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Ref erence to Rel at ed i cations This application clains the benefit of
U.S. Provi SWW"WH%E“” No. 60/374,010, filed April 3% NGV®A6 t he

di scl osure ereby incorporated -by reference hereininits
entirety. 5 Fieheiwf the Invention The present invention relates generally
to pl asma processing, and nore particularly to a plasma treatment system
configured tomﬁwrforn1domnstrean} type plasma treatnents. 10 Background of

the Inventi wmmﬂ |ﬁgt ment is comonly applied for nodifying the

surface rkpi eces used in applications relating to

i nt egr at ed ci rcugobos» el ectronic packages, and printed circuit boards.

Pl asma treatnent systens are 15 configured to produce a direct plasma from

a process gas'and expose a surface of a substrate or. workpiece wth

generated agtive species fromthe direct plasnma to renove surface atons by

physi cal Lﬁl‘( g‘rl‘f‘h RECRUFENIAYSTEMsi sted “sputtering, or chenical

reactlons or_ chenlcal action may be used to condition the
surface to ' epligationghesi on, to selectively -1 .0 7 Nov

. 2006 renove an .ﬁ>l<st£aneous surface | ayer of a process material, or to clean

undesi r ed pplication claims the benefit of U. S Provisional Application No.
' | 60/374,010, filed April 19, 2002, the disclosure of which is.hereby incorporated

by reference nerein in its entirety.

. .
Field of the Invention
The present invention relates generally to plasma processing, and more
particularly to a plasma treatment system configured to eerform downstream-
. type plasma treatments. |
10 |

Background of the Invention

. Plasma treatment is cohmonly applied for modifying the surface -
properties of WOrkpieces used in applicétidns relating to integrated circuits,
electronic packages, and printed circuit boards. Plasma treatment systems are

| 15 | conﬂgured to produce a direct plasma from a process gas and expose a surface
- of a substrate or workplece with generated active species from the direct
plasma to remove surface atoms by physical sputtering, chemically-assisted
- Sputtering, or chemical reactions. The physjcal or chemicel action may be used

to condition the surface to improve properties such as adhesion, to selectively
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contam nants fromthe surface. Plasma treatnment is used in electronics
packaging, for exanple, to increase surface activation and/ of 7 Novf 2006
cleanliness for elimnating delam nation and bond failures, Inproving wire
bond .5 strength, ensuring void free underfill, renoving oxides, enhancing

- die attach, and inproving adhesion for encapsul ation. Plasnma treatnent

" systenms may bémone eqpdtaeeoysriudasanlayeid aareresk qstesiel oslpieangingesitedt ch
processes in which groups of workpieces are processed by successive plasnma
exposures or ENEFEREiTEPre felsegacandtIRT @ F83MeRYIS yeedip e@@lvﬁém'i?%d by vari ous
met hods, include delivery in a rmagazine, individual delivery by a conveyer
transport systaskqoing: fargiarmnie.ito §6Fease fUT At HIKdIopPades S @Ranber .~ Pl asma -
treatnment systens may al so be provided with automated robotic rmanipul ators
that coor di nat@nHBFsk PP el Binalna2aRyBINPIRHEHHP G (RIVES . MRECWIDEES RO hanber f or
pl asma processi ng operations. 15 Conventional plasma treatnent systens have
failed to drovica8Nareying wid ¢ ules iy iFMumne TreaEnser e elitthace of

i ndi vi dual wor kpi eces. The plasma density nust be precisely and accurately
control | ed at®¥I'MPRYEPEPRFONIH §18PSERfMace of the workpiece so that it is
substantially uniform across, the surfaﬁg.. Criti ?a.l para ters for :
control 1ing the uRlEFBAHCEYeR SYSIRNHTMEL AR TIREPEAL S BAN98 I SHa¥ al uniformity -
of the excitation power, and the dispersion ?f khe' rocess gas.. A

non- uni f or m pYAEHE CAERET PYORIeet eV PRSES 8 e HRSHB AL P G5E R0V ades pr ocess
reliability and reduces.the process viel. To..achi ev

wor kpi ece-t o-%FisﬁIVS@gsmﬁﬁf?%luﬁ%stC’)?,prc%lﬁ%agg'g? Sg:gess's%g(gsp'%%esstm ebeevenl y

di SperSed1@ndsu%§iigdogﬂaﬁo.so S& Wab e itAh OWE(icQ deliy the flux

of active sSpeclies’is spa |r§1‘%tﬁy uni Torm across %C%Q'tnﬁe surtface of’ the

wor kpi ece. -2 ventional phesre freargent systems have
[ koni co fai 12 fe5UslRYafaRh sveRYS Bt 8 .
v  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 Conventional plasma treatment systems have failed to provide adequate
* process uniformity across the surface of individual workpieces. The plasma
density must be precisely and accurately controlled at all positions on the

surface of the workpiece so that it is substantially uniform across the surface.
Critical parameters for controlling the uniformity of the plasma include the

20 -spatial uniformity of the excitation power and the dispersion of thel process gas.
A noh-uniform plasma density at the surface of the workﬁiece degrades process
reliability and reduces the process 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.



adequate reproducibility of the plasma treatnent between successive batches
of workpi eces. Batch-to-batch reproducibility depends on the 7preci se
control of process variables and paraneters so that succes$i v@owqui eces
are exposed 5 to substantially identical plasma conditions. Moreover,

conventional plas @g?ﬁbgﬁa%%%%%@%ﬁg&%&g %Q,gﬁ),?geugge %@%&é@?aicﬂi:e%eepr ocessi ng

wor kpi eces with a aut oma pr S or

fabrication [&auldiefRdrion e L RRLMOLGNRUN ARG LOITLL Yodled he Pl asma

treat ment nust be naxi mzeolI for reducing pro I on CcOS -SCo_nventi onal

in-line pl asr@ﬁo‘?k%?éc@?”@ﬂéﬁ’%—% r%b%%ukiﬁﬁ-\i d}%Bﬁo@QJ—nl tf?é ?frgnige cgrﬁrg)grfat € a

downstreamtype plasm t at is subStantrall ee o rons and

light in at |gasdss K/Q‘%b\éis%inplpgrarrr?e@é.rgr@r%matEMe@iﬁ%érﬁé‘?ﬁg%é 8@8&“ rum As is

wel | -known, a direct plasma is a conbination of nu e drifrérent species

i ncl udi ng 4 ong s@E@arﬁiE%ﬂBér@i@élpH%ﬁ% J%’?\Mﬁoﬁsﬂ\%re&%@,rc%%v@rﬁign %%rsﬁ% gas

nol ecul es 15 and free radicals that are neutral. Free radicals are gas

nol ecul es t hateagh&nt sPRARHS YreliQALZRE oV%bidWﬁr@&é%siEEWokafe‘éE% Wﬁr‘?ﬁP' ement  of
el ectrons so. they are neither positively nor hegatively charged.

Wor kpi eces nmaprobgnhdRt 86855t dhaAAe FbroBsds 1inBd &SHBGaH @h[ﬁ}élmen?é | plasma
iy

species or with a downstreamtype plasma including primr ree radicals.

Processi ng wakpnegesghbdt And ublidr@ry ofth@BRBma 28aPRlL 8D et h8ahinENt W th both
physi cal action due to ion and el ectron bonbardnent and chem cal action

~arising fromfsuetane prodetiactdstn of the free radicals. On the other hand,
-processing wth the downstreamtype plasma involves primarily chem cal
action. Canventi ofatvepli@sma-ihe eakmentcasyst eysergenes alck yheidpgibuge a fixed 25
di mensi on pl asma chanber and a substrate support in the plasnma chanber that
-3 0 7 Nov 2@@6eratend dswrisireamuydepilaste thbt ia s stadaiposde of whspeémean opposed
treatment el ectrodes. :

: and light in at least the visible region of the electromagnetic spectrum. Asis

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 molecules that are
nearly ionized yet retain their full complement of electrons so they are neither
positively nor negatively charged. Workpieces may be processed with a direct
plasma containing all plasma species or with a downstream-type plasma
including primarily free radicals. Processing workpieces with a direct plaéma
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 Suﬁport in the plasma chamber that
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Because the workpiece is located at a fixed position, the surface to be
plasma treated is |ikew se spaced relative to the treatnment gel Ry r#gies-
The fixed position is chosen to provide a spacing effective to provide an
effective plasma 5 treatnent for workpieces of a given thickness. It
follows .that, as the thickness of the morkgiece being treated in the

syst em changd®!dstifeVPrspises 8P bed PREIIOLRAIVERRORROSEG e IMER elegtrotiese desired
fixed positiaon so that the efficiency of t | asma treatnent nmay be

( he .
reduced. Ther¥Fey¥, NeYRUGIES Gridfaies %i?rfﬁ‘ef’rp%'f‘?fgme SUggcs Os PSS | | equi pped

an (-1 no. plEeiF 1 DEMSORFOL) BEGIR EHAY VEAS hRGVHES ol EdUASL r oam (ype
Bccommodat o VBPREH BHSHHo @I SA T TR ERTNEL WRIPBSn RRTEPAPRG  an

These. and St P TRPbBT AR AREE0H 280 VIR NI g By BT o ng o
Dreatment . i BRRER SRR Q) SRR T e S VRO harber T el udi ng
Cnanber 11 0 o ke SERER it et P RalloR RO Pt et PRl Cpace.

vacuum sour e Sl LN SOITUBheRI o1 Ml KD BecaGuMmgDaTDer o

process gas y coup n comuni’'cat | vacuum chanber,

and a fi7st nlasim o6k b altoSOUGRoadlendl B8 IR, SRYL LN RRLes T OCESST Ng

space are in e process gas supply 5 capabl e of

provi di NG ProOCesSTAs id Ayah nb&ARE ol NEINR PRSI FAKRIN syddlf REAMIM -4 0 7 NOV
200 source is capable o? evacuating the processing space and the plasma

cavity, and thsviad 4 BShndRbas P NSt Aor PBatFQWEEidcEs APRE BRLMaf Or -exciting
process gas in the plasma cavity -
chamber and that can accommodate workpieces of differing thickness while

maintaining an effective treatment efficiency.

15 Summary

The present invention addresses these and cther p‘roblems associated
with the prior art by providing a plasma treatment system capable of performing
a downstream-type plasma treatment. The plasma treatment system includes a
yacuurﬁ chamber including a processing 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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to generate a plasma. The plasma excitation source further includes a
grounded plate positioned between the plasma cavity and the processing

space. The grounded plate 5 includes a plurality of openi nggpw%@ of
prohibiting or, at the |least, substantially reducing the transter

charged species, such as ions and electrons, fromthe plasma cavity to the
processi ng space. The openings present a tortuous path having no |ine of

si ght pat h?ou@#eolg]cﬁ ?ol? Fg&iﬁ%ﬁg@qlﬁié pf&tebiifg BEREaTRItRE pRBRaRaviip WAy &le the

openings preterentra e transfer of free radicals fromthe

pl asma Ca"ﬁrgé’%éé?né Becitlifs SSFEO R oHerabha R exAfrfedbrdEatd daR i tHeSplasnecdvitpf t he

I nventi on, ownstreamtype plasnma free, or substantially free, o

charged patrotpc‘ie%gﬁa?e Q:[Bijasmﬂé‘?tﬁ{ésplﬁﬁﬁ'a Brcitdfistidt-&fumthert iRQILYEY & BidBiged ful@fe

per form ng asma treatnents by the chem cal action of the radicals wthout

the physicaliagh ib@?ve%hhﬁé W MaRia0i Qﬁﬂth@ﬁréd&_@siﬁ@@éé&d TerdrbeidRa-plae cor di ng

to the principles of the invention,” a nethod is provided for treating a 15

wor kpi ece it Beda BlL?élWOf JoaRirgB icApsblé BEPrdABRING oG Rk lhst, ¥Mstddtiane in a

processing space of a plasna processing system generating a direct plasna

conpri si ngrAhG ML trSREG f ShagEd Ep&sed, 3G idBns Bhd EREIr6S, GBATtBEBlasPaci es
fromthe direct " plasna to create a downstreamtype plasna including free

radi cal's, affty GXPRIr8skssMG SPREK PTIRE Sperihdsipresapt 8¢GERUB Patittiiigl b ineeoff r ee
radicals in t%e downstream type plasma. 20 According to anot her aspect of

the i nvent kgt paindréin e plaSAh FBGLy oYM Fridtedsig $p3es. PlowaderItRecdpenipgs havi ng
a chanber base and a chanber |lid novable relative to the chanber base

bet ween a BJe@e%@Htidm?%hé\M{éﬁé}%terdﬁfrb@eﬁqi@wmﬁwblagna SaAEo AsprabeigN
position for transferring a workpiece into and out of the processing space,

a vacuyin sgiddee ArebRiirRtoithis bsped oFPRTMUENGEN, iadbwhisirBamdPpe Pladind fdEMor2006
" the vacuum chanber, a workpi ece holder located in the processing space, a
process gagsdtHiialy e fdf ehsrge @ PEMBIeS @hH PRotehé Bah bE geRérbtem at frerkpicadnd a
for performing plasma treatments by the chemical action of the radicals without the
physical action otherwise provided by the charged particles.
According to the principles of the invention, a method is provided for treating a
15  workpiece with a plasma. The method includes placing the workpiece in a procéssing
space of a plasma processing system, generating a direct plasma comprising charged
species and free radicals, filtering charged species from the direct plasma to create a -
downstream-type plasma including free radicals, and exposing the workpiece in the
processing space to the free radicals in the downstream-type plasma.
20 According to another aspect of the invention, a plasma treatment system
includes a vacuum chamber having a chamber base and a chamber lid movable
relative to the chamber base between a closed position that defines a processing
space and an open position for transferring a workpiece into and out of the

processing space, a vacuum source coupled in fluid communication with

25



pl asma excitation source. The process gas supply is capable of providing
process gas to the processing space, the vacuum source is capable of 5
evacuating the processing space, and the plasma. excitation0goN8\¢e066s
operable to provide a plasna in the processing space generated fromthe
process gas. The chanber lid further includes a first sidewall section
capabl e of behagacuterepy@bed b MTKpRee ChrbrIcatet th the brocbssngl dpgca aver ti cal

di mensi on of the vacuum chanber. According to this aspect of the

i nvention, theooees gacalppliimins t@nmahick it ith tobasdem dmambbe ava@si ed to
accommodat e wor kpi eces of differing thickness by conpensating for

subst rat e t hiptdsnessxcimtioplsaatagTidwoesgsamadusly fsaapatdé ot grevidmgr kpi ece at a
predi ctabl e distance fromthe treatnment el ectrode. According to the

princi pl es ofpredess gmventd pocesaingebacd thesvaouowisdede fsorapapbasma treating a
wor kpi ece in a processing space of a vacuum chanber 15 having a chanber
lid. The rfet kodcaonpihesesceplingsnage sanuohk plaste exatatiesoypesdic @gsianlg space, and
varying a volume of the chanmber |id to alter the distance from an exposed
surface of t heplwoidkpiposedio tre droeatimgspaed geraeieirpodietiroresdgan  t he
chanber |id based upon a thickness of the workpiece: These and ot her

obj ects and dieahemberdiddfrthehmcipdesefitst fidowalt eshorsteaible oPBeib@cone nor e
apparent fromthe acconpanyi ng drawi ngs and description thereof. Brief
Descri ption d&¢mevee fRnyiieebaThes ligd éeroimpaaing Ay edicalimgsionhinehyagyen
incorporated in and constitute a 25 part of this specification, illustrate
enbodi ment s SR IASCRAIND dhthisraspe ¢y dienayentio tie veriga\dizg@ogon @i thé a general -
description of the invention given above, and the detail ed description

gi ven bel'Gw, 58RO 1y k8\Frae i 1958MPIACALS Yerkrieess of g BiskiasabYFig. 1 is a

perspective view of a plasma treatnment systemin accordance
compensating for substrate thickness by placing the exposed surface of the

workpiece at a predictable distance from the treatment electrode.

According to the principles of the invention, a method is provided for

plasma treating a workpiece in a processing space of a vacuum chamber
15 having a chamber lid. The method comprises placing a workpiece in the
processing space, and varying a volume of the chamber lid to alter the distance
from an ¢xposed surface of the workpiece to a treatment electrode positioned in
the chamber lid based upon a thickness of the workpiece:
These and other objects and advantages of the bresent invention shall
20  become more apparent from the accompanying drawings and déscription

thereof.

