enbodi nents of the invention and, together wth

a general descrifpd itdna ofrspérdiveé Wew ol B Presgia/egetmbo\sestemrinl atdoedatet ai | ed
description given below, serve to explain the principles of the invention.
Fig. 1 is awpetemeotipieeovinewestntanysha@ma treat nent systemin accordance
with the principles of the present invention; 5Fig. 2Ais a side schematic
and partPally briakéf 'S/?é\ﬂﬁé@hetﬂ?ﬁélcﬁﬂéﬁﬁﬁ'aﬂy@fé?ffﬁf’eﬁﬁw;é??@?@iﬁs@fa Fig. 1; Fig. 2B
is a side schematic and partially broken view of the plasnma treatnent

syst em of Firgatm@ni sysighi &ric Ae chanber lid is in a closed position; Fig. 20

is a detailed side view of the plasma treatnent systemof Fig. 1;
Fig. 2B is a side schematic and partially broken view of the plasma

treatment system of Fig. 1 in which the chamber lid is in a closed position;,
Fig. 2C is a detailed side view of the plasma treatment system of Fig. 1;
10 Fig. 3 is a front view of the plasma treatment system of Fig. 1; |
Fig. 4 is a schematic block diagram illustrating a control system for the
plasma treatment system of Fig. 1;
Fig. 5 is a flow chart illustrating a process of implementing a plasma
processing cycle utilizing the control systerh of Fig. 4;
15 Fig. 6 is a side view of a substrate support in accordance with an
alternative embodiment the principles of the present invention;
F;ig. 7 is 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 inventioh;
20 Fig. 9 is a sectional view taken generally along line 9-8 of Fig. §;
Fig. 10 is a sectional view taken generally along line 10-10 of Fig. 9;
Fig. 11 is a detailed view of a portion of Fig. 10;
Fig. 12 is an exploded view of the plasma chamber of Figs. 8-11;
vFig. 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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10Fig. 3.is a front view of the plasma treatnent systemof Fig. 1, Fig. 4
is a schematic block diagramillustrating a control systemfor the plasm
*treatment systemof Fig. 1; Fig. 5is a flowchart illustrating a
process of inpl e,grlenTti.n tilizing the control

| . i . |
system of Fig. 4 glﬁﬁ?g.p%%%?%%r@/"fl (rlog%\%ls Rlﬁfnr%f'g g@ﬁ%ogrp?rgto a9lpeRe in

“accordance with an alternative enbodi it the principles of the present

i nventi on; \Fg}a?fo’?ufesw' %]Srpiaisgla Qg?@ﬁ?r ﬁ%'%f&t he substrate support of Fig.
6, Fig. 8is at vi.ew of a_ plasma. chanber, i.n_accordanc ith the

ot e ples of t HaB TeReroRT B g RIS B PEREF O i gener at 1y
along line f Fig, 8. Fig. i S ectional .view taken generally al ong
line 10-10 %?glegamg&;ga??%gr.lf%%ofdég%é %g gi%i ‘%iﬂﬂ'éﬁf r}e”éveﬁg?ri’i on of Fig. 10;
Fig. 12 iss an exp ‘o%%\da Xétg}’é’dqffecv)v}&%n%ﬁcfn”@fﬁ .alrgber of Figs. 8-11;

Fig. 13 i's a perspective view ernat’i ve enbodi nent of a grounded

25pl ate for use M’bt% i Q%e@[loﬂﬁ%vpgﬁn@rﬁ{o F—%. 1'6iog“?he p&és%‘?a; chamber of
Fig. 15; |
Fig. 17 is a detailed view of a portion of Fig. 16; and
Fig. 18 is an exploded view of the plasma chamber of Figs. 15-17.

10

Detailed Description of the Invention

The present invention, in accordance with the principles and objectives
herein, provides an apparatus and a method for processing a workpiece with a
plasma. The present invention provides a plasma treatment system configured
15 to provide a uniformly dense plasma, rapid pump-down and venting cycles,
reproducible processing conditions, and simplified material handling. The
system advantageously requires a reduced excitation power to initiate and
sustain a uniformly dense plasma in the processing space, while employing a
control algorithm that minimizes the cycle time required to process _éach
20 successive workpiece.
A plasma treatment system 10, in accordance with the principles of the
present invention, is illustrated in Figs. 1, 2A-2C and 3. Referring to Fig. 1,
plasma treatment system 10 includes a processing chamber 12, a loading
station 20, and an exit station 22, which are situated on a substantially flat and

25 mechanically stable surface 24 atop an instrument cabinet 26. Processing
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Fig.. 14 is a perspective view of an alternative enbodi nent 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 ment of a plasm
chanmber in accordance with the principles of the invention; 5Fig. 15A a

detai |l ed vi emarobera2piddesn codmibdrdid 145Siingeably cofme@tedltb alﬁwaﬁb@ﬁﬁs'eonal vi ew
‘simlar to Fig. 10 of the plasma chamber of Fig. 15; Fig. 17 is a detail ed

view of a papbiyamimk Ebgnoil6s. ansnbigid 148s B@e@ﬂel??@é igsiRdicianef the plasm
chanmber of Figs. 15-17. 10 Detailed Description of the Invention The

present i nvenbbempositonaecobdancEigyi 1 And e ptiantdsgl @ssias sekh&et i ves herein,
provi des an apparatus and a nethod for processing a workpiece with a
pl asma. TheimpfigsEntChambenbaen pamavindedealipl Asawréfe@slyTeniedsy shem confi gur ed
15to0 provide a uniformy dense plasnma, rapid punp-down and venting cycles,
r epr oduckbl eleprriogiysshagticomdietiaicugablanm hajhaacidn edpiratiersi alchhandl i ng. The
syst em advant ageously requires a reduced excitati.on power to initiate and
sust ai n a ushiomibyn deyse a plaaders dteelt he processi ng space,- while enploying a
control algorithmthat mnimzes the cycle tine required to process each
20successi ve workipmgeelid A iptlagerae tepad reing Byatdemn it@gral sidegaibddance with
t he prlnC|pIes of the
encircled by a flat rim 32. A viewport opening 38 is provided in ceiling 28 for
- holding a viewport 34. As best shown in Fig. 2C, viewport 34 is a substantially
10  planar panel attached to chamber lid 14 by a frame 35 and fasteners 36. An O-
ring 40 is received within a groove 42 that circumscribes viewport opening 38.
Viewport 34 compressively engages O-ring 40 to create a.vacuum-tight seal,
where the sealing force is supplied collectively by the preésure differential
between the interior and exterior of processing chamber 12 and by fasteners
15 36. Viewport 34 is constructed of a dielectric ceramic, such as quartz, that has
a low sputtering coefficient, is gaé impermeable, and has a wide transmission
range for optical wavelengths. O-ring 40 is preferably formed of an elastomer
such as Viton®.
Chamber base 18 inciudes a floor wall 44 integral with a sidewall 46
20 which is encircled by a flat lip 48. Lip 48 includes a circumferential groove 50
for receiving a conductive resilient sealing member or O-ring 51 that provides
an electrically-conductive pathway 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. It may be

25 appreciated that O-ring groove 50, and therefore O-ring 51, may be positioned
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present i.nvention, is illustrated in Figs. 1, 2A-20 and 3. Referring to
Fig. 1, plasma treatnent system 10 includes a processing chanber 12, a

| oading station 20, and-an exit station 22, which are situated on a
substantially flat and 25nechani cally stabl e surface 24 atop an instrunent
_cabinet 26. Processing chanber 12 includes a chanber |id 14 hingeably
connect ed tp dxhehaRes: lbaser t8akherdabe NgitAs S @EPANINd BomChagher 11d 14 is
sel ectively positionabl e between an open position, as shown in Figs. 1 and
2A, and a chesedpposit beBentaseat@mnt israpbiegiatedBhatGaanrbetesasent8 and chamber
lid 14 are preferably formed of an 5electrically conductive materi al

sui t abl e f osurhiughiny aeurdnmapplré k3t iilksto suchtcasna@toradymideure al | oy or a
stai nl ess steel. Chanber lid 14 includes a domed ceiling 28 and an

i nt egral

si deanal bbiBQ ok Meirgcd 1etipdaytioaed Irathamben 13214. A vi ewport opening 38 is

provided in ceiling 28 for holding a viewport 34. As best shown in Fig. 2C
vi ewport534 i s D-substiantcoatidcyivd Opbtamar gaekae breddretdg hecheti@f ehanber 1id 14 by
a frane 35 and fasteners 36. An 0- ring 40 is received within a groove 42

t hat ci r cunsonpdsés ova enwpoative G eovag iBBregvatedpoart eldtorcenpnés siueel y engages
O-ring 40 to create a vacuumtight seal, where the sealing force is
suppl i ed cok$ eepvyslofsiygr ardealpmiagmun elligkhrief dnesxeinalenb@tringeéri it he i nterior and
exterior of processing chanber 12 and by fasteners 15 36. Viewport 34 is
const r uct edfohed olh edngedtive comrediRinanuiriliehsNdyuaketed undat thidrsde | ow
sputtering coefficient, is gas inperneable, and has a w de transm ssion
range for opgne&howadebehit AsieldmoriragHAD ajdvisenedidagkar ylahoing@rof an

el ast oner

such as Viton(r). Chanber base 18 includes a floor wall 44

i nt egr al'Owi tHe®'&ddeilal | 46 20which is encircled by a flat Iip 48. Lip 48
i ncludes a circunferential groove 50

15

20

25

In another aspect, chamber base 18 further includes a workpiece holder
or substrate support 64 configured to receive and support a part or workpiece
56. GeneraIAly, workpiece 56 is a rectangular, planar structure that includes a
periphery having opposed side edges 58, 59 of a predetermined thickness, a
leading edge 60, and a trailing edge 62. Opposed side edges 58, 59 are
sebarated by a predetermined maximum transverse width that is measured
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 ca}ried in an Auer beoat, or a pallet carrying.multi-chip electronic
modules, integrated circuit chips, or the like. Workpiece 56 vmay also be any
disk-shaped semiconductor wafer or substrate formed of silicon, gallium
arsenide, and oth.er semicc.mductor materials familiar to persons of crdinary skill
in the art and may include patterned areas of metallization, contacts, insulating
layers and the like.

As best depicted in Fig. 2C, substrate support 64 comprises opposed
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for recei.ving a conductive resilient sealing nmenber or O-ring 51 that

provi des an el ectrically-conductive pathway and a substantially

-vacuumti ght seal between chanber |id 14 and chanber base 18. The

di mensi ons of groove 50 and O-ring 51 are selected for creating a
vacuum t i ghtidsedil 664 t66bualyat bete2bepiraty fratredl sttsantiQiyrolamgr gippexe 50, and
therefore O-ring 51, may be positioned in either chanber Iid 14 or chanber
base 18 wi t hatibrmdepasitié ra) 668 Gin blspasyui relatiomanib etipetoaidet AR sy esent
invention. tt is appreciated that particulates fromthe surrounding

envi r onment a@ne tHedegyitbdikalayistobsapbd elatioon 6&rsd teo frgroawiremtwidth seal i ng
ability of, O-ring 51 if positioned in chanber |lid 14. 50-ring 51 is a
conducti ve btiastoriEe edaeskdtand@oef eoablege Sémmebecdfccammodgesi Fe& of a-
conductive fill powder inpregnated in an el astoner binder, such as a powder
‘of silveb andhvahignimuaide irsl &alwitionestaiky w@npltathg Wdeistagdibg thas f ornmed of a
conductive conposite manufactured and marketed under the trade nane

Cho- seal (r) sigy réMEbSiab @h centcaPstogtice.s Sidg rdil Ghasproinudss aPavekar Hanni fin Cor p.
10(d evel and, : | n anot her aspect, chanber base 18 further

i ncl udes a Wefdepiatranhibrdesiudss igdBSNH AN RAIPPDH AN elodtatoAfangared to recei ve
and support a part or workpiece 56. Cenerally, workpiece 56 is a '
rect angul ar 25 BREAAPY SR Cuinet PIRICSiPARIEHe $ Iengiefingiseis\e! Beisi'Aly opposed si de
- edges 58, 59 of a predeterm ned thickness, a 15| eadi ng edge 60, and a
trailing ed§ePReR.B4O5PER™Y 7S NERe Hifj@se S 80ssgedoral PEiE HElEY by a

pr edet ergi ned maxi mum transverse \gl dt h thag IS measured%perpendi cular to a

| ongi t udP naPmEFEN et OGEFRYY ECEVBEIICFEPR oY L ¥OBBIERaYS e strip type part,
such as a ball grid arra GA _a, et | ead frape, singulated BGA' s
carried in r?p%%greng)@t“,eg 8%0%3”%)%?1[{ &Clugﬁraraf‘ﬁrﬁcg“pg{fl’??-%ﬁﬁisgwér?@ t%-oni ¢

Zomodul es, LRy TahH: it eBE 5o OF wbiBidkt S uulf BRI 0 MY @l S0 be

way of example and not limitation, the processing chamber 12 and the
substrate support 64 may be configured to accept workpieces 56 having
15 maximum dimensions of 2;7" (wide) x 9.25" (fong) x 3/8" (thick) or maximum
dimensions of 6" x 12" x 1". In other embodiments, the processing chamber 12
may be configured to accept wbrkpieces 56 having maximum plan dimensions
of 12" by 12",
- Referring to Fig. 1, loading station 20 and exit station 22 are proximate to
20 respective opposed ends of processing chamber 12 and are adapted for
shuttling workpieces 56, 56" into and out of processing chamber 12. Loading
station 20 includes a substantially planar support platform 76 and opposed
Ioadihg side rails 78a and 78. Loading side rail 78aisin a épaced relationship
relative toAloading side rail 78b along the longitudinal axis of support platform 76

25  so that the maximum width of workpiece 56 may be accommodated. For
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di sk- shaped sem conductor wafer or substrate forned of silicon, gallium
arseni de, and other sem conductor materials famliar to persons of ordinary
-skill in the art and may include patterned areas of netallization,

contacts, insulating layers and the |ike. 25As best depicted in Fig. 20,
substrate support 64 conprises opposed side rails 66a, 66b that extend
‘vertically ?WU#F@”%MB@?éﬁ&ﬂﬁhmwb%ﬂﬁﬁﬁﬁj@U@b@ﬁ@”@ﬂ@ﬂé@bnﬁG@ﬂE$|de rail 66a
is in a spaced relationship relative to side rail 66b along the

| ongi t udi nafi9as@ls’ 8gfis mﬁaﬁaﬂyme@f%r rPB8"S e (788 Reotrrdsd #havew dt h bet ween
si de edges 58 and 59 of workpiece 56 may be accommpdated. For 5convenience,
side rai | 6BAIARNE PIBRe HataFved IBELARIMNIORPY #ies amalersatamtimg 8hat side rail
66b has an |Hent|cal structure. Side rail 66a protrudes above a horizontal
pl ane that P %mﬁﬁé%h?ﬁ%Uﬁﬁa%ﬁﬁ”?ﬁ%%?ﬁ%?%ﬁé%“ﬁﬂmé$@ﬁ@é@@“ﬂhannel 72, as best
shown in Flg t hat extends parallel to a |ongitudinal axis of substrat e
support B4. @Pé%@ls“die?bﬁééceévet?-”@w&)ﬁ@ﬂe%?‘%%%dgseé@tqréﬁé’lfWBW@*IEFG? €6that is

10di Kk 56 th

qu'OZ‘ESS'eiP&sm £ Qe 5ed Eracen: o2 p éa@c%d@ P arel iy 5 pest “Chown i n

Fig. 3, th I apt 56

S 3, hoboBeal spll RRRL SR sl e eige SR ol venkplece 58 ring
dth b d k 56

havi ngelé‘éaéﬁéﬁémﬁﬁ%@ﬁﬁéﬁns@#a@ e e o Ef%%eﬁ%@-“‘x” S8 (thi ck) or

maxi num di mensi IR s r§22?§ gflgl_ﬁgedl;lmll% t%tlc%%ng ng}ﬁgﬂ?éta{' he processing

chanber 12 may be con?lgure t™0 accep avi ng HBX|nun1pIan

di mensi @fs 85 inkkdedYppbled urﬁe@gd?r{gréicﬁgraﬁQBEé B6b that %)9 a?algtah(?n 20 and exit
station 22 are proximate to 20respective oppose ends rocessi ng chanber
12 and are @ARRIBHdPh planar support platform 88. For convenience, side rail 86a will
be detailed below with the understanding that side rail 86b has an identical
structure. Side rail 88a protrudes above a horizontal plane that includes rim 48
and incorporates a longitudinal channel 90. Channel 90 has a U-shaped cross-
15 sectional profile that is dimensioned to slideably receive one of the two
peripheral edge 58', 59’ of processed workpiece 56' therein. Opposed
extremities of channel 90 include a flared lip 91 that aids in physically capturing
the side edges 58', 59’ of processed workpiece 56' during unloading. Support
posts 92 exfend 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 is 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
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shuttling workpi eces 56, 56' into and out of processing chanber 12. Loadi ng
station 20 includes a substantially planar support platform 76 and opposed
<l oading side rails 78a and 78. Loading side rail 78a is in a spaced
relationship relative to loading side rail 78b along the |ongitudinal axis

of support %lng%&!’e@bTe to?‘r?o%g aFm %51 v%ﬂ%al‘"%( d t%xg%pirg%logg%a Glr'vgg 56 may. be

‘accommodat e convenl énce, € ral bel ow Wi th

t he under st gmgygi”§y§§$535 L8 agpﬁ%aneLﬁ |dent|cal Loadi ng

side rail 78a protru ve a horizo R des lip 48 and
incorporateg)@% %?ﬁ te channel 82. Channel 82 has a U-shaped
Cross-section e that is dinensionally 5adapted to slideably receive

a
one opposed si qu?ﬂg)%|n§$ev?r;$4§@ﬁﬁér MY é(e%'éar%@ 95@185 hgﬁeﬁrﬂ fmé?%s%’g extrem ties

of channel 82 inc Ip 80" t hat phyS|c res'¥he side
edges 585 5%e%§ttWe’S@lseacr@ar%@ge%QWWOFK%%@ ek b@@@éﬁg%&ég&% ge PgLtom surface

of the support platform 76 to surface 24. Exit statl s configured

simlarly tagh %%‘\H@%e%ér@tﬂng& AP thﬁ&letecﬁ&eg} LR al%%?eaﬂegéygfessec&?ﬂoosed

unl oadi ng side rails 86a 6b that exte upwar outwardly froma

pl anar suppwotrk;ﬁ%c@tsfewemu%&veeﬁq,rde@oméea@;aeﬁqzemay%w@p;rra&xéteé%t%éérs be detail ed
bel ow with the understanding that side rail 86b has an identical structure.

~ Side rail 86aapreahbydasieaiassa rbiaiiezonbabr phaneaddiah, inachides rim 48 and
incorporates a |ongitudinal channel 90. Channel 90 has a U-shaped cross-

15sect i onal ggeofmigutiainciuge disareigir@neteding Msist@adlnyine aeeirve one of the two
peri pheral edge 58, 59" of processed workpi ece 56' therein. Qpposed
extrenlﬂ@esrmﬁechahﬁ@b&@ﬁm@nekméedaeﬁdamedaMp@ OWotdpatce amickiighett physi cal |y
capturing the side edges 58, 59 of processed workpiece 56' during
unl oadi ng. SufppForet ofpsidt rgils0?2 extend froma bottom surface of support
platform 88 to surface 24.
During a workpiece loading operation, workpiece 56 is delivered by an
automated conveying system (not shown) and positioned in loading side rails
78a,b on loading station 20. Pinch wheeis 99 of loading station 20 are used to
15 move the workpiece 56 short distances for proper positioning. After chamber lid
14 is opened, positioning lever 94 is lowered from its initial position and linearly
actuated so that finger 98a will engage rear edge 62 and push workpiece 56
along loading side rails 78a,b toward substrate support 64. The front edge 60
of workpiece 56 will traverse the gap between loading side rails 78a,b and side
20  rails 66a,b. 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 Ieading edge
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20Pl asna -treat ment system 10 further includes pinch wheels 99 attached to
| oadi ng station 20 and exit station 22 and a positioning |ever 94. Pinch
*wheel s 99 are operable to nake fine adjustnents in the positioning of

wor kpi ece 56 or workpiece 56'. Lever 94 is operable to nove along the

| ength of a slot 96 defined in the top surface 24 of instrument cabinet 26

‘and to al so c2abnarst 84 s weEtdicakdiacte @itk WitRgpdsreAani sm (not shown) is
attached to |l ever 94 and is operable to nove arm 94 vertically and

| ongi tudi nal |y impskedse86.ordoaeE694sitss posidstranedpsdt 64 elinhgaud si de of
processi ng chanber 12 during a plasma processing cycle. Positioning |ever
94 further iwckpabesoalingateliohdnbaged drigegts khngeye 28and hattiopmel ecti vel y
abuts a rear edge 62 of workpiece 56 held between |loading side rails 78a,b
and a secondever Bgere8hhd fratessed eotiipieek\boabuts exitsetion ezlgeroe? of second
wor kpi ece 56 held between sides rails 66a,b. It nay be appreciated that
fingers 98a,ddge & dhproresel werkplege 56asiéd drase ket dapebetvoeandte Brbcasethg | n
addition, that fingers 98a,b may further include a sensor for detecting
resi st ance ichamher 12i andaxit t@hoveheditie eflgposH' 15900 mordseadewor@diechigs't o, f or
‘exanpl e, a workpiece msaligned wwth a set of side rails. During a
wor kpi ece | caslrargurepey atlpaing s igis 86a b56/Nits cawhiadimedr byveameraut onat ed
conveyi ng system (not shown) and positioned in |oading side rails 78a,b on
| oadi ng st atirenesSBl warkmeds Whisebmptelpferaygdimg rsecaskion c@nkare2used to
15nove the workpi ece 56 short distances for proper positioning. After
chamber | i d PleEhvéesselied exipgalian DA ¢ sPetrerog4ne workpiRse 88 $'PBmits initi al
position and linearly actuated so that finger 98a will engage rear edge 62
and push Qord§REER 05 6ORFORRF ICBIARITh SR RGO} B [FanspgE [HESREr d substrat e
support 64. The front edge 60 of workpiece 56 will traverse the gap between
| oadi ng si d@'T%E°PE8 8% and si de

Hinge assembly 16 is adapted so that chamber lid 14 may be selectively
pivoted relative to chamber base 18 between an open position, as best
illustrated in Fig. 2A, and a closed position, as best illustrated in Fig. 2B. Hinge

15 assembly 16 includes at least two brackets 100, as best shown in Fig. 1, that
are disposed in a spaced relationship along the non-vacuum side of sidewall
48, When chamber lid 14 is cantilevered into a closed position, chamber lid 14
and chamber base 18 bound a vacuum-tight processing space 102, as shown
for example in Fig. 2B. | |

20 Each bracket 100 includes a V-shaped brace 104 and a nub 106
mounted with fasteners 108 to a non-vacuum side of sidewall 46. Each brace
104 is carried by a hinge pin 110 received within an aperture 112 near the bend
in brace 104 and within a coaxial aperture 124 in nub 106. As shown in Fig. 1,
hinge pin 110 is shax;ed by both brackets 100. Returning to Fig. 2A, one end of

25 brace 104 is connected to the non-vacuum side of sidewall 30 of chamber lid
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20rails 66a,b. Opposed side edges 58, 59 of workpiece 56 wl|

received by side rails 66a,b. Thereafter, the positioning |ever
continue to push the workpiece 56 until it is suitably and accurately

positioned on substrate support 64. Preferably,

94 wll

be slideably

the center of workpiece 56

is positioned &eaxinalenwiot facheaceent iddiuderrdn pahuxiis teh réRNkskl i ne of the
‘processi ng chanber 12. Positioning 25| ever 94 then translates vertically so
t hat fingerc@8bctiiglrbd ¢l @t it BRolseadd bg bedpeacaf104or kpi ece 56 as | ever 94 is

retracted to its initial position.

on substrate supponéctiod returisngfurther avackpd acerddaadiing tepear ati on,
engages rear edge 62' and positioning | ever 94 sweeps the processed
wor kpi ece Sthreddovyaradrrexidy cat ahdl oha gi2tonFoonk0 bedgeti®gbfionaf preueegssed
wor kpi ece 56 will cross the gap between the processing chanber
station 22.c8nder ceddesu8’ 1225Rodand pri 8 cesse cthcimae k pn egetbd{noar e capt ured by
unl oading side rails 86a,b. Wth continued |inear novenent, processed
wor kpi ece 58&tovinshut einpbretbednd qodinearerdthf aperiyse 0¢€ssihng icteanrtiaeretdr2. Pi nch
wheel s 96 of exit station 22 are used to nove the workpi ece 56
10di st ancessitt iopidnsely rpeBia doonewggrad préefrarsit i ostofi ovd 10%amsport to the next
processi ng station. H nge assenbly 16 is adapted so that
14 may be seladiqd elegippicoiodderreleriea eation sham rachdgecargpibet ween an open

posi tion,

as best illustrated in Fig. 2A, and a cl osed position,

| f processed workpi ece 56 resides

finger 98b

12 and exit

short

chanber

as best

lid

|IIustratedamhﬂFWgeD@B10M@ﬁgé@1@a§§@ﬁﬁfvjIﬁbﬁhﬁﬁwé@gpﬁlmkéeeﬁn@mo bracket s
1. 00, aﬁobest shown in Fig. 1,

15

20

25

a closed position. As shown thri]g tZC the opposed end of lid actuator 122 is
affixed via a mounting block 126 to a structural support (not shown) within
instrument cabinet 26.

| Referring to Fig. 2B, in one aspect of the present invention, an obround
bearing 128 is sliding.ly received within aperture 124 of nub 106. Obround
bearing 128 has an exterior, annular surface of an outer diameter chosen to
frictionally fit within aperture 124 and an interior bore 130 tﬁat is dimensioned to
receive hinge pin 110. Bore 130 has a substantial.ly. oval cross~sectiohal profile
with a vertical major axis, as viewed normal to the longitudinal axis of bore 130.
When chamber lid 14 is in an open position, as shown in Fig. 2B, a length of
one end of hinge pin 110 will contact a iower interior surface of bore 130. As
chamber lid 14 is pivoted by the lid actuator 122, hinge pin 110 rotates about a
longitudinal axis therec;f. 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 surféce of O-ring 51, as shown in Fig. 2B, lid actuator 122 will

continue {0 extend so that the chamber lid 14 moves downward to compress O-
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are disposed in a spaced relationship along the non-vacuum side of sidewall
46. When chanber |id 14 is cantilevered into a closed position, chanber'
-lid 14 and chanber base 18 bound a vacuumtight processing spaceé 102, as
shown for exanple in Fig. 2B. 20Each bracket 100 includes a V-shaped brace

104 and a

“si dewal |

JRPRL0.IIRL B ML by EABLANEERL 8RN M ARG REHIT o1 e OF

ace I's carried recei ved within

an aperturﬁi%%%eggﬁé“gaﬁwgﬁmgpgg1??ace 104 and within a coaxial aperture

124 in nub

hi nge pin 110 is shared by both

brackets 100. Retrinl AL c',:inlﬁlzlvhi@rﬁhe%ﬂgmsé}OIsdqf4 riéaé’ésiiﬁ% fidqi s connected to

t he non-vacuum side ©

ewa 30 of chamber | A second end of each

brace 104 boghaides A0iARESHES sdddbelditle SRARLVRS1 A rO0RAELL PO T 0d 116 that

is al so shared by bof

races . nnecting r 6 1s further

attached t @g8o6iRd peitdsddBsdabatio2 sThdvRAMINNGEYs CARIIE8 bPWheangLNd of a
pi ston rod 120 of a bi-directional pneumatic 5cylinder or |id actuator 122.

Rod end 118,huet@r of AL6hYIHLEeABeRRRINMBY 8aéd 108 ash@WdakEd $4 Mdar to, and
collinear with, aperture 114) with an inner dianeter sized to slideably

recei ve copa@ediangisksbht Oe1ged NesiisstanieoheskdR diteradapt ed for

reci procating linear, vertical notion so that brace 104 can pivot about

hi nge pin- 13d0eko at@ibhdrevedssolaarhed oh tréd skideribebiupambanidopeshdppasi ti on and 10a
cl osed position. As shown in Fig. 2C, the opposed end of |id actuator 122

i s af fixedvad@mawirupbtdsginglcbakber2@ thax spphdsrAfetdertadt BeHdEMbENOL Shown)
within instrument cabinet 26. Referring to Fig. 213, in one aspect of the
pr esenti0i niiend vaticallanowhwadhavards chamber base 18. Hinge pin 110 translates

15

20

25

vertically and with minimal transverse motion due to the presence of obround
bearing 128.

Bore 130 within obround bearing 128 affords an additional degree of
vertical freedom for hinge pin 110, as compared with a conventional bearing
having a bore of a circular cross-sectional profile. Chamber lid 14 is free to
move vertically in response to the forces that compress O-ring 51. As a-result,
the vacuum-tight seal between lip 32 and O-ring 51 is uniform about the
circumference of groove 50. In a preferred embodiment, the presence of
obround bearing 128 provides approximately 50 mils of vertical movement for
hinge pin 110.

A p}essure gauge 52 is connected via tubing 53 to an opening provided
in sidewall 46. Pressure gauge 52 is éperable 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

Baratron® Capacitance Manometer manufactured by MKS Instruments

-16 -



bearing 128 is slidingly received within aperture 124 of nub 106. Cbround
15bearing 128 has an exterior, annular surface of an outer di anet.er chosen
~to frictionally fit within aperture 124 and an interior bore 130 that is

di rensioned to receive hinge pin 110. Bore 130 has a substantially oval
cross-sectional profile wwth a vertical mpjor axis, as viewed normal to the
"l ongi t udi ngdndaxés Mo, boleed 130 sAVseRnehasDES Whird 5540 afiothBr GkrfREN POSI tion,

as shown in Fig. 26, a length of 20one end of hinge pin 110 wl |

contact a

| ower i nt epicide8 i fiesel ab. bree vaid0 54 Asomdiaibrivehi fhoddhsing Plyeted by the 1id

act uat or

122, hinge pin 110 rotates about a |ongitudi nall axis thereof.

Duri ng rot aeiith anbleet audrersuspifddaee, afchhdsmigegphn 110 remains in contact with
the lower interior surface of bore 130. When lip 32 contacts the surface of
0-ring 51, as shawwing 1o Fd. @, pl2éma kriedtmaet sataon 1dR2onhddteBEONE I NUe t o ext end
so that the chanber lid 14 noves downward to conpress 0- ring 51. Due to

t he preSencemofiniolfoound sbearinngubi8g shétage 3pitnoddhQs lafyef k@@ transl ate

vertically upward in bore 130. Referring to Fick 20,
lid 14 residgesdienhaustpased ipostiam wall 44 hechantber baze 1Benigabenal
lid 14 and chanber base 518 bounds processing space 102. The vacuum

chanber

in which the chanber -
surface of the

seal is enhdnged shjet ¢4 honddred caueppreasisinonipole 1B8r ¢ necusin \dteneen chanber
base 18 and chanber |id 14. The additional conpression of O-ring 51 results
fromthe pfé$snraxhaist askenicraduitdaeiidewnatendspherircrpresdssre acting on the

exterior of chanber

applies a for c PRAvEINg @pq‘jség CemaFhRGucing nipple 138 carry a first vacuum fiange

10

15

20

25

146 and a second vacuum flange 166. First vacuum flange 146 is connected to
exhaust port 136 via a screened centering ring 148 circumscribed by O-ring 150
and a plurality of bulkhead clamps 152. Bulkhead clamps 152 are
symmetrically disposed about the periphery of first vacuum flange 146. Each
bulkhead clamp 152 has a tapered segment 154 that is adapted to engage a
complementary lower surface of first vacuurﬁ flange 146 and a block portion
156 that further includes bores (not shown) for removably receiving fasteners
160. Preferably, fasteners 160 are threaded bolts attachable to openings
having complementary internal threads (not shown) in bottom v‘vall 44. To
create a vacuum-tight seal, fasteners 160 are tightened to a preselected torque
in a patterned sequence so as to uniformly 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 ctamp 168 with a wingnut closure 170 and a through-

bore centering ring 172. When wingnut closure 170 is tightened, an O-ring 174

-17 -
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10lid 14 .vertically downward towards chanber base 18. Hinge pin 110

translates vertically and with m ni nal

“presence

~conpared

transverse notion due to the

of obround bearing 128. Bore 130 within obround bearing 128
affords an additional degree of vertical freedomfor hinge pin 110, as

th t b i 1 b |
“Cross- sec}tN%aé y&%ﬁ%ﬁn%rmgcﬁg%gc?rﬁérg eféslt reaft%eagveicgﬂﬁn\%t ?/eé’ﬂrrggl ?;/ in

response
vacuumti
ci rcunfer

obround bearing

20hi nge pin ilegcuum gumm f87 W hda e 05%or§va°c9g§%%rn%q Ay }du

openi ng provi de

g -ring i's ani

vacl

tﬁ?éuggra\{ag/sq%éééa%ffughegggnne teli b ﬂgd gﬂmmunrcﬁroﬁeﬁt I't, the

about t he

enceug%f%gq ye 50. In a preferred enbodi nent, the presence of

provi des approximately 50 mls of vertical

ressure gauge I's opera

novenent for
bing 53 to an

e to sense the

vacuum ﬁr e WG Arohan@ &B%%%@Fékﬂrgn %rl%a&?ofjx%%urﬂﬁ‘%cﬂr%&é@ﬂ%pr%fe‘?rreﬁssUr €
feeﬂbac ﬁrgné1 n exenplary pressure gauge I'S a’'capacitance manoneter,
such as t r ¥ actured by MKS
Instrunent%ﬂggﬁﬁﬁobégg rZ@QH %ﬁl 54 1's conﬁécted Vi a ¥ub|ng 55 to

anot her opeah&%greerngeﬂexbmpel Qr%?é\@! Vackfm FlpRdoual v Edsyoperable to vent

processi ng cha

mbient air or a supplied gas, such as ni trogen.

Ref erring. t@) ki nasa pRh@sdhid seabieidyesysbrma Qe sint@rumcitesh for fluid

10
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due to the high conductance of processing chamber 12, can evacuate
processing space 102 to a vacuum pressure of about 200 mTorr in less than
about six seconds. Alternative vacuum pumps 144 include dry pumps and
turbomolecular pumps.

In another aspect of the present invention, a vacuum distribution baffle
180 is positioned on a shoulder 178 on the interior of chamber base 18.

~Vacuum distribution baffle 180 is a flat elongate plate 182 perforated by a

plurality of orifices 184. Orifices 184 restrict the flow of process gas toward the

inlet of vacuum pumping system 134 so as to divert the pressure differential.
As a result, the entire processed surface of workpiece 56 will be uniformly
exposed to the plasma while simultaneously allowing high-speed evacuation of
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 is formed of an electrically-

insulating material, such as a machinable ceramic, having a minimal out-
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5comruni cation with a vacuum punpi ng system 134 through a large, centrally
| ocat ed exhaust port 136 in bottomwall 44 of chanber base 18. Vacuum
“punpi ng system 134 includes a coni cal reducing nipple 138, a vacuum val ve
140, an exhaust vacuum conduit (not shown), and a vacuum punp 144. Opposi ng

ends of conical reducing nipple 138 carry a first vacuum f|lange 10146 and a
‘second vacﬁiﬁﬂnﬁlp&f?@ﬁa'1%%?%%5&”@%@%%@%%%%@@ YniBgRREEESE t o exhaust
port 136 via a screened centering rin 48 circugscri bed by 0-ring 150 and
a plurali t?gt?ﬁs'gﬁrl‘c%ﬁé’é{ﬁa EPEREe: g%h a%&\yﬁrﬁé@@céﬁeénﬁé\"%%‘ are symretrically

cl anp 152 has 4 Papbred Sdarnr B SR SR e g o
15conpl enent | ower rface.of first vacu flan 46 and a bl ock

por 1 on 158 TRdEe R ERabe SETRke® KDl b et 2R S e 2RSSl y T ece vi ng
fasteners 160. Preferably, fasteners e threaded. bolts attachable to
openi ngé hic\)/llﬂ Stéeg%?@ﬁ%%tsgﬁgs évr? glrensé%é?%?é“éo sp"%eg%'gﬁ%ﬁm?aﬁl?’n bott om wal |

44. To cr egéilﬁ'ga%\/cﬁl%g%ﬂﬁériligha tift%les 85 B8RSR0 & 2 SFA.UC%IQ% gé‘ed to a

S
presel ecte r'que N a patterned sequence so’ as iy conpress

0-ring 150y, oot 196/%95%%%%%5% %éﬂurgeﬁ@b.eﬁs@@st%gggé wy@gc%gggé ange 162

connected for fluid co n via a vacuum wth second

vacuum f| vafhga@pé@%mip%giti@)r‘%&@%ain%rpd(1@%%%%0&@99@6&9 ifd P & 138. Vacuum
fixture 164 conprises a renovable clanshell clanp 168 with a w ngnut

closure 179 ;adfhafirdiBOIGHY. 42RPRISIFRH SHENE dak Mprbdeksi oM ngnut ¢l osure
170 is ti ghtgeneg,I an 0_%921730 lca?ri%‘rd by g(r’?]ent F(Jarri nS'”g\?’ﬁg e172 i's

conpresged1dD A4 Bt etbvah MEFTUENNE VeRIunBaad of daryulintaldeeaddtirad so is further
connected for fluid communication with vacuum punp 144.
192 for injecting process gas from cavity 186 into processing space 102.
Preferably, apertures 192 are symmetrically distributed in a two dimensional
array about the longitudinal axis of processing chamber 12 so that process gas
will flow uniformly over the surface of workpiece 56, and therefore, contribute to
15 improving plasma uniformity.

_In another aspect, chamber base 18 further includes a power distfibution
system that transfersvelectrical power from a plasma excitation source, such as
radio-frequency (RF) generator 302 (Fig. 4), to ionizg and dissociate the
process gas confined within processing space 102. The power distribution

20  system includes a power distribution bar 198 operably connected to the RF
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 84, 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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Vacuum punp 144 may conpri se one or nore vacuum punps as woul d 5be apparent
to one of ordinary skill in the art of vacuumtechnol ogy. A preferred
~vacuum punp 144 is a single rotary-vane vacuum punp of the type

manuf actured by,- for exanple, Alcatel Vacuum Technol ogies Inc. (Frenont,
~CA), that has a punping rate of about el even cubic feet per mnute and

Cwhich, duetdn drhenth ghicandineiraBeBagef 1PENEQSEl RIMCAAIRST 4], Can evacuate
10 processing space 102 to a vacuum pressure of about 200 mrorr in |ess

t han aboutgsuxd secmads. Al ternative vacuum punps 144 include dry punps and
t ur bonol ecul ar punps. I n anot her aspect of the present invention, a
vacuum di st ri bftdoowabed 1l warhBEr bz epasuthanedden v shaiqgens :48 on the
interior of chanber base 18. 15Vacuum distribution baf fgl e 180 is a flat
el ongat e pleatiee AB2rperdfrosahedoby ba Andinetiat groyvenfosas céiensicdfs. Orifices 184
restrict the flow of process gas toward the inlet of vacuum punping system
134 so as dispddervedduttireceprasisuyivdiaf as efdadcalopersy 204 festkctivinghe entire
processed surface of workpiece 56 will be uniformy exposed to the plasnma
whi | e si min @riegud 0 yheadin. ombangpf heghovep deslitevaghu0Da b imfud2®process gas and
sputtered contam nant species during a plasma processing operation. Vacuum
di stri but i ¥acticdH fi¢ ed P30 caddly sreverres tyasshdioinstiagiovagsiemepunp 144 from
di sturbing the position of workpiece 56 upon substrate support 64.
Pr ef er abl ychaFReuify!eiosy#snsuz 1% 8N o afoottemisoilstey Washersdt 8ofPrefarably,
el ectrically-25insul ating material, such as a machi nable ceramc, having a
m ni mal outashers 214, 216, 218 are composed of a gas-impermeable ceramic dielectric,
10 such as quartz or alumina, and each tie rod is formed of an electrical conductor,
such as copper, aluminum, or alloys thereof. Power feedthroughs 200a,b are
electrically isolated from processing chamber 12.
Electrical tie rod 212 includes a flanged head 222 and an opposed
threaded end 226. Flanged head 222 is received within a complementary-
15 recess 228 disposed in the upper surface of bottom electrode 202 for electrical
continuity therewith and mechanical securement to inhibit downward movement.
Tie rod 212 extends downward through the central bores in shield insulator
washer 214, chamber insulator washer 216, and bottom insulator washer 218.
Threaded end 226 protrudes beybnd bottom wali 44 for connection with the
20  excitation power supply.
Bottom insulator washer 218 includes an annular lower portion 232 of a
first outer diameter continuous with an annular 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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gassi ng potential Suitable machinable ceram cs include an al um num oxi de or
a gl ass-bonded m ca conposite, such as Mykroy/ Mycal ex(r)or Macor(r).