Brief Description of the Figures

The accompanying drawings, which are incorporated in and constitute a

25  part of this specification, illustrate embodiments of the invention and, together
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with the principles of the present invention; 5 Fig. 2Ais a_side schematic
and partially broken view of the plasma treatnment system of 0ZiNV 2006 Fi g.
2B is a side schematic and partially broken view of the plasma treatnent
systemof Fig. 1 in which the chanber lid is in a closed Posi tion, Fig. 2C
is a detail editBedieneiekdgsoirtionef Heayeatiet ¢rmieve Spditeiiddiledi g. 1; 10 Fig.
3is afront viewof the plasma treatnent systemof Fig. 1, Fig. 4is a
schemati c bl dexcrigiicngd eamdelawuserate ep'an 6rrineples psthemvesiont he pl asma
treatnent systemof Fig. 1; Fig. 5is a flowchart illustrating a process
of inplenenting &plldsaRerspeeeyem Ry ayaie? RaPeHisgierHe 2eemdanet syst em of
Fig. 4; 15 Fiwgi. 6 is a side view of a substrate support in accordance with
an al t er nat "B hemspariee At e RESSEPT RGPS of the present invention; Fig. 7
is a partial front view of the substrate support. of Fi Fig. 8is a

. 6;
top view 6f a pl ddore AChARISESCNGNAICEIE PIAEEY RCEEN Yigw of }*)‘gipﬁéﬂﬁl es of the

invention; 20 Fig. 9 is a sectional view taken generally along |line 9-9 of
Fig. 8 Figleagenssysteseti®dral vi ew taken generally along line 10-10 of
Fig. 9; Fig. 11 is a detailed view of a portjon . of Fig. 10; Fig. 12 is an
expl oded vi ew of %‘%@ FasiE SErﬁ%{Wgra”(gfpaglagé.E’roge-’”l‘fﬂ?wIQF'&.% PE$Mas a per specti ve
view of an alternative e diment  of a grqunded. 25 plate.for use wth the
pl asnma chanbgFatB}en{:?y(jge.m gﬁ%zf ' ’?'%tfg‘}hei\ﬁ%%ﬁgde'sﬁ @.Clogﬁda?%s’tﬁmper spective
view of an alternatiye enbodi nent of rounded pl ate far ith the

pl asma chanber o?ﬁ%i%:s'.s_aé’?%g?d Bl %.\”eﬁoait% Fgéjs’seac r?ag”r?%rl't s\)’ls‘tg\rpv Og?'erﬁ'ﬁmar to Fig. 9
of an al t‘l%r hat | VeFiS.rmgglfr%%tn\'/[iew 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 syste‘m 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;
Fig. 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 invention;
20 Fig. 9 is a sectional view taken generally along line 9-9 of Fig. 8;
Fig. 10 is a sectional view taken generally along line 10-10 of Fig. S;
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;
Fig.13is a perspe'ctive view of an alternative embodiment of a grounded

25 plate for use with the plasma chamber of Figs. 8-12;
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of a plasma chanber in accordance with the principles of the invention; 5
Fig. 15A a detailed view of a portion of Fig. 15; Fig. 16 igp7aoyegygonal
view simlar to Fig. 10 of the plasma chanber of Fig. 15; Fig. 17/ 1s a

detail ed view of it b @i , ki i | vi ew of
t he plasma charrbe?g'g]9 'Igfibggtseé%t-ﬁ%gte%()an%'gtgg?l%den%)%sdgﬁ?rg{alf%ﬁggﬁgﬁwje

I nvention The 4 8888 wikiKeRldsRB chhMbaCH i ftapge, Wi th the principl es and
obj ectives herein, provides an apparatus and a nmethod for processing a

workpiece with a F@.I B35 -sedidBali&s SRl 8\FRNbI R8N BhAMbEE SRR MR. t T eat ment
system configured 15 to provide a uniformy dense plasma, rapid punp-down

and venting ¢yghRSma ch&REQUMEERlRNBE ORI RBcPRBGE [HeON2nigNd sinplified
materi al handling. The system advantageously requires a reduced excitation

power to isnitiaterignda SushiRGENiew & fidH of Flense plasma in the processing
space, while enploying a control algorithmthat mnimzes the cycle tine
required to procesg ®Bagh s8QioBLIGLRS S WFIKPD BERe phashlaapERbLEN §at ment system
~ 10, in accordance with the principles of the present invention, is
illustrated iFy. F6gs. 1, 2A-2C and 3. Referring to Fig. 1, plasma treatnent
system 10 i ncludes a processing chanber 12, a loading station 20, and an
exit station 22, mkiiohs aretasiéd wew etla partian stkigt snah@l |y flat and 25
mechani cal ly stable surface 24 atop an instrunent cabinet 26. Processing
-8 0 7 NOV 2006 mhasbeen é@bloded|vicesf the plhambeharhbet ol &ighi 15g€7abl y connect ed
to a chanber base 18 by a hinge assenbly 16. Chanber lid 14 is selectively
posi tiondldl e between an open position, as shown in Figs. 1 and 2A, and a

cl osed position, as shown
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 reduc_ed excitation power to initiate and
sustaih a uniformly dense plasma in the processing space, while employing a
contfol algorithm that minimizes the cycle time required to process each
20  successive workpiece.
A piasma 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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in Fig. 2B. Chanber base 18 and chanber |id 14 are preferably fornmed of an
5 electrically conductive material suitable for high- vacuunbgpmj @Fl ons,
such as an alumnumalloy or a stainless steel. Chanber |lid 14 includes a
donmed ceiling 28 and an integral sidewall 30 encircled by aflat rim32. A
vi ewport operhargb8 2iisciyptes i aiedbemidcie hingepbR&ohoectedoladinagbar bdsewport  34.
As best shown in Fig. 2C, viewport 34 is a substantially 10 pl anar panel
attached t o dBampiadrindel absdmblpy6.aCharabe 185 4andeltdistigpesigord3ble bdtwdn ring 40 is
received within a groove 42 that circunscribes viewport opening 38.

Vi ewport 34 eompersssitoal ys sngagesigh- T ang24.erde dosedtpesidory ag e | ght  seal
where the sealing force is supplied collectively by the pressure

di fferential inbetkebharhizeribatetd ard cnadbextiet4 are méfe@mbydessidrg achanber 12
and by fasteners 15 36. Viewport 34 is constructed of a dielectric ceramc,
such as gdar €Egctrichcongectivamatprielsyiiahiefirmipheeetdm eppivalionisssigassi nper neabl e,
and has a wide transm ssion range for optical wavelengths. O-ring 40 is
preferably f@&PaeaBiM alpyelrasiaimess siefich as Viton(r). Chanber base 18
includes a floor wall 44 integral with a sidewall 46 20 which is encircled
by a flat |ip 48.Clampessd ihipclydesa dompd eeilfertesand atl intgt;@bsiée\ﬁﬂl 30 or
receiving a conductive resilient sealing nenber or O-ring 51 that provides
an el ect ri caPP§ESRYRE B FathiRWPoaRPeaINguISSs aisvidad incelliag @arert i ght seal

bet ween chanber |id 14 and chanber base 18. The di nensi ons of groove 50

and 0-ring 5948 asep@roriey- fAérbeétrSé‘Q’t"PhrgF§ YactRR it aseegtantiely may be 25
appr eci atgd tgat 0- r|n roove 50, an therefore O-ring 51, may be

posi ti oné ey pianﬁlti}' %to chamBeride RYaiRE 3P pre ?&teaﬁrséﬁar%‘é? base 18

w t hout departin fro heS|r|t e of the present invention. It is
appr eci at eg fﬂ%t bSarFfeI' (ﬁjl‘%l 1 rPBYﬁ %@a%: WSHFP&FH&WQHUPP‘E{H%% are |ess

likely to at t\/?e%r&,oﬁ%a, Compre%sw y engages bhrmg 40 to create a vacuum-tight seal,
where the sealing force is supplied collectively by the pressure 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 sputterinlg coefficient, is gas impermeabie, and has a wide transmission
range for optical wavelengths. O-ring 40 is preferably formed of an elastomer
such as Viton®.
Chamber base 18 includes a floor wall 44 integrai 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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sealing ability of, O-ring 51 if positioned in chamber |lid 14. 5 O-ring 51
is a conductive el astorrer gasket, preferably formed of a conposite of a
conductive fill powder inpregnated in an el astoner binder, 038 286 a
powder of silver and alumnumin silicone. An exenplary Ori ng 51 is

formed of a conductive conposite manufactured and nmarketed under the trade
nane Cho- sealin ¢i)hebyhdEMer BhiebrdihagbPr bahectBswithquidiepading froof thé€apikier Hanni fi n
Corp. 10 (Cleveland, OH). In another aspect, chanber base 18 further

i ncl udes a wenkprarcef lol plegent ioverdiabs tti aerpredigigbinet Bticids fpmée: to receive
and support a part or workpiece 56. Cenerally, workpiece 56 is a

rect angul ar, splresngingsanvicnmentareess likely o déashdo, ape coppenysentiei ng opposed

si de edges 58 59 of a predeterm ned thickness, a 15 | eading edge 60, and a
trailing edgée@M BPpEdriag kit eagiaesan cEgnker id 16eparated by a

predeterm ned maxi num transverse width that is measured perpendicular to a
| ongi t udi Ral axi sOBING wbikpFEEctss Slapnmgiicee ! seeraplyiemed derip type part,
-such as a ball grid array (BGA) or a netal |lead frane, singulated BGA s
carried in aﬁoﬂaéﬁ"teﬁ’éatcon%‘lc“\é fHa?IOWQ?r ERregirieg e elrstemiepbiafeesyBni ¢ 20
nodul es, integrated circuit chips, or the Iike. Wrkpiece 56 may also be
any di sk- sh&pEP¥ER %Hme%e'uww@}'noﬁmcg%s/irr%@pfa@f Retngot! i8i | i con,

gal I ium ars?nl de, _.and ot her sem conduct or gﬁP%ﬁrl als famliar to persons of

ordi nary skil'9" meid 9f 8 ReNdyFtveLRAPREIF TAYYedwe BeR&FIHessthgrade

metal |ization, tacts, | ayers and t .2 best
depi ct ed in I‘—ql‘?‘@e Se@hﬁgﬁ/g%g'eiﬁi.lﬁprrofj éﬁ TyHpPT gﬁarkﬂ%@gm ‘0 7 Nov
2006 3 ?{le 66‘? fﬁ?b that extend vertically froma substantially

pl anar s gpo °¥7'ai% GYth 68. Side rail 66a is in a spaced rel ationship

relative to side pail,08b .81 Qo PEdONS NG MRSl SorfieRRRE T PIatTorm
68 so that the maxinum w ath’

or substrate support 64 configured to receive and support a part or workpiece

56. Generally, workpiece 56 is a rectangular, planar structure that includes a

periphery having opposed side edges 58, 59 of a predetermined thickness, a

15  leading edge 60, and a traiiing edge 62. Opposed side edges 58, 59 are
separated 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 frarﬁe, singulated
BGA's carried in an Auer boat, or a pallet carrying multi-chip electronic

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

25 As best depicted in Fig. 2C, substrate support 64 comprises opposed
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bet ween si de edges 58 and 59 of workpi ece 56 may be accommodated. For 5
conveni ence, side rail 66a will be detailed below w th the gunaeysiggdi ng
that side rail 66b has an identical structure. Side rail 66a protrudes
above a horizontal plane that includes |ip 48 and incorporates an elongate
channel 72, S48 ryaépa.HBBuirtetent gef“%a“thfr?ata HosErbidlypianar peirotto a
Iongltudlnal axis of substrate support 64. Channel 72 has a U shaped
cross- sect i oR&OF b i piee Eaﬂéﬁaiss'”f(f’pa?%rﬁ?i“%"ﬁé‘d’ el fodidegry Bftecei ve side
edge 59 of workpiece 56 therein. osed extrem ties of channel 72 include
a flared Ii pakmg thedongieding Rt FH‘Pprtgﬁ"athSm 68 Rathab Kpdn&dinyy Widtht ur es si de

edge 59 of workpiece 56 during | oadin y of exanpl e and not '
linitation, ﬁ@PBF6@%§§WﬁéBéWgﬁ@é¥Wfﬂggﬁ8Spﬂgwt?dﬁﬁ?m5P€a§ﬁpBHrt 64 may be
configureg to acceﬁt wor XIHUH%QIHEHSIOHS of 2.7"

(ot dey 5. 28 ErBH Se 5 oGt hre kS e A W =G RN OHs F 6+ x 12 x 1

. I'n other enbodl nts, the oce S|n cha may be configured to
accept wor kpP8g&d! hﬁé@?ﬁg W%&ﬁﬁﬁ B Hed?ﬂgﬁﬁrﬂﬁées O%?a by 12".
Referring to, F| Xit stati @{e pr oxi mat e

to 20 respel?y Qtai;%ﬁ%e @at 'B%‘diesgP 4% a@%égcofpf?éﬁ%sn%r?’rﬁl ?gai‘icréaﬁﬁe e adapted for

Stati on 30 1 At PLRSEOY Qriscael 0 pr el e fie

108 g ch nB 12. Loadi ng
ﬁ? o Panar supﬁb? %Fégf%P%3 8%and opposed
| oading side rp?p'o %47%‘%am§ir3§%s é‘?la\g{aggd §ﬂog$ %@Brllallpgo%le tﬁ%eg a spaced

relatlonshlp relative e ral | ongi t udi nal axis

of suppoxp phm#efne.wgdﬂg sadﬁglgﬁ%ét&e% sﬁde%dg@éwmr% 9&&@%9@9{ kpi ece 56 may be

accommpdat ed. For nveni ence, side rall 78a will be

detail ed bel gy, M!efdféxﬁaﬁlt.y@&%héméﬂ% %IJanatﬂa?éoqﬁ 742hd Rgeg'@héﬁn Aystantially
i denti cal . Loadlng side rail 78a protrudes above a horizontal plane that
i ncludes | p3ABa@iigsitdlG CERAAIRE caBe 8bONGBkBIENINBGINgSdading. By
| way of example and not limitation, the proceséing 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" (long) x 3/8" (thick) or maximu.m '
dimensions of 6" x 12" x 1". In other embodiments, the processing chamber 12
~ may be configured to agcept workpieces 56 havin.g 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
loading side rails 78a and 78. Loading side rail 78a is in a spaced relationship

relative to loading 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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Channel 82 has a U-shaped cross-sectional profile that is dinensionally 5
adapted to slideably receive one opposed side edge 58 or 59 qInggﬁ i ece 56.
therein. QOpposed extremties of channel 82 include a flared™l'ip hat
physically captures the side edges 58, 59 of workpiece 56. Support posts 84

extend froma bottom surface of the s ort platform76 to surface 24. Exit
Station 291 COVBRENGhEER el fRA Y Py e BRbSRIPH S E e RSB0 REA atation 10

22 includes oppos unl gadi ng side rails 86a, 86h that extend upwardly and
out war dl y erﬁg agﬁ?ﬁﬁ?ﬁ§gﬁﬁ%PTd%ﬁ'@fé@ﬁ@@%@dﬁﬁw7@8HV@HP%%@§W8§Pde ra?l 86a
wll be detail.ed ?eIOM/ 'Iq %hq.u derstanding that side rail_ 86b has an
“identi cal sg?rﬂﬁ?ﬂf %’?”%ﬁh\é\tm?é s @6@ PR8N RGN 8%l pl ane t hat
i ncl udes ri m-48 9 i ncorporates _a Ign ituQﬁ | channel 90. Channel 90 has
L hen et oEhEnd B e B B8 e DR L B SRR RHe o1 s dosbl
recei ve ope t t eripheral edge 58 , 59 of processed rkpi ece 56
%ngéaepégoeto sYixQeabR/trec ive nec?Pgoge sg%)éciighe qBUOdéSQ%f Wprg'o@ae P%{\g

t her ei n. S extrem’tres o nne C 91 t hat

aids in physkrféﬁédé%’%éﬁo%%i:”ékggﬁwﬁigé_é"@ucé%gfetx %991%%?%315@283{9 gﬁ&haﬁrocessed

wor kpi ece 56 oa posts rom a- bottom

surface of SuRRRChy BIASLONEAR dBoobs 108 22D B! Saam Lrgatyient syst em 10

further incl eels 9 tac oadi ng"'s n 20 and exit

station 22 apgdeay p@rﬁiatdoggfin%grfg&v&rth@sﬂuppghBgﬁomgs@ﬁgg%%r.e operable to

make fine adjustnents in the positioning o pi ece or workpi ece 56'.

Lever 94 is operahkiqidign @@Vsecoﬂg%ﬁgd LiRRatPRWingQhatBn 2hOExPGaflef | ned in the

top surface 24 of instrunent c net 26 ‘and to also 25 translate

vertical hy. o fkiubgogsBehanbsind 908 ranbeum)ssh habkechGshvd @y Leyer 94 -12 0
7 NOV 2006 and is operable to nmove arm 94 vertically and Yongltudlnally in

slot 96. Levelitwddily forPe$idnbOaedoR Blatbeh ¥8.0HrSofentihcPIReaas bW hanber 12
during a plasma processing cycle.

be detailed below with the understanding that side rail 86b has an identical

structure. Side rail 86a protrudes above a horizontal piane that inéludes 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 ajds in physically cap_turing
the sidé 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 éttached
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 iength

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

25 transiate vertically. A driving mechanism (not shown) is attached to lever 94
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Positioning lever 94 further includes a rod 97 having a first finger 98a
that 5 selectively abuts a rear edge 62 of workpiece 56 helg gy waRn

| oading side rails 78a,b and a second finger 98b that selectively abuts a
rear edge 62 of second workpiece 56 held between sides rails 66a,b. It may

be appreci at gdq iNerdtGGRSe a%@ﬂfQeﬁ@@ll)b@ndr@%ltlublﬁﬂlty lb(sllél%elgevre?b@t' ve to
rod 97 and, in addition, that fingers 98a,b further include a sensor

for detecting 5&aioﬁé@emeweut§xh@orbr@@@ersu@(l:hm\sem@ur% affsdntd oning | ever 94
due to, for exanple, a workpiece msaligned with a Set of side rails.
Buring a worlkpiceseind & ng operation, workpiece 56 is delivered by an

aut omat ed conveyi ng system (not shown) and positioned in |loading side rails
78a, b on | oadi ng séaioned 1&Rr 9Piunekr iMbieedsa 8 wfhalingdifing isgetdsam=0 are used
to 15 nove the workpiece 56 short distances for proper positioning. After
chanber |isd sddcivelyeReRreseapafiets2aiivagkdieves A edwdoMBiaeh fisomists initial
position and linearly actuated so that finger 98a will engage rear edge 62
and push wor kph@c@datecedidmgel sgadhatGesdctiesly abltsa reda cbigd Omer despbst r at e
support 64. The front edge 60 of workpiece 56 will traverse the gap

bet ween | oadiwagkpsdode&oreid tetwWida, dxieansiissiden. 20meabé spHéaatad tHIppeges si de

edges 58, 59 of workpiece 56 will be slideably received by side rails
‘66a, b. Ther eaBt ercantbhecgiesailt biaseidngaliveverro®47 and, lin edittonntret irgerspush t he
wor kpi ece 56 until it is suitably and accurately positioned on substrate

support 64. PBebenatflghertdviide @rseasorddr dadedipy esestdnBe irsthposedri oned coaxi al
with the central vertical axis or centerline of the processing chanber 12.
Posi ti onillg 2®veeeelrof @asitidreny leveaRs|dde ¢ forexpinpigl & yodoiechatisdligmeger 98b wi | |
clear the leading edge -13 0 7 NOV 2006 = of workpiece 56 as lever 94 is
retracted toWthe sehphdidd rajjosi tion. |f processed workpi ece 56' resides on
substrate support 64 during the workplace |oadi ng operation, finger 98Db
engages rear edgeD@'279 aa\fqi@{k@g@q lpaging @@aratlon workpiece 56 is delivered by an

automated conveying system (not shown) and positioned in loading side rails
78a,b on loading station 20. Pinch wheels 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 linea'rly
actuated so that finger 98a will ehgage rear edge 62 and push workpiece 56
along .Ioading side rails 78a,b toward substrate support 64.. The front edge 60
of workpiece 56 will traverse the gap -between loading side rails 78é,b and side
20 réils 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 leading edge
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| ever 94 sweeps the processed workpiece 56' toward exit station 22. Front 5
edge 60' of processed workpiece 56' wll cross the gap betmﬁ%PNbg 2006
processing chanmber 12 and exit station 22. Side edges 58 f
processed workpi ece 56' are captured by unloading side rails 86a,b. Wth
continued linear nmovenent, processed workpiece 56' is conpletely renoved

f r om pr ocessi #fgvakrigAsed apdever P isdRtraie@losisoyligposkion station 22 are used to
nove the workpi ece 56' short 10 di stances for proper positioning in
preparation for tAfaeEesad wakriere TesasidesopeEsgiaRsuppat fosiuring ige assenbly
16 is adapted so that chanmber lid 14 may be selectively pivoted relative
to chanber ba¥@kalgcyiepdipepranionpdiocp8sh ENGIYes &arpegs 62'iand gasitieiingd in Fig.
2A, and a closed position, as best illustrated in Fig. 2B. H nge 15
assenmbly 16 .'ﬁ&@r@d&veé@s e RECessRY HrERIRGE 3B 'pErd et Eiop 2ndwntin Fig. 1,
that are disposed in a spaced relationship along the non-vacuum side of

si dewal | 6. S4A8<H ‘éfrPé?ﬁ?é?edIWQikplﬁcq ¥ &’d‘rﬁr?qsé%%%b?%?%“ wegressedngosi ti on,
chanber lid 14 and chanber bound a_vacuumtight processing space
102, as shown®"3foer &k apppe %t‘:ﬁ'oiilzé S?B edggs é%ci’lg Bf RiekestSed HOKPiFER Gfles a
V-shaped brace 104 and a nub 106 %% ; &h fasteners 108 to a

non- vacuun15|ﬂﬁcﬁ?“§ﬁd@%ﬁpﬁmﬂ%smEéﬂﬁ Pace'Vit Gﬁmr§e%HW?V€HWBWe% hi nge pin

110 received within, an kaper%ﬁg near thed fbe in brace 104 and within
a coaxial apetPHe4¥9 ™ Plon 51??6”‘”%%%?1’89\%? W”t?’@cesf'”g Fﬂ‘ﬁérb% n 110 is

hared by bot 25 b 104
s conneet ed T8O RE fors UARla &1 de Bt P de s My Bt i d 14 0 7