-I'n one aspect of the present invention, chanber |id 14 integrates a pas
distribution systemthat is configured to symretrically and evenly

i stributepéBesd ifiRweath stéieanm olrify 2oessugesmneesortidiecsisf ace of
wor kpi ece 56. Specifically, ceiling 28 of chanber lid 14 includes an

embedded cgyid é{ndl%figtﬁeo%d)tﬁ@tsé-rig%%SB RbEbe ROTHred D viaRdicAePhi@l i ty oOf
apertures 192. As best shown in Fig. 20, gas inlet port 190 is positioned
i n chanber plol,de B a8ieh bl 6aWBERthe\irBuBasedeRetid 4 410 snddagomani fol d 308
(Fig. 4) for providing a process gas to processing space 10102. As best
shown in Fingula@®r weterzagsuum side of ceiling 28 includes apertures 192 for
injecting process gas fromcavity 186 into processing space 102.
Preferably, apetiai @suldif2washer Syneetieipoatd yetdest thi e duificesnit Wo
di mensi onal array about the |ongitudinal axis of processing chanber 12 so
t hat. processtagasieuttdde 20 end taiubpemduyfaow ef vachem slistf-aten bifflswoekpi ece 56, and
therefore, contribute to 15inproving plasma uniformty. . I'n anot her
aspect, chanberinbése WwEBhdérur1t rertuden @hzteslaalopewerrtial 242 éfladfrston syst em t hat
transfers electrical power froma plasna excitation source, such as
r adi o- f r eqdiemeler (REgral géthenabowla3gPe( Fpgjon 234 ofteogreanri geccandudi ssoci ate the
process gas confined within processing space 102. The power distribution
20syst em i AieMgthss Uargioneion dit4 aputh vatuom Haribdios befier'®blapdtoraiect ed to the RF
generator 302, a pair of power feedthroughs 200a,b, a bottom el ectrode 202,
and $¥bsPPHPR2$LPPHIYes 62WNTEE P 3EREPAE 1802 i s operably connected by
f eedt hroughs 200a,b to the substrate support 64, which serves as a powered
el ectrode for CeFFORT NTERGT ¥WBT £ HYISeXETPraRd iiwesieing§y &t Re process gas
in 25processing chanber 12 to initiate and sustain a plasma in processing
space 102SUEst5PhEE NRBPE A3sh P BRAHGEP Y HavEaa80fdlt Yaktvel y form an

unpower ed, ground el ectrode. ,
P di%tri%ution baffle 180. C%amber insulator washer 214 has opposed parallel

surfaces 248, 250. Surface 248 includes a first recess that is adapted to fit over
15 a length of upper portion 234 of bottom insulator washer 218. Opposed surface
250 includes a second recess of a diverse diameter that receives a length of
lower portion 242 of chamber insulator washer 216.
Fastener 239 has a threaded bore adapted to mate with the threaded
end 226 of tie rod 212. When fastener 239 is tightened, an upper surface of
20 . bottom insulator washer 218 compressively engages C-ring 210 and is urged
upwardly thereagainst to create a vacuum-tight seal between thé 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 bottom insulator washér 218.

_21 -



Fl oor wal.l 44 of chanber base 18 further includes two openi ngs 204 that

recei ve power feedthroughs 200a,b. A circular groove 208 is concentrically
-5di sposed about the central, |ongitudinal axis of each opening 204 for

receiving an 0O-ring 210 therein. Each of the power feedthroughs 200a,b

i ncl udes an el ctrl tie rog$212 coaxially surrounded by a shield

‘i nsul at or washer"81 Smﬁm@ﬁgﬁb & ip At d?th RiFereng ¥64 ohlifiod 288t t om ‘

AR ST RIS R N TR o S M
21 oys. t hoP BT Pt ¥ ety ﬁ%ﬂéﬁ'&éﬁéﬂ %@ac et et PN | Sof ated from
o LA e R et e g A LB el v e e

conpl engntgatéb%t%lﬁ%%esﬁ %'%tr s?efgrr ev(?a {I rodr% gwet%sﬁra r&%ﬁgéﬁf bot t om

el ectrode conti nui't %ni cal secur enent
t hi bi t . hrough t he
cgnLPa: Lorﬁg$ﬁ%ﬁﬁﬁuﬂﬁé§lns%? rtﬁt%g 5%@ %&ﬁ ﬁ%g?”M%§%| Eor mgsger 216,
d bott I : - yele udes beyon ottom
Rl ag {ortaa AboladBesl cfkle aTl %@?SO?. e AR Bot t om

i nsul at or (Y@‘w%b@ffveMer!anghb}g%al@rﬂ\nﬁﬁln% ah athr\P@trvepe%ﬁo' n?‘?b%ttﬁrfn a first outer

di aneter continuous wth an annu upper portion 2 esser second

outer di anBL&fode I8P RIayRR LIOBs234 alc%rern%%wreﬂamufb@rﬁ BSAG 204 so that an
upper surface of |ower portion 232 abuts O-ring 210 ?or a vacuumtight
10 alone constitutes the powered electrode.
Vacuum distribution baffle 180-, described in detail above, also functions
as a plasma shield that reduces the RF field strength between the underside of
bottom electrode 202 and chambgr base 18. As a result, the plasma will be
intensified near the surface of the workpiece 56 held by substrate support 64
15 | and the power and time to perform a plasma treatment each workpiece 56 wil
be minimized. Further, the configuration of powered and ground electrodes
produce an electric field substantially perpendicular to a workpiece 56 residing
on substrate support 64 such that ion trajectories are substantially
perpendicular to the surface normal of the workpiec&—; 56.
20 Workpiece 56 is ad;/antageoust-positioned in processing .cha-mber 12
having a vertical position substantially in a plane half-way between the ceiling
28 of chamber lid 14 and the top surface of support piatform 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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25seal wi,th the non-vacuum surface of floor wall 44. A frusto
portion 236 of bore 230 is adapted to receive an 0O-ring 238.
-portion 236 is sized and configured so that O-ring 238 can be conpressed
via fastener 239 to provide a vacuum seal between the circunf
rod 212 and bottom insul ator washer 218. 5Shield insul ator wa
‘i nterposed between the | ower surface of bottom el ectrode 202 and the upper

sur face of vacwarﬁaqstg%ut@hgplamf Ft Bt SOt LAt r uesher 214

i ncl udes an annul

|
annul ar Upgﬁﬁropﬁotdngr}an%ﬂ’zl geter: r%?%ﬁﬁeé@&%’c}ﬁ? gr‘\;\sfégsin%por tber

244 abuts vacuum di str

I'rst di a

| e 180 an |on

downvar d i AtQa AR PRRMNGABEIRI Beeives lnput%%QFOH ML%B&I;ce‘é’as

i nterposed between the I nner, bottom surface of th

anber b

lover surf aaen of &%W?&%H‘H&th s'sérﬁub%'d sl dugoul %mggg
washer 214 hag égﬁoséh paral | y surfac32024§ - 50§9§ﬂr a eﬁaﬁ

first recegss dababwksniafent a6 F’E!ﬂ dridrater €62, 1ha éo%ngﬂm% upper portion 234 of
bottom i nsul at or washer 218. Cpposed surface 250 includes a s

of a di ver sendiedes £probRAimIbRCEEMESs Gedrengidrealos! ONERRILLT on 242 of

chanber

i nsul at or washer 216. Fastener 239 has a thread

coni cal
Fr ust oconi cal

erence of tie
sher 214 is

Upper portion
42 protrudes
her 216 is
ase 18 and the
i nsul at or
8 includes a

econd recess

ed bore

~adapt ed t opmBites wiet hptihevichs eadadmerd pd2buabnd, isRitered, Ad.2andhen fastener 239
is tightened, an upper surface of 20bottominsul ator washer 218

conpr essi veftjierehgagasut Qevicdrgio? dhranel lightsurgeddispavasdiden, tHaedgagai nst to
create a vacuumtight seal betWen the exterior of the

10

15 .

20

25

allowing the user to follow the status of the operation of the plasma treatment

system 10 and control its operation. The controt 304 may be any type of

microprocessor based control having both logic and arithmetic capabilities. For

example, a programmable logic controller such as Model Direct Logic 205
manufactured by Koyo and commercially available from Automation Direct of
Cummings, Georgia. Further, the graphics user interface 306 is also
manufactured by Koyo for the Direct Logic 205 and is also commercially
available from Automation Direct.

Normally, during a plasma processing operation within the processing
chamber 12, a plurality of process gases are mixed within a manifold 308.
Exemplary process gases include Ar, He, COs, N3, O,, CF4, SFs, Hs, and
mixtures thereof. Each process gas Has an independent gas supply system
309 comprised of a gas source 310, a mass flow controller 312, an isolation
valve 314 and a solenoid valve 315. In the example where two gases, for
example, Ar and O,, are used, there would be two independent gas supply
systems 309a, 309b comprised of gas sources 310a, 310b, mass flow

controllers 312a, 312b, isolation valves 314a, 314b and solenoid valves 3153,
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chanber base 18 and bottom i nsul ator washer 218. An upper surface of

f ast ener

239 conpressively engages O ring 238 disposed in frustoconi cal

~taper 234 to create a vacuumtight seal between the circunference of .tie
rod 212 and 25t he inner dianeter of bottom insul ator washer 218.

Power distribution bar 198 is attached to threaded end 224 of tie rod 212
"by two fasBeserss @ib6e a2b8ciatdteartyommser bbaditiohallyat somlies 868 mde 202 engages
the | ower surface of substrate support 64 in close contact so as to provide
el ect ri cal beanotriegtsidtiythe Trepifelfi 308 andleecit addiEnammaeyill bael iisesvrtgast he power

5di stribution power 198 is transferred via tie rod 212 to substrate support
64, whi ch isbwet B1Frumess tovscamgober@dRniisvialsh vielve 3pdnenéeblet@tvaiorle. Bottom
el ectrode 202 and substrate support 64 are preferably formed of an

el ectrical Bysconductive material, such as alum num In an alternative
enbodi ment, bottom el ectrode 202 nmay be conposed of a ceram c such that
substrafe suppontd@donli0aldependeohsad UPPESS. teegap mecentir@l3eet r ode.

Vacuum di stri bution baffle 180, described’'in detail above, also functions
as a pl asminckldeebabuunatmpdddcesutieaRE Heldrnetdr@hgtIt 1F@dween t he under si de
of bottom el ectrode 202 and chanber base 18. As a result, the plasma w ||
be i nt ensi Presguisedrse e S@rifasce BF2RR! WBERICLE BI9BY AASASHG S ubst r at e

support 64 15and the power and ting to

erforma plasma treatnent each

. . P ,
wor kpi ece 5B2WdeRIN BacasFiAg ﬁ?rfgﬁferﬁiu???féfofe'tpﬁeé%réﬁﬁﬁ%%?%ltsi RIBFE6" power ed and
ground el ectrodes produce an electric_field substantiall pendi cul ar to
e TRaPel on

a wor kpi ec&'958 PREEIYiinGe She B8RS aitdds SuplGPEes#4Y
are substantially perpendicular to th
20\W\or kﬂioec':év't@éuties%gﬁx?g

15

20

25

trajectories
wor kpi ece 56.

AP cgctisery ol TroREd TP BrBEes g Thanber 12
diameter tube. The gas flow control 300 further includes bleed valve 54 and its
solenoid 357 for bri.nging the processing chamber 12 back to atmospheric
pressure at the end of a plasma processing cycle. Again, to minimize the
depressurization process, bleed valve 54 is normally in close proximity to the
processing chamber 12 and has a relatively large fluid communication opening
therewith. Thus, the bleed valve 54 has the capability of returning th;‘e
processing chamber 12 to atmospheric‘ pressure in approximately one second.
The RF generator 302 is comprised of an RF power supply 318 providing
RF power to an L-network tuner or impedance matching de\)ice 320‘, for
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

the processing chamber 12. A phase capacitor 320 includes a movable plate
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having a.vertical position substantially in a plane half-way between the
ceiling 28 of chanber lid 14 and the top surface of support platform 68.
~Rel ative to known plasma treatnent systens, mnimzation of the vol une of
chanber 12 for a high punping rate and precise positioning of workpi ece 56
permt rapid 25pl asma processing at a reduced power |evel’

‘Referring negggﬁwﬁpgﬁﬁ3?ﬂ @%2% ?gﬁpggh%%mbgﬁbpﬁg 2 gas flow

control 30 gener ocessing chanber 12.

A. treat rrenéna?%({:]:fteggq:agig) %na(i) P%R%Sou?g 1%&2%&%:% 3(§4 Q/K‘ﬁia ni Jdgm various devices

wi thin the tem rovi des odtput signals to

operat e 5t&%a A3 sbl aue cpBbrel B@%Ocoﬁn téi«lftogeneio%%aﬁcpf%méih%seontrO' 304 is

al so connected to a programmabl e graphics user interface 306. The interface

provi des u&%rse cpm"c{i 3%@2%5&9&@% fn We@dbef&%ﬁ?é’iton%ﬁn : Spphes etc., and

further, has o VI ces or and a ay screen

t her ebysal he\%ngoitiag@ HR&ol 0 300 din%s aheno%a:tie%onioims (OB&LALI on of the

pl asma treat nent system 10 and control its operation. The control 304 may

be any typg,Hfg mn%éinr%eswouwﬁ@becoaé kPihe RpleBl e DRt s |30 sand
arithnetic capabilities For exanple, a programuable | ogic controller such

~as Model Digrgéle thogibks20heVamMbaet bsRditby doyIpsand keowmershal | y avail abl e
from Aut omati on Direct of Cunm ngs, Georgia. Further, the graphics user

interface 306 Iﬁe@i@@orﬂi@mom%&preednthyvdﬁmy@uﬂ‘ieésélaentfai Bi@6fithinogi ¢ 205 and
is also commercially available from Automation Direct. Normally, during a

pl asma progessittga@pef @biieds awdrhbre ddretopmoees sengmzhestitene 12, a plurality
of process gases are mxed within a nmanifold 308. Exenplary process gases
i ncl udeo Ar bourdeary0d2¢itide, TB2 maghidydeSFehe fdBdbamhdignal on the input 323
has a range of from -5 volts to +5 volts; and with a constant gain system, as the
magnitude of the feedbeck signal moves close to and through the zero
crossing, accurate and stable system control is difficult. Traditionally, the gain
is set to a fixed value that is a compromise between that needed to handle
15 lower signal levels white not Ietting the control system saturate at higher signal
levels. The result is a generally compromised or lower level of system
responsiveness and performance, that is, the time required for the control .
system to stabilize is longer. Tne present invention continuously recalculates,
and dynamically sets, a gain value as a function of the signal strength of the
20 feeoback signal on the input 323. Thus, the PID loop is critically damped, that
is, 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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20 m xtures thereof. Each process gas has an independent gas supply system
309 conprised of a gas source 310, a mass flow controller 312, an isolation
-val ve 314 and a sol enoid val ve 315. In the exanple where two gases, for

exanpl e,

Ar and 02, are used, there would bé two independent gas supply

systens 309a, 309b conprised of gas sources 310a, 310b, nmass fl ow
“25control | 312a, 312b, isolation valves 314a, 314b and sol enoi d val ves
315a, 315 As wi |l be appreci ated, any nunber of additional gas suppl i es

309 may be Coaewi&d%ctﬁ%a?@d K@fruufs%m AW .ARE Sachesedi 4L apgkqgas will have

its own gas source 31

mass flow controller 312n, 1solation valve 314n

and . sol enojdsydavign @/ﬂtﬁ’ﬂre o%tarénafdeﬂthéefbctegsmgﬂmé@@t F&asa graapl ies, the gas

flow control 300 includes vacuum punp 144, vacuum val ve 14

sol enoi d val ve

341 and pressuliengandeiplqd id BeeRdsmBptdiRabiBy SYsIem 18sidchshi ghl'y
respon5|ve to changes 1 n processing paraneters. Therefore, pressure gauge

52 is ptacgdnhRo&li8Se (PlLOX ditdeYorb@sting cehapdien shd hskid Ssthleui dl y connect ed
to the chanber 12 10. mnth tube 55 of an advantageously | arge dianmeter, for

exanpl e,

3reQdR sighsibndi @BRIcEVe ihplh@31 Bheegastrdilsow TeBeialt 300 further

includes bleed valve 54 and its sol enoid 357 for bringing the processing
chanber 12shaeks fay 8t BBsRbRE itCthplie ssuar a2 (e 2endpehtieg peésna processi ng
cycle. Again, to mnimze the depressurization process, bleed valve 54 is
normal |y i n, chayse mewoxddirt tie tio 14, he ottleprioe estsitrige poeitivper tHedidaidd has a
relatively large fluid communi cati on opening therewth. Thus, the bl eed
val ve 54 hagrddmatycayabisl dldoyuset! to edtent thandesirbe ppsitmes siwmgkmea@ndfer 12 to

at nospheri c pressure in approxi mately one second. The RF generator
302 i s1eonpithiséd ppdceasingREngrowe 2 s lippk er8 18npdiffeiedi ergnrRFcipiver t o an
L-network tuner or inpedance matchi ng device 320, for 20exanple, a pair of
vari abl e agvailg@pawit sorch deRicep baeytiize pEIopeBOR ”@Gé?%@%@fﬁ@dd@f‘ equency
between about 40 kHz and about 13.56 MHz, preferably about 13.56

15

20

25

etc., to detect the proximity or position of an object. The choice of a particular
type of commercially available limit switch is dependent on the application and
préference of the designer.

An eﬁd point of é plasma processing cycle may be determined in several
ways. The plasmé treatment system of the pfesent invention has a very high
level of control; and therefore, the plasma processing cycle is highly repeatable.
Hence, with the plasma treatment éystem of the present invention, the control
304 normally utilizes an internal timer to measure the duration of the plasma
processing cycle. In some applications, an end point detector 334 is operatively
connected with the processing chamber 12. The end point detector 334 is
normally a photoelectric switch that changes state in response to detecting a
desiréd' and particular wavelength of the light of the plasma generated within
the processing chamber 12. Visual communication between the end point

detector 334 and the interior of the processing chamber 12 may be achieved by
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MHz,. and .a power between about 0 watts and about 600 watts, preferably
about 60 watts to about 400 watts. RF power fromthe variable air
-Egpa0|g§rs ?ﬁo ggfhis appl i ed oveL ﬁg output 328 to substrate Zggpprtl63
ig wi t hin e processi chanber e capacitor i ncl udes
a novabl e ﬁF%W@grﬁéﬁﬁéepéﬂﬂFﬁo g%b @P9@§T‘§W@OF% g%@r1ﬂgs a phase contro
"322 that provides an analo fee%ﬁgcg ﬁﬁgnal .on %? Q§Ut 323 of the control
hi i

304. A nagﬁiOtJﬂHt-,g ‘E%B%P‘t‘r&}r eslpr
and further

on an i nput'@ ngP‘g?ﬁE“% REPET |

contr ol

i nventi

ABPUHPAIUE FORIRRNEH 20 a notor 325

hase c nt r ol ) rovi des an nalog f eedback signa
% maQ%EOﬁ%%Q?%ﬂ %ﬁﬁwﬁt ®zes a known PID

' °°Fpafasw§9rc§wgt%3@?§pr9§%wh& %@“ﬁtrgtt‘é‘bsaaé"@ttﬁto%@ft@ﬁ ar

respectiveP
capaC|t rs 320

n° GheTdes 381 1P BT o Br PERiEN Raie Ho PORBT RS
vari able g
magni t ude

troI of the present
@ %?%Wldes a
gf n(ih%(r)nb:@m Ofyor E%%%W rrﬁ]né:n tﬁ?gm%r; E %5% g&;ﬁ%;&!g’%‘%" tions. The

eedback”si %a range of from-5

volts to +5,vol ks and by %Srfahrggﬁth’&/ e e 3BybDsgpni tude of the

f eedback sigha

noves OSE Zero cr OSSI accurate and

ctable sySLEMAAPHELEL o) the tsstﬂa%hfbe att%btbpét@arte/mattoh%f Js set 1o a

fixed value t I'S a conprom se between that needed to anéle 151 ower

signal |ev
si gnal Iev

SySt em10
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Ifmuq]h%tdmi etk e ddhe M@?%HP&oa‘%M&é@rYH:ﬁ%ﬁHﬂ‘e@trﬁav@t hi gher

e resu Is a generally conprom sed or |ower |evel of
been etched from the surface, continued etching will result in a combination of

atoms of the native material of the workpiece and the gas plasma. That
combination produces a unigue wavelength of light which is detected by the end
point detector 334, and the detector 334 provides a binary feedback signal on
an output 336 back to the control 304. Thus the control 304 is able to detect
when thé plasma processing cycle is complleted when that feedback signal
changes state.