NOV 2006 ;4. 48506004 80100 t.@@np@%ﬁé@%rtaﬁ%%g% @epne%e”ure 114 that

receives a connecting 'r h™”braces 104.
Connecti ng rQQO&éﬁmb%mn&Rther attached to a rod end 118 that is

Hinge assembiy 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
46. When chamber lid 14 is cantilevered into a closed position, chamber lid 14 .
and.chamber base 18 bound a vabuum-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 shared 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

-14 -



threadingly carried by one end of a piston rod 120 of a bi-directional
pneumatic 5 cylinder or lid actuator 122. Rod end 118 furthe& W udes an
aperture (not shown but simlar to, and collinear with, ape { i@ﬁ) W th
an inner dianeter sized to slideably receive connecting rod 116 therein.
Piston rod 120 isssecaf@piest daek bfa@6i1Ds RRAENEN bhdIRAE 114/ @kl lee@led®tiOn SO
that brace 104 can pivot about hinge pin 110 to cantil ever chanber |id 14
bet ween an opgAngwAsd tddon sand isls@sdresBgbRpStdck M4 As shown in Fig. 2C, the
opposed end of lid actuator 122 is affixed via a nmounting block 126 to a
structural suppor Cofrie@tingsfaewny isWukthdriattatitsitte drenene add Aetis26. Referring to
Fig. 2B, in one aspect of the present invention, an obround bearing 128 is
slidingly reariev@dgWcihibdbRpey &t & alido®fodmd ot Abi-didutienddndndgar i ng 128
has an exterior, annular surface of an outer dianeter chosen to
frictionaldy dyiifdewbt ki detuperRr Rod 24d anglfugtfed indleddsan dpeftereladé that is

di nensioned to receive hinge pin 110. Bore 130 has a substantially oval

- Cross-sect i orsabwpbofdirhiar taMaht callinear Wits,adperjeor 4axitts an asevdienwedr normal to
the | ongitudinal axis of bore 130. Wen chanber lid 14 is in an open
position, as s&edwnmslidealfty crcelB comndcémgtold 106 t&Deion@isemctoofi2kisnge pin 110 wi | |
contact a lower interior surface of bore 130. As chanber lid 14 is pivoted
by the |id acdapiedifori@rotatingengar nvettio@! moticat soshatloate ®4 daomiyot udi nal axi s
thereof. During rotation, the outer surface of hinge pin 110 remains in
contact with abhet Hiegeenin i Ht lerceotiewuchameerdf 18 debvekd@n dplhenosiiiqn B2 cont act s
the surface of O-ring 51, as shown in Fig. 2B, |id actuator 122 wll 25
continue 1% exdeasd Pegtiethats sHewndhbighe®. the drasedsve of lfovatnederd 22 conpr ess 0-
15 0 7 NOV 2006 ring 51. Due to the presence of obround bearing 128, hinge
pin 110 is frad&e giaraapyltiag 8logers 26 A siHCtslErePIHnBotewnBGithiRef erri ng to
Fig. 2C, in which the chanber |id 14 resides in a cl osed

instrument cabinet 26.
Referring to Fig. 2B, in one aspect of the present invention, an obround
bearing 128 is slidingly received within aperture 124 of nub 106. Obround
15  bearing 128 has an exterior, annular surface of an outer diameter chosen to
frictionally fit within aperture 124 and an interior bore 130 that is dimensioned to
receive hinge pin 110. Bore 130 has a substantially oval cross-sectional 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
20  one end of hinge pin 110 will contact a lower interior surface of bore 130. As
chamber lid 14 is pivoted by the lid actuator 122, hinge pin 110 rotates about a
longitudinal axis thereof. During rotation, the outer surface of hinge pin 110
remains in contact with the lower interior surface of bore 130. When lip 32

contacts the surface of O-ring 51, as shown in Fig. 2B, lid actuator 122 will

25  continue to extend so that the chamber lid 14 moves downward to compress O-

-15-



position, the interior peripheral surface of the chanmber lid 14 and chamber
base 5 18 bounds processing space 102. The vacuum seal is e%ﬁdﬂ@b&mﬁy t he
further conpression of 0-ring 51 between chanber base 18 and chanber I|id
14.- The additional conpression of O-ring 51 results fromthe pressure

di fferenti aling bt w@en thé prRSFEIF BbRLISS SedrdgaeB | Higgediin t fEiséxbed i or of
chanber |id 14 and the vacuumw thin processing chanber 12 that applies a

force that wagese chrasanepdsd it beteidovertical ly downward towards chanber
base 18. Hinge pin 110 translates vertically and with mnimal transverse
nmotion due to thref@riesere 2of inoricund chbeber lidg 4128deBorelckd® W t hi n obround
bearing 128 affords an additional degree of vertical freedomfor hinge pin
110, as conpadited, wnetifedor pammrend! isorfiede dietar dhagrbedfd taaridhambboszeof a
circular cross-sectional profile. Chanber lid 14 is free to nove vertically
i n respoaseis bourlie pfaeeesg daat 10NPregxuOmrseays Bdhandsd by thesutter t he
vacuumtight seal between |lip 32 and O-ring 51 is uniform about the
ci rcunf er encanmesgsroen@rimgs1 betwaepcheharar bdsehbart crantber licdhet. prresence of
obround bearing 128 provi des approximately 50 mls of vertical novenent for
20 hi nge pi additiddal Amressored Ogdngde B2ulissracotneectssdrewdifieréribl ng 53 to an
opening provided in sidewall 46. Pressure gauge 52 is operable to sense
the vacuum petessurinosphdritipregspsoedsd oy thepatrsioloxhamdepidoviatdsha pressure
f eedback signal. An exenplary pressure gauge 52 is a capacitance
manonet er , S@@hmaQWWh@DgﬁsBaﬂa@ﬁ@ﬁOﬂﬁhéﬁﬁﬁwﬁﬁhﬁﬁ@tWﬁh@#ﬁﬂ@?mﬁﬁhufactured by
VKS Instrunents -16 D7 NOV Zpp5 (Andover A bl eed valve 54 is
connect 86 vil%mmtlwysswrﬂvoaraweﬁ@w@ﬁmrH@sep*r%\)‘“a%pmﬁ@fraréiﬁm 46. Bl eed

valve 54 is orPer able to vent processi ng chanber 12 with anbient air or a
suppl i ed ga¥e gqj&ﬁn(égntﬂmmr@aléfﬁnsverse 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
15  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 emboediment, the presence of

obround bearing 128 provides approximately 50 mils of vertical movément for
20  hinge bin 110.

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

25 Baratron® Capacitance Manometer manufactured by MKS Instruments
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Referring to Fig. 3, plasma treatnent system 10 is connected for fluid 5
communi cation with a vacuum punpi ng system 134 through a large, centrally

| ocat ed exhaust port 136 in bottomwall 44 of chanber base 18[0vammuqmp
punpi ng system 134 includes a conical reducing nipple 138, a vacuum valve
140, an exhaust vacuum conduit (not shown), and a vacuum punp 144. Opposi ng
ends of conigakoveeduoi NGbigd PRIV k38 cometteddid Lbing 55 aFatmd; baagsy 10 146 and
a second vacuum fl ange 166. First vacuum flange 146 is connected to

exhaust por tprdBgedih didawsicAEemest A/ B isrPerabRdo 148 prdesumBald-ed by O ring
150 and a plurality of bul khead cl anps 152. Bul khead cl anps 152 are

symmet ri cal Iy wirspases aakobisupdied ges,ispbeby nigbgdd. r st vacuum fl ange 146. Each
bul khead clanp 152 has a tapered segnent 154 that is adapted to engage a

15 conpl enent ar y Reewelg t8 Bigf aarasafa tfdatmentsgstanmafib angecttdboraind a bl ock
portion 156 that further includes bores (not shown) for renovably receiving

fastenerss Ilthmbrreatiernatd y vadiastenerisy 466nan s hhvugndesigbaehsaigt t achabl e to
openi ngs having conpl enentary internal threads (not shown) in bottom wall
44, To credtatad sxhaustpottitghin meam,wdllast @neasbdrdtdsane vaghtened to a
presel ected torque 20 in a patterned sequence so as to uniformy conpress
O ring 150. pdapingsysahvies4liddudearardoesalarnduguetippiacss)mvibangeali®2 connect ed
for fluid comrunication via a vacuumfixture 164 with second vacuum f| ange
166 whi ch ig0car exredstbypcoomtagabit redaitdwrg, adoplauddumdaddum fi xt ure 164
conprises a renovable clanshell clanp 168 with a .w ngnut closure 170 and
a through 25 bor @preesingeeridagf cdnmgl EZacing\higplewii3Agamut a fisbsanuemiz0gé s :
tightened, an O-ring 174 -17 0 7 NOV 2006 carried by centering ring 17
i s conprBssedbtand@rearellaguyndenas t66gHtrsseglum acasuthbvarewetgd tal so i s
further connected for fluid comunication with vacuum punp 144.

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

15 complementary lower surface of first vacuum flange 146 and a block portion

156 that further includes bores (not shown) for removably receiving fasteners

160. Preferably, fasteners 160 are threaded boits attachable to openings

having complementary internal threads (not shown) in bottom wall 44. To

create a vacuum-tight seal, fasteners 160 are tightened to a preselected torque

20  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 clamp 168 with a.wingnut closure 170 and a through-

25  bore centering ring 172. When wingnut closure 170 is tightened, an O-ring 174
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Vacuum punp 144 may conprise one or nore vacuum punps as would 5 be
apparent to one of ordinary skill in the art of vacuumtechnol ogy. A
preferred vacuum punp 144 is a single rotary-vane vacuun1pu59 é¥t19 type
manuf actured by, for exanple, Alcatel Vacuum Technol ogi es InC. ﬁ &int |
CA), that h i r f : ic feet per mnute and

whi ch, dueQ%SQPﬁg%Eﬁgﬁmé@ﬁﬁﬂgfaﬁgﬁygfggﬁ%ggégﬁ%d%Swﬁﬁ%@ﬂSf%; can evacuate
10 processi Shac - H ERSSIHAE: t .200. . mlrorr in |ess

t han aboutﬂgfx se%é%gﬁqg%V?g¥ﬁ%t?%tgvacdﬁ&?ﬁuﬁﬁ@a%%f“%%gvmde dry punps and
turbonnlecubg&ﬂgyﬁgﬁp %p anot her aspect of the present invention, a vacuum
distribution baffle 1 O is positioned on a shoulder 178 on the interior of

chanber base 18'Vé%“Mgﬁﬁ?g??kﬁaQ%p“ﬁ598”@9;ﬁ%§Vé§3¥§?“ﬂp§%§ﬁ055°ngate plate

182 perforated by a of orifices ces restrict the

flow of progessoygas: tBQW@Ef%r&iHQ’ylskimﬁwe%ﬁ OY@%Hmt?ﬂgBigH?i RYRLEM 3T 0 as to

divert the pressure differential. a result, processed

surface of wagkpi Fgﬁ’p o6 i%lslnggerofégj-\;é?{emaXUL_Jr@f% efinkQydehe plasma while
si mul t aneously all owi ng hi gh-speed evacuation of 20 process gas and

sputtered CoRrRMECRAY bySREEkD%IE WNdN \RcRIRTEBRIREEIHN. iemaREr ati on. Vacuum
distribution baffle 180 al so prevents gas flow to vacuum punp 144 from

di stur bi ng g, PeSiakia@ar@ihgWae kpheie eebepM BUlS Had R SHPRALE, 64.
Preferably, vacuumdistribution baffle 180 is forned of an electrically- 25
i nsul ati ng mmt e ihahighsueducascaoimoeddssiablcratedran €an Havidalg a mni mal out- 18
0O 7 NOV 2006 gassing potential. Suitable machi nable ceram cs include an

al um numoox ipteessin@sgkasee handedunipeascegiasadt @00 &lTobr ielss than
Mykroy/ Mycal ex(r)or Macor(r). In one aspect of the present invention,
chanber | i dabdutisiksegoraisesltangias 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.

15 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

20  process gas and sputtered contaminant species during a plasma processing
operatfon. 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-

25 insulating material, such as a machinable ceramic, having a minimal out-
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distribution systemthat is configured to symmetrically and evenly
distribute the 5 flowi ng stream of process gas over the .su 5amﬁlgws

wor kpi ece 56. Specifically, ceiling 28 of chanmber |id 14 includes

enbedded cavity 186, a process gas inlet port 190,. and a plurality of
apertures 1|%|§s ifSodieRbL ShAWe eéﬁhgble %Qvaﬂ%sinclﬂ;c%zﬁ%Qrﬂ{an]o%%e'o?"'pos' tioned

i n chamber I4 and 1s coup via gas line 1 a gas mani fold 308.

(Fig. 4) for \ARa Y - GRE ak MRF ieRY 10 102. As best
shown in FiSFR%?%?ﬁgﬁgggagﬁﬁgﬁﬂg'of geiﬁ?ﬁg 8 Fgc?ﬁﬂggﬁzpertures 192 for

i nj ecting process ogagsddcOmicaNietdnt IREnIdM BG4Sk | 2,
Pref erably, apertSresS%%Z&Ereygy&%EtrpéalIy distr?%ﬂ?%%&?%ggégmo

di mensi onal gisgfbiesh FBRH thENE chiRbickudsPahe @shiy Hb HEQFBSFHLME wehamber 12 so
that process gas wll flow uniformy over thé surface of workpi ece 56, and

therefore, @eRhEisPEdSof Bocekd gheBYQNLREASTBoUREEOSE Ehecifibayanot her
aspect, chanber base 18 further includes a power distribution systemthat

transfers ekegid 2 chBovETidf140m) el an B eBUEd A 986, SWH6&8s gg4ICh as
radi o-frequency (RF) generator 302 (Fig. 4), to 1onize and 8ISSOCIate t he

process gasiapbitned antahpimraipy ecasstung 19paoe bé&Znodhéh MEVET, gdi st ri buti on
20 systemincludes a power distribution bar 198 operably connected to the

RF gener at aflet 302 1 9@ispdksitiotdd ip aMahbdraiadt lane wgdtsipRa0as, dus line bot toom el ect r ode
202, and substrate support 64. The RF generator 302 is operably connected
by feedt hr aughsa20@a 308 tFog. t4héor prdyslinged prosessas to pdbcessingchaser ves as a
powered electrode for capacitively coupling excitation energy wth the
process 1§as 10h 2$begat scmgsiniip. Sctharvbeyund fide of ¢aiingi28tinciaied agerstres n a pl asma
in processing space -19 0 7 NOV 2006. 102. Chanber |id 14 and chanber base
18 col | ect i V&2 forimgctmaproogrsaae freth, cayity iFfdintel peetaseide spFedd2. wal | 44 of
chanber base 18 further includes two openings 204 that

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.
tn another aspect, chamber base 18 further includes a power distribution

system that transfers electrical power from a plasma excitation source, such as

radio-frequency (RF) generator 302 (Fig. 4), to ionize and dissociate the

process gas confined within processing space 102. The power distribution

20  systemincludes 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

feédthroughs 200a,b to the substrate subport 64, which serves as a powered

electrode for capacitively coupling excitation energy with the process gas in

25 processing-.chamber 12 to initiate and sustain a plasma in processing space

-19-
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recei ve power feedthroughs 200a,b. A circular groove 208 is concentrically
5 di sposed about the central, |ongitudinal axi's of each opening 204 for
receiving an O-ring 210 therein.. Each of the power feedt I'ﬂ?)d@ sz%o_a, b
includes an electrical tie rod 212 coaxially surrounded by a shield

i nsul ator washer 214, a chanber insulator washer 216, and a bottom _

i nsul at or waGhefhamigr lier ket aidmber bags hecelleptivly fart6an @i®wareal, conposed of a
gas-i nperneabl e ceram c dielectric, 10 such as quartz or alum na, and each
tie rod i s BoURkdesfodgn el ectrical conductor, such as copper, alumi num or
al |l oys thereof. Power feedthroughs 200a,b are electrically isolated from
processi ng chanté?or y2! 4fpgehanbeabass B gherdnguiendvedesningsf20atged head 222
and an opposed threaded end 226. Flanged head 222 is received within a

. conpl enent afS8Fels PPueE§edtrrogahfi 98ded FIFUAIEREHAPS s GPRaEIcafy bott om

el ectrode 202 for electrical continuity therewith and nechani cal

secur eneft figPISEHIABPY! iR GRINAL (PREBHANTR AE'S Of 96 qpeAIN2 204 Ik faspid®gdownwar d
“through the central bores in shield insulator washer 214, chanber

i nsul at or WARREPNIZ16 thefaig- KEER e ARUPEEBTNREEHe$002 Pancluderigaaded end 226
protrudes beyond bhottomwall 44 for connection with the 20 excitation power
suppl y. Bot EGATFHIEINA Y2 SRAYA surpgndeL RNeld sAivnvasher didra porti on 232

f first ter di t [ i th | a ti 234 of
2 1 osser  SEEBIE BOVER HPHNGELr. o Oer BUPEY OR BHel &1 GEEPUBR i thin
[ 204 t Dat f f_l ti 232 ts O-ri 210
or a vacuuPrIgne 22 eetP o 1 HoNES RoR Sout UG et SREm RSl al | 44 A
frust ocaep! C%lch.pa%rquiggorz gmf%f an_dze%CQ tiZ rm;fgr%%ggégr?élg%tﬁcgagaéringtdapt ed to

receive an O-Ting Fustoconical - portion %onfigured so

that Oring C e e j S r ggg ide a vacuum
seal bet vveeﬁl?cﬁ%g C?P?%uan[?@,rmghcgﬁaq(;@y%/{lhgr%ogdkg\?% f?an FB%%%tsérZﬁﬂBg’g ?ge
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 cehtral bores in shield insulator
washer 214, chamber insulator washer 216, and bottom insulator washer 218.
Threaded end é26 ;‘Jrotrudes beyond bottom wall 44 for connection with the

20  excitation power supbly.

Bottom insutator washer 218 includes an annular lower portion 232 of a
first outer diameter continuous with aﬁ 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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i nsul ator washer 218. 5 Shield insulator washer 214 is interposed between
the | ower surface of bottom el ectrode 202 and the upper surgackowf2006acuum
di stribution baffle 180. Shield insulator washer 214 includes an annul ar
Iower portion 242 of a first dianeter integral with an annul ar upper
portion 244 bofe 28045 eadpeed Bee@ne pudeing 2dB affeiseroniddppetiopass ison 244 abuts
vacuum di stribution baffle 180 and | ower 10 portion 242 protrudes downward
-into an opensizag ahthesrdignred Ghard OrringnZif @ndre avamhasse@ 1ib fasterient8y posed bet ween
the inner, bottom surface of the chanber base 18 and the 1 ower surface of
t he vacuum pdivitera asuumseligkefwesnligdcirdvdensece ofnisubdiz tr antsittermm 214 has
opposed parallel surfaces 248, 250. Surface 248 includes a first recess
that i s adaptsethtdarovasher 8er 15 a | ength of upper portion 234 of bottom

i nsul ator washer 218. Qpposed surface 250 includes a second recess of a
di ver se @i anet er Shitidtinspeteimeeer1# énigtehpasked beigwwen thedowéronuriad@ofof chanber

i nsul at or washer 216. Fastener 239 has a threaded bore adapted to mate with
"t he t hr eade®otten@lezede AR anddhe eppep sPrfacplnd naduast @staputr8vaffls 18D ght ened, an
upper surface of 20 bottominsul ator washer 218 conpressively engages
0-ring 210 &h#'d igsulpigedashpnatidngludererreditaiandawer ootipreadt2ofe ralcuum ti ght seal
between the exterior of the chanber base 18 and bottom i nsul ator washer
218. An uppérmiiaedabfith IeeRerPEEPOECRPHES5T 0EkREr eepagesien-ring 238
di sposed in frustoconical 234 to create a vacuumtight seal between
the circunf é’fa@??é%f éifppﬁr@W%\dﬂréfﬁuféﬂécwpﬁglbpm@aﬁ&ﬁ HfeErows bot t om

i nsul at gr. washer NOV 2006  Power distribution bar 198 is
attachedotopf’ﬂ'PB&é%HroérHﬁeSZ@f“”é’Prq'PE’efrb‘EPeé‘T@t'B‘ife‘f‘wo fasteners 256, 258. The

top surface of ower. surfo%ce of substrate

'support 64 in cl(grtéatég%ﬂéﬁ{sﬁ%torrg%seﬁ%g &8d bOSet R indets

. surface of the chamber base 18 and the lower surface of the vacuum
distribution baffle 180. Chamber insulator washer 214 has opposed para!lei
surfaces 248, 250. Surface 248 includes a first recess that is adapted to fit over

15  alength of upper pbrtion 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 O-ring 210 and is urged
upwardly thereagainst to create a vacuum-tight seal between the exterior of the
chamber base 18 and bottom insulator washer 218. An upper surface of
fastener 239 compressively engages O-ring 238 disposed in frustoconical taper
234 to create a vacuum-tight seal between the circumference of tie rod 212 and

25 the inner diameter of boftom insulator washer 218.
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el ectrical continuity. Therefore, electrical power applied to the power 5
distribution power 198 is transferred via tie rod 212 to substrate support
64, which itself functions as a portion of the powered el eclvdty. 208t t om
el ectrode 202 and substrate support 64 are preferably formed of an

el ectrically- ductlv naterlggbﬁguc num n alternatlve

h |
enbodi nent , botto%‘fer(q.lsi%l PO dE" 2 Clps (ﬁﬁ%ggéjoe”gfzzéoé Bfi<d?such that
bstrat 64 1 t t t t trode. V
Substrate, SUPROlLryddse! &ggcﬁﬁ%gﬁ R BTSSP E STeT ono as m
| h ed th h bet th d d f
L S g AR e e i B

L ensi 1 edoneptth nug;fﬁ%?efgﬁe DG uanipLEGS SR Nl fobyr substrate support

64 15 and t t7Te8thEnt each wor kpi ece

56 will sbedmn@g ngp er 1Tshr§5sfer{r Piag %09%’1'2%' %tgﬁe&gpggﬁgg' and ground

el ectrodes produ an electric anti y pe lf'cular to a

wor ki ece_SB1f8bal QkughD HDSkERLEng BBROY O SHE MR oL oLy al ector ] es

are substanti all perpen ar to e surface nornma e wor kpi ece 56.

20 Wor kpi eCQoz5§nd &b@gé’t@% %%ry %@éb%%ﬁgdbﬂ rpéle&ﬁéiﬁl},ng chamber 12

having a vertical positio ubstanti al | |napane way between the

cei ling 28cmduemrmﬁénél Isqcrlés aNAiARE hRR aRbhE RS R odHRR Wditofl at f orm 68.

Rel ative to known plasma treatnent systems, mnimzation of the volune of

chanber 12 E@Etrode d0bGhhyIeMRIHRSsd bR @PsmRISBE $8t NBSIrhtb QMG gaf wor kpi ece 56
permt rapid 25 plasma processing at a reduced power level. -22 0 7 NOV

2006 Reber bioRg cbritifoked.theétpotdid Peasde. treat ment system 10 includes a gas
flow control 300 and an RF generator 302 connected to the processing

chanmber 12. A tvRatmRRtibSYST £IMLCETY todcriBedinrReRianese, ianputndgbgnal s from
vari ous devices _ _
as a plasma shield that reduces the RF field strength between the underside of

bottom electrode 202 and chamber 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 will
be minimized. Further, the configuration of powered and grouna 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 workpiece 56. .

20 Workpiece 56 is advéntageously-positioned in processing chamber 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 platform 68. Relative to
known plasma treatment systems, minimization of the volume of chamber 12 for
a high pumping rate and precise positioning of workpiece 56 permit rapid

25 plasma processing at a reduced power level.
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.wWithin the plasma treatnent system 10 and provi des output signals to
operate 5 the gas flow control 300 and RF generator 302. The control 304 is
al so connected to a programuabl e graphics user interface 30& NOWeqs
interface provides user input devices, for -exanple, pushbuttons, swtches,
etc., and further, has output devices, for exanple, lights and a display
screen, thereby allowing the user to follow the status of the operation of
the plasma treatRetindlid By st eEpkBrantatoaitrsobteint 19 OPeTeatd @R.flolhe contr ol
304 may be any type of mcroprocessor based control having both |ogic and
arithnetic ceapabsdi drides.RF@Eneraaadgl cennect@t pghapmwabdseg dgnsecantrol | er such
as Model Direct Logic 205 nmanufactured by Koyo and commercially avail abl e
f rom Aut onatiteatridnt ecteno tontGUBNH regsye sGeputgighalsFart Veeibys tdecegr aphi cs user
interface 306 is also 15 manufactured by Koyo for the Direct Logic 205 and
i s al so conwithic itrel dlasmeatesitrhedilsgstémait ahdtrooedesantdt sigodls td\Ngper@é | y, during a
pl asma processing operation wthin the processing chanber 12, a plurality
- of proceSs feges flaweomiokdeh swd Rir gerzeratanBd| the3@Btirol IAéspbary process gases
include Ar, He, C02, N2, 02, CF4, SF6, H2, and 20 m xtures thereof. Each
process gascémectan td adepentesiie graphisupgsirynteyacesib. J0Qintwofapei sed of a gas
source 310, a mass flow controller 312, an isolation valve 314 and a

sol enoi d vaPhipeidgd Bser input ¢ryices.dpp@mptte Peshbwiorfaseitches gatc., andanpl e, Ar and
02, are used, there would be two independent gas supply systens 309a, 309b
conpri sed ofur§éls haveHted sleggesoipr e3amep, oSN dfd GeplPoscernmt herdber s 312a, 312b,
i sol ati on val ves 314a, 314b and sol enoi d val ves 315a, -23 0 7 NOV 2006
315b. As wi Pllovng tappperde filed theagiunainbe Prejtiiuefiths BlagMa §aaimedbpl i es 309n
may be connected to the manifold 308 and each additional gas will have its
own gas 1050t 39 8p¢ ComiSsitsrIrsiRtiednt PoFPE! dxbmay PeaMaYPHA’ val ve 314n and

sol enoi d val ve . : : : -
mYcroprocessor 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

15 manufactured by Koyo for the Direct Logic 205 and is also commercially
available from Automation Direct.

Normally, during a ptasma processing operation within the processing '

chamber 12, a plurality of process gases are mixed within a manifold 308.
Exemplary process gases include Ar, He, CO3, Ny, Oa, CF4, SFs, Hy, and

20 mixtur.es thereof. Each process gas has an independent gas supply system
309 comprised of a gas source 310, a mass flow controller 312, én isolation
valve 314 and a solenoid valve 315. In the e*ample where two gases, for
example, Ar and O,, are used, there would be two independent gas supply
systems 309a, 30Sb compris.ed of gas sources 310a, 310b, mass flow

25  controllers 312a, 312b, isolation valves 314a, 314b and solenoid valves 315a,
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315n. 5 In addition to independent gas supplies, the gas flow control 300

i ncl udes vacuum punp 144, vacuum val ve 140, sol enoid val ve 341 and

pressure gauge 52. The plasma treatnment system 10 is highly r@gp¥hsi2eo8 to
changes in processing paraneters Therefore, pressure gauge 52 is placed in
close proxigity to nber 12 an isfn}qjdhy connﬁct§$%$o t he chanber
12 10 wit h%ﬁ?be‘*%’!%“ B? a%\orie%%f%rﬁ”é{é‘é 8l §f 3°4gee! GPAMRRLES M@anpl e, a
0.500 inch dianmeter tu urt er includes bl eed

val ve 54 anB® FRrEeciepiq BFE”Q%%gsgP”%g?ﬂﬁgﬁémPﬂéaBPHJggé. §W8ﬁ5ﬁber 12 back-

t t h t t Al t
ok 20 eSS Ba G N Tl oL BT G AT VeSS A GO iy Tl ose

proximty tg ghe 15 processi ng chanber 12 and has a relatively |arge f|UId
comuni cat i hrbpenlng therewith. Thus, the bleed valve 54 has the

capability of tur£m§ 8%ﬁgpe@rocesm i ﬁg&géa Cg&mﬁg&?spherlc pressure
€

in appro |natel era I'S conprised of an RF

e SuPPl o DA ALAg y 4 HBONRLaNE 12D LIDBLABLE ARG of | pedance

mat chi ng delFe a parr variabl e air capacitors. RF
1356 Me. FPae §Eﬁ,ﬁ"’§2b?&?ﬂ%”»gére%%ﬂéﬂ%t?ﬁw@gﬁ9%%3,@%*2%03?doaizﬂ :
and about 6 [ o tts. RF
power fron1?%%ﬁ€%&ﬁggﬁﬁgé §5gg%§€?$g$%eéﬁeg@g%§4b?% apﬁ%.é%Q%@gr an out put

328 10 subsppal frogHiM %tﬁwe@ﬁ’arﬁ@rQZ 2Pl lé"'ﬂﬁay@or%éctteb% Peeessse chamber 12. A
phase capacitor 320 includes a novable plate -24 0 7 NOV 2006 connected

‘to a motigr FAd 1 @Rdsidhs Q&ranrsggo@mﬁg%%&aé\br @r e323pit Nab 500 P¢hdes an anal og
f eedback si.gnal on an input 323 of the control 304. A magnitude .capacitor
324 has a mayaRle weatmBe gaONGELE ol SO@IURBENQRCIZRS basad ve Bhand has a
solenoid 357 for bringing 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

15 p.rocessing chamber 12 and has a relatively large fluid communication opening
therewith. Thus, the bleed valve 54 has the capability of returning the
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 device 320, for

20 example, a pair of variabie 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 subpor‘( 64 (Fig. 3) within

25  the processing chamber 12. A phase capacitor 320 includes a movable plate
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phase control 326 that provides an anal og feedback signal on an input 327
of 5 the control 304. The control 304 utilizes a known PID gonj§elogigoop to
provide anal og command signals on outputs 328, 329 to the respective
motors 321, 325 to nove the plates of the variable air capacitors 320, 324
in a known manner. The PID control |oop of the present invention utilizes a
control al gonnedied totaraetontriAEt HERENAS Brho e el 2N I4F8iaR to i nprove
performance at ‘the 10 boundary conditions. The magnitude of the feedback
si gnal on tanaldgfpedbagoganahar aa inpahde offthe FPINPL 4y 6t 1'897iwdes5 volts; and with
a constant gain system as the nmagnitude of the_ feedback signal noves
cl ose to anePehilosHghhasemErts plateg98neged RATUPAt #4551 fgﬁ%lhégéyst em contr ol
is difficult. Traditionally, the gain is set to a fixed lue that is a
f:otrrt)_r om fﬁ FET@tS?\/é@'ﬁIOﬂ Baft thalcdRddES B HIRA Teedasck §gR?! °§iaﬁr‘|'éq“t¥&/%fl s whil e not
etting e control system saturate at higher_sign | evels. The result is
a g;anerafl’lythééf]rﬁf%ﬁ@%eﬁ‘ecﬁonlr@v@f‘ Uiigzre| kd‘P%E&QB ro?'iggf)é%%ﬁo\’/g?\ess and
performance, that is, the time requjre r the caontrol t to
stabi |1 ze o BB PGB A PO o AEPRORL Yo 25 20 hres,  and
dynami cal ly sets, again | ue a function,of .the signa rength of the
(210 fegdbaﬁktosr\"?j“ﬁéﬁ‘e Atep ﬂéﬂf’ Hﬁrﬂﬁ%?%ﬁ'é.capﬁ‘fh%r? @g(ﬁeazé)luba Fr(‘)%“bn rilng'%"({:err'i tigcal ly
anped, " that i it reaches a stable state qui. ik . 1 0i mum of
overshoot. In otsrhérpﬁo F‘E‘érﬁt@i’%?ftﬁﬁ@reﬁﬁﬂﬁ 'H\@enﬁ% ng%g %ﬁﬁqt%ﬂﬁlg&)%ﬁs in a known
manner to tch an . inpedance of. = Sy i an RF out put of
Lhe rI?F powel 353§/ cE S?FOY'%eéﬁﬁaﬁiaﬁ% %@%&E%%ggﬁ@%tﬁ eatgllg:e | oad presgnt ed
y the circuit within the. P0G &5Si. - r : esired
irrpeda_n?g VA ,afyf°8Pé‘Q‘$<”§;rrSﬁgf”agg‘twezcg e R s YRR RN e
appreci at whas\’?[ﬁﬂ?ﬁgf Adnd, QL t&i??}ét)lﬁ‘ééa/d'@i‘fﬂéwﬁ%n?‘ﬁgn 3 feHlddthged in

association w € operation o processi ng chanber 12. For exanple,
magnitude of the feedback 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 while not letting the control system saturate at higher signal
levels. The result is a generally compromised or lower level of system
responsiveness and perforrﬁance, that is, the time required for the control
system to stabilize is longer. The present invention continuously recalculates,
and dyna.mically sets, a gain value as a function of the signal strength of the

20 feedback 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 oflan RF system comprised of an RF outpu_t 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 vaiue, for example, 50
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limt switches are utilized to detect the respective opened and cl osed
positions 5 of chanmber lid 14 (Fig. 1) of the processing chanber 12 and
provide a state feedback signal on a respective input 331 of Utf‘l? g ol
304. Those limt swtches may be connected t'o the |lid actuator 8 O@@lg.
2C) operating the lid 14, may be nmounted on the |id 14, or otherw se
detect the ppsition of the lid 14. A proximty switch is also used to
detect the desired position of a workpiece 56 10 within the processing
chanber 12. Thergs @il 8e BBSWcigielif @iriond limicomprexivitabhiychegsad behltiezddi mit switch
devices that utilize magneti sm nechanical contact, light, etc., to detect
- the proxim iyaebcip@pivithaRe 8fergtibnadjreairocebbieg chonime 1af Far pamiplcul ar  type of
comercially available limt switch is dependent on the application and
pref erence amitishecrdeSicon@rad thaleat @adegpettve cpbnal plddosedposidessi ng cycl e
may be determined in several ways. The plasma treatnent system of the
present Enventhaaibeh@sta(Fiuenyofthghroct esirel chaimbentt aral proddelatsteer ef ore, t he
~plasma processing cycle is highly repeatable. Hence, with the plasm
treat nent sysidemtkafigriahen preapeciive inpuedit i gnhe ¢dngolciDdt Todse B4 nornal |y
utilizes an internal tinmer to neasure the duration of the plasma 20
processi ng ewithes may becweneanpas to dreet lidoardyaterr 2@ fidg piirepetidingdtedd 334 i s
operatively connected with the processing chanber 12. The end poi nt
det ect or 3344 may pomauaitby om theHigt idebreiheriise sptectihe rRsitiotefdhrgislast ate in
response to detecting a desired and particul ar wavel ength of the |ight of
the plasma demeriattesvitghtihilpo usdedo grigelss dpgred watiet ofipwonpigempd ,
comuni cati-on between the end point 25 detector 334 and the interior of the
processilfig e¥ihindes progessing chamaerhize iBgremse mapy differerheRmPeEE!Y di rect i ng t he
end point detector 334 through the viewport 34 (Fi 8 \ng or m%gnti ng the end
poi nt det ec@srilaBB4imij siphdaces et iviiFesragnsiien. (T adirdhviRtact |y wal'l of the
processi ng chanber 12. Creation of t h? gas. gl asma Wi t h#' n t,—Pe

: etc., to detect the proximity or position of afi object. e choice of a particular

type of commercially available limit switch is dependent on the application and
preference of the designer.