Fig. 5 is a flowchart illustrating the operation of the control 304 in
implementing a typicaAl plas'ma processing cycle. At 602, a part transfer cycle is
initiated. During that process, the control 304 provides commartd signals to-a
controlier (not shown) that causes the.positioning Iever 94 to move an
unprocessed workpiece 56 into the chamber 12 between the side rails 78a,b.
As the part 56 is 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

switch state indicating that the part is loaded, the control 304 provides a
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responsi veness and performance, that is, the tine required for the control
systemto stabilize is |longer. The present invention continuously

-recal cul ates, and dynam cally sets, a gain value as a function of the
signal strength of the 20feedback signal on the input 323. Thus, the PID

loop i's crdokdntllgndamedudunat7 icopenta iRaehea@ kalhe ogbate quickly with
"a m ni mum of overshoot. In other respects, the tuning network 320 functions

in a knowommpResss P @i el udbed Wﬁ@r@@;ﬁwe@fna@@sdﬂ?ce'SY&te&mng@”p“ sed of an RF
output of the RF power supply 318, the tuning network 320 and the RF | oad

present ed dpyp bhe3dBio Gieniguttiatt t it m 25tdheoptneng shag shaabera2t? to a desired

i npedance val ue, for exanple, 50 ohns. As wi Il be appreciated,
various | ifide tB& liP1OxiiEIcloye®pbdithe D338 te iBniudvilchgedso fetagis @i ation with
t he operation of the processing chanber 12. For exanple, limt switches are

utilized tawsdetbestor! Benpesgeetdnderopertedstandeibasesgmshtai ons 50f chanber
lid 14 (Fig. 1) of the processing chanber 12 and provide a state feedback
si gnal on raspeespeoput et ionpatord313@f. the control 304. Those limt swtches
may be connected to the Iid actuator 122 (Fig. 20) operating the lid 14,
may be nount edUpon tdectihg theld,ciased pbéigenias @0&] eteamhtrbiB®4piosi, ki on of the [id
14. A proximty swtch is also used to detect the desired position of a

wor kpi ece ©6, 1OVidet hbipna heerpnoeEss BHg cohaat@ng the solfhedé4ate many dif f er ent
commercially . available imt switch devices that utilize. magnetism
mechani calopeottaactepuh ivge 4Gkt Smultanpodely edtc12Hoe pergsol A4y or position of an
obj ect. The choice of a particular type of commercially available limt

swi t chiQ s aaRiprermtPreTUErst appl s at PorRraemdspr e @kl BPYRIAT adesi gner . 15An
end poi'nt of a plasma processing cycle may be determ ned in several ways.
The pl asrmprf)@eéat%ﬁwemﬁ@mwm@*%mp% @léérﬁ% rpRHTEAL YSIEThARE a very hi gh | evel
of control; and therefore, the plasnma processin cycle IS hlq
r epeat abl e=N3MERCE IS G AWMAER & Eldaé‘?ﬁg ac”tdég‘?%?ﬁ‘a’é’?g‘f GEStRE"Pr'esent

i nvention, the control 304 norrraILey t|||z an internal finmer to neasure
the dur ati'8fSBft ﬁ@*aﬁmagwe%ﬁﬂ% VESY eé”' ?'r’?@ﬂﬁﬂ%ﬁ{) f'fcations, an end

poi nt dete ta(r?wrber %32 isa imoepc%lr’wsa&r{ng pyocess Appllcants discovered that high

15 | quality plasma processing can be undertaken within a range of pressures above
and below a no.rmally used processing pressure within the chamber 12. The
permissible pressure range has been determined by _processing many parts
under different conditions within the chamber 12. Thus, with the plasma
treatment system of tﬁe present invention an upper pressure boundary limit, for

20 - example, 250 mTorr, is determined by adding an offset pressure, for example,
50 mTorr, to the normally used processing pressure, for example, 200 mTorr.
Further, a lower pressure boundary limit, for example, 150 mTorr, is determined

' by subtracting the offset pressure, for example, 50 mTorr, from the normaily
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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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 plasm generated
wi thin the processing chanber 12. Visual conmmunication between the end
poi nt 25det ector 334 and the interior of the processing chanber 12 may be
~achi eved BP0 il¢ees PAagrashee SAPOFBI Mt RfeRr8eT-6? MI3UernE sytigh iheotyi ewport 34
(Fig. 1) or mounting the end point detector 334 within an opening or hole
(not showdE! Ph2Ear PhiseEPH SEedST HP A AipizsmBlreatin gt i§sdf t he gas
plasma within the processing chanber 12 produces |ight. Further, the
wavel engt IRSIPNg falhe Peghtre SRR RIWART Nt PRECHBYRT TR TR di f fer ent
materials within the ﬁas pl asma in the cha&ber 12. For exanple, with an
et chi ng prdcel s Tog@ndRal GHEpIeaRT Y c ABE S $ 28/ ¥19t 2SR ¥33U4I"s from t he

surface of the workpi ece, the vel ength of the |ight created by the plasm
will be a MU IOR BrI"g. W ABT A D TOT RS Yadnnyt AEHHn

SR8 atons of those
materials. A

fter any coatin and | ities have 1 etched fromthe
sur f ace, c%ﬂY‘%'H%éd?r &rﬁ???g’b%ﬁﬁ‘gr}aéﬁgﬁp‘%? Rreés‘t‘%ﬁﬁ%ea%?gﬁﬂ%?ﬁ‘ﬁtons of the
native material,qof th rkpi.ece angd. th I That conbi nati on
pr oduces acoﬂki%q%?g dﬁ/ge\?gsltgqé?%hgf%lef 3‘%{5 %F%ﬁg? go %@@: rb%%%ast he end poi nt

detector 334 he detector 334 provides a binary feedback signal on an
out put 33@%5%{%%&{%?9 control 304. Thus the control 304 is able to detect

15when the pl a%%l@ﬁ&&%ﬁyim%taﬁzﬂgﬁ?:pgesgﬁm%itﬁﬁam%mhgQéﬁtrc{l}%@&!baﬁk si gnal

changes state. = . wchart T11ustrating the operation of
the copd r ok 6304y biled SRLETRALERYIsVEYRE GRIuR BSMBudiQpessd Ng cycle. At 602,

a part transfer cycle is initiated. During that process, the control 304
provi des cQupaAck $heN@\Scdn@8ilers 312 and isolation vaives 314. Process gas is
introduced through process gas inlet port 190 at a predetermined flow rate,
such as 5-100 standard cubic centimeters per minute (*sccm”) for Ar. The flow
rate of gas provided by the mass flow controllers 312 and the pumping rate of
15 the vacuum pljmp 144 are adjusted to provide a processing pressure suitable
for plasma generation so that subsequent plasma processing may be
sustained. Processing pressures within the chamber 12 are typically on the .
order of 50 to 1000 mTorf and preferably in the rangeA of 125 to 250 mTorr’, in
contrast to prior systems, the processing charﬁber 121is continuous‘ly evacuated
20 simultanebusly with the introduction of the process gases which are initially
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 sccm to the
processing clz\amber which has a volume of approximately 0.50 liters. Thus, .
fresh gases are exchanged within the processing chamber 12 app(oximately

25  fourtimes per second. More traditional plasma treatment systems exchange
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20control.l er (not shown) that causes the positioning |ever 94 to nove an

unprocessed wor kpi ece 56 into the chanber
~As the part 56 is noved into position,

12 between the Side rails 78a,b. -
one of the limt sw tches 330

“detects the | oaded position of the part and provides a state feedback on a

respective tﬂyﬁawn tﬁ»@a{ot:@ssinl%echg%érracaprwﬁatekgp&r&eteb@ryfﬁ%l&é&k 5.28r 504,

“detecting a c 5switch state indicating that e part

ange in the

1S

| oaded, the,ganiLot mw?%eQ{tﬁyg%@fthe%gg@mvémg)ﬂ%prgoesameout put 337 to
open a sol enoid val ve 338. The open solenoid 338 directs pressurized air

froma pneugnbls ofeKLh&EmaleRtis BXABPEE costBMhadisiiorBhe prebiifg
in a direction causing the Iid actuator

|id actuator 122
122 to nove the lid 14 to its

cl osed posidrzfer Eaf midiBizd Mk ldeMdilicNErt3RA miiedRid & hbeDshased

posi tion,

posi tion,

changes state and provi des a state feedback signa
respective tobpigtwiddling endhseraant r ol

on a
304. Upon detecting the lid closed
at 608, the control 304 then, at 610, provides a signal

over an

out put 342 commandichgrd Bes sotienisy mdditcr Othegesibbhiesiyac i tevade 140.
Si mul t aneously, at 612, the control 304 10establishes a pressure set point

equal to PRRRCGESSegnessurd ddugt 68 woperiacoamuoishampsacies hepiressity € noni t or .

Nor mal | vy,

in a plasma treatnment system the chanber 12 is evacuated to a

desi red andorfiaxedvapaptivdlhintae puregrirgs sitarebguriRoAt 6, theecoptrard04of a pl asma
processi ng cycle. However, the initial evacuation of the chanber
ti me consunigigctpwoerths.proyspleiitrtsodisstg\wbp@tet 12as ehiaykp an initial

10

15

20

25

pressure, that is, the normally .used processing pressure blus the offset
pressure value, which, in the example above is 250 mTorr. The control then, at
618, provides a command.signal on an output 350 to turn on the RF power
supply 318. However, instead of providing full power from the RF power supply
318, the control 304 commands the RF power supply to supply only a minimum
power level, for example, 30 watts. Traditional plasma treatment systems
initially apply full power to the processing chamber 12 via the tun.ing network
320. Creating the gas plasma at _full power often results in plasma spikes,
electric arcs, energy hot spots, other anomalies and a very unstable gas
plasma. Further, since changes in the gas plasmaresultin a diﬁ‘erent'RF load

in the processing chamber 12, the unstable gas plasma makes it very difficult

. for the tuning network 320 to match the impedance of the RF system to a

desired value. Consequently, by initially creating the 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

network 320 until the desired impedance match is established. With the plasma
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15qual ity plasma processing can be undertaken within a range of pressures
above and below a normal |y used processing pressure within the chanber 12.
-The perm ssi bl e pressure range has been determ ned by processing nmany parts
under different conditions within the chanber 12. Thus, with the plasm
treat ment systiemnofysteheof pieesesdnt investdr, Omiaanagted a RIS sHmeiRowMndary linit,
20exanpl e, 250 mforr, is determ ned by adding an offset pressure, for
exanpl e, 50 lavelor ppwerofot bearmoe, 18l Wattsusetle pysoee s8in@ ths pIasmE e thkor exanpl e,

for

200 nmrlorr.
mlorr,
mlrorr,

Further, a | ower pressure boundary limt, for exanple, 150

i s debamirriad dybisebenantickngwhdrecafifsat topresisnsleysiter. exanpl e, 50
fromthe normally used processing pressure, for exanple, 200 mlorr.

I n this exanpl e Aftcher@Eporetss iRFepavemistipply § Y& toene estirabini whes id/ble nornal |y
used processing pressure of 200 morr as the pressure set point, but the
pr essur e notiete@nirel 04 yes B2ineneddtend L0 etillisnoad ¢alayg. OThinddiey péri@ | npact t he
operation of the plasma treatnent process as long as the pressure renains
bet ween t hePEPPEr eamesmapgidhe Doimdampwer leveldo sbbiRS) TEoeaftearati 6250 niTorr

respectivel
contr ol
f eedback si
that the ch

304

¥. Therefore, as long as the vacuum 5punp 144 is running, the
NescorBA PP bt stirreonaiplian S48 amtrintic ieingr @eiedirrgtcaner essur e

nal fromthe pressure gauge 52. When the control 304 detects
g‘?ﬁﬂ@? by whiphstheyaEaPit BECIRFCHTTS affTeRe,to fechghs RSl asma i s start ed.

Sinul taneously with starting the pressure nonitor_at 612, the control 304,
10at 614, pteRA‘gR ¥ ditmuiRit 8 GRaPYeosaPrtHE apatiuRs imurHangaef the oper at e

respecti
is
15
20
25

1§©

mass fl ow controllers 312 and isol ation valves 314. Process gas
input of the processing chamber 1210 a desired impedance, for example, 50

ohms. During that process, analog feedback signals from the phase magnitude
controfs 322, 326 are provided on respective inputs 323, 329 of the control 304.
The control executes a PID control loop and provides command signals on the
outputs 328, 329 to operate the respective motors 321, 325 such that the |
variabIeA air capacitors 320, 324 provide the desired impedance match.

The control then, at 624, determines whether the tuning network 320 has
achieved the desired impedance match. When that occurs, the control 304, at
626, begins to ramp the power from its minimum level to a méximum level; and
as the power is increased, the control, at 628, continues to operate the tuning
network 320 with each successive power level. THus, as the control moves
from its minimum power level to the maximum power level, the variable air
capacitor 320 is con‘tinuously adjusted so that the impedance presented to the
RF power subply 318 remains matched to the desired 50 ohm load. Applicants
have discovered that by maintaining the impedance match while‘ramping the

RF power up to the maximum level, a stabilized gas plasma is achieved at full

-39 -



i ntroduced through process gas inlet port 190 at a predeterm ned flow rate,
such as 5-100 standard cubic centineters per mnute ("sccm') for Ar. The
-flow rate of gas provided by the nmass flow controllers 312 and the punping
rate of 15the vacuum punp 144 are adjusted to provide a processing pressure
sui t abl e f opoydras leas ges etaatf the RS @otveatubZBqueainitpliasrBe PEORASSI Ng Mmay be
“sust ai ned. Processing pressures within the chanber 12 are typically on the
order of 50ntaEiIMkOOfowEr @vel addheimefednadd yaiching beemmtdrgexeafited25 t o 250 mrlorr.
In contrast to prior systens, the processing chanber 12 is continuously
evacuat ed 20si mul ¢reniedasbiedwihdtlasttimepowdriodugingup ofitstnieximerocess gases whi ch
are initially used to aurae anbient air fromthe chanber 1.2. In one
enbodi nment , thelmeoreas gadek @ve tonitg bFdughsh@p@cessengapematet? stahgr ovi de a fl ow
rate of 30 sccmto the processing chanber which has a vol une of
appr oxi mat edysigdsiowlrdteeasl thfhagunf pash 1gasasniamingercdaprgedizeaittehi n t he
processi ng chanber 12 approxi mately 25four tinmes per second. Mre
traditional pplcasing desaemestpreyetsbneeseredvangengetdiopgrating preshiee pr ocessi ng
chanber approxi mately once every five seconds. The higher gas flow rate of
the system Fsfhé presnrrofasseariam Watgrieressinhdifieaambpalcest et ched
materials and other contam nants fromthe processing chanber and al so
M ni ni zes t RE20Ef6%i YishsiBieraruiéd methedsd ”@ﬁ'”’t“ﬁbr%?tlvsh &haF 5t ool i ng
wi thin the chanber 12. The control 304 continuously nonitors the
f eedback si GREF" GA PEHETIAHRPUNNEABANNNG AENSF ETSUPETHUEYESS4 which is
conti nuo sly nmeasuring the pressure or_partial vacuumw thin the processing
chanmber '22. SRR aﬁﬁ@a&@ﬁfwm "B Telt MK NIRRT PAY G55 5€E¥ETi n t he
processi ng CE r qual to an initial 10Opressure, that is, the
normal |y us8§°pf r@@@l‘?” 5ressure plus the offset pressure value, which, in
t he exanpl e aboy, he contr hen rovides a

comand si gnal oﬁthgﬁo%r@t %&t gé%? Tgtefm'rnﬁson th%ovﬁflsp%?/\@ﬁssﬂgb'fny”éw

f I 318, h
I:g\;lvte\r/glr 362§e§§%%8ntpc{l a\{Sgé:r%am%érerRQ oQNrQr ?l J%F cﬁv%wggs t%gpp y 1 the

tuning network 320 to match the lmpedance to th»e desnred value. If, at 630, the
15 control 304 determines that the power is now at its maximum value, the control
then, at 832, begins monitoring for an endpoint of the plasma treatment cycle
while the power remains at its maximum value and the plasma treatment
process continues. During a plasma treatment operation, contaminant species
éputtered 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 éas.
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 is complete. In the described embodiment, the endpoint of the
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15power l.evel, for exanple, 30 watts. Traditional plasma treatnent systens
initially apply full power to the processing chanber 12 via the tuning
-network 320. Creating the gas plasma at full power often results in plasna
spi kes, electric arcs, energy hot spots, other anonalies and a very

unst abl e ga®reaRMERCYCRUY B¢ieiminest hydbe endprjelsiciastar 384 detsctipigassma result in a
‘different RF |oad 20in the processing chanber 12, the unstable gas plasm
makes it vePgligiiefvavsianghoy lighel hamlaspaetdmpkdidee stoaimatrebertthe | mpedance
of the RF systemto a desired value. Consequently, by initially creating
the gas pl asHeE &g eANroRIO4p Swet!! benarRIBE pigAt Piaprocassinaia lorbe nimeei s consuned
waiting for the plasma to stabilize within the processi ng chanber 12 and

t her eaf t er, SOPBTFEIEFSTg e itarmiit ApCosig ApReEPD thmameurt hiirdesi r ed | npedance
match i s _established. Wth the plasma treatnent system of the present

i nventi orEi,

exanpl e,
stabilize

50

15

20

25

FPYPAIA RFOGHSP RYT R4S ICBNER dserminedminen @igaatisd power, for

0 the systempermts the plasma in the chanber 12 to

30 watts, t _ _

vEFPodieek (RF AL SLHRPAPEY 2ndNIEMEiTerhdle ssynsttispsthaldf t er tur ni ng
on.the RF p
620, execut
at the mni
304 initiates
control by

i npedance o

10i nput 1@f tcpﬁe,%é)goqﬁr%i Q%OEQ&QB?EW@&&& cg‘eff% trlr'ﬁgr gsqpeegr?‘cﬂ;%%’t ogc or _exarrpl €,

gwer tsg%p%ﬁ/ 318 to the mni mum power |evel, 5the control 304, at
¢ F NPy '3 BRlTfuRiPeray eSS SRSt ByihperPed ohEMAi ts the pl asma
. r level to.stabilize, .Thereafter, 622, the control
U’frﬁgyge[)rg?easts o r@fecgr?sg’@tsoeﬁ%‘ri'%aﬂi’ g%ﬁﬂ@“%@/ﬁr@r?ﬁ?reaut ot une

riabl e ai acitors %e used to match the RF

Wteﬁ@egﬂ&%f \éﬁﬁ%‘?r FRES '%ﬂéaﬁggﬁﬂpﬁv B Yg AGEaMe"8RE P npedance of the
the plasma treatment cycle.
Upon the control, at 834, detecting a state of the end point feedback
signal on the input 352 representing an end of the plasma treatment cycle, the
control 304, at 636, provides a command -signal on its butput 350 to cause the
RF power supply 31’8 to decrement or ramp down the RF power from its
maximum level to its minimum level.. Normally, the power is ramped down from
its maximum level to.its minimum level at the same rate and thus, over an
identical time period, as is required to ramp the power up from its minimum level

to its maximum level. Upon the control 304 detecting, at 638, that the RF power

~ supply 318 is providing power at the minimum level, the control 304 then, at

640, the control 304 checks that the RF system is tuned at the minimum power '
level. Thereafter, at 642, the control 304 turns off the autotune control and"
executes a 200 millisecond delay which permits the plasma at the minimum

power level to stabilize.

Traditional plasma processing cycles simply turn the RF generator off at
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ohms. During that process, anal og feedback signals fromthe phase nagnitude
controls 322, 326 are provided on respective inputs 323, 329 of the control
-304. The control executes a PID control | oop and provi des conmmand signal s

on the outputs 328, 329 to operate the respective motors 321, 325 such that
the 15vari apl&rgiof %g%ﬁs'ﬁggrgéle,%ﬂhg’%ﬁﬁéﬂvg@ i{ g dasi red i npedance mat ch.