15 An end point of a plasma processing cycle may be determined in several
ways. The plasma treatment system of the present invention has a very high
level of control; and therefore, the 'plasma processing cycie 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

20  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
desired and particular wavelength of the light of the plasma generated within
the processing chamber 12. Visual communication between the end point

25  detector 334 and the interior of the processing chamber 12 may be achieved by
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processi ng chanber 12 produces light. Further, the wavel ength of that |ight
5 changes with the conposition of the different materials w ti§imNOVieggas
plasma in the chanber 12. For exanple, with an etching process, as the gas

plasma etches different te e. sur 8 of he wor kpi ece, the
wavel engt h 61freCtTHér‘el?”&rﬁo'”gsﬁtﬁf@d %tLEoﬁgwtrfe Vs a:{: Fl?e”a function of a
conbi nation of the Q er| al s After any

~coatings anHQFﬂﬂﬁW e@%pﬁ3V£ %e%ﬁ”@téﬁc%egﬂg%ﬁj nm??m%Q Tonti nued
et chi ng mnll nblna 0 ve material of
t he wor kpi edé §% Pﬁmeﬁﬁglqu?ﬁﬁ 'ongiggga &aéﬁgwg?ﬁtes a uni que

I th of ht which t 334, d
he. et ect o 531 M BUT ee" 4560 Ry feeF?f Q%Q?“eq”%e\eﬁ@“*th% it 336’ back

to the C%nt Rgngr:%ge'vnh rt%uc'sorrio%glhgrﬁ)wtrwgglff\%%%t f’n%he%tglg%vnhgbacé Cpgla Wﬂen t he

pl asma processi fee S|gna changes

- state. Fig. téeeh%rr%e Q\A&J?%&;mgude.mrﬁétmg?h@%eggogmte (RS gR5mene control 30d

in inplenentihg a typical Sha processing cyc a part transfer

cycle is i %'tc%w%@[’iﬂgrenm eHQ? DAL PERERE Bf tHeRRrGAET Bk \A%Qée@g{tﬁ)\ﬁf des cormmand

signals to a control not shown) that causes the positioning | ever 94
to nove an tWI%ﬁpE@&%@ng}% RiRCEI1 86 ol B @oh BEa ehaRhalon b2iHRgfween the side

rails 78a,b he part I's noved into position, one of the limt

swi t ches 33QHAplamlSidheot th@RGede RS AftcPBnPEodiRgs B impantksMz0yi des a state
f eedback on a respective output 331 to the control 304. Upon the control,

at 604, (et eeth B@nhdd FEHARGEsUHAC REnt#Res BichBl will Rb@!t inrdiog@inaben bthat t he part
"is loaded, the control 304 provides a -27 .0 7 NOV 2006 comrand signal on

an out put 33poriPofARERatRe &@t&iaobfdhe/abmﬁieaéaand fheejaoprBmMaoiTRMoi d 338 directs
pressurized air froma pneumatic source, for exanple, shop air, 340 to the
|id act uat orcohBdaiidh roélides atun@e eausemph bhigght wbica st detdotrd ti2Re eod
point detector 334, and the detector 334 provides a binary feedback signal on
an output 336 back to the controi 304. Thus the control 304 is able to detect
15  when the plasma processing cycle is completed when that feedback signal
changes state.
Fig. 5 is a flowchart illustrating the operation of the control 304 in
implementing a typical plasma processing cycle. At 602, a part transfer cycle is
initiéted. During.’.that p.rocess, the control 304 provides command signals to a |
20  controller (not shown) that causes the.positioning lever 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

25  switch state indicating that the part is loaded, the control 304 provides a
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nove the lid 14 to its. closed position. One of the limt switches 330
detects the 5 closed position, changes state and provides a sta fRe ck
signal on a respective input 331 to the control 304. Upon detecting t

lid closed position, at 608, the control 304 then, at 610, provides a

si gnal overcoamautyrzl 4@ capotedditcngrarnesgaioghailve 341 The opepen t he vacuum
val ve 140. Sinmultaneously, at 612, the control 304 10 establishes a
pressure setolgnoidriil8eiach ptessPREPRECESS) apueundlit satres fopeeapleon of a process
pressure nonitor. Normally, in a plasma treatnent system the chanber 12
i s evacuat eshop @irad4dddsitredd amhatdriiR2dh pdiredtiah cammgune it edwalee!Pricor to the
start of a plasma processing cycle. However, the initial evacuation of the
chanber 12 meveaheiigrd4 sotssinsengoptiat €8re ofApplinic switadesl B3t datestethet hat hi gh 15
qual ity plasma processing can be undertaken within a range of pressures
above dnd desedwoaitierpcherigey siateendirovdess algle fpeddgsiusignalionldi n t he chanber
12. The perm ssible pressure range has been determ ned by processing nmany
“parts undeesrfictifeeippyit33¢ dhBecPoifd S8#t hi n t he chamber 12. Thus, with the
plasma treatnment system of the present invention an upper pressure
boundary i m t, Uper detgctiagdrmlidecioseg@ogitien rat 60% theeqoniral 94dhesy ahddi ng an

of fset pressure, for exanple, 50 nlorr, to the normally used processing
pressure, fOP RAAPT @ SIIDTYEVAARSY FUIPULRAL CRBMaNGNY bhikerlepPidS4iife boundary
limt, for exanple, 150 niforr, is determned,. by subtracting the offset
pressure, f%*”ggaﬁﬁPgﬁVﬂbeﬁﬂ%r?W“#?@ﬁ%?ﬁeaﬁﬂgﬁﬁgF?““%g@ﬁ processi ng
_pressur for anple, 200 mlorr. In this exanpl.e, the 25 pressure nonitor
Dyot em bbt AHTERES 2 e PP, srelioiBesss 70 Bhaes el 58 o 7 Nov
2006 200 mlorr as thergrﬁssq%e sthpoiptm g%tttﬂfﬂp[es ure nonitoring
syst em wi | IPRGTS SEFSHR "M 4P m o "8rhE WP S NpAEE "t WeGpetati on of the

D TR wr AR, I Q50800 A% b Y3 ard eB bER N BRI BRLVEEN e uPper

and | ower boun

the start of a plasma processing cycle. However, the initial evacuation of the
chamber 12 is a time consuming process. Applicants discovered that high

15 quality plasma processing can be undertaken within a range of pressures above
and below a normally used processing.pressure within the chamber 12. The
permissible pressure range has been determin.ed by_processing many parts
under different conditions within the chamber 12. Thus, with the plasma
treatment systém of tHe present invention an upper preséure boundary limit, for

20 example, 250 mTorr, is determined by adding an offset pressure, for exampie,
50 mTorr, to the normally used processing pressure, for example, 200 mTorr.
Further, a lower pressure boundary limit, for example, 150 mTérr, is determined
by subtracting the offset pressure, for exampte, 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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of 250 mlorr and 150 niorr, respectivel‘y. Therefore, as long as the vacuum
S punp 144 is running; the control 304 is nonitoring the inpy; %49 {ch is
provi ding a pressure feedback signal fromthe pressure gauge 52. Wen the
control 304 detects that the chanber 12 is evacuated to 250 niforr, the gas
plasma is siar c . Siaul tan | ' - pr r nitor at
612, the co§h r%fgréagz!,h%iﬁggt% %gigﬁéfm#%\?ﬁE%%%%h@&gﬁ%&ﬁ%?@ V@'\I/Fe@ t he outputs
344, 346 to r JoA 8| t Lsol ation

val ves 314, “PRReRLE opBEERRRI L TR Sodie Al G fiem Pl Al AL 2 Lort oo
at a predet ] fl r at - s LG Gentinmeters per
m nut e ("sc%ﬁ%&?%trhe/&?é@s hég?]?’ggvggtp/g'?g %‘ g?@"?@@?’ﬁ%ﬁﬁ%?ﬁggmss flow

control I er s, 3kg angd: 1 he RUMRINGhaliReRf Thereldle MAGHIUE RUTR.LAG are adj usted

f
to provide a processing pressure sul tgbl e for plasma generation so that

subsequent pr Si 388 is SHSIRARNEE indk 85858ichE Pressures within
the cha erm@g%elgtrgﬁl aﬂhgg"@ﬁdt heIS or der Eﬁ(;f 5In Uto 1008 mlorr and

~preferably ﬁr@viﬁihﬁg%p@%%@re%edjog@ §i?na2%ﬂﬂ@bfessdr@ gaG@NE s afheh thePr i Or Syst ems,

the processing c 12 1s continuously evacuated 20 sinultaneously with

the i ntrodugi8n@fdetdte REQGESTnRS a8 hehatad ® 250ithT @ Ithe gaésed to purge
anbient air fromthe chanber 12. In one enbodi nent, the mass flow

control | ersp3dda Argareperated to provide a flow rate of 30 sccmto the
processi ng chanber which has a volume of approximately 0.50 liters. Thus,

fresh gases are sxahasged wintddring the ppeorsHbGr stEzhBE cdAr@pp4s,oxi matel y 25
four times per second. More traditional plasma treatnent systens exchange

-29 0 710NOVatHQBprotibes @asnard sidnalsprvec eesiunpytclvanbes toagppradxi mat el y once
every five seconds. The higher gas flowrate of the system of the present
i nvention i rppenties mabefiow emirelidrs 61 2 ehd sedtioratatves#l1d. Bnutesd gasris cont am nant s
fromthe processing
introduced through process gas iniet 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 pump 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 mTorr and preferably in the range of 125 to 250 mTorr. In
contrast to prior systems, the processing chamber 12 is continuously. evacuated
20  simultaneously 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 chamber which has a volume of approximately 0:50 liters. Thus,

fresh gases are exchanged within the processing chamber 12 appréximately

25  four times per second. More traditional plasma treatment systems exchange
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chanber and al so m nim zes the deposition of etched materials on the walls
and 5 tooling within the chanber 12. The control 304 continuouglz NOWIggigor S
t he feedback signal on the input 348 fromthe pressure gauge 54 which is
continuously neasuring the pressure or partial vacuumw thin the

processi ng Chah&in k2 prélesGh _chérh@er%iaﬁﬁorx%até%ncéiﬁieﬁﬁﬁv% 8B&HYs! e Pressure

in the processing chanber 12°is equal to an initial 10 pressure, that is,

the normal |y nitgRfgd iRGESR d1thdddBRpHsanbkeSeihtheealidsiiproves @ksur e val ue,
whi ch, in the exanple above is 250 nmlorr. The control then, at 618,

provides a cosmBnosdigHal mAsiAaiibtRet coakfibhtd W6M e prb&RsRE power  supply
318. However, instead of providing full power fromthe RF power supply

318, the contchahpsiQmhdGRTRRRAGzdshee REpRIVE bf SR MateBalS dpewARla)da N ni mum
15 power |evel, for exanple, 30 watts. Traditional plasna treatnment systens

initially sappbofing Within peneiamber ihe processing chamber 12 via the tuning
network 320. Creating the gas plasma at full power often results in plasm

spi kes, el ectri cTiy @siroleIneragitifuatsig pohiors GidfeedmabBhaies tadidpa very
unstabl e gas plasma. Further, since changes in the gas plasma result in a
di fferent RF J6&dm2be pressire gpugecessihingisclatrhens/) Zheastmguhs pabiee gas pl asma
makes it very difficult for the tuning network 320 to match. the i npedance
of the RF sysit eantitlovaauundedhin ¢tk prataseing CoarsbeuientAty,16 Bige corittol 204 y creat i ng
the gas plasma at full RF power, a substantial anmount of time is consuned
wai ting for tdeteclvemmehe presstrabitheé pecesdity ¢hatther p2 bemsslitngn afitehber 12 and
thereafter, operating the tuning 25 network 320 until the desired inpedance
mat ch i s @st dtssyisethat 9V the nedvelp Lagrhrioces3DI@ressNE\ 2008 offsateat ment syst em
of the present invention, initially applying a | ower_or mninmmlevel of
pover, for ePARsHE,vaBe. WAt d) thee emaleApsrein {78rmias theeopiradiad. A -t he
chanber 12 to stabilize very quickly when conpared to traditional systens.

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

15  power level, for example, 30 watts. Traditional plasma treatment systems

initially apply full power to the processing chamber 12 via the tuning network

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

electric arcs, ehergy Hot spots, other anomalies and a very unstable' gas

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

20 inthe processing chamber 12, the unstable gas plasma makes it véry difficult

for the tuning network 320 to match the impedance of the RF systemto 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 theréafter, operating the tuning

25 network 320 until the desired impedance match is established. With the plasma
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After turning on the RF power supply 318 to the m ni num power level, 5 the
control 304, at 620, executes a 200 mllisecond delay. This delay period
permits the plasma at the mni num power |evel to stabilize. BHeN@&iHSr, at
622, the control 304 initiates the operation of an automatic tuning cycle
or ‘autotune Ve@EPbIysHy oihe presend invapibintialy prrdvipme iowsr sr minémursed t o mat ch
the RF inpedance of the output of the power supply 318 and the RF inpedance
of the 10 i tf¥8tofaPWenEr graseriesIOmptiehienbe pysiam permitsdess plessda imthedance, f or
exanpl e, 50 ohms. During that process, anal og feedback signals fromthe
phase nagni t GRMPEJRLER 8?%”'@2’2,”/ PG A eerprmAadRbiodirditieap srstewe. i nputs 323,
329 of the control 304. The control executes a PID control |oop and
provi des command AiegHANSS ehthefdE PR SURRY 3PBlo tRoginiguypewst evelhe respecti ve
nDtOFS'32é, 25 such that the 15 variabl e air capacitors 320, 324 provide
the desirBd MFFEa%RIcEnaideh. exerieT®AY? Billisenant deley. 6us delitRarigines whet her
the tuning network 320 has  achi eved the desired inpedance match. Wen that
“occurs, the B%H‘I"PEWG é@s@a glithe BWNUBEGIRSIVY 19 8lRpishe NSERAER™ PE B#R.i t s i ni num
l evel to a nmaxi num levyel: a as the power is increased, the control, at
628, continues ?Btr%ﬁggéﬂt@tetsﬂge PRAAPYRG BENREIATGER (P9 UCRIPT 84PN uccessi ve
power |evel. Thu as the control noves fromits mnj power level to
t he naxinun1%%nrfbﬁg@gwEeﬂﬁaawaﬁfgﬁﬁﬁﬁﬂfﬁmaEﬁﬁé%ﬂ?%?qbg%g}s cont i nuousl y
adj usted so he .i.npedanc resented tg.th ower su 318
remai ns mat cm%td? ']é)cet%é%ug?%tggthgﬁogﬁrn%%%gdﬂBﬁﬁgltri‘ec %Pr%pedﬁa?)eegfgg“ covered
t hat by i nt.aj ni I nce iler ing the 25 power up to
t he naxiﬂ§n1rgyg#?%3&§§§Bﬁ$?§%3&ﬂég%%%gggg*ygpgéﬁﬁgv ae%?“%ﬁﬁﬁf -31 0 7 NOV
2006  power pihnd essidd iR pnﬁes,la}alvgfeeggaaﬁ@%;iﬁ;&#mé 8o WERG IRl tlal |y

turned on to its maxi-mum power |e edan ng operation

execut ed. |t s $208d 0k B idaaLn ASspbBRRANRS 335 368 BPHBGoMtR 5641 tS Maxi mum

| evel ,
The controi executes a PID control loop and provides command signals on the

outputs 328, 329 to operate the (espectiVe motors 321, 325 such that the
15 variable 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
1626, begins to ramp the power from its minimum level to a maximum level; and
as the power is increased, the c'oﬁtrol, at 628, continues to operate the tuning
20 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 continuously adjusted sb that the impedance presented to the
RF power supply 318 remains matched to the desired 50 ohm load. Applicants
have discovered that by main_taining the impedance match while ramping the

25 RF power up to the maximum level, a stabilized gas plasma is achieved at full
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t he process gases are flow ng through the processing chanber 12 at their 5
desired flow rates and the vacuum punp 144 is continuing to degp;rﬁgwgﬂb e
the processing chanber. As previously described, a range of operati ngBZ
pressure was determ ned by processing many workpi eces using different
process par @eeeendesstigierdoenst tielRdr pavgsisepriaB1éreeladnitally tireedrax taitsm r at e at
whi ch RF power can be increased while maintaining a tuned RF system was

al so 10 det ermaxiedn pavier levehendthk impedanae eaghinRPPp@iieT exatgiedase provi des a
-reduced plasma treatnment cycle. If the control 304, at 630, determnes the
RF power is not alshauid beandtea et 3sehePOWEna raloring en 1o istm&BIByYMagyai, n
i'ncrements the power |evel and operates the tuning network 320 to match

t he i npedancdn& BOEeRs Jgeas a e flowiag sougry the gfocgsng ¢webestatibeiol 304

determ nes that the power is now at its maxi numvalue, the control then,
at 632, be&gi H§sHSHIoNORIEAG Y Bie VARV ERAPBPHE 6F cCnhuing tasiearaspeizertemt cycl e
~while the power renmains at its maxi rumval ue and the plasma treatnment
process cont iPARAESSINTRIATRG™ 2 DPra¥Res!Y FeziReth @ Bpter AoPesling BIgEHE nant speci es
sputtered fromthe surface of workpiece 56 will be evacuated from

processi ng 20'355EEM16% Oy PRCeSIHIUBEMYPEPIESS Usingifh it RTA9RES 11 owi ng stream
of process gas. Pl as tr_ealt ment _system 10 is optim zed to enhance both
the spatial GARIABIHP 95'”98?"’ B HERiECq Meliafsnie IR BEHR MGURhput . The
control 304, at 634,b checks thﬁ statte of tthe flﬁ:Ed\%%Ck Si gnal on the input
352 from t he PRE (5105 "AeiEE 1OFe TSHRBNA B HeSRITSt WaF #FRe pl asma 25

pr ocessi C ils.conplete.. In the cribed enbodi nent, the endpoint of
Phe”*s3218 TeEiBnSoce st bk EotrE S v SRRy Ehdenapo nt
~detector 334 ' [ rticular wavel ength of |ight of the plasm and
provi ding a g%gh%ﬁFeF%nggﬁﬁ'i ng such to the control 304. As wll be

appreci ated, by Pk 91%%%&%?@03 alt §§(9%eﬂ-:’1'm%§ the RF power is not at its maximum

fevel, the control, at 628, again increments the power level and operates the
tuning network 320 to match the impedance to the desired value. If, at 630, the
15 control 304 determines that the power is now at its maximum value,-the control
then, at 632, 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
sputtered from the surface of workpiece 56 will be evacuated from processing
20  space 102 via exhaust port 136 along with the flowing stream of process gas.
Plasma treatment system 10 is optimized to enhance both the spatial uniformity
.of plasma treatment and system thr_ou_ghput.
The control 304, at 634, chec'k_s'.the'state o.f'the'.feedbac'kl s_igha'l on the
input 352 from the end point detector 334 to determine whether the plas.ma'

25  processing cycle is complete. In the described embodiment, the endpoint of the
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of workpi eces using different processing paraneters, the anount of tinme 5
required to process a workpi ece can be determ ned. In an altq”\ b Vfﬂp
enbodi nent, the control 304 can start an internal tinmer at the sane qma
that the autotune control is started at 622. The timer is set to the
amount of ti n‘EOC%Sé'QQIFYC&d'StdSteﬁPBE%Eé the USPRIPE %f‘é%‘:t%fswfivé@teéh?ﬁ dically _
determ ned. Therefore, when the internal tinmer expires indicating an end
of the pl asnaoa&‘cb'@é@’éi’eﬁ‘ﬁ‘gim‘)fd‘%tlcéthecﬂ’iésrfi%ﬁ’ﬂq pieviding acigr@bieatassntinge
expiration of the tiner as the endpoint of the plasnma treatnent cycle.
Upon the cont$“6l" © BE cgE! 3%tAe°c‘f"f'H§ agPECRisd. By prtoﬁ%sséﬁda IB@ermbeedback
signal on the |n ut 352 representing an end of the rell asma treatnent cycle,
the control ?§(5"4’ kpéﬁce%%%”g eI Eecey SR8 RRENE € FgRaPT8YNof 8MBut put 350 t o

cause the 15 RF %ower su nent or ramp down the RF power

318
fromits XERURA R Peressd \X‘Prgp'ﬁ?%ﬁﬂ(}?ﬁcéé?f@'”e‘jw? ﬁ%?'lt%fnattvﬁe power is ranped
d f t t t d
Thus, over arf ?”?E%%W% 5\ ol Qe i %%"Fegﬂﬁl ﬁaar * 3 197 408 ehe. poner - up
f t t h trol 304
d(ra?(rancltl ?lgm glt R%@%to Upﬁﬁ?nt ?\'5 I‘ﬁg g%méﬁj%“e t'rB?)r §/s 2nthe§%l9ﬁgc‘?f(rﬁ'g}?g power at
the mni mum | gésﬁ? ed (Ehl% gssnat &i(pl?zg ast\pgpemﬁbcallgégtertlﬁgdc %.P 304 checks
RET

that the RF s em i 8 funed” T'EV2 eafter, at

642, the contjol 0 it naepégp.rggﬁdeg n;gtsmnocmeragsn@g&csgg%gut es a 200

mlllsecond el ay- |ch erm M at the m ni wer | evel to

stabilizey Z%ya@amucb%@ tﬁgﬁ%ﬁhgeﬁaﬁgnmoﬁﬁkﬁér% tﬁQ'exdg&Mt% the RF

generator off -33 e end o processing cycle and the
tuni ng networt}ge bgshgtr@atﬁkﬁgﬁcgorrespondl ng to a processing power output

fromthe RF power supply. Hence, when the next cycle is started, which may
be at a different Upgyek chbR¥S! at 658 MRtecting 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 clommand signal on its output 350 to cause the
15 - RF power supply 318 to decrement or ramp down the RF power from its
maximum level to its minimum level. Nbrmally, 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
20  supply 318 is providing péwer 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.. .Th_ereaﬁer, at 642, the control 304 turns off the auiotune control. and
- exeéthes' a 200 milliseco-nd delaywhich_ permits the plasma at the"minimurh.
power level to stabilize. R

25 Traditional plasma processing cycles simply turn the RF generator off at
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time is required to for the tuning network 320-to match the inpedance. In 5
contrast, with the present invention, at the end of a cycle, the tuning
network is tuned to m nimum power. Thus, at the start of the) hedv 2006
processi ng cycle, when the RF power supply 318 is turned on to m ninmum
power, the t uimH erg di@tpMdeksin@2@id, and theausb@hetwstkdh it hsthte ei t her, the desired
i npedance match already exists, or it can be quickly tuned to a match.

M ni m zi ng t eniregpooding tvea REcespit @oweaoutpdiGrometha|RF pawee yappdy. tHiemeesavi ngs of
"up to 15 seconds. Next, the control 304, at 644, stops the operation of the
pressure noniwhen thearectt prevs diaged ovmmbindasbeyated differant foeveolev@uiane342 and 346
to cause respective solenoid valves 341 and 315 to cl ose the respective
vacuum val ve tiir40s emqdired todbrdbé mning akivask 3200 rratch Herimpedemceomnt r ol 304

provi des a command signal on 15 output 344 to term nate the flowate of
gases t hr dugleontrast aptptioppresard inversionf dtahe ecdolft  eicleeths t@1iXg natworkdsli t i on, t he
control 304 provides a command signal over an output 356 to cause sol enoid
val ve 357 t o tgperio miimbiheedey alhve, B4dhe sthdpklhy nedapecessog cydenyhehe

processi ng chanber 12. At 646, the control 304 determ nes that the
pressure w t kaRE ﬁ@qul'rstbléellegt@ﬁaﬁhﬁ@FO MRIMEMPQHSh &ettHaing petegifal to 20
.atnospheric pressure. This determnation is normally made by the control

usi ng an i nt SERA n@iste sy thaagilipe N RS RO APRFapsaBalch ligade X665

depressuri ze the grocesa ng chanber 12 with the bl eed val ve 54.

Thereafter, &f !6280e ek tHAes B12 maea: MiUTIzEsuRng e fl S¥F'§RaRon t he

out put 337 causi nrg the solenoid valve 338 to change state and reverse the
oper at i onl %of "eHY T PY§'ed tﬁ?%%ﬁvtﬂgsfﬁlﬁ”ofé SFﬁ%’Pdéafter at 650, the control 304

dttthtth|dl4 4 0 7 NOV 06 t
aﬁdelcnlstl a?es aes'ﬂ%)ﬁe‘E%F‘l?firobggr"' att6r n§tf38? th@f@ﬁ?q%@??thefﬂeesﬂ%wng? oceggs: sI o

talht?gr rngffsée%rquggﬁvfgé%t%g%?ngiﬁgg ej ges%eosl.lgputsl 9% and 3%%(!0 Za&%ges%%ctﬁ‘/%
solenoid valves 341 and 315 to close the respective vacuum valve 140 and
ieolation 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 646, the control 304 determines
that the pressure within the processing chamber 12 is substantially equal to
20 atmosph.eric pressure. This determination is normally made by the control
using an internal timer to measure a period of time required to depressurize the
: processmg chamber 12 with the bleed valve 54. Thereafter at 648, the control
304 provndes a command sngnal 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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chanber 12 according to the principles of the present invention which
includes 5 a variable-width substrate support 260. Supportﬁg
advant ageously permts workpi eces of variable dinmension to gge@"@ﬁad
thereon. Referring to Fig. 6, substrate support 260 includes an el evated
pl at f or m 262 pe$itan aridiidbabd y scaesdiespart ansfreeadbe2. opposede siodesy ai | s 264.
266 and a flat plate 267 that is attached to bottom el ectrode 202 by the
downwar d f or &ehepisipeeldd iy secoebsitd workpigcesl2. 10 El evated platform 262 is
mechani cally and electrically attached by a plurality of fasteners 269 to
flat plate 267. Adgshand 7isigpiatarosierzai8e e@pOdimente theaprbses@d, 266 are
noveabl e between an extrene position near the perineter of support
pl at f or m 262 chamierd@rceciding tnsthe Porcipi¢DAlghe heeskummyieniah wizith mxliudesof el evat ed
platform 262. As a result, .the separation distance between sides rails .
264, 266 fay2hariase-yith adstrae sepmnmedateiraometkpiveoegedslyafermitpr edet er ni ned
~transverse wdth, Side rail 264 and side rail 266 are identical structures
“that w || beWodesees ple@rish'e Himeasian inberaceived Herqoai Refee®ig tRéiebring to Fi g.
7, side rail 266 conprises a horizontal nmenber 274 flanked at each opposed
end by an i nf&Rjirale supeet 2RUNCIpeStanEreyated RIBEREE2 X8 sidepbiigerrieangi t udi nal | y
along the entire length 20 of horizontal nenber 274 and has a U shaped
cr oss- sect i oVAANPYFaRE IpPaRRSt WerivetP4ncE? ANY AdRt Ridte 8pf Habisgdipssder al edge of
wor kpi ece 27% Each oPBosed end of channel 278 includes a flared lip 280
that facilit 5008 §ieRlAE &U2 e (PUNERTASPEE BBISELY SACh he it Rpi ece 272.
Each vertjca ost 6 i udes, an per prong 282 with a threaded bore 25
284 for ﬁgcelz{?ieﬁtﬁdgé fagm 2@'8\5‘?%%‘“?32 aqd 8@%@8 B Py adEST The | ower
-35 0 7 Nov 6 rfa f er. 282 prong i isplaced.v ically from
t he upper sur?a%%élgrsg#glt%\ﬁérp%ﬁ? g% é%%wotwgpoé/raé'%f”észgg' ﬁ(}d@ﬁ? 5&"?%‘5-290 of a
\_?tht ihnfjgﬁt a!t ?%6?].111ﬂfgﬂws(a%?llaggﬁﬁe%rbrgrggétl}gﬁ%E)Qslit?o%nn%sarsth%fpeﬁllngt\éggﬁs%pggr?t form 262.
platform 262 to a central position along the longitudinal axis of elevated 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
dgscribed with refefence 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 iength
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
oppbsed end of channel 278 includes a flared lip 280 that facilitates slideable
capture of side edges of the workpiece 272.
Each vertical post 276 indudes ah u.pper prong 282 with a threaded pore

25 284 for receiving a set screw 286 and a beveled lower prong 288. The lower
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a peripheral edge of elevated platform 262. Accordingly, each side rail
264, 5 266 may be i ndependently noved to a predeterm ned trang;yq{os,ez
position and affixed with set screw 286. Wth reference to Figs. 80£§ in
which |like reference nunerals refer to like features in Figs. 1-7 and

accor di ng t o safad dreppertisy @r@ahodispaRdd @rtidaliEfroch MeEHdeP BurtdcBef Pl asma
treatnent system 10 nay be provided with a processing 10 chanber 400

i ncl udi ng t heowdrardigrasbasered@ aansientsidamoeior b vl 0d: Bisnepasy imgoupl ed with
t he chanber base 18. Specifically, one side of chanber Tid 402 is nounted

to hinge assemdihtkddsss0ebtatd slaaeraez6d. | ThedBdentaYn b8 SIRlea6l ra@lgs pivoted or
cantilevered relative to chanber base 18 between an open positioned for

transf erring awerikipdreceigh6f éitNaledpladiin 242 tAiCoRMgLEsSInNHeSRA064 102 15 and a
cl osed position in which the chanber |lid 402 nakes a sealing contact wth

chanber base 258 mdywadidegesdeatly mavedio(db@detdImipsttirawiérssbasiicnend2 (Fig. 1)
may be used for shuttling workpieces 56 into and out of processing chanber
400 as descr iaffizdd Iven eetrsct 4861 egard t o processi ng chanber 12. Chamnber lid
402 may be interchanged with chanmber lid 14 (Fig. 1) for expanding the 20
capabilities of tWeéhpifersnee tbFiaat deatin syieh ¢k Eeredde duleransefdrhatikean exi sting
pl asma treatnent system having an original chanber |lid nmay be retrofitted
with a substéatureeindheaderandiatcondmgripan attemngtive leentiodivesmt bitee aspect s of
chanmber |id 402. The chanber Iid 402 is an assenbly that includes a |ower
si dewal |  sedtveaiirr4iw plasmddreethedishsten Heuay wnprd06ed witita aroceskirgd  si dewal |
section 408 25 separating the |ower sidewall section 404 fromthe doned
cei | i ng d8ct icoamMag@ 0 incBging tire samizn0ese Tthendss creameer lis ¢62 hiogeabhi04 and 408
and the doned ceiling section 406 are forned of a material that has a
rel atively hicg¥r'ed it he chpmessmase f 8 vEpgsificalis Rnasidarf chamber iif@%F al um num
alloy. A conpressible elastoneric O-ring seal 401 is

mounted 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 ciosed 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 includes 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 ceiling section 406.
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provi ded between a circunferential upper rimof the nedial sidewall section
408 5 and a circunferential |ower rimof the upper doned section 406. -
Anot her conpressible elastomeric O-ring seal 403 is provi ded bétNovepgg
circunferential lower rimof the nedial sidewall section 408 and a

i reuntf ti i f | i [ 1 ti 404, -ri 51
Comorasel vor y e P0G kilnOls bEYEGe BE R¥Soel SRt b s0dast "D oY oer

id || ti . . - 18.. The, | id |
Soarton aoa| loBfed RS ARLIR Abudh FANIBS e 2SR TR 58Tt asoompl v
section 404 inc udés tWo re . A
e s vt Pt S8 oy B LEU R LM BRI BT OCESIER YL anSPLIL N 11
wal | 406a of ﬁrjaﬁdgplga\geé(}%:{:ﬁ&gwférggﬁéiggpeé}q)i@n &%é%@@éﬁ%&%%‘egxﬁo@ avity 442

froma radio-frequency cavi I's a gas s port 409

is configused,y} Qrc@m_gé?%ntifai leleﬂ?n%H’let Bl SRR £Rudh 4R B3I/ LAVI LY 442 in

fluid conmunication with a gas Ii1ne 405 extending to a source 407 of a

process gas. a—d?reprgs%%lécél&&{)rﬂgr_iééjrinb%egl%gli@&o%&@b&h@é%cﬁ%@@égtiagd'.z by a

gas distribution path including a process gas passageway air 20 of

process gas pPaasadRvens nhtiRfsile G Rch Md dhdd QRESFrIASI RARsAgE My 413,

and nmultiple gas passageways 417 extendi ng from gas passageways 415a,b so

as to term nabRePdi@aatQichnes UPPRHg Pl i3 BahpY&ilAE Bafifred bERIaRC 1 Nsul ator
pl ate 416. Any suitable process gas or process gas m xture nmay be provided

.that is capabicem@freribOyweh g of theeweadiderbissanen atNekd seanbh ¥e species, 25
when excited by RF energy to generate a plasma, appropriate to performa

-37 0 7 NQV 2aGhbedanasisr gasidwapSidelvals sectiblh 8ad meite Pivowmvkporeces 56, as
descri bed herein. Typical process gases include 02, CF4, N2 and H2 and may

be m xed wi t hasaambliesesftwiasyievs pednagsemiily 4 100s Pis@\E i EiA 1RrfOCeSHAng@ms M Xt ure.
A gas flowrate suitable
plasma processes transpiring in the processing space 102 of processing
chamber 400.
Provided in a dividing wall 406a of the domed ceiling section 406
15 separating plasma cavity 442 from a radio-frequency (RF) cavity 472 is a gas
port 409. The gas port 409 is configured with a gas fitting 411 that couples a
plasma cavity 442 in fluid communication with a gas line 405 extending to a
source 407 of a process gas. The gas fitting 411 is coupied with pfasma cavity
442 by a gas distribution path including a process.gas passageway 413, a pair
20  of process gas passageways 415a,b coupled with process gas passageway
413,.and muiltiple gas passageways 417 extending from gas passageways
415a,b so és to terminate proximate the upper r;lanar 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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for downstreamtype plasma treatnent in processing chanber 400 generally 5
ranges fromabout 1 sccmto about 300 sccm and an appropria??,ﬂbggﬁﬁge in

pl asma cavity 442 ranges from about 50 mlorr to about 1000 o] _

mass-fl owcontrolled fl ow of anmbient air fromthe surrounding environnent

of processi ng,ghameal yé@?lagr?d trBSSesk ﬁ&k@ews%e§§d&%ﬁbé?ﬂ%relﬂas been found
to be particularly effective in certain applications for renpval of 10

surface cont Q'%(@Qtp'r&@ss A0 R B WISEE LA AMRE Rh AR eirsix&IBLsed to contain
free radicals, 1 ncludi ng oxygen-based and nitrogen-based free radicals,

derived froméwg%rsogﬁﬁ,aswwg%rbwdelat;sreg@s@ g%e@lmgmem PAIRR e GORSH tuent s of
air. Wth continued reference to Figs. 8-12, the domed ceiling section 406

of  chanber liQicdR2irdasn- gb@)ﬂagr%gtr‘é’eltrrkbn@l oetdrd chhbe 443 Zedtdiy@ power ed
el ectrode 15 414 that fines a powered plane opposite and generally

parall el 150 g5Quedes Moat £sdho shBE WookBEesdRhaberofdde RdsiBen portions of

the doned ceiling section 406 surrounding plasnma cavity 442 collectively

define a groundnlang 442Aarﬁ%@tf@ﬁgéﬂo®[ 50 piTaRas ab&tagdemebect rode insul at or
416 electrically isolates t power ed el ectrode 414 fromthe donmed ceiling

section 406, inclNeiargeweumesed 26y pf &nBiedtlal: frdth agrgrrea@tigy 442 is defined
in the donmed ceiling section 406 as a volune encl osed between the grounded
pl ate 412 ané@ntikenponermecteeting tiiatter 400 may Heaisgt asngedesd gdseandl?2 and t he
power ed el ectrode 414 are each fornmed of a material having a high
el ectrical cdordbetn oubyto uchticatrigktiedtivem crtagmappidatiomanfanealovelyaf 25
G ounded plate 412 includes a plurality of openings or throughhol es 421
-38 0 7 NOV 2Q0&ce oRiagnindlidh. Bash adownsteafr-type pleson s alpemersioaaentaand/ or
arrangenent dependent upon the geonetrical shape of the workpiece 56. The
t hr oughhol es 42 1aditdnincluding pygsnerasad fad ntiogershésedifien rasdicaly, deriveddi cal s, and
ot her process gas species
from hydrogen, oxygen, nitrogen and other primary constituents of air.
With continued reference to Figs. 8-12, the domed celhng section 406 of
chamber lid 402 is provided with a grounded plate 412 and a powered electrodé
15 414 that defines a powered plane opposite and generally parallel to grounded
plate 412. The grounded plate 412 and the portions of the domed ceiling
section 406 surrounding plasma cavity 442 collectively define a ground plane.
A rectangular, planar ceramic electrode insulator 416 electrically isolates the
powered electrode 414 from the domed ceiling section 406, including grounded
20 plate 412. Plasma cavity 442 is defined in the domed ceiling section 406 as a
volume enclosed between the grounded plate 412 and the powered electrode’
414. The grounded plate 412 and the powered electrode 414 are each formed
of a material having a high electrical conductivity, such as aluminum or an

aluminum alloy.

25 Grounded plate 412 includes a plurality of openings or throughholes 421
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| acking a net charge, froma direct plasm created in plasma cavity 442 to
the 5 processing space 102 and prohibit or prevent the transfer of charged
species, such as ions and electrons, fromthe direct plasnma 0dsNeN r2g6i n

pl asma cavity 442 to processing space 102. Typically, the grounded pl ate
412 is effectiye3) abving £6BMigDA!iéh, HintHsidnC amt/oerrgEh 898RN dAe char ged
species fromthe plasma admtted fromplasma cavity 442 into the
processing spparethé@2omdtiea tRadeirantghbirbRse 48 1THEY  RGRSGE 43 04 foous pat hs
having no line-of-sight paths from the plasma cavify 442 to the.

processi ng speqeefbdtial taesHils86i8f ftde rabiREIe SHdNGher SRRESS %%sde%ieg
downstreamtype plasma that is free, or substantially free, o char ged
particl es forackiegBoenthagge rasriditetepdsmanteaet id ;Bl@er@EMiy@@?t@ﬁeby t he

chem cal action of the radicals w thout the physical action otherw se

provi ded by pbbetdrey sphas gedaruaprbhibit @sprevdre tHehr-pu@hbdrafyed2be0By be arranged
in an array or matrix or may be arranged with non-periodic

~ cent er - t 0- ceRtarashon sarsirBEimgs frofihee direalpladenstdigingin plidmosghholes 421 in
the grounded plate 412 may range from about ten (10) holes per square inch
t o about twotdinchseidg (24@)1080 Tgsicaigrthe guamded plefe.41Phee@ddtivh et er of

i ndi vi dual throughhol es 421 nmay range from about 0.001 inches to about

0. 125 i nchesreMaving a sfrfaaniceertentadge gs theldaryed spdgied fren tteaidxeria | i d 402 may be
reconfigured usjng ot her grounded plates, such as grounded plate 418 (Fig.
13) and gr ogdidad ghatresaRCa(iki 42 intdjhe Gooeasthgdppteatd®s k8, 420 are 25

i nterchangeabl e wWth grounded plate 412 for varying the distribution or
pattern 1939thpughReigs g@b@ay pesent dstuppelpeths saded no/kneed-sigho pathh godi r ect
plasma in plasma cavity 442 to processing space 102 and, ultimately,

del i ver ed tothﬁrﬁ"aéﬁﬁcfééé/ H4rip P 8®45168 SPafsr W3 dbe psMalppwcessihgon substrat e

support 64. The throughholes 419 in _
space 102 is a downstream-type plasma that is free, or substantiaily free, of

charged particles for performing plasma treatments of the workpiece 56 by the
chemical action of the radicals without the physical a.ction otherWise provided by
15 the charged particles.

The throughholes 421 .may be arranged in an array or matrix or may be
arranged with non-periodic center-to-center hole spacings. The areal density of
throughholes 421 in the grounded plate 412 may range from about ten (10)
holes per square inch to about two hundred (200) holes per square inch. The

20  diameter of individual throughholes 421 may range from about 0.001 inches to
about 0.125 inches.