"The control then, a term nes her the tuning network 320 has

achi eved t he,dasit &, tiﬁ%%%eg m&mmy&?%mﬁh@hfgﬁggrglgpgh%%eatrO' 304, at

626, begins to ranp the power fromits mninmumlev maxi num | evel ;

~and as the mwhein%xtiggge%aé%d,&vh.%hmgeoétga AterbABows0Bld NUYeR L0 operate

the tuning 20network 320 wth each successive power level. Thus, as the

control 1movesefd @AilddSo Ml He U PINREK 8308b rtficr IRE ifiBegaAlN pover | evel , the
vari able air capacitor 320 is continuously adjusted so that the inpedance

present ed t o€, Rith PRWREseSURRINY o k8 tHLsm i1 dyBkChedirig ddigodesi red 50 ohm
| oad. Applicants have di scovered that by maintaining the i npedance match

whi | e ranpi agiel femRRRim PONET THEs, LothehaaxhaHaRt beksindcsleaphbh zed gas
plasma is achieved at full power in less tine than if the RF power supply

318 wer e i niHeiRA bywdr duped3 @s tuendd en febxinimuh povmear thk ewerhg @dodche 1 npedance
mat chi ng operation executed. It should be noted that as the power is
ranpi ng up 820 istisa vad sushiiae\eeher, hbelepiratiessdgrasasatar grdaddgeking, t hr ough t he
processing chanber 12 at their 5desired flow rates and the vacuum punp 144
i s continui ngit tan geprickgsunddze atrectpr Modsiging gurthpefbier RF Agstgnedn ousl| y

descri bed, a range of operating pressure was determ ned by processing nmany
wor kpi edes sty drckfioresaringy doeds 1papegreisers. Using simlar enpirical

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

mai nt ai ni ng a t ufexdt tRFcosy et atdd4 adteps the operation of the pressure monitor

and provides command signals on the outputs 342 and 346 to cause respective
sqlenoid valves 341 and 315 to close the respective vacuum valve 140 and
isolation valves 314. Further, the control 304 provides a command signal on

15 output 344 to terminate the flowrate of gases through the appropriate mass flow
controllers 312. In addition, the control 304 provides a command signal over an
output 356 to cause solenoid valve 357 to open the bleed valve 54, thereby
depressurizing the processing chamber 12. At 648, the control 304 determines
that the pressure within the processing chamber 12 is substantially equal to

20  atmospheric pressure. This determination is normally made by the control
using an intermnal timer to measure a period of time required to depressurize the
processing chamber 12 with the bleed valve 54. Thereafter, at 648, the control
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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10det erm.ned; and that nmaxi mumrate of RF power increase provides a reduced
pl asma treatnent cycle. | f the control 304, at 630, determ nes the

-RF power is not at its maxinmumlevel, the control, at 628, again increnents
t he power |evel and operates the tuning network 320 to match the inpedance

to the desi pesltioredrdenitidtés a aticcB8ve paretrdbenntd®boB0hOfRE Biess t hat the
“power is now at its maxi numvalue, the control then, at 632, begins _
moni t ori ng iohearepeadpair Blicetsitdiwofbasen treatment cycle while the power
remai ns at its maxi num val ue and the plasnma treatnent process continues.
During a pl asma figeatamentdepipedrad iteomstive @nibadimaands tsPeetesigput tered fromthe
surface of workpiece 56 will be evacuated from processi ng 20space 102 vi a
exhaust por chdBeralarcprwhg o thberifhdioes BOhS bregamidendrOSBisS indR8es Pl asma
treatnment system 10 is optim zed to enhance both the spatial uniformty of
pl asma t Peaemensblanditsystene shymugkfiutSuppbe 2e0advaolagdfkly gdrmfis4, checks the
state of the feedback signal on the input 352 fromthe end point detector
334 to det emerkpeecametvagabl¢e Hiemepbias iab@ Fpeved eidng. Retdrend ® QP ete. In the
descri bed enbodi ment, the endpoint of the processing cycle is determ ned
by the endpéifftratietieeedr6384udkst actlevagedpipéarniZéaltizt sivaatlyengteh of |ight of
the plasma and providing a signal representing such to the control 304. As
wi Il be appPéTinaredle Wposadoideseilngba 26amgeaiarmae 267 theviskasiaenms usi ng

di fferent processing paraneters, the anount of tinme 5Srequired to process a
wor kpi ece cHhPBETIRERIOAT AEALY ha dennyeidiorratappied by each tie rod 212,

10  Elevated platform 262 is mechanically and electrically attached by a plurality of
fasteners 269 to flat plate 267. As shown by arrows 268, 270, side rails 264,
266 are moveable between an extreme position near the perimeter of support
platform 262 to a central position along the longitudinal axis of ‘élevated platform
262. As aresult, the separation distance between sides rails 264, 266 may be
15 varied to accommodate a workpiece 272 of a predetermined transverse width.
Side rail 264 and side rail 266 are identical structures that will be
described with reference to side rail 266. Referring to Fig. 7, side rail 266
comprises a horizontal member 274 flanked at each opposed end by an integral
vértical post 276. A channel 278 extends longitudinally along the entire length
20 of horizontal member 274 and has‘a U-shaped cross-section with a
predetermined width that accepts a peripheral edge of workpiece 272. Each
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 forreceiving a set screw 286 and a beveled lower prong 288. The lower
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enmbodi rent, the control 304 can start an internal tinmer at the sane tine
that the autotune control is started at 622. The tiner is set to the anpunt
~of time required to process a workpiece as was enpirically determ ned.
Therefore, when the internal tinmer expires indicating an end of the plasm

_processing M@M&bﬁappé*@wéﬁd19|dlsﬁtac§@"v]er@§z§!@9rto§'\ %Q%pﬁéﬁ'@uﬁgéé gn of the tinmer

“as the endpoint of the plasma treatnent cy pon the control, at

634, det ectbRer @osd Beto@festdih 1%3&1t@t%rﬂi9d&W%Khaﬁ'l@ﬂ@htiﬂgsstt}H? i nput 352
representing an end of the plasnma treatnment cycle, the control 304, at 636,

provi des a wemm@nesssir@nahie@nidifbsm Q6L.PUke HEOntkGorCAIISRAEME hoeil¥s pPower supply
318 to decrenent or ranp down the RF power fromits maximumlevel to its

m ni num | eveberiphemneddsyaf slehteP et 362 ARDREISRER 92 HisaBXxi MUmM | evel to
its minimumlevel at the same rate and thus, over an identical tine period,

as is r&i]UII%dnépbdn&ﬂ@eﬁwb@wﬂ@@ﬁ@édWafpféd@tdrﬁwﬁwemtr@hﬁﬂéﬁﬂe] @ébnkAd i ts maxi mum
| evel . Upon the control 304 detecting, at 638, that the RF power 20supply

318 i s provifthengvipoaescrat 28de m ni num | evel , the control 304 then, at 640,
the control 304 checks that the RF systemis tuned at the m ni mum power

| evel . Ther eaf t &fith referefd2 jo Fihe setthib molict304 réfarense ofifiebieebiiooikene cont r ol
and executes a 200 mllisecond delay which permts the plasm at the

M ni mum povieeiuresveFigs.ol - adaddopding 25T alwimationeihbpdiasmeof greocessi ng cycl es
simply turn the RF generator off at the end of a processing cycle, and the
t uni ng net wordotips thenpfasrsa Hedmeor yyelepohdimay be erevidedodipssirngespioner out put
fromthe RF power sup 3/ Hence, when the next cycle is started, which may
be at a'di fof@fT@ﬁH%Wéqd ingihg|chargpergbase 18 and a chamber lid 402 hingeably

coupled with the chamber base 18. Specifically, one side of chamber lid 402 is
mountéd to hinge assembly 16 so that chamber lid 402 may be selectively
pivoted or cantilevered relative to chamber base 18 between an open
positioned for transferring workpiece 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. It 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 is an assembly that incl;Jdes a lower sidewall

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

25  separating the lower sidewall section 404 from the domed ceilirig section 406.
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time is required to for the tuning network 320 to match the inpedance. In
Scontrast, with the present invention, at the end of a cycle, the tuning
~network is tuned to mnimum power. Thus, at the start of the next '
processing cycle, when the RF power supply 318 is turned on to mni mum
power, the tuning network 320 is in a state such that, either, the desired
“i mpedance naj{l%ens'%qvﬁgéag/“oéii‘l@‘i and $8 and Badomed gaileksartiousaareo a mat ch.
M ni m zi ng tg.mi ng of the RF systemcan 10result in cycle tinme savings of up
to 15 second§™Medofa maigggithat Pga it ey higipaiectdgal gansiuciittypich ke aoper at i on of
t he pressure_nonitor and proyi des conmand signals on the outputs 342 and
346 ltoo causealtfré]@ﬁ@ccfria@g"% I@%é’i ?Pglp\?%%s'%ﬁi'agtﬁﬂ‘eﬂ‘i@‘rtr@ P 8 he respective
vacuum val ve_140 and isol ation valyes 314. Further, the control. 304
provi des a c%ﬂ\ﬁg%ogbegw@%? C‘Hﬁﬁ’”‘%ﬁrﬂﬂa YRPEAM ¢ghs Wﬁiah%‘feéﬂfaﬂ'ﬁédfqﬂd%@ﬁa_te of i
ases through t ropriate mass flow controllers 312. |In addition, the
gont rol 3 4g%rdoac$r§§§‘%ée c’@hﬁgﬁﬁ'r’%f’étﬁﬁlu%?fe oMY FEEPLIOC386°H6" cause sol enoi d
val ve 357 to e ed valve 54, thereb re§surjzing t he processing
chanber 12. %?r%g%éﬁbtﬂ%@n&%rtmr 1””%6%438%&%Oﬁ'égggﬁgﬁ“’i RETHTEESAIE within the

processing chaoher (A2 %F%‘gg%&nﬁ%ggg%%@qaun%la ti%“%‘l al r{gﬁpheri C pressure.

This deternmination is no he co YPEh" 't ernal timer

to measure aohesdi@ilfkeliofRok eBHLEd i QAR iséwi £G el RERLOGESSI Ng chamber
SR SR At 648" PHETRIRTVG

12 with the bleed val ve fter, _ F"304 provides a
commnd si g Atrd e QULAIN o337 GRS LD ItisOLENOI LV Al Y2338 To change

r
state and reverse the operation o actuato o %% hereafter, at

650, t heT@Ofﬁhéﬁﬂbeﬁ%ed;%t g6t ouwldPdtiehdisdctign 144 in%lfu[j@g t%\%%etvp%ddgs opened
position and initiates' a successive part transfer cycle . The above
process is theambiRRESNALkN dw SHEERETbMLL WAL KRILRCGREig. 12, for viewing the
plasma processes transpiring in the processing space 102 of processing
~chamber 40.0.
Provided in a dividing wall 406a of the domed ceiling section 406
15 separating plasrﬁa 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 communication with a gas line 405 extending to a
source 407 of a process gas. The gas fitting 411 is coupled with plasma cavity
442 by a gas distribution path including a processAgas paséageway 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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Figs. 6 and 7 depict an alternative enbodi nent of the processing chanber 12
according to the principles of the present invention which includes 5 a
~vari abl e-wi dt h substrate support 260. Support 260 advantageously permts
wor kpi eces of variabl e dinmension to be received thereon Referring to Fig.

6, substrate su ort 2
‘carries two
is attached
tie rod 212
attached by
arrows 268,
position near

t | 262 that slideab
BB e e R et e e E@dmeé%mpf‘ati g hat

ttom el ect 20 t f lied b h
RLT i EPGF ek 1 wﬁéﬁ%ﬁ??’%& B UG rfcal 1y
Bty o t%p%%@g%z%éceasrsgas il R RER B e

| at form 262 a central position

P ong Chet 35 o ffie VB Ses Gt vErBRal b bR rs Pt a8 BRE S Pt he
Separ ati %n qéral\g?réﬁ a%g&t\’\fgs?gmq? gggut'é% s%cr%%d aﬁg? r)(atg rejéét}/rg‘” ed t 0

acconmmpdat e a
264 and sid
reference t
hori zont al

post 276. A channel 278 extends

a pre eternlne sve seWdtnh. Side rai

tarsﬁw' ca%@%%é%%;'egggﬂw' £l 56 ﬁ%}g% 8&% 9@60 Wrbh Dbe described with

ferring Side Pail 266 conprises a

mi‘”be)& madéndJ-ankRdeq A @@é:rﬁbxgﬂpa‘?rsf%‘?in ﬁ@%uﬁ?é!urﬂjﬂqg' ntegral vertical

ongitudinally along t entire | ength 200f

hori zont al @amfneampaa?sfésmgscr%n%ew@@%y%%éd 866 rdaess‘é@ésmn% predet er mi ned

wi dth that accepts a peripheral edge of workpiece

ch opposed end of

channel 278 hbglsleyd@%datofbleapraﬁeuwefz&%vé hederbRGpblidabeSiosldhdtahlie capture of
si de edges of the workpiece 272. Each verti cal post 276

i ncl udesioan supmrcoptramnaﬁZSL\MhtdﬁdcaNrtslfr@@ange@Ie De¢fa Re284td P doRGRI Vi ng a set
screw 286 and a bevel ed | ower prong 288. The | ower

15

20

25

free radicals, including oxygen-based and nitrogen-based free radicals, derived
from hydrogen, oxygen, nitrogen and other primary constituents of air.

With continued reference to Figs..8-12, the domed ceiling section 406 of
chamberlid 402 is provided with a grounded plate 412 and a powered electrode
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, planér ceramic electrode insulator 416 electrically isolates the
powered electrode 414 from the domed ceiling section 408, including grouhded
plate 412. Plasma cavity 442 is defined in the domed ceiling section 406 as a
voiume 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.

Grounded plate 412 includes a plurality of openings or throughholes 421

-38 -



surface of upper 282 prong is displaced vertically fromthe upper surface
of l-ower prong 288 to create an indentation 290 of a width that is slightly
-l ess than the thickness of elevated platform262. The indentation 290
slideably receives a peripheral edge of elevated platform 262. Accordingly,

each side I’@ié %@ﬁav@ﬁg&n rap% idprqen%g%r;ldgrpdt/éry rrar%%gert]t%egerpr edet er m ned

“transverse position Set 'Ser'é %t h reference to

(1 go, & 12 UohEchbi ke, LELEUSNRS, IWIREALS £el gk LRul ke feptures, [n Fias

1-7 and accor gto an atlve e the p:asnma

treat ment syst ssi n 10chanber 400
i ncl udi ng t}r']’% f?g%&%ﬁ%ﬁ@sﬁ rpgflf%% %%‘b%rd he?% %?Eﬁsg%‘%fﬁﬁ coupl ed with

the Pha”berlal%ﬁiﬁﬁajﬂ%t cé%%gLédw%aJHQ‘t’ 194?1%%’ %ggﬁ)rr ISQ n@%\éyzlég t%gz I's mount ed

to hinge assenbl'y 16 so that ¢ Py pivoted or
cant i | ever egrdcebsitd $68cd BLHRRE PSS dBy E‘x%tt%%@r BLrAPRTy s%osxl t1oned for

transferring workpiece 56 into or out of the processi 5685102 15 and a

cl osed posi tiidad iBnIMHGE & tact with
chanber baseu 18. [Lr(])adl ng Csr?rgstl gﬁr@%&r%tg,éﬂg g@&ﬁﬁ% aII:flgsta ?’18% (Fig. 1)

may be usedid @bcesbib khidd 0RO kil LGOS ﬁ;u BLOpiaRd essing chanber
400 as descri bed he%e%n wth irfdgga? teg prnoce%5| n&@ﬁ%}ef? Cn% %g Chanber 1lid

402 may be rentetrghangeitai JeboeRapethel dndrgbd sp&dids frdoh tﬁe%iaﬁﬁepand' ng the
20capabilities of the plasma treatment system10. It follows that an

exi sting pl asniet freatpBAk caYiStamiRahdgoastsPlisghaal ochamer 1id my be
retrofitted with a substitute chanber lid incorporating the inventive

aspect s10f thambeole #2l M2present tortubhepathaberg hd thed®idrs pams asgenbl y t hat
includes a | ower sidewall section 404, a doned ceiling section 406, and a
medi al si delhaldlasseciioni4208 tH2Gseqasiag ispgcet 102, [Tawerassiadewalcesgect i on 404
fromthe doned ceiling section 406.
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 groundéd 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 0.125 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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The sidewal | sections 404 and 408 and the doned ceiling section 406 are
formed of a material that has a relatively high electrical conductivity,
-such as an alum numor alum numalloy. A conpressible elastonmeric O-ring
seal 401 is provided between a circunferential upper rimof the nedial

si dewal |

seg k@Al dandedfreh teudifeet gatmaln pioswes cdvitpuod tot he upper doned

*section 406. Another conpressible elastoneric O-ring seal 403 is provided

bet ween a cirs@usihgsentiiab showematéim afivérbe taredealossd slewat Essect i on 408 and
a'circunferential upper rimof |ower sidewall section 404. O-ring 51 is
conpr essi velykmaptitredpbedueenbsirate sepprrteddentHeahrobgiweresrdimirof t he | ower

si dewal |

section 404 and an apron of 10chanber

base 18. The | ower

si dewal |

secti on 404grourckddesstand avd e@d pifiet inassigddticasdimehsiwhadionvi ew port assenbly
410 is visible in Fig. 12, for viewing the plasma processes transpiring in
t he processmggspat éoilRowfdepp@testl fogvahagher spt08 .disitoatiordeidrden a di vi di ng
wal | 406a of the donmed ceiling section 406 . 15separating plasma cavity 442
from a radireditaleqdreittey froREjasoavdal Yy 4H2infospracegaisg ppade 9A9. The gas port 409
is configured with a gas fitting 411 that couples a plasma cavity 442 in
fluid communi cabranded plateat 1§airludene MoBlitg of drmdighitples? '@ asosee 407 of a
process gas. The gas fitting 411 is coupled with plasma cavity 442 by a gas

di stri but i dRsi¢fatRA Cireiddrpgien gePNsnod esdslgaierga Ssiegeiiey £18:ndadpair 20 of

process gas passaaeways 415a,b coupl-ed with process

as passageway 413, and

mul tipl e ga¥p4ssaGeRaySeU 1T RRTRIRAICAEH PYTCRAY ClpaYsEHeWeys415a, b so as to

term nate proxi mate the upper planar surface of a ceram c insulator plate
g

416. AnYP sul®dBPeiigPvLess

i s capabl e of

, roviding free radicals and other reactive species,
exci tod by REEQrE ST A2 S e AP ST B BB For m

15

20

25

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
aluminum alloy. |

Thé ability to select from. among various grounded plates 412, 418 and
420 permits tailoring of the geometrical pattern of radicals deliver.ed 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 tc
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 sddare workpieces, a rectangular
hole pattern for rectangular workpieces, and other geometrical arrangements

apparent to persons of ordinary skill in the art as necessary to correspond with
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downstreamtype plasma treatnment of workpieces 56, as described herein.
Typi cal process gases include 02, CF4, N2 and H') and may be m xed with an
-inert gas, such as Ar, to prOV|de a process gas mxture. A gas flowrate
suitable for domnstrean}type pl-asma treatnment in processing chanber 400

_general ly 5% %ﬁqeirrcgrehagggfha&wm Bt 362800k ROR-96600 020, appr o ate

“pressure in sma cavit ran t 1000

mrorr. SA‘( JRE S b QWY ?\Qé'bt 5okled sEltR t%p&%b%ngxt@\t of He Q) he

surroundi ng Penvi ronment o processi ng cha be Gsed as a process

gas and has  beep -5eundndOs Be RN IEME JteY @Ix;ﬂ%%l rlﬁ'ﬁor'cr}c&'ﬁfre];e% D.ppplications

for renmoval of 10 surface contani nation. downst rean}type pl asma is
expected tougopiRiiffdeee radicals, including oxygen-based and
nitrogen-based free radicals, derived from hydrogen, oxygen, nitrogen and

other prigmary congt iddieiteSo @fgsaé i2 the chambafiiti QO?%'(&PH@%&SEJ erence to Figs.
8-12, the domed ceiling section 406 of chanber Tid 402 1s provided with a

grounded pl aco-AdRueARdrE BQWa@¢tt%FQQWQQ§r $p&t4michats Qs%f'bn%aﬁ pover ed
pl ane opposite and general y paral el to grounded plate 412 e grounded

plate 412 anfairierpekiidiscelkatde Oerer forick idearpRGhs auA406 surroundi ng
plasma cavity 442 collectively define a ground plane. A rectangular, planar

ceram c el epbwedsstiimsioh atior364df elaeetfréqgahty (RS ab atese thendponey ed el ectrode
414 fromthe doned ceiling section 406, including grounded 20pl ate 412.
Pl asma cavi ®yradid2reqSerdefRRepowan stifrey desrrckieidaiingoupeetiyen 406 as a vol une
encl osed between the grounded plate 412 and the powered el ectrode 414. The
gr oundedOpl &eesrditQomraiite 44evithoveeRiedulehemt fitdahed 2Bl 4TrerRF pavedh sbgpiyred of a
mat eri al having a high-electrical conductivity, such as al um num or an
al um num al Mé@/aancgmndwtmfameecmm@er he ko2l egleativelyurralide y ple$mapeni ngs or
t hr oughhol es 421

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 ata 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  is positioned between power distribution bar 436 a.nd closure element 438.

Ceramic spool 432a is 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 430b is

25 fastened to the top of power feedthrough 434b and is positioned between power
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(Fig. 13) having a configuration, dinmension, and/or arrangenent dependent
upon the geonetrical shape of the workpiece 56. The throughhol es 421 all ow
~the preferential transm ssion of free radicals, and other process gas
species |lacking a net charge, froma direct plasnma created in plasma cavity
442 to the 5processing space 102 and prohibit or prevent the transfer of
“char ged specisfutisuicdr 486 andcissiandlegleat #BdnSeramosmaché3 2l is gaptusiasm
residing in plasma cavity 442 to processing space 102. Typically, the
grounded pl atebvetb2hd gvigihd eelt 86z, Bod theeprwel digtriautisndgisr #8€ and PpegTcent age of

t he charged species fromthe plasma admtted fromplasma cavity 442 into

t he processifeeptiypaghed3t02xteMirethoohiitsuetihof essamiz Erarly 3gP éxesi@blisdr t uous pat hs
having no |ine-of-sight paths fromthe plasma cavity 442 to the processing
space 102. Tretjabemteci retpreodes spwer dpdediongr 43§ anddbaasteéam t ype pl asma
that is free, or substantially free, of charged particles for performng

pl asna t rieataientode 614t He %W@F%e‘l:‘@evbo%POP?féteéﬁégFEﬁ?“Ydé‘%'?téH‘eof t he

radi cal s wi thout the physical action otherw se provided by 15the charged
particles. power baH@6tnd oRrfhRoYee’ B2 powenfeelnrapsnafgéa biffPTaearray or matri x
or may be arranged with 'non-periodic center-to-center hole spacings. The
areal densi t§essfe ¢ aPetigR%ol sCAPTIC SROPRE 67 B APPSR DN '8CUY may range from
about ten (10) holes per square ipnch to about. two re 200) hol es per
squar e i nch.SaHE RoRANeREedy TyEN3 ﬁg‘%ﬂ? %{a@ﬁh% ﬁY‘S‘G@WﬁE%@ga quo range from
about 0.001 inches to about 0.125 jnghes. . Wth reference to Figs. 13
and 14, the ChARBETIN*C 4 ?aWpSSISr%?S%ﬁIS@d?ae'ga'lr}sai Sh”dalggﬂ ég%gerounded

pl at es, ch as gr.ounde | ate, 418 (Fi g, r ed B 420 (Fig.
14). Go de@%bﬁag?'@§”%ﬁrg?£%%‘et5? 8era§mc %sul%‘(%? plgtgqﬂgaﬂg% QVI%S‘EJEH (Fig

406a so that gas flow can occur therebetween.
in use and with continued reference to Figs: 8-12, process gas enters the
chamber Iid4402 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 c‘;eramic insulator plate 416. The process gas flows or
seeps around the periphery or perimeter of thé powered electrode 414 and the
ceramic insulator plate 416 so the flow of process gas is directed toward the
outer edges of the domed ceiling section 406. The process gas is attracted
laterally by vacuum forces in the processing épace 102 about the edges of the
20  ceramic insulator plate 416 and toward the throughholes 421, which promotes
uniform process gas distribution 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 cévity 442. The plasma in plaéma cavity 442 is a full direct

25 plasma containing ions, electrons, free radicals and molecular species.
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25i nt erchangeabl e with grounded plate 412 for varying the distribution or
pattern of free radicals delivered fromthe direct plasma in plasma cavity
-442 to processing space 102 and, ultinmately, delivered to an exposed
surface 56a of workpi ece 56 supported on substrate support 64. The

,throughhol eetdsel the %@Uﬂbﬂ@@és@?éﬁ pohd blsapte4dRndiyster 10 b ge@Bfdigur ati on,
di mensi on and/ or 5arrangenent from grounded plate 412 for varying the

spatial di stohdulidBwvat &kregt padh cahooadmividiad, heomidlsasiRosani ty 442 into
processi ng-space 102. G ounded plate 418 includes a plurality of

t hr oughhol esf 4kiRETAngRdn bRsindalitye40i Wit b atraedl 8y apekidphery of a
di sk-shaped hol e pattern. G ounded plate 418 may be used, for exanple, to

treat sem comRgust icanalgtishe SriInRGed 92 BOGreunds biatom 2nafrers, with a
downstreamtype plasma. G ounded plate 420 includes two frane plates 422,
424 havi ng ald@ohanglibey haentteadenopaengmgingindids eireeghholesgritd 426 capt ur ed
between franme plates 422, 424 so as to partially occlude the central

openi ng. Thevessuseemouh2bd biatead Riingrownde mesve wadehfgraamia Asatresdial wit h
relatively high electrical conductivity, such as alum num or an 15al um num
al | oy. theTlves ald £lettsont aresggreittantfly iess Beintg evigr pousssgrgopaded pl ates 412, -
418 and 420 permts tailoring of the geonetrical pattern of radicals

del i vered friéad {The gpluagsereplate 4t Aeewmoiskpdetespseies Fokinhatnekeithrga, he hol e
pattern of throughhol es, such as throughhol es 421 of grounded plate 412,
can be adj ustuedas Ge2@dreisrasd pevitk! rplachitesgle dadangpated theugtor kpi ece 56 bei ng
plasma treated with the downstreamtype plasma.. For exanple, the

t hr oughh'® esh@gghfiolest4Ré inje Hermiesspnate2#1P2c APigRly et aryeded e di sk- shaped
hol e pattern for processing round workpi eces, a square-shaped hole pattern
for square \ﬂd?ki)?'%é@ > fopreeying gt aialy PEOTiBg ehergpd pecied EPANGRI ar

wor kpi eces, and ot her geonetrical arrangenents 25ap€earent t o persons of

ordi nary skil¥SManraRETar O adiHat B8 M3 EFbr TP NicEFsing
space 102

The vacuum or the pumping action of vacuum pump 144 (Fig. 3) urges
‘15 the free radicals and neutral molecules .toward thé workpiece 56 to perform the
downstream-type plasma treatment. The workpiece 56 to be tréated with the
downstream-type plasma is'suppo_rted by the side rails 66a, 66b of substrate
support 64. Free radicals admitted into processing space 102 contact with the
eprsed 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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t he geonetrical shape of the workpiece 56. Typically, the throughhol es 421
are positioned in the grounded plate 412 so that the peripheral extent of
-the hole pattern corresponds substantially to the outer peripheral rimor
circunference of the workpiece 56. 5Wth reference to Figs. 8-12, the

_chanber 1id ‘fég%a frd et t'ré%%grgg;B cJu@gitrﬁ’ég;rroﬁﬁd’e%%?e}{ gﬂ: érglygl khead fitting

428, a pair ceram Cc caps ni 8 spool s

432a,b, a pajd,gl, aqgwbsttﬁsg%oﬂt&gé los@mé%glz ; oweL distripution bar

436, .and a re uenc ure’e di o-frequency

\(MRR] ltog‘é"erRFiﬁngQ é%%{ét@ a%'lr@&t rés?@é h%ré‘c%'s'&h&gpé& 162 19@%@@@ £3on line 440

|tt|ng he RF power and -t he
conponent s %ﬁastn@qregh@émgystérhdsuépgssekdng%lam%rxs é)rNHS'%ﬁchanS”B exci tation

source capable of exciting process gas in the plasma cavity 442 to generate

a plasmas P dendt Hr-pehsy A e tkraBgkete & the RF bul khead
fitting 428 gﬁgppomkr glstrlbutloé@bar 436 t% twﬂpg%ag%%gg%lectrode 15414.

The RF power,sunRly 5438n by Galikby: AReIAbeS @ nsted el ween about 40
kHz and aboJ% #ﬂﬁ VHz, pré eyably about 13nSs'Gel\i’f\—g%lé épggmer bet ween

about 0 wat t-gqaed b@b@q;troc@gg) statdiotr pEMidyaraBoALLe6h ¥akhtie to about 600
watts. Ceramc cap 430a is fastened to the top of power feedthrough 434a

and 20i s posittewned between power distribution bar 436 and cl osure el enent
438. Ceram c spool 432a is captured between the dividing wall 406a and the
power di stri butiarnkatendde madidofppertiofn apdblasad gbatdddasyexhenasard hr ough t he
bore of ceram c spool 432a to establish electrical contact between the
power di X rideubhityurdyato pASGieaemdntdned powetrrabmed Boemodeg dk4roeiedm ¢ cap 430b
' plate 412, grounding the substrate support 64 to earth ground, and energizing
the powered electrode 414 to genérate 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
15  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 dperation, the plasma treatment system 10 can be
20 conﬁgurebd 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. Asa

25  result, the voitage potential providing the driving force for ionizing the process
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25fastened to the top of power feedthrough.434b and is positioned between
power Because the flow of process gas in the plasma treatnent system 10 is
-general ly conducted toward exhaust port 136 in bottomwall 44, the various
conponents of the direct plasma in plasma cavity 442 will be attracted by a
suction or vacuumforce toward the throughholes 421 of grounded plate 412.
"The 5el ect r ans iapdcéBng shaseer 02 (Fignglenelfettively eoombi fve ah rRFiLidgetthr oughhoi es
421 because grounded plate 412 is grounded relative to earth ground. As a
resul t, the dvers aandntelf &Ftpoors @nepstieginl becsintl thislress dfickelayiorti®@ ent er
processi ng space 102. The grounded plate 412 permts plasma species | acking
a net char gehatscRF aswéraelisdidiscbdtsaianeh poeldriatedooeddud e she tiecbe
transported t hrough 10t hroughhol es 421 into the processi ng space 102.

Typi cal |y, tdesngr genicesl apd ahesypbled whef freqioweesdf @ectrodadyéd g substantial |y
all of the charged species fromthe plasma transferred or admtted from

pl asma cédvi tapefAZzdi nt o the processi ng space 102 The vacuum or the punping
action of vacuum punp 144 (Fig. 3) urges 15 the free radicals and neutral
mol ecul es t owar dint teéanprd picsee! BEereiop e asma heatdennsysiegaid taype pl asnma
treatment. The workpiece 56 to be treated with the downstreamtype plasnma

i s support edPHEPriigiEeSioReWeaINESOBBED BB OBF 3SR e EoSsH IS 62131 Free
radicals admitted into processing space 102 contact with the exposed
surface 56a 'B¥alREraRpi B @EdIEE %%Petf%é%ihec%@ﬁtf%%ﬁm})% &hat AeSCHBRer i al

20f orm ng the workpiece 56 to performthe surface treatnent. Excess free
herein. In this operational mode, the workpiece 56 will be exposed to direct

10  plasma generated in the processing space 102 infused with free radicals from
the direct plasma in plasma cavity 442 admitted after filtering of charged
particles by grounded plate 412 into processing space 102. According to the
principles of the invention, the process gas flowing from process gas source
407 into the plasma cavity 442 may differ from the process gas flowing directly

15  into processing space 102 from an independent process gas source (not
shown) so that 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 aﬁd With continued reference

20 fo 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 lid 402. Additional medial
sidewall sections 408 may be added or stacked between the original medial

25  sidewall section 408 to further increase the height of the chamber lid 402 and to
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radi.cal s; unreactive process gas nol ecul es, and contam nants renoved from

the workpi ece 56 are exhausted fromthe processi ng space 102 by the punping
«<action of vacuum punp 144. Chanber lid 402 provides the plasna

processing system 10 with various 25different capabilities in addition to

il d A . | f ur f )
Rate 2 PR R OPLLR LB, S
v b i . 02.(Fig. 4) t te. i t
64 ey b eneligod by, B SESil 20T O aeher L e Rl et |
such as bl s, LL eALIEN Y5 AM e re ! £lless SOMLPREC AN charber |1 d

402, may be used to pl'asma treat Ceés either a

direct plasma.ay Selaynskibears LyDe Bl asane a8, FeAMLLEd Y dfie process,  so.

that both capabrlities are available 1 n a single Sys n an

al ternatiye JdeQkcRREDALEODqoE BliATTB:b, %‘é'%"éx@%ﬁ%?&r}é&?@ fGan 10be

configured to provide an inverte ire plasma by r he™ gr ounded

plate 412, gééégﬂgliy'ﬂgmgﬁ%hgh\%rtl@atf@ SHIPRAEL 284 bR AT mbggé?aé“o%eand

ener gi zing the powered el ectrode 414 to generate a direct plasnma in
processi ng spags skdaRoskiph 364 8L dMch¥iofté 8 sewctnﬁ 4fola!%H9h9@le% cfm ate 412

renoved, the chanber configuration chances so that the powered plane is

provi ded by pRwRireeepkaRiorbieds tildowdtdd blerdiaBdnR iRNSJoSePr OVi ded by the
substrate support 64. The inverted direct plasma configuration reduces the

process ti nesurlabslesa Gavdididte GolcoHTBARARARS poviePéd EIBBFRMIANG. t he pl asma
treatnment of the upper exposed surface 56a of the workpiece 56. In another

node of tper ati ofMhe trlaeiapdidesval sketeat 408nt reysbeMmdinzano be 1dWeonfi gured to
power the powered el ectrode 414 with the grounded plate 412
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 installétion; Guides 444
15 may also be used for positioning the domed ceiling 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 aré
20  utilized for securing the domed ceiling 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 éhamber 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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removed and, in addition, to energize the substrate support 64, as
descri bed herein. In this node of operation, the RF power provided by RF
spower 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 SWQﬁéce%s ofaﬁﬁ@rmgﬁﬁ%‘ég Sﬁéﬁlc\éw %48&099&&‘@5 Sredlg{g@gl di ng the

dr|V|ng force for ionizing process gas in processing 102 (Fig.

3) is effectiys|y A r f  RF power. One
pot enti al bensefl t Oofg%lralq}sn%ig){%ég‘a%%%ﬁ%%\g%er?esf’%tp%were%@%dgéqf\g applied to

substrate supp@id efhsd SsurabilistbidenbRolbe s8hERd,y i %@ﬁa@'ses&frms f‘”d I ons

supplied when the powered el ectrode 414 is 5energi zed

anot her Mod&40froGRRLAL it9ve i RAEdiIRIASIBR of EARL B SRUSLE &Qn%gél‘geg Configured
to power the powered el ectrode 414 with the grounded ate nstal | ed

and in addi te@Biecte@ t&PRLIGE ZRctiRG S%HQ%EIJS@E&V@H@F@Wére@@becﬁ‘édedﬁ%cr! bed herein.
In this operational node, the workpiece 56 will be exposed to direct

10pl asma genred akestet Rukdte 5BE 06 85&aRBIsS RaERUAARtHethUs8E Wi doh Jithee radical s
fromthe direct plasma in plasma cavity 442 admtted after filtering of

charged par tivebesiry trgikotettedidphal e2cdd@s 408 Wil REPSFERShIexRace 102.

According to the principles of the invention, the process gas flowi ng from
process gas ssdarecEsa4dZ tvarnoh thiek vodriasese mﬁmmpovébééédmve)ctrdhé ferpfthem t he
process gas flow ng directly 15into processing space 102 from an

i ndependent spmecisgancgas asoedies tfinotvokhiews F6 $o0a blvatss dmambeee radi cal s
transferred to the processing space 102 through the grounded plate 412 from
pl asma cdvi topniipapat@n frf whicl thesharmheerdigd@rR égs iersinateeordi-ingtinegibasma generated in
processi ng space 102. According to the principles of the invention and with
conti nued r efdereiheectigo#es.Fi gs. 8-12, nedial sidewall section 408 is

operative for increasing the
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 Iike reference numerals re‘ferto
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 is hingeably coupled with the chamber base 18. Chambér

25  lid 502 is mounted to hinge assembly 16 for selectively pivoting or cantilevering
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chanber di nension of the chanber lid 402 in the vertical direction. The
chanber dinension in the vertical direction my be reduced by renoving the
+»medi al sidewall section 408 fromthe chanber Iid 402. Additional nedial
sidewal | sections 408 may be added or stacked between the original nedial

25si deval | gggld tgr&hé’rr%ertb%gé%wﬁfeeh aﬁro%éﬁeo&&b%eﬁ%%hﬁgﬁm he chanber 1id

"402 and to further expand the chanber dinensionin t vertical direction.

It is furthemcontenplal e @Yhef[é}gcésel\ﬁ%rktpia&m6%?{&%{?@5&5%}[0%%8@% di mensi on of

t he chanber |id 402 may be varied in any of e different manners,

such as by Go0shE WSshng iither g@giih@}y cohidemahbms&aions 46RaABe Ay €xpandabl e
vacuum bel l ows. The | ower 5sidewall section 404 and a doned ceiling section

406 are al waysngRSBRbcraRgdd\GrAssRR} ¥a §o1md NYochanbamokl 6y 492 and, when
assenbled in the absence of the nedial sidewall section 408, the dinensions

of sectipngrAQds.and.408a6ahd e capdbilicFeMrseRarati-amdrtyesn bhe powered
el ectrode Zl@ angﬂthgggxpogid su?face 56a g?ﬁmnrkpiece %% confronting the

pover ed el echbaee stdidr tolPERBenmrOB0al angi reMed letrsREkIt®BN 4Q&idgs rermovably
nmounted to the | ower sidewall section 404. Guides 444 are provided to aid

i n positi omidwghd theatmrieet sgbtes slewalslplsetd reaimdQ8ystemabi ve to the | owner
sidewal | section 404 during installation. Simlarly, guides 444 aid the
posi ti oni ng of doardediei0RNgarseskmoly idOQ6dingh abiye cdiingtdeetisreshsal si dewal |
section 408 during installation. Cuides 444 15may al so be used for
posi ti oni nghaving adaetk cwit) b4myarsies oivensidO@all exlcédn 305 fhdetdtewitrotver si dewal |
section 404 if the nedial sidewall section 408 is renoved fromthe
assenbl Y0 Fastegneilisg 448ioars@4 uthd doreed Eoingseecion 304 indielemediiddwadi dewal |
section 408 with the |ower. sidewall section 404 and for applying a
conpr essi orb¥ @x¢amding aQovti theypPBeyef dreeriasmacavidy 6dihend gHividegaall Similarly,
fasteners 450 are ‘

508 separating a radio-frequency (RF) chamber 543 from the plasma cavity

542. Guides 544 (Fig. 16) are used for positioning thé domed ceiling section

504 relati\}e to the lower sidewall section 506. A compressible elastomeric O-

15 ri'ng seal 503 is provided between a circumferential lower rim of the domed

ceiling 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 sidewal] section 506 and for applying a compression force to O-ring

503 to create a vacuum-tight seal. O-ring 51 is 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 includes a view port assembly 510 incorporating a site

glass that aliows 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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20utilized for securing the doned ceiling section 406 with the nedial
sidewal | - section 408 and for applying a conpression force to O-ring 401
-to create a vacuumtight seal. The ability to vary the chanber dinension of
processi ng chanber 400 in the vertical direction by inserting and renoving
one or nore of the nedial 25sidewall sections 408 permts the plasma

“treat nent syradarsitevaiceasre#id fage 8- Vo dkpirbee sesB, ofay diefifiterduned t hi ckness.
Specifically, a reproducible or predictable distance or separation can be .
mai nt ai ned BetwReeM e e giorkinesEPe P+ ate thelawersitierat sextipo$e8. sur f ace 56a of
t he workpi ece 56 held by the substrate support 64. To that end, the
vertical di mensi§Hhegntiseratreiveamicaltc sicgelml$ as@stine A0A08:Pwye S5be sel ected to
provi de a desired separation between powered el ectrode 414 and exposed
surface 56a.PT¥6ES 85éarepice S0E 61E-i'§uY i Rgtasélingrd ityéth a gag rPO0B0R%i t h two one-i nch
.thick nedial sidewall sections 408 wil| separate the exposed surface 56a of
a two-i nch PRYdeIMbINREPBEE CHESSEsIRpeiter BY BroetiP8aéE wpralegyn tié sane

di stance as a one-inch thick workpiece 56 in a process chanber

10conf i gur atPEANELRMI I HasEeqR4Rhbet? 1671ed 0ChRESeRidkIdRdve e7fe- i nch nedi al

si dewal | secti par ati on between the treated surface of

.408. , Th
t he mnrkpiegg“ggnﬂhﬁﬂ?ﬁ@“ﬁﬂ%g?gﬁggg§§ﬁ¥ﬁd@sﬁﬁﬁwﬁ%553?ﬂ%ﬂ&ﬁ%ntal vari abl e

that nust be.control l.ed_for.effective. plas trea nt wiwth either a direct
pl asma or a d&isgr\'/\ﬁé?q’% ?@pc(gﬂmng a gas~d|str%uﬁonn3\amber I5¥?coup ed 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 tailoring the plasma admitted into processing
space 102 for plasma treating different types and configurations of workpiéces

15 56. Any suitable process gas or process gas mixture may be provided to
plasma cavity 542 that is capable of providin.g 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 piasma treatment of
workpieces 56, as described herein. The invention contemplates that the gas

20  distribution 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 gecmetrical center of the domed ceiling section
-504.