With reference to Figs. 13 and 14, the chamber iid 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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grounded plates 418 and 420 differ in configuration, dinension and/or 5
arrangenent from grounded plate 412 for varying the. spati al p| ution
of free radicals admtted fromplasna cavity 442 into proce53|ng Hhice
102. G ounded plate 418 includes a plurality of throughhol es 419 arranged

i nsi de the cPifEgIraficabutdrerpefrpHes 9”‘?5? p%@i‘?é’@'éﬁﬁ%éﬂ“‘ﬁ&l"%%at tern. G ounded
plate 418 may be used, for exanple, to treat sem conductor wafers, such as
10 300 mm si PFPE%’”ﬁ/éP%‘}es1Oz\ﬁ”fjwl%{“%fé{)mg?“t’/éﬁiﬁ}t? 9mexansas Race56aRded pl ate 420
includes two frame plates 422, 424 having a rectangul ar central opening and
a screen or"grPi§cH 5“@36’?%%5%éfr9\5§éHp?‘g%% Pledfesaniees 4840 so as to
partially occlude the central open The screen 426 is a fine wire nesh
made from a QW%EQWHWﬁmﬁﬁHﬁ?”ﬂéﬁgﬁﬁ@%FV%WFﬁﬁa@Vb@FFPESPaBWHHuctlV|ty, such as
al um num or an 15 alunlnun1al . ability to ct from anmong vari ous
gr ounded %Ia?%?Q&TQm L WQWHmdi%ﬁ ? ngﬁﬁﬂh%?Wial%ﬁm?%ﬁnﬁéﬁﬁ%tr|ca
pattern of ra |caI§ [ Veﬁﬁd from m g$2f£ ma to the rkpi ece 56. To that
“end, the hol €958re WHeSPDW %ﬂ@%ﬁﬁf% ! %%ﬂcﬁfmﬁﬁPaﬁb ol es 421 of

gr oun_ded pl ate 41@3%615@9@%%%"“5 ﬁuraﬁ% OQ{reSEBq grpa%g ﬁorretry of the

wor kpi ece 56 bei ype asma. For

exanple, the L Eo %%ﬂ@tﬁ?reosutéé%nb%r%gfea leQ‘s‘Ha%%Q ha%l p%‘itgrnMG?To&r?d%dbe arranged in

St
a di sk- shape8 € pattern cessing ieces

squar e- shapeglo1ol:& RS0 [0fe SAYY an@@é%ﬁﬁ%ﬁ&ﬁ%ﬁ% angilar hol e

pattern for ectan ul’ar wor'kpi e eonetricdl arrangenents 25

appar ent 66 0 ?W%ﬁgéwg{eﬁée%ﬁg O%Wn re%rﬁ't){eggﬂagrn 05}?0%8%% ¥pd O corr espond

W th geonetrica e wor kpi ece 56.

Typi cal | Y, tmau&ggt%%h@'p%ézzlz aﬁ@hmwﬁ&%guwancérh@[ SHARARE pl ate 412 so

that the peripheral extent of the hole ~pattern corresponds substantially
to the outerspesd HypHabe EAgNiRE beiweeH ffaffeqiMs 32, 424 so as to partially

occlude the central opening. The screen 426 is a fine Wire mesh madé from a
material with relatively high electrical conductivity, such as aluminum or an

15  aluminum alioy.

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

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

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

25 apparent to persons of ordinary skill in the art as necessary to correspond with
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the workpiece 56. 5 Wth reference to Figs. 8-12, the chanber |id 402
further includes a radio-frequency (RF) bul khead fitting 4287 &U\pé’ﬂﬂﬁ of
ceram c caps 430a,b, a pair of annular ceram c spools 432a,b, a pair of
power feedthroughs 434a,b, a power distribution bar 436, and a .
r adi o- f r equenioyggdrie}ridai chapk osthe evoedpérerts. 43BicailyAtheaghoogfroegueney (RF) power
supply 439 is electrically coupled by a 10 transmssion line 440 with the
RF bul khead friotitioneg i 2@.grdineedRpiateotiersosttgphy peribB@rahntettiod tredigponent s of t he
chanber lid 402 collectively provide a plasma excitation source capabl e of
exciting procesgngaseipantheibplaataty ta tvei dujerp4BpHenal rigeoretiratrefeeenpe asma.  Power

f eedt hroughs 434a,b transfer RF power fromthe RF bul khead fitting 428 and
power di stri e wvokpibes 58436 to the powered el ectrode 15 414. The RF power
supply 439 typically operates at a frequency between about 40 kHz and
about 13.56 MHz, itefederabdetodtgsus-123h66havpker liddd2 durfrewerciudded ween about 0
watts and about 600 watts, typically about 50 watts to about 600 watts.
Ceramic cap 430afreguenastRimddikberdiingtdns. abaipoiwararhisedphéMagh a4dita and 20
is p05|t|oned bet ween power distribution bar 436 and cl osure el ement 438.
Cerami c spoolof a@pegriceragupingpisd 3Babwepair ofrowsr {(dedihngonakB4aidéa and the power
di stribution bar 436, and power feedthrough 434a extends through the bore
of ceramic §PHBEIJisBRLIORHaAPaBN] & FRAG-BeqyEneniRFd A Ckst e IstamaseASE. he power
di stribution bar 436 and the powered el ectrode 414. Ceram c cap 430b is 25
fastened to tAHé 'Ptﬁﬁ@%?”cféé@@r p?"?é%’cwﬂ‘?'bﬁé%'S@%‘C&Hﬂc‘?@'sﬁdﬁﬁ%| oned bet ween
power -4 NOV 2006 distribution bar 436 and cl osure el enent 438.

Ceramic § ooltraﬁ%”?'ﬁs'?%“‘@azb‘tpd}" dne BeCwsBRaG HENUT3A disgRmeavrer 4884 and t he
E_g\r/vgr O?' z; Ia%]gél ggwgﬁzgzéggerﬁ%gfégﬁ %rmbbeﬁ?g%ﬁ]&ﬂle tt]veldg/?’;;"rgw exg Slggnsmt hr Oth the _
excitation source capable of exciting process gas in the plasma cavity 442 to
generate a plasma. Power feedthroughs 434a,b transfer RF power from the RF
bulkhead fitting 428 and power distribution bar 436 to the powered electrode
15 414. The RF power supply 439 typically operates at a freqﬁency 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 be;tween the dividing wall 406a and the power
distribution bar 436, and power fe'edthrough 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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el ectrical contact between the power distribution bar 436 and the powered 5
el ectrode 414. The ceram c caps 430a,b cooperate to electrically isolate
the power bar 436 and upper ends of the power feedthroughé’ﬁ@@g,%mﬁron1the
cl osure el ement 438. The ceram c spools 432a,b cooperate to electrically

sorate he pover fecduttoushi dst ko Lol vl Rl age of dored

ceiling secti’t aln a gap in the

10, verti cal 4 enel o, 5L eep e P TARcL ISUL ASrgP LAt £ and Lhe

di vi di ng wal Ow can occur ere n use and

oo pon UL AR ok @ g R oo PEGER 3850 AT FIcldiflen Chamber 11

402 through t dis direc rough gas passageways

413, 415a,b t h tipl - ' ' 15 th

i de of the clPbite e e s BRASE R Y ST IATElL o “coepe
dth i ph LITE f 4 dth

ceram o | RSUESERPOb 4 o BB e P BBl o e See At e Gl Fect ed t owar d

the outer edges. of %E%néj%c]é%qe&fé éfitﬁé}pé\ﬁ&:f. &i?hré@g@vs4§£'§bWo%ﬁ§s gas is

attracted |& g?%??f y vacuumforces | e processing space 102 about the

edges of the . gur%%&ﬁénq.4?§$m%e%mielsﬁgasﬂ%ﬁa,@@&ot?te%ﬁ@{ode_lécr&%aﬁﬁr oughhol es

421, which pronotes  uni ocess gas distribution in the plasma cavity

442. The RE SOEROIGARNG RASARLIRCISASGhANNGRENG AN dodklal Rfdat he  power ed

el ectrode 414 i1gnites and sust s a plasma fromthe process gas residing

in plasma cavifidg 4édion 168 BlrasiBspbbisPkasBrisandihtdinddendigap i el direct 25
pl asma containing ions, electrons, free radicals and nol ecul ar speci es.

-42 0 7 NQV 2QABa Recsiseodihgenfth@verahidineaasspigas 16 and e dplicisgraalt r eat ment
system 10 is generally conducted toward exhaust port 136 in bottom wal l

44, the vari Q8a GOMAHEMS & dcber tléreBetivephasma in pl asma cavity 442 will
be attracted by a suction or _
In use and with continued reference to Figs. 8-12, process gas enters the
chamber lid 402 through the gas fitting 411 and is directed through gas
passageways 413, 415a,b to the multiple gas passageways 417 terminating on
15  the upper side of the ceramic insulator plate 416. The process gas flows or
seeps around the periphery or perimeter of the powered electrode 414 and the
ceramic insulator plate 416 so the flow of process gas is directed toward the
outer edges of the domed ceiling section 406. The process gas is attracted
laterally by vacuum forces in the processing space 102 about the edges of the
20  ceramic insulator plate 416 and toward the 'th_roughholes 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 cavity 442. The plasma in plasma cavity 442 is a full direct

25 plasma containing ions, electrons, free radicals and molecular species.
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vacuum force toward the throughholes 421 of grounded plate 412. The 5 _
el ectrons and ions have a tendency to reconbi ne inside throuphihovegggt2l
because grounded plate 412 is grounded relative to earth ground. As a
result, the ions and electrons are significantly less likely to enter
processi ng spicauselhe flowrerigeesssged ‘ﬁ?é’ﬂaémél@ab@“ﬁﬂ%erbﬂﬁéﬁw%te%ﬁétl es

| acking a net charge, such as free radicals and neutral nolecules, to be
transported t®PBYREF POAGH<HEHHABT &36 IpPtoR R HethBr 8RS IOR o8t e 102.
Typically, the grounded plate 412. is effective for renpving substantially
all of the cffﬁr‘@e‘?ﬂre%‘é%ﬁ%mfppémat%é'ty ‘b"f?a‘%' € eRRSH &Y PeYC Adni tted from
pl asma cavity 442 |nto t he ocessin Pace 102 The vacuum or the punpi ng
action of vacEGHPRIE tfw&rd(g?é,“m@ﬁha'fgaéé ohgoy{ed Pk t4adi®al s and neutr al
nmol ecul es toward t he wor kpi ece 5

formth t I

treat ment .2 THEEWOPkPIEOBS Byt eh ”tcyég'feeréan%\ﬁr"n Wstedﬁéhro\é\@"jﬁ?gﬁs%ggn}! Ito §p2 gfggrra
[ ted by th d 66 b, of 4. F
adicals adm Rl e%%%‘ngB%&@zdag?ﬁag%d BrsE Bk ot s dposed-
surface 56a V\b work ece, 56 and rﬁ % Ees ﬁne?at e ttg tshne spatcerlal 20
forming the wofKpFéE %eg%rci”(?abeef‘% hESEFPRRENE BIRFRENT S Cess free

di cal d d f
the. wor kpi ecel (26 4P &' &ﬁ%ﬁ@sts%‘*?permﬁfﬁaspneaos A R R 80y The pumping
action of Vacum,pyap ra:ld4 | Adlgcufégzto%re%éng&d%ﬁhWﬁa@éf?‘srm processing

system 10 Wltsh vari ou C%E erent capabilitie lon to the

abi |11y tg, 990RLA1 %A &qwm s gmgspaée?no% 1D, 2808 ok el or sur face

treatments. Becalse the gr e 412 provides a dground plane

substrate supperd ep{ttl@%r Fb‘:r‘noevl?\g sgbgtgrq amy afrbt tgga?ér@éo%pe@@g froffth®. 4) to

generate a direct asnma I n processi ng space 102. |l ows that a
plasma transferred or admitted from plasma cavity 442 into the processing

space 10.2
The vacuum or the pumping action of vacuum pump 144 (Fi_g. 3) urges
15  the free radicals and neutral molecules toward the workpiece 56 to perform the
downstream-type plasma treatment. The workpiece 56 to be treated with the
downstream-type plasma is suppo_rted by the side rails 66a, 66b of substrate
support 64. Free radicals admitted into processing space 102 contact with the
exp.osed 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 molécules, 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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pl asma treatnent system such as plasma treatnent system 10, which is 5
equi pped with chanber Iid 402, nmay be used to selectively plasna Zr,ﬁﬁ}

wor kpi eces 56 with either a direct plasna or a downstreamtype p? 2008
required by the process, so that both capabilities are available in a

singl e - syst emsk@.forl surfade edatrpemat Becausede: @buieenaltd o1 plotigePh asma
treatnent system 10 can 10 be configured to provide an inverted direct

pl asma by remoundglanbesugsteaindeshortdatay B energralimdRMgetdigtossdrst rat e support
64 to earth ground, and energizing the powered el ectrode 414 to generate a
di rect pl asnéFigmn)ps goessé adirsgatesni0f praasking swoe 10avit tflokdhat Wt h t he
grounded pl ate 412 renoved, the chanber configuration changes so that the
power ed pl aneldssapreatnaheslyshym, move eediaibhaeleettenosiatetd 40 articHibe ground pl ane
is provided by the substrate support 64. The inverted direct plasna

conf i gur atsi orqguiepetceith ¢thaenbpr C4XS ntayrpe, usat beselech ety plasmetreatunst ances, for

i nproving the plasnma treatnent of the upper exposed surface 56a of the
~wor kpi ece 56.workpiempotheith atitke aclireopdasantd @rs, dawnetrgdrartyme plasest eent system 10
can be 20 configured to power the powered el ectrode 414 with the grounded
plate 412 r eemviredbpid proagsaddittaionth tpaeiiesgrzevdibge subsinglat e support 64,
as described herein. in this node of operation, the RF power provided by
RF power suppbsiem489 to el ectrode 414 is driven 180 degrees out of phase
relative to the RF power provided by generator 302 (Fig. 4) to the
substrat e supportinga alt%aweﬂomlﬂpﬁra“%éh%ﬁ%%tée%?@trﬁwstem &V ding the
driving force for ionizing the process -44 0 NOV 2006 gas in processing
space 1020 Flb@ coef)gur%d téPfOé@ﬁa\?é'l“gﬁ”&S&HF%cﬂ"aFB‘ra barﬁer@awwreemuns‘%ra|| amount
of RF power. otentlal benefit of this node of operation is that the
RF power appIF’i"=‘é%l4 2 9Yypdipe gteéugﬁff?d%rs?pp@ﬂ G4do pRrifuredn i F8d €BeBREYdi r ect

the powered electrode 414 to generate a direct plasma in processing space 102
a_nd 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 workpieee 56.
In another mode of eperation, the plasma treatment system 10 can be
20 configured to power the powered electrode 414 with the grounded plate 412
removed and, in addition, to energize the substrate support 64, as described
herein. In this mode of operation, the RF power provided by RF power supply
439 to electrode 414 is driven 180° degrees out of phase relative to the RF
power provided by generator 302 (Fig. 4) to the substrate support 64. As a

25 result, the voltage potential providing the driving force for ionizing the process
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pl asma el ectrons and ions supplied when the powered el ectrode 414 is 5
energi zed. I n yet another node of operation, the plasm treahp; b %H%en110
can be configured to power the powered el ectrode 414 with t 3 $u

plate 412 installed and, in addition, to energize the substrate support
64, as described herein. Inthis o erati onal node, the workpi ece 56 will
be exposed t F2dit WEFESEHISPAEH2dBiIge HFéﬁe?WeWﬁ@U%?%8é§§ﬁﬁ@vﬁﬁéce 102
infused with free radicals from the direct plasma in plasma cavity 442
adni tted aft & EMOHR] Réfpoaﬁéra@%potﬁa%' PET%%OB‘?'SQPW%@EGFEI'%'@ 412 into
processi ng space 102. Accordlng to the r|n0|8les of the invention, the

process gas fIOWHG™ PPERER FhPoeE! sSUE]%[%atesf) g S44prdupghdyene tha e cavity 442
may differ fromth roces as f |rectl 15 into processing space
105 from an IAARGRSRRS Grocte s ase? bBth B Bt e bkt hat the Troo
radicals t ansferrgd to the processing space 102 through the grounded
plate 412 ma cavity 442 differ fromthe species in the direct

The Tnvent i on Sﬁd'w PR TRt L e o5t ?%ar?%ﬁat‘)svts%%%' Fodral

id | 08 f hanmber f
he chamber 110 A0 T e oL BF e LS o FRELT art “IhL* EAUNBRPE el on 1n
the vertical diegLion. IBY.be T slysethibn, LampyLng hhe ooedipl.si deval |

section 408 fromthe cha I ona fval | sections
408 may be a o] I ewal | section
408 to furthg’%@%c{”égég&%ﬁ%@gﬁéﬁf%ngrkg'ek%gﬁg}é'rdge%g ‘?ﬁ%‘géﬂﬁ%&to 45 0 7
NOV 2006 44 urgifier, & Pl b SDAIRERE SHLAPNS iAlsddhifed/ BllcbEHondl T eCti O,

It is further contenp ate by t Ihvention that the vertical dinension of

the chanber Ithéidrﬂé&??!agfﬁx.rbﬁaéﬁ@er&myhm aditted e ikl Pordhbiggg ent manners,
such as by constructing t

particles by grounded plate 412 into processmg 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 io Figs. 8-12, medial sidewall section 408 is operative for increasing the
chamber dimension of the chamber fid 402 in-the ve_rtical 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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medi al sidewall section 408 as an expandabl e vacuum bel | ows. The Iower 5
sidewal | section 404 and a doned ceiling section 406 are al V\BQIE Z@ﬁ in
the assenbly form ng chanber |id 402 and, when assenbled in e ab ce of
the nedial sidewall section 408, the dinensions of sections 404 and 406
define a ni rfumhameseparted trambeetiveesionhe teowacediekeet ngdarthid and the
exposed surface 56a of workpiece 56 confronting the powered el ectrode 414.
10 The nedi alcosiedwlwdd bistee friventiohQBatitse vetital alhansisn bhthe @hbAbshr doower
sidewal | section 404. Cuides 444 are provided to aid in positioning the
nedi al  si devid) besexied greryQ muttip@t difierebomirerd, ouer assiydenatrictis@ el On 404
during installation. Simlarly, guides 444 aid the positioning of doned
cei l i ng sect iredial 406welbbeatiov¢08& as arhexpapdiiik veiudevsdibws eTtid 1owe408 duri ng
installation. CGuides 444 15 may al so be used for positioning the doned

cei l i ng séct istiewsb6estioh 404 ged & dombe ceilinyveectisn detrak lalvege prazendifdhd f t he

medi al sidewall section 408 is renoved from the assenbly. Fasteners 448
are utilized Fermggiumingghembentgdiodlangi deembdsembledin tba adfhcaiot thet he | ower
sidewal | section 404 and for applying a conpression force to O-ring 403 to
create a vacUiRfidlisgaralseastion Genifeafimgnsipeseioneioss 460amt ¢0R@fntial | zed f or
securing the doned ceiling section 406 with the nedial sidewall section
408 and for APPMUThepraratismpewesn tie Aoyresed @IQthldPHh@aﬂlfomet%p@a’e@ate a
vacuumti ght seal The ability to vary the chanber di nension of processing
chanber 400 iH aqerfeﬁaxféwprkwpeéﬁﬁ@rafqr@ﬁgwnw&thq'wgoaﬁdw emovi ng one or
nor e of t%e medi aE 25 sidewal| sectiogns 408 permts the plasma treatnent
system 10 to acconifodstigl sideygl! eeefloméﬂSz%@eﬂovam Rprdedl tBg lyferdi f f eri ng

t hi ckness. eC|f caltl%/ ‘ﬁé Bro uci bl e or predictable distance or
separ ati on céhj Ba" reiiAt APhe St V“iﬁﬁ’vfiéf"@d” BPHionigdee medial and t he

exposed surf %Fd%wg?sec%on 5,618ereYa\Qirvé<% tﬁ(e:?OWSGGF snd%wall S ctlorbd?ofclijuthsngr ate support

installation. Similarly, guides 444 aid the positioning of domed ceiling section
- 406 relative to the medial sidewall section 408 during installation. Guides 444
15 may also be used for positioning the domed 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 céiling section 406 with the medial sidewall
section 408 and for applying a compression force to O-ring 401 to create a
vacuum-tight seal.
The ability to vary the chamber dimension of processing chamber 400 in
the vertical direction by inserting and.removing'one or more of the medial