25 The domed ceiling section 504 is provided with a grounded plate 512
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15pl.asma:-in which the treatnent uniformty is adequate. It is appreciated
that the capability of changing the enclosed volune of the chanber |id 402
-and the processing space 102 using one or nore of the renovabl e nedi al
sidewal | sections 408 is applicable without limtation for both direct

pl asma and domn treamt

“Figs. 15-18 ifi" p(%verleld %ctr er TaEeeoa\géW !gﬁéfrﬁttr?%rou%?e\éwqg}?rgj%er ence to

e’rereren e nuner al efer’to eafures in

Figs. 1-14 an accord%%gfﬁm8%94%e %&ngpg ﬁeﬁpgﬁghﬂﬁg ngacgﬁmJ vention, the

plasma treatne ? PRYET rov a processing’c anber 500

| udi h h nmb l'id
402, "that .tseﬁfaﬁé‘sgﬁnﬁwg%ﬁﬁﬁ%ﬁ%%%’%h@@ Rareareads T8 R ab R 05 T a so2

L ;H 9% r?a%%ed@g%g%@c&%né% Q68 sy R vediidngiREcanti | evering

relative to c base etween an open positioned for transferring

wor kpi ece 36 | otk Be2 Q£%%%HBQ RPR28s 4Qandd Becl 0sed position
in which t%e gﬁS dgmeHkmg%g sealingly coniacts % an%er baSe 18. Chanber

lid 502 may b%réd?wrd% ?lgé@g%nﬂﬁe ShEbe e dotheli4elifh Gectibh 508 Wi t h chanber
lid 402 5(Fig for expanding the capabilities of the plasma’

treat nent SYStS%FFbJerIH A BNRS 5481 dBib@vely GehaaBeund bdn60Zhand may be
retrofitted to an eX|st|ng pl asma treatnent system such as plasna

treat ment systeminkfd plate 512 anSi@deverdd Bebibcisa4ar asmaoines dfacl udi ng a
donmed ceiling section 504 having a plasma cavity 542 and a | ower sidewal l

section 506 fasienedawd HnigheletBeareddesivity, sgehsacdiinuib®4 an Bheninlomed
ceiling section 504 includes a sidewall 501 extendi ng about the periphery
of the plasm aiayity 542 and a dividing wall 508 separating a
radi o-frequency (RF) chanber 543 fromthe plasma cavity 542. Qui des 544
(Fig. 16) are usedWitrcoposed refsremegp tblrégsd 0P8, areirdedglatebtd gan
assembly that includes an upper slotted plate 516, 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 is not so limited. The upper slotted
15  plate 516 is perforated with muitiple 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 sdppor’t 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, 5286, 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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. 504 relative to the |l ower sidewall section 506. A conpressible elastoneric
0- 15ring seal 503 is provi-ded between a circunferential |ower rimof the
~domed ceiling section 504 and a circunferential upper rimof |ower sidewall

section 506. Fasteners 448 are utilized for securing the donmed ceiling
section 504 wptvhbr tidted paier 5 abeiaD] reseedtively, H06ligred vEoicalgpThyishg a
“conpression force to O-ring 503 to create a vacuumtight seal. 0O-ring 51 is
conpr essi vel yoZdapithe esahte2 Blobedt peterb 18 ace pfeatifomesitts 422 hroiA&26 intia of t he | ower
sidewal | section 506 and an apron of chanber base 18 to provide a

vacuumti ght @Seeling ¢ieecier. . THER®!S DRk 624 ahwnedt pegpit tifloid IBOG! prockasdes a vi ew
port assenbly 510 incorporating a site glass that all ows an observer to
view the pl as¥s goroedeieton ienEgintd eryity h4 hethproressiggaspade tl02 of
processi ng chanber 500. It is contenplated by the 25i nvention that one or
nmore medi al SHTERAARIIOEEES PORRYTIOHETE RO Dt sulitantiplreliminatesediliab-ofi dewal |
sections 408 (Figs. 8- éég descri bed herein, may be introduced between the
doned cei |l i ngo'#BEEINGAO eawae%sm Peder 03 i bRalasme sayilyd42506. W t h
continued reference to Figs. 15-18, a gas |ine 505 couples a process gas
source 507 (FfOgPEEyn Wi“%lthé rﬁé@’ef'mﬁ PR SPEEAF PHWESHBIS!sONIeSBY S5pr ovi ded i n
the doned ceiling _section as port_ 509 is coupled. in fluid

comuni cat i onar\ﬁinzig'ﬁ aﬁpé’§f¥éee&'i{?ﬁ?§/pl§2f% AEraAKedi APERERBRIeNY Brsef2 by a gas

di stribution th that includes rocess S passageway 513 and a gas

di stribution 53%}@?@5@&%@8%#'9% WBC%{R&%E“%Y'%‘?'Fl ‘B‘ﬁ?q O HEHAER 988 coupl ed in

fluid 10 spectrum, generated by the direct plasma in plasma cavity 542, from entering
the processing-épace 102, other than light redirected by reflection.

With reference tb 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 é good electricél 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 contagt between plates 518 and 520. Spacers
550 are dimensioned for separatmg plates 516 and 518 by a uniform gap and,
samllarly, 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 thaf the slots 622, 524, 526 may have a
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“admtted into processing space 102 for plasma treating dif

comuni cation with process gas passageway 513. The gas distribution
10chanber 515 is coupled in fluid conmunication with the plasma cavity 542
~-by a distributed arrangenent of nultiple gas outlets 517 in the gas
distribution baffle 546. The gas outlets 517 nay assunme any di nensi ons or
arrangenment to mrlﬁglhrd&oradgﬁé:‘ﬂsloﬁﬁé?hdwiatrr%hb@mérﬂrcoﬁ@iiér@WtﬂQwetél:%me%ﬁ?ma
i erent types and

- configurations gfapaf kipivereseckTs6in dNayersbidiraddenPERGESS, GRS s Hcess gas
m xture may be provided to plasma cavity 542 that is capable of providing
free radical s amdtaoghierinrcesststaenspeciiesiewshena exdtitekiBydiRFoanesgy to
generate a direct plasma in plasma cavity 542, appropriate to performa
downst r eam t ypepplesing seentmtd pfsmadtdoni 62 Shaveasdifesssi Besy helei n. The
i nvention contenplates that the gas 20di stribution baffle 546 nay be
onitted and § hamajohexi§ bioappofxirpatei 68 (Jaxhamye @ntediod endlhasMingawist’y 542
through the outlet of process gas passageway 513. To that end, the outl et
of process gas Pavswyewdsty 518 intays, Eespposithcoveed ddacanprcexbmmbel ¥3£0i nci de
wi th the geonetrical center of the domed ceiling section 504. 25The doned
ceiling section"gB4. ¢ e olvied ank pifsed frgmosiotd 622 phaasiets 522 by and iacHeewer ed
el ectrode 514 spaced vertically fromthe grounded plate 512. The powered
el ectrode 514 dﬁfq YREST BN DRI @thigsi FReaNdrb 1Brase péresated bawidisyersd2 that is
opposite and generally parallel to the grounded plate 512. The grounded
pl ate 512 has aREEGUNEE¥EAHEICalnedte Bieknaps andsthe eertbl arBi0dwertaateebext rical |y
5grounds grg¢1ndediol ate 512 as the chanber lid 502 is grounded. The
~ grounded pl at e BEPARRE seR3 F8T PY BASIaHFe PRRCYFIARY ewial oS et therplg04
~+ surroundi ng pl atgn% cavity 542 collectively define a ground plane. The

grounded plate 5t9'5fid the powered el ectrode 514 are each forned of a

material having a high electrical condyctivity, such as alum num or an
al uni num 10al | oy. nge groungerlate 51§pro(111|74b|ts the transfer of ;harged 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 tﬁe
processing space 102. Specifically, the charged species are captured by the
material of the slotted 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 radicéls and neutral molecules through the slots 522,

20 524, 526 from plasma cavity 542 into the processihg space 102 and toward the
workpiece 56 to perform the downstream-type plasma treatment. The plasma
in processing space 102 is 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 radicals without

25 the physical action otherwise provided by the charged particles. Typically, the
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Wth continued reference to Figs. 15-18, grounded plate 512 is an assenbly

that includes an upper slotted plate 516, a center slotted plate 518, and a
| ower slotted plate 520. The plates 516, 518, and 520 are of substantially

equal thickness, although the invention is not so limted. The upper

st otted 15p! abud e BRI £ ehalied it Aol LIRILHOREA AR S0l s 522
havi ng a naj of axis extending transversely to a chine direttion, into and
out of the pl - fi EL i i i 56 are
transported f %eﬁfggwﬁzgﬁﬁ} (?fotrr]lé:glge%t (g)jfég ﬁ]llggrtaﬁglte gggé\g{oégﬂtg%ﬁgrand from

substrate suppggha @ébn%@@mlotth@rpaiciegﬁngzpacgimt.! @-%did’ally,tthg gRfRLSS pigRd | over
slotted plates 518, 520 are each perforated with 20nul ti pl e openi ngs or

sl ots 524, 52612 E@8REGE Fo¥&liovirRadh MeRabdid 9o, MR chaXles paXicRIdnAg
transversely to the machine direction for workpiece transport. The

Cross-sect s 0Nalay P& fiddife RF re@@fithgafoot Bemsletd: hedahdrgeddfhicRab, when vi ewed
vertically, may be any shape having a najor axis aligned transverse to the

machi ne directi on @pghdel BiaRAS 11 i§ YbmTgurdBRy bbesBbYBRY frdre eeadh@rbaF ior oval .
25Wth reference to Figs. 15 and 15A, slots 522 and 526 of the upper and

| ower sl ottedspt @t emnbih6 tandbnbAPatidre Peekion ednd/or afrangdrhgHiedsiviersbpcal | y. The -
slots 524 of the center slotted plate 518 are offset fromslots 522 and 526
i n the nmachi néz4isee ¢t acoommbhae shotxsant??, a G24ge ianice 526 opwpmpecass| uid fl ow
of process gas and radicals fromthe plasm cavity 542 to the processing
space 102, bubeibppleseatreated astdestrdedhelabyith reghidte gpatnked hiatesstiBst anti al | y
elimnates all line-of- sight paths fromthe processing space 102 to the

pl asma cavPt y453and 42000 giser at1HbnFatiexhmpleethe elcdt P2re SLhtE6-TaYdiee spaci ngs

bet ween slotted plates 516 and 518 and between slotted plates 518 and 520.
The el i mi nat i gimeppion¢dandofrengst insedisissPed AN fargrecessippiearly in the
visible region of the electromagnetic 10spectrum generated by the direct
plasma in pl ayﬁﬁ(p@g@q,ta@qga;rg-,shqaqqgirﬁaétﬁ[rbfp[ preyare warkpieces, 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 paif of electrically-insuiating 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-frequeﬁcy (RF) lid closure

20  element 538 that affords acéess 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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t he.processing space 102, other than light redirected by reflection.
Wth reference to Figs. 15, 16 and 18, upper slotted plate 516 is spaced
~-fromthe center slotted plate 518 by a plurality of, for exanple, four
peripherally-arrangfd spacers 550 t hat suppl a good el ectrical contact
bet ween pl at e$251% RFpPPWaAToB 18 RiSPrikpegd §iting %/%@“dglomef digtriphiianeda520 i s
“spaced fromthe center slotted plate 518 by a plurality of, for exanple,
four peri pher 29 -3 PafgRtelepRee f34 55 e RRACWST Bvirted R tyrietlly eberetasi cal
contact between plates 518 and 520. Spacers 550 are di nensioned for
separating pl AtRSCH LBV SIEOBY W Kitd 36t 3AYa - 2hifHZsPRiaraly §oouspacer s 551
are di nensioned for se arating | ates 518 and 520 by a 20uni form gap t hat
may differ fromrt HEZgall HRARE ﬁ&ﬁr&aﬁeeutéﬁ%ﬂmdmv 600 watts) gypically
contenpl ated by the invention that the slots 522, 524 and 526 nmay have any
rel ative sgat? ut 3P WakyB AT SORAESi n* cooperation with the inter-plate
spacings, elimnates, praohibits, or at |east substantially reduces,
| i ne- of - si ght pat GBBW%%?PQWH%QWI%SA'W FENAELFBADOUH P 4R Br ocessi ng space
102. The 25invention. also contenpl a that the slots 522, 524 526 may
nave a - cont FOUIRET e BeMEREEORS 5417 P ABPY S ECHEC BORMRLAE wi th ¢ he
geonetrical s f. iece 56, | ne e iment, the slots 522,
524 and 526 agg&ggg'3%§§?§§&ﬁﬁe§¥8§§g£86eF%ﬁ%PQgggg?F@P iPERRY'E%n a
di rection ext I i pl vity 542 and
have a dinensﬁ%ﬁgg?%ﬁggpﬁgﬁgﬂgﬂ%?§§bgﬁ?28%5%5%%%%§?%%té%%ﬁﬁﬁégTﬁ) i nches, a
di mensi on48l 08 RIS nALIPL: @kl RRPIAXHIBE A i spaci ng
bet ween adj acent slgtgﬁ%f a%but&§/32 inéﬁgs, anéﬁﬁﬁg%gﬁéﬁgQgg%wg¥e of f set

from sl ots 52&s@Bdiolat §365§§d g&%@r&é&m&@ﬁ&?&%@gﬁenﬂemhwf eeAter plates

516 and 518 are separated I stance approximately equal to the plate

t hi ckness andcdbiccpBbien2 ARkt cibbAt82oma& vklald R2Bopde separated by a
di stance approxinmately equal to 1.5 tines the plate thickness. The

grounded pl at es@ib2ioarahsds 4 thBowéraasiceiro® 5 thargeshosperk@sed ioncl udi ng
ions and electrons, fromthe direct plasma in the plasma cavity 542 to the

processi ng sp&eeod &doabeiealth@wsh b dndispbetionel et nrdlicE aiksibutwnd ot her

15  bar 536 and cbsure 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 540é is captured between the dividiné waﬂ

20 508 and the powered e['ectrode 514 and is concentric with ceramic spool 532a.
Similarly, the »cerarﬁic 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 isolate 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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15pr.ocess gas species |acking a het charge, fromthe plasma cavity 542 to

t he processing space 102. Specifically, the charged species are captured by
~-the material of the slotted plates 516, 518, 520 surrounding the slots 522,
524, 526, respectively, which are grounded. The punpi ng action of vacuum
punp 144 (Fig. 3) attracts the free radical g neu nmo| ecul es t hrough
“the slots 522he 2oBedeedraugsdH BPASTRIEAN{ 99 BAD S5 OFWQ %iBeessi ng space
102 and toward the workpiece 56 to performthe downstreamtype plasma
treatment. Theechdasifa i n processing space 102 is a downstreamtype pl asma

that is free, or substantially free,_of char art and, [ ight for
perforning pl asma Wikesrimsse seBrnEhe Bt K @ g"e%dp J[aﬁ%c‘% ﬂ%%?%%fl action of
the radicals w thout 25the physical %%I on ot her I‘OVI C#;X t he
charged parti %@%@”eq'y/ﬁi‘@ﬁ]el%}as”tar@v%? ﬁ‘é‘é‘dh?)tl‘tét ”%i 855% %08 ¥e for
removi ng substantially all of th eci es. fr rtion of the
di rect pl a§nap‘?‘?%[ﬁ%"?’%rslu%ceo?‘laai%‘?tsE%&da?g?r%:g?rgso%ﬁn%aw Ty g%%ﬂ}/ nto the"
processing space 102 t he .. grau ded tive for
renovi ng at I%%?'S%mﬁf%g@% y?“ﬁr@” igégdaceérotllclc@sn%%%alII §%§§Jn‘8@e ef fective

for renoving g(?%o thg‘éﬁ’\? q%a 599 %g%%&/%%&”g%d' §pegfgﬁ®ded plate 512

is configured rrom angi ng the

conf i gurati on, i Tenel naggns%ggrrategwemﬁyﬁ%bgd 70k BR7aroRe. 526 (O

accormodat e, FBFe Y in t i'ece 56 being pl asma

treated, as descri rei t dn 10418 and
420 (FIGS. 129% Onsq?i%wn vanwak{yh{a%g‘pc?t sr%gig%é%%%gQS a%nﬁnﬁ di mensi oned

and arranged 'bQﬁxé‘sQé%b Eé}éﬂﬁgtegflﬁé &5 fe HiRkarRE @GR RMienGuTRuBE4 RN kpi eces, a
squar e- shaped pattern for square wor kpi eces, a rectangul ar pattern for

rect angul ar Wgééﬂ?bt%%ml ﬁﬂ%v@%&e{aci@l?%@w b GRlce @M bAPUBHEHIES SRRPAT ent to
persons of ordinary skill 1n the art as necessary to correlate wth the
15geonetri cal ,shapss OfnctdigadRrskph 86€55 have a generally parallel relationship.
in addition. the transverse distance between the side surface 514c and adjacent
portions of an inwardly-facing surface 501a of side wall 501 is approximately
15 equal to the separations between éurfaces 514a and 546a and surfaces 514b
and 516a. It follows that the powered electrode 514 is symmetricaﬂy positioned
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 plasmé in
20 processing space 102, the separations between the powered electrode 514 and
surfaces 501a, 546a and 516a are each approximately one (1) inch. The
equidistant spacing and the mégnitude of thé 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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Wth reference to Figs. 15-18, the chanber |id 502 further includes a

radi o-frequency (RF) bul khead fitting 528, a pair of
~electrically-insulating caps 530a,b, a pair of dielectric spools 532a,b, a

pai r of power feedthrouphs 534a,b, a power distribution bar 536, a

o o Rt P ey Bl RhashEL 2Nl PRl S, Lheln @l on s

access to RF chanb

air annul cer nlc spacers b40a,b. A

ot ek B RBER aRRlae,

transm ssi on

539 and the compopeqls of b he CRBABEL of bal A%k bg@é syg ¥aPrayl de a plasm

excitation SOUFCG capab

iting p ocess pas 25/ n the plasma

cavity. 542 10 geNEL e 3idRlAsiBysOURY, JARAANUINS AR s-brapsTer RF

power fromthe RF bu

head frtting 528 pomer tribution bar 536 to

the powered ekr%cmmaecawlslmvh%% d@@ﬁﬁ@fes%@&h%prége%sfaxpag%ba{onqweat es at a

frequency between about 40 kHz and about , preferably about 13.56

MHz, and a po

WRkmBebween 2abau iR FOAvadt SopaBdlbatett e QP MaLY Siatd #i cal |y

Sabout 50 watts to about 600 watts. The power feedthroughs 534a,b and
ceram ¢ spool snd&2hdverdde=iRRstt EONRMAItENafESREGHI ¥/ 8PLRbMNTSe Hdddssh
extendi ng through dividing wall 508. Cap 530a is fastened to the top of
power feedt hr guahesh@4an ardmesaposidl amedidsataie erspeweavitydi4stis & humt i on bar 536
and closure elenent 538. Ceram c spool 10532a has a flange that is captured

bet ween t he

10

15

20

25

didrédiprgmeaabhtab ety elebRomOWes radicals and molecular species.