25  sidewall sections 408 permits the plasma treatment system 10 to accommodate

- 46 -



64. To that end, the vertical dinension of each nedial sidewall section 408
may 5 be selected to provide a desired separation between poﬁ29ﬁ8/§#§Ctr°de
414 and exposed surface 56a. For exanple, configuring the c d 402
‘with two one-inch thick nedial sidewall sections 408 will separate the
exposed surfaepidaBasebs @fénngthicrss.hspdcifivank pireredafoid bosre@evwered
electrode 414 by the sane distance as a one-inch thick workpiece 56 in a
process chametantd ot sepfargion ati ba1mamtaltecietivben tbaoheredlddtd@24has a singl e
one-inch medial sidewall section 408. The separation between the treated
surface of thedwerdpbewesuibcalh dfitee wptpereds sl oy tradeibdttdeissprorf undanent al
vari abl e that nust be controlled for effective plasma treatnment with

ei ther a dir &t Tpltesead ane eertiehwisteneiamof yaud riddigisaiswall bectivhvchmahe
treatnment uniformty is adequate. It is appreciated that the capability of
changi ng the berseleosddo polidere defiradreepetatioh eetweedpdd@eadridctrduz 41@r ocessi ng
space 102 using one or nore of the renpvable nedial sidewall sections 408
i s applicabl endiekprzat stifavetoasi bor éxemplotbnfgurimrthe phamber lidr@d2 with
downstreamtype plasnma treatnment systens. 20 Wth reference to Figs. 15-18
i n which |ikéwve efeinehdeckmuediat aidewalbsestionnd0d wik eefazate dreesxposedi gs. 1- 14 and
~according to an alternative enbodi nent of the invention, the plasm

treat ment systéamelPamiy theingh udkdedkrigeenSairpm oewersi mipctredradidery t5O0

i ncludi ng the chanmber base 18 and a chanber |id 502, simlar to chanber
lid 402, thaﬁ@“§dﬁ“ﬁgééb?@”@ﬁﬁbﬂ@d<WP%HEF%éSEHhWﬁ@%EUE§@bT8 Chanber 25 |id
502 is nDunted to hinge assenbly or selectively pivoting or

canti | evéPi ngonfiggratign i Wity t?GGBamP%I“QﬁO@é‘a‘Eé stRErerngysedials bet ween an
open p05|t|oned for transferring workpiece 56 into or out of the processing
space 102 and'dgvell 838" p¥5i ti on |n whi ch the chanber |id 502 sealingly

contacts chamber base 18. Chanber lid
P he separation between the treated surface of the workptece 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 a'nd the
processing space 102 using one or more of the removable medial sidewall
sections 408 is applicable without limitation for both direct plasma and
downstream-type plasma treatment systems.

20 With reference to Figs. 15-18 in which like reference numerals .refer to
like features in Figs. 1-14 and according to an alternative embodiment of the
invention, the plasma treatment system 10 may be provided with a processing
chamber 500 including the chamber base 18 and a chamber lid 502, similar to
chamber lid 402, that is hingeably coupled with the chamber base 18. Chamber

25  lid 502 is mounted to hinge assembly 16 for selectively pivoting or cantilevering
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502 may be interchanged with chanber Iid 14 (Fig. 1) or with chanber |id
402 5 (Figs. 8-14) for expanding the capabilities of the plg%ng ¢ at nent
system 10 in a manner simlar to chanber lid 502 and nmay b P 6tted to
an‘existing plasma treatnent system such as plasma treatnent system 10.

Chanmber |id BOivk %o @anesesdal 6 delbédiimEhed dé@ﬂ@r%dcfgﬁ kdMgerdRet i on 504
having a plasma cavity 542 and a | ower sidewall section 506 fastened with

the 10 domedog®ickd BYinde6tdL@bS tﬁ%roc@g@ngig@elm@bhd E'glo§&PE>ésQTbn5rQ4 includes a
sidewal I 501 extendi ng about the periphery of the plasma cavity 542 and a

di vi di ng wal hich@® $epdeald 2 Ralif eorfdceiiHantyr 43)1eCzhee: RA3 fromthe
plasma cavity 542. CGuides 544 (Fig. 16) are used for positioning the doned

cei ling sect 60Nmap6dintetdnigh@ witl chdteodravas (St 08wWaldth SREHHBOMNI2058. A
conpressi ble elastonmeric 0 15 ring seal 503 I's provided between a

ci rcunf er ent (Rds. Bowefor exganaingtiecapabitks « eid plagnSeedtinen F0dmaidn a
circunferential upper rimof |ower sidewall section 506. Fasteners 448 are
“utilized forasenoeddngildrhecdonmed icedl ampmaeoé remafiddidowntdristitdie | ower

sidewal | section 506 and for applying a conpression force to O-ring 503 to
create a vacplasmé trghttnesegisten)sucings @dsms treatimpniessierely capt ured 20 bet ween
a circunferential lower rimof the |ower sidewall section 506 and an apron
of chanber base IBatnbepirddi2de aa avsruynintiugihg asiealed tchidngesdctioT bed | ower
sidewal | section 506 includes a view port assenbly 510 incorporating a site
gl ass that ahdvvgsa piasrobsavity ér2 Bod ailevertsiiewpl sestien pé®taeesed with trespiring in
‘the processing space 102 of processing chanber 500. It is contenplated by
the 25 i A0enteoed edilng senondi04ndhe dawdil gkilind shetien PO4siectdasressidevatl shown)
simlar to -48 0 7 NOV 2006 nedial sidewall sections 408 (Figs. 8-12)
descri bed heP@i ¢xtendig aheui the pedrReeHC et Rieana caéty §44ead ediMdingwalect i on 504

and the Iomer sidewal | section 506. Wth continued reference to Figs.
15-18, a gas 50§ sppacghng éé@;bq) -Egqugency (RF) chamber 543 from the plasma cavity

542. Guides 544 (Fig. 16) are used for positioning the domed ceiling section
504 relative to the lower sidewall section 506. A compréssible elastomeric O-

15 ring seal 503 is provided betwgen a circumferential lower rim of the domed
ceiling section 504 anq a circumferential upper rim of lower sidewall section
506. Fasteners 448 are utilized for securing the domed ceiling sectiOﬂ 504 with
the lower sidewall 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 allows an observer to view the plasma processes transpiring in the
processing space 102 of processing chamber 500. It is contemplated by the

25 invention that one or more medial sidewall sections (not shown), similar to
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process gas source 507 (Fig. 16) via a gas fitting 511 with a gas port 509

S provided in the domed ceiling section 504. The gas port 509gi;syPUpteed in
fluid comunication with plasma cavity 542 defined in chanber 11d 502 by a
gas distribution path that includes a process gas passageway 513 and a gas
distribution baffle 546 defining a gas_distribution chamber 515 coupled in

fluid comurleHeissswal ??F“B?%‘L%ﬂé'%%@@a%eéa@&ﬂdyr@lgnaﬂt}%nmcm stribution

10 chanber 515.is coupled in fluid c gnunication,mﬁth the plasnma cavity 542
by a distribBitEEndPe E?f@%%%t”géﬁdr?ﬂ@u RN e WELT feadl s54tpni 596t he . gas

di stribution baff 546. Th as outle 17 nmay assune any di nensions or
alrranlgement to p&\g\?icaﬁt'”&egéfgerg%cfdogfﬁst ;%'ﬂg'?@ﬁs '%ﬁiSPBFP%‘ﬂ%%e pl asma
admtted i nto _processin e 2. for plas treating different types and
confi gurati orf§” 6f° #ot K %E%@aﬁg-éﬁY”ﬁ%9a§ﬂﬁW£§1éM %%%%§”§%§ or progg§s_gas
e Y, Bt et 0o BIRSR R ITRIZ Dl Bt of P vt oo
Sownet r cam Lo i RERR P e APy 552 et H 21acRBRICRE BLCatT boa her of
The i nventi on, - 1 S 20 distribution baffle 546 may be
onitted and Rﬁ%ﬁﬂ@ﬁgB%ﬁgﬁﬁgFmgé%% §§9%E¥%H§§S“€HFégﬁ§ﬁ@jﬁﬁa%na cavityy542

L OuN eo® ot bRl SFERSARS AAVNARRNBY cidher sTO LN, Ay 1he outl &t

of process gas passageway e positione P y coi ncide

with the geo I - : £ ' .504. 25 The doned
ceiling sect %ﬁ“”‘s@?ﬂ'ﬁﬁf@? ggesétg\?f?%&gsg?’%ﬁ%?églg‘ﬁlsggggls%ﬁ“é‘- 49 0 7 NOV 2006

and a powgey edtnghget $18de cabfhtSPRGE oML Wit i plate 512.
The powered el ectrode 5%%$dgfines a pomkreg ﬁwéﬁgg%%hgﬁgmggﬁgﬁgacavity 542

t hat Lsdopposdiatraa@ébdargﬁ@%@rhtloymraab@lglaeloun&stshﬁingﬁ@gggd&@knm%h%aﬁ@- The
grounde

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 workpieces

15 56. Any suitable process gas or process gas mixture may be provided to
plasma cavity 542 that is capable of providing free radicals and other reactive
species, when excited by RF energy to generate a direct plasma in plasma
cavity 542, appropriate to perform a downstream-type plasma treatment.of
workpieces 56, as described herein. The invention contemplates that the gas

20 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 geometrical center of the domed ceiling section
504.

25 The domed ceiling section 504 is provided with a grounded plate 512
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pl ate 512 has a good electrical contact with sidewall 501 that electrically
5 grounds grounded plate 512 as the chanber |id 502 is grounded. The
grounded plate 512 and the portions of the donmed ceiling secd 7 HNVsEb
sursfoundi ng plasma cavity 542 collectively define a ground plane. The

grounded pl at e 3d 3 panerckhecpewes adpatesvgrocey Ha4 ey groesuda fiatesedl of a
mat eri al having a high electrical conductivity, such as al um numor an

al uni num 10 althgyow¥lict Riceeide Nuekiinef epeneed banfingse pbSma8avigraanded pl ate
512 is an assenbly that includes an upper slotted plate 516, a center
slotted plate %8is oppBetedank@ardrai) gréiet tqpthayeub@d pldtaé1pl ahegrdbhéed 518, and
520 are of substantially equal thickness, although the invention is not so
limted. The uppfss5sl edstesbol zieplratiecodist wih peewalrt enhtwiectricailyl ti pl e
openings or slots 522 having a major axis extending transversely to a
machi ne di r &ct igasundé Bican@sithlae b1 Dbs theechphrdaeliddf02tihgroupdege Toke Fig. 16, in
whi ch wor kpi eces 56 are transported fromloading station 20 to substrate
~support 64 and drsumneds plhgt T1ataed seppotidnsed thealogedtcebit@aseéann 204 Simil arly,
the center and |lower slotted plates 518, 520 are each perforated with 20
mul ti pl e openi mgsowdirgl Mdssnes@4ity 260! lediyply ciefined grouedplBndialitthg a maj or axi s
extending transversely to the machine direction for workpiece transport.
The cross-sectgromdkd piatsf 3 Rend theepmotered elepleods|Saf greogeeh fgmed o526,  when
viewed vertically, may be any shape having a major axis aligned transverse
to the nachi nenaratbeyiema HQU?‘EFWC@@WL&HV'E/F SUGRERP HENIBYT IRERN EREY MUl ar or
oval. 25 Wth reference to Figs. 15 and 15A slots 522 and 526 of the upper
and -50 0 '@ N®°2006 |ower slotted plates 516 and 520, respectively, are

- aligned vertically. The slots 524 of the center slotted D ate 518 are
of fset from slots 5Pothgadingedreaerasdo Figse iPne WPYWEE PBIE > TE 2Bl ot s 522,

524, and 526 permt a fluid flow of process
’ P assembly that includes an upper Elottec?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 multiple openings or slots 522 having a major axis
extending transversely to a machine direction, into and out of the plane of the
page of Fig. 16, in which workpieces 56 are transported from Ioading station 20
to substrate support 64 and from substrate support 64 to exit station 22.
Similarly, the center and lower slotted plates 518, 520 are each perforated with

20  muitiple openingé or slots 524, 526, respectively, each having a major axis
extending transversely to the machine direction for workpiece transport. The
cross-sectional profile of each of the slots 522, 524, 526, when viewed
vertically, may be any shape having a major axis aligned transverse to the
machine direction and, in particular, may be either rectangular or oval.

25 With reference to Figs. 15 and 15A, slots 522 and 526 of the upper and

-50 -



gas and radicals fromthe plasma cavity 542 to the processing space 102,
but 5 present a tortuous or |abyrinthine path that substantially elim nates
all line-of- sight paths fromthe processing space 102 to t he 01 MQ¥2006av i ty
542 in cooperation with the relative inter-plate spacings between slotted
pl ates .516 an@wslgotathldies WebeandsiZot tesdegivaly ede Blii@ eanerts2i(. Thhelotd | mi nati on
of line-of- sight paths prevents light, typically in the visible region of

t he el ect romagg%"t pfdhel cendgs sttt d MategeiPerraodisetiipm Hiets §22 eed 524 iadmm i n pl asma
cavity 542, fromentering the processing space 102, other than |ight
redirected by Méfhieeeiiesion. iters!¢te Pt eé eatdoo46i Rpemit aduidflewaph drotess upper
slotted plate 516 is spaced fromthe center slotted plate 518 by a
plurality of, $dransiasielrondif Pliperd phely PR thamFessswn sneaedps 850 t hat
supply a good el ectrical contact between plates 516 15 and 518. Simlarly,

| ower sl ot t2d PEAY 289t oUs osigaEdNing RAHD thd sekstandipllssliginases aliinatoé 518 by a
plurality of, for exanple, four peripherally-arranged spacers 551 that

provide a goodSeM@eiifem the siocarsnbwaRRdA2 [l 1he 8'9sHESauNP482D. Spacers 550
are di nmensi oned for _se&ar at i ngr@PI_at es 516 and 518 by a uniform gap and,
simlarly, spat®Pgragen il bedpiaidigdigHRaS PRCah I WeshEodR'aes B1B and 520 by

a 20 uniformgap_that may differ fromthe et ween plates 516 and 518.
It is contenpl%?OQ%WbiPdtbﬁgyﬁeﬂ\?&Hte? BHI{etSFr?&tB a(”ﬂg’%gi EF%eIWQ?t%@?ﬁ-"%FnEf'SZG may
have any rel ati.ve spatial arrangenent. that, in cooperation with the
i nter- p?/at e ssﬁ%@ipﬁg’&pr%ﬁepﬁi“ﬂ@t g@',cal[}r”& Giyge r%ﬂJorh‘?fEirl‘ee%lgftroénL?EE?téFnti ally

d , line-of -si ght t t,) t he .pl ity 542 dth
br o6ess ng! Spakeois SerRE sy e BN e or b PESE SRy At b RETo e ol ot s

I o2, 28 RN oD R R B, et on

and/ or arrangene rica ape ‘of the workpiece

56. In one embodi mgwﬁ’reite%cékooﬁﬁs.ﬁg,zm §%1§Qﬂp§%@ot%§$laté g% i@@géjéeﬁr In
cross-sectional profile viewed Fn a direction extending between
from the center slotted plate 518 by a plurality of, for example, four peripherally-
arranged spacers 550 that supply a good electrical contact between plates 516
15 and 518. Similarly, ldwer 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 contac_t between plates 518 and 520. Spacers
550 are dimensioned for separating plates 516 and 518 by a uniform gap and,
simila.rly, 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 léast substantially reduces,. line-of-sight

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

25 invention also contemplates that the slots 522, 524, 526 may have a
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processi ng space 102 and plasma cavity 542 and have a di nension along their
5 major axis of approximately two (2) inches, a dinension al ggnbheypgs m nor
axis of approximately 3/ 16 inches, a spacing between adjacent slots of
about. 3/32 inches, and the slots 524 are offset fromslots 522 and slots
526 by 3/16 i nchesnfigurbien, uppersicanh@ebringdhatiesmdiéht M 1RIR HcGicgePar at ed
"by a distance approximately equal to the plate thickness and the center

and | ower pl at esstb@ df theanstkGac: 55, & GRPEHRIRTedyha shtsSBNER m%grﬁﬁt ely
equal to 1.5 tinmes the plate thickness. The grounded plate 512 prohibits

the transfer of whtangeldr spesisesctionanoblidiviaget 0Ns diddtlo® b AELdIR SatwdPm t he
direct plasma in the plasma cavity 542 to the processing space 102 and
al l ows the transprerewsingfapaee nemareadissmacelitpEhe bnd baRIDE RS 8si SRS oSPRE €S
| acking a net charge, fromthe plasma cavity 542 to the processing space
102. Speci fi cal | pajot bgs ohanrgedn stpig tive &) e s, apditie Bdorbyotd@eir M @Lkial of the
slotted plates 516, 518, 520 surrounding the slots 522, 524, 526,
- respectively, whoicppeaxenajelp Gridenkthed reespaaimpibegverataddaneafsiorasiubbuiammp 144
(Fig. 3) attracts the free radicals and neutral nolecules through the slots
522, 20 524, 526inthesmand hssotTa4 ary 0Bk fromt ot HR2 prdsies SLEgy SPaGRhdd2 and
toward the workpiece 56 to performthe downstreamtype plasma treatnent.
The plasma in ptoceepsr agd eppir@lal S libsard Ji6vans bepmeated ype dplaasera that i s
free, or substantially free, of charged particles and |light for performng
pl asma treat neniRO'SFMRRY sRERKpiredtats Bitkpeshendcthe nemed arddbwearplaés 5 18e
radical s wi thout 25 the physical action otherw se provided by the charged
Cparticles. TYpi cAI9370 apeeraraed by 7 digarce gp@oxigietainersid! ol 1ad Emed e ipate
--effective for reFDving substantially all of the charged species fromthe
portion of the diickss plasma transferred or admtted from plasma cavity

542 into the processi space 102. Typically, the grounded pl ate
P 'Tﬂg gro%nded plate 512%1%hibits tr¥e transfer%f charged spgcies,

including ions and electrons, from the direct plasma in the plasma cavity 542 to
the processing space 102 and allows the transfer of free radicals, and other

15 process gas species lacking a net charge, from the plasma cavity