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
ions, recombine inside slots 522, 524, and 526 because grounded pléte 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 frée radicals and neutral
molecuies of process gas, to be transported through siots 522, 524, and 526
into the proceésing space 102. The relative arrangément 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
sub_stantially eliminates, line-of-sight paths from the plasma cavity 542 to the
processing space 102 so that lig.ht gevnerated by the direct plasma in the plasma

cavity 542 is not visible in processing space 102.
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di stri buti on bar 536, and power feedthrough 534a extends through the bore
of ceram c spool 532a to establish electrical contact between the power
~distribution bar 536 and the powered el ectrode 514. Cap 530b is fastened to
the top of power feedthrough 534b and is positiioned between power

di stribution 15bar 536 and cl osure el enent 538. Ceram c spool 532b has a

“flange captured betyegR,dhs: €k BLGbRg 2086 of%&mguﬁqbec«,@@m@ra)@@e%ri buti on

bar 536, and power feedthrough 534b extends through the bore of ceramc

spool 532b t o yestahbiistls 8hEedUiaCAbIceABE BtardOL WRRIbidR&seN8WaFoH BE T | buti on
bar 536 and the powered el ectrode 514. The ceram c spacer 540a is captured

bet ween the digyiaiRamiadd pi29RDBe aREnt henepMRISR 5 Buknrdeddit Bad is

concentric with ceram c spool 532a. Simlarly, the cerarnic spacer 540b is

captured bet wegRntthemdiyd dbss: Walubp &S Wnde tibe rPewer eskedraghdiade 514 and is
concentric wth ceram c spool 532b. The caps 530a,b cooperate to

el ectrical lsy issploate. trhe: POWEE abmitted 3o ardtesydiespaeads2 @bntbfravifpamer
f eedt hroughs 534a,b fromthe closure el enent 538. The ceram c 25spool s

532a, b and t hexs@earitacs 386 ef wofdias be anopaceadrerticuiehantid wakhy i sol ate
t he power feedthroughs 534a,b fromthe dividing wall 508 of doned ceiling
section 504. forming tW¥ hrkpietd E®uecbntahieat@maevérmgRng sxpdbbd $8fadelbéa power ed
el ectrode 514 is positioned within the plasma cavity 542 such that its
pl anar upper sarfbracte Slfae teplneamar Ekapae fres tadicatse ubddttivadocessigaedge 514c¢
are positioned substantially equidistantly from adjacent surroundi ng
surfaces of t melelviwsdercaichiangpaécteimoned from the workpiece 56 are exhausted
10  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 described 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
15 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

20 scope of the invention itself should only be defined by the appended claims,

wherein we claim:
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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 10baffle 546 by approximately the sanme di stance

that |ower surface 514b is separated from an upwardly-facing planar surface
“516a of the upperlClsiiftstied pl ate 516. The surfaces 514b and 516a have a

generally parallel relationship. In addition; the transverse distance

bet ween the side .surf 4 djacent portions of an inwardly-facing

surface 501a of side ag?Fa%6§Sﬁgqgg%%oxW%hP%F?WT%aéﬁﬁﬁp’P%“PW%K%eparations

bet f 514 4 - SUL 4b and 516a. It fol | t hat
Uhe. power o ol et rode” ol T e By ner T LARY F 5aE7 9 SHEA. 7 Erapiyddcarcang

equi di st ant fronkﬁ%ﬁkﬁ££§y%9%gd"ééﬁﬁjgﬁg§ﬁ%§?ﬁ%ﬁké%gbﬁﬁgci i ¢ enbodi nent

that provides a particularly uniform A Cal Y SE%2 and,

consequently, a dek§ Lt OWRSE: type plasma in 20processing
space 102, the sgﬁgratﬁ%%%k%é%aggﬁﬁ$%g po&@%%gﬁzlectrode 514 and surfaces

501a, 546a and 516a aj GoRARR. ARREHABLE! ¥ QR ré&%s%gggathe equi di st ant

spaci ng and the magni tude of the spacing cooperate t ermt application of_

ful'l power, without rapRig sduf@BolRiedMRid SIRRLY R Wi red
el ectrode 514 wit hout in&hci%b plagﬁ% spikes, a?é?ng?“@ﬁ§%§33E§¥ﬁ255pots,

or plasma instabichihVer, sdiflvagRmAddrBickPago Bt ke r b9 sFigs. 15-18,
process gas enters th% iﬁa;bermlidr56éb?hrough thgﬁgggpggégsﬁgéﬁg%d IS

directed through -gasapassagemays 513 to the upper side of gas distribution
baffl e 546. Gas flows fromthe upper side of gas distribution baffle 546

through gas outlets 54 grocedsogaBtshepiptamn i6 avidtopmaddicanbd Gih BAi@URLLS uni form
process gas distribution in the plasma cavity 542. The RF energy applied -

bet ween the grourdedbpl sdie pwtssajad stpyey papaereest pedvastd pdeeRlkhsit@piitas and
sustains a plasma fromthe process gas residing in plasma cavity 542. The

pl asma i n pl asna seidwpilasynasARity; sn@ ful | direct plasnma containina ions,

el ectrons, free radical s ‘and nol ecul ar speci es. '10Because the flow of

process gas in the pla8wbplesremtrviationspstoermaisbie sf geniag dtdagss 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
space, said grounded plate having a plurality of -openings capable of prohibiting |
the transfer of ions and electroné 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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conducted toward exhaust port 136 in bottomwall 44, the various conponents
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 el ectrons and

15i ons, reconbine_inside slots 5 24, an becaus rounded plate 512
i s grounded p%l at i Ve i By ?i}gﬂ éﬁr\q&gre&saécﬁ]ﬁggﬁ%r}wa Féﬁ%@&?{ﬁsc?uéq_eectrons are
significantly_ | ess |ike to_enter nr . Ng ce 102. The grounded pl ate
S19 bermts HAETELHEE R/l Rr R R GE kM PR E TR ad cal s’ and

I I , h h sl 22, 524,
and 526 201 ni T WrOeRE T a0 SHRERH AR oA B en: of %1 ots

522, 524, and angd .t ;al relationship between the upper and center
slotted platégéé%ﬁﬁggfém%n (%%gﬁcenter and | ower slotted plates 518, 520

elimnates, or substantially elimnates, |line-of-sight paths fromthe
plaSma cavity 542 to the processing space 102 so that |ight generated by
the direct plasmarhlab e, ol 350B2RGAKIY 8Tt 5i200L VSIS Suldd Processing

space 102. ~vacuum or the punping ac acuum punp 144 (Fig.
3) urges the {neg ceﬁg;ige%lasﬁréngdse@aéamcy%uepwp?@ S ONREE ERBIWQNHKP] ece 56 to

a
performthe downstreamtype plasm treatnent. The workpl ece 56 to

treated wth {hendpmztdearitiypesa] A8MMdibSreaUPRY Hotdr Bpphiepsilidg rails 66a,

66b of substrate support 64. Free radicals admtted into procesSing space
102 contact Wakik-ftdageyREMS Ehéas & Sbdrief poMrépbieam deGoradtimgact
chemcally with the material formng the workpi ece 56 or contam nation
covering the expaseds sddaseshbdaali9. performthe surface treatment. Excess
free radicals, unreactive process gas nol ecul es, and contam nants renoved’
fromthe workpi ece 56 are exhausted 10fromthe processing space 102 by the
punpi ng action of vacuum punp 144. Wil e the present invention has
been il lustrated hye apstesics optibiens,dirtheacoroprsirend echione pbeeratdlicsiddee t hese
enbodi nents have been described in considerable detail, it is not the
intention of pduicappiniseaindirecdseing eséael aytd aosecond eawjo-inequehcympawet he scope of

t he appended clains to such detail. Additional 15advantages and

modi fi cat i onssugiplyl electrimdily souafsdendin Sag sesorepakdred e@cirodet brid sgaond The
invention in its broader aspects is therefore not limted to the specific
details, repr@sodfiespney Reppasanliscanabie PERIRENI exaitption oeey M saice exanpl es
shown and descri bed. Accordingly, departures may be.made from such details -
wi t hout depar 8§995¢9 PPWRTEE RiSCk er%f eXHING PRFESDE2HIP FRICCAPRESSNGBIREE R | nvent i ve
concept. The

generate a plasma.

5. The apparatus of claim 4, wherein said first radio-frequency power
supply supplies radio-frequency power to 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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20scope of the invention itself should only be defined by the appended
clainms, wherein we claim Cains: 1. An apparatus for treating a workpiece
with a plasma, conprising: a vacuum chanber i ncl udi ng a processing
space, a chanber lid, and a plasma cavity defined in said chanber lid, said
pl asma cavity and said processing space being in fluid communi cation; a

wor kpi ece hol der positioned in said processjng space; a vacuum source
coupled in flufd cdfgaparaib ehcigimt h vawrgn vae ilHieichelmpenings afedareangadim sour ce
capabl e of evacuating said processing space and said plasm cavity; a
process gas sup RRUEBUBITesPansing|iviR e BIRIiFAI TEPF ShiNRIMORKPEER Pedc uum chanber ,
sai d process gas suPpIy capabl e of providing process gas to at |east said
pl asma cavity; Pap@e treated. g first plasma excitation source capabl e of
exciting process gas in said plasma cavity to generate a plasnma, said

pl asma excitation source including. a grounded pl ate positioned between said
pl asma cavity and said processing space,. said grounded plate having a
plurality of openi ng€ 2eeHalFE" ﬁf"gb? eé?'f‘iaﬁé’“{egée“ﬂqha"%?gﬁ?e ®fsd%ns and

el ectrons fronlsaidaflasna cavité,ho sai d grocegsin%nsgafe and allowi ng the
transfer of frBR S ATEIPYESURTRHIE [0 AL RECCRRIPIG 3t G ShiNg R ReSsi ng space.
2. The apparatus of claim1l, wherein said first plasma excitation source
conprises a first powered el ectrode |ocated in said plasma cavity, said

first powered el ectrode cooperatin i th sai d wounded pl at or generating
the' pl bama i n Sar d THESRHSLRgT o Py hore S AP RPHa ot e a e PS v ether of n
said first plaspma excitation. source 1 h ises a first

radi o- f requenc?p%no?/\eer|OsSS%BP?tl%ﬁsgértpreir%g{'rﬁi}'ﬁ{g%%%@%é%e&e O\S/?ﬂlioé irst powered

el ectrode, Sai%O&§%$%“JQ%%QiJgﬁgwgﬂg%cggﬁﬁ%fSUpply suppl yi ng

radi o-frequency ation energy to sai rst powered el ectrode for
exciting process gas in said plasm cavity.

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

workpiece holder when said chamber lid is in the open position.

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

inlet port to said plasma cavity.
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4. The apparatus of claim 3, further conprising a second powered el ectrode

positioned in said processing space and a second radi o-frequency power
~supply electrically coupled with said second powered el ectrode, said second

radio-frequency pomer supply capabl e of providing excitation energy to said

second powver ed' el ect'eG@aaBE 0bKat | hgvhifreie 636 figrhslasma satithtion seessi ng space

“to generate a plasma. 5. The apparatus of claim4,. wherein said first

radi o- frequenc?”ﬂ%ﬁﬁ?aéU%ﬁPWm§@S§FV@§3Fﬁ@ﬁé”f%%h@éﬁﬁ@CQOMemdﬁm said first

power ed el ectrode drlven 1800 degrees out of phase relative to

r adi o- f r equenc§'epHRME '”%i?é?flﬁoé'ﬂo'ie@ tt%@fe%é%ﬁars RAkarediclertersteradesalsy sai d

second r adi o- fr uenc% power supp apparatus of claiml1, wherein
said plurality® dhidigsaigioes SPF%’H@%WW '%“ﬁ&ﬁ?@r‘tﬁa'ébﬁfr@élﬁt‘mdl ng to a
geonet ri cal shape of t he workpi ece being plasma treated. 7. The apparatus
of claim6, whePEMF&R S@m@é?ctrﬁ%? i“ﬁH‘éF%le”ét&@%P@Fe%Saﬁad tha seepareend @sponds

substantlallyt anoter eripheral. rimof the workpiece. 8. The

appar atus of cfd iernﬁ’ef[‘p g?‘?]e@&tf‘?fedﬂﬂ%t&ar?qﬂ“?‘%errﬁ?\r/‘%?réobﬁ"?\é@h open and
cl osed positi ons for per ntroducti on and renoval of the workpiece
to and from safd"i6 Effté fﬂrosiug%tram'a”é UnrerE %{E)tﬁ%‘t@f‘dgo 6819 P33R @Yit¥-ur t her
conpri si ng: a |l oading station configured for introducing the

wor kpi ece to said workpi ece hol der when said chanber lid is in the open

position; and tio nf i enovi ng t he. workpi ece
from said workpi ecgh%%ngaerra{U\%ﬁeﬁalgnaﬁd W&?&%‘gé?' IQF%IS’SE‘ WW%’QB%BW'SSBQ tion.
10. The appar af uss gt e id furt i ncl udes a
process gas inl gts potrr'tgbtidglrpaffe h%ﬁé%dy ggg&g%@ grranﬁfd OHL} < d

comuni cation Wdihnsa % ratus of .claim 10,
wherein said cb#anbgr :fd#éig#r%ﬂf? tﬁgl\lllrjl\%:l?éa reO;Cé%S £qnt :ggt%rp Ut %aV' %ath for

di stributing process gas received fromsaid process gas | nI et port to said
pl asma cavity. 12. The apparatus of claim 11, wherein said first plasm

excitation souice OBERbp&ESHsar fihikst, W@H%Qld%lr&ﬁ%@g@te i9¢ah&Mplyn sai d
pl asma cavity and an electrode insulator positioned between sai d first

pover ed el ect r gsigicaBd bs@icdn shaphemaldatity AtsaRAbEcB85 g @F%e{' bution path
includes a plurality of outlets proximate to said el ectrode insul ator

emtting process gas that seeps around-an outer periphery of said el ectrode
i nsul ator and an outer periphery of said first powered el ectrode for
substanti al |y Uni f dhmagpatitus btitiaiont,iwiteneis abid opkrisgeare aviahysd to

substantially eliminate 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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13. .The apparatus of claim1l, wherein said gas distribution path conprises
a gas distribution baffle having a plurality of spatially-arranged gas
-outlets positioned for distributing the flow of process gas into said
- plasm cavit¥. 14. The apparatus_ of claim1l, wherein said grounded plate
i s renovabl y' posi tFGRBEhEa shivhetiadHacthenesofaat detied pitecessi ng
“space. 15. The apparatus of claim 1, wherein said openings are arranged to
subst anti al | §28 NRi-plaeesepaREeesT D § YREIPAHN RSt iRbEse s b p¥roe ey ng  space
and said plasq? cavity. 16. The apparatus of claim 15, wherein said
grounded pl af'® 83%BWF DIPRFUINAl P e Withpridgloppapsmeatier havi ng a sl ot
arr angenent t&ﬁt cooperates for substantially elimnating |ine-of-sight
pat hs. 17. SHHEHRY & RN DN P'HRE 281 Swher ei n adj acent ones of said
slotted plates have inter-plate separations in a direction extending
bet ween said plasnma cavity and said processing space that cooperate with

said slot arrang nt for substantially elimnating |ine-of-sight paths.

18. The appaflg‘t ugrrrr’gfapﬁ"l”a{“ﬁog@?‘m\/\ﬁ%r@‘eﬁg‘%5?'8%It 8t HeR RSP eat | east

one of said s ot plates is offse atially fromsaid_s|ot arrangenent

of at |east 8#n%afcf1§&t88fp?a§%§ (| OEF%tSP@t@Hl?SFrgfneiaf‘J slql@rapgamen L AtleR of clai m 18,

wher ei n sai daXcﬂ@é’r%msCha e h%s a machine direction in which workpi eces are
and sa

transport ed, |%dglloo? Fé'lI?]r('?l‘rlgerrent in said at | east one slotted plate

is offset parallel to the machine direction. 20. The apparatus of claim1
wherein said plasma cavity is defined by a plurality of inwardly-oriented

surfaces of $§.idﬁ%%ﬁﬁ:grg%llsiogclgﬂ%@mﬁwléFJiﬁlgﬁg% @3& halaunged plate. said

power ed el ectrode osi f1oned equidistan omsard plurality

i nwar di y-ori gpkgde SHHGERSVAh kSR GhN ddtheANGh SRl L GUr face of said

. grounded pl ate.
arrangement in said at least one siotted 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 inwardiy-criented surfaces of said chamber lid and said surface of said

grounded plate.
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21. An apparatus for treating a workpiece with plasm, conprising: a
vacuum chanber. havi ng a chanber base and a chanber |id novable relative to
sai d chanber base between a cl osed position that defines a processing space
and an open position for transferring a workpiece into and out 5of said
processi ng space, said chanmber Iid including a first sidewall section
capabl e of being renoved fromsaid chanber Iid for changing a vertica

di mensi on of said vacuum chanber; a vacuum source coupled in fluid
conmmuni cation with said vacuum chanber, said vacuum source capabl e of
evacuating said. prAcessirags SpaeainglDaompiekpives eiRpladesmpreeat ed in said

processi ng space; a process gas supply in fluid communication with
sai d vacuum chanbes yacsaintchgadestygyidigya cragpeidr @aed amd 9 vhshing ipHRLEeSS gas to
sai d processi ng space; and a plasma excitation source operable to

provi de a pl agemtierio saii dhanosesst hgwepace gedenaitiedtrkt esmneakd process gas.
The apparatus of claim?21, wherein said chanber lid further conprises a
doned cei |l i ng meessinnsiace kodengpen pbsismeocaansteringados@icde pltasmpo@xci t at i on
source includes a powered el ectrode positioned in said plasma cavity. 23.
The appar atlus adfaid baicess2R, spaberseidchsaiber [ iasineingedirgtatdeonll sauibee furt her
conpri ses a grounded plate positioned between said plasma cavity and said
processi ng spdéeable gipeirpremaygsairet §aid ehamberi lit R8¢hanbiegei vertsal d gr ounded
plate includes a plurality of openings capable of preferentially
transferring fdmBesioad gaif gaguugnshenpleasma in said plasma cavity to said
processi ng space.

a vacuum source coupied in fluid communication with said vacuum

chamber, said vacuum source capable of evacuating said processing space;
10 a workpiece 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 ptasma in said

processing space generated from said process gas.
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25. .The apparatus of claim 22, further conprising a second sidewall section
capabl e of sealingly engagenent with said chanber base, said first sidewall
~~section being positioned between said doned ceiling section and said second
sidewal | section. 26. The apparatus of claim 25, further conprising a
guide for aligning said first sidewall section with said second sidewal |

“section. 27.27he TARRAFALMS oPfiaif] 2, mr%éem\é@srcﬁérﬂbeﬁ%%rw Q&Hbéseé%” her

capabl e of aligning said second sidewal | section with said ceiling

section. 28.ddhey apparsatiss iffudilpd PladBa dcaUN bed sé;@HB%§'eQ<9ta%or9U' de for
aligning said renpvable sidewall "section with said doned ceiling section.

29. The appar sduise influgdsad fowdled Mb@FdRiebdsAloledhas ity Rxfl daty On source
conprises a powered el ectrode that is part of an assenbly Wwhich includes

sai d workpi ece holder. 30. A nethod of plasma treating a workpi ece having
a thickness and an exposed surface in a processing space of a vacuum

chanber havings.a chambedraius df asth 22, Wheadineat prkeelkadeoPosirtd RREE, i n the
chanber 1id, conprising: varying a volunme of the chanmber |id to

alter the di stanoBes & grounbes sxposeidossd baweeniaid Pesmpekpiyerse she the
treatnment el ectrode based upon the thickness of the workpiece; placing a
wor kpi ece i n prloeepingsessd. ng space; and exposi ng the exposed surface of the
wor kpi ece to the plasma. 31. The nmethod of claim30, wherein the varying
of the volunme further conprises renoving at |east one sidewall section from
the chanber lid. 32. The nethod of claim30, wherein the varying of the
vol ume furt he?4.conpeicsezraaddi tigimal3, Meastin ezie griudesabibte sebtdesra t 0 t he
chanber 1id.

plurality of openings capable of preferentially transferring free radicals from a

plasma in said plasma cavity 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 ceiling section.

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

removable sidewall section with said domed ceiling section.

- 64 -



33. A nethod of treating a workpiece with a plasm, conprising:

pl aci ng the workpiece in a processing space of a plasma processing system
generating a direct plasma conprising charged species and free radicals
froma process gas; filtering charged species fromthe direct plasm
to create a downstreamtype plasma including free radicals; and

“exposi ng the wor kpirRGephRidshe cRPSESwHdgn SBacRisha dxBtbresukadi cal s in the
downst reamtype pl asna. 34. The nethod of claim 33, wherein the filtering

of the char gedospeeseompeldutesoposiat isqnirng an agsorndedicperdfeeatad pl ate
between a plasna cavity in which the direct plasma is generated and the
processi ng spaefpidcB@olger forati ons being capabl e of preferentially ,
transferring free radicals fromthe . direct plasma in the plasna cavity to
t he processing space. 35. The nethod of claim 34, wherein the plasm
processi ng systemincludes a vacuum chanber with a novabl e chanmber Iid and:
a plasma cavi t3¢- i nAtieehadhvdntsema [tiedtingepaptbiede haomg & heckpescassimg space by

t he grounded perforated plate, and wherein the generating of the direct

pl asma occur s SXROSEisHTpleds AR e9$InY SpPacg®f 2 Yaeunetheotheofiagh@a m 33, wherein
said process gas is air, said direct plasma is generated fromair, and said
second pl asma CEB’F?P%H“ﬁ§”ﬁédieé§'ﬂ%“téﬁé%ﬂ%t@sit@w%mélﬁe censter tilent gases in air.
37. The nethod of claim 33, wherein the generating of the direct plasna
produces |i ght®M&Rd"%:urt her conprising substantially elininating the

transfer of light originating fromthe direct plasma into the processing
space. varying a volume of the chamber lid to alter the distance fromn 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 workpiece to the plasma.

31.  The method of claim 30, wherein the varying of the volume further

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.



33. A method of treating a workpiece with a plasma, comprising:

.placing lthe workpiece in a processing- space of a plasma processing
system;

generating a direct plasma comprising charged species and free radicals
from a process gas;

filtering éharged 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 radiéals in

the downstream-type plasma.
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34.  The method of claim 33, wherein the filtering of the charged species
includes positioning 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 radicais from the

.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

cavity.

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

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

produces light, and further compriéing substantially eliminating the transfer of

light originating from the direct plasma into the processing space.
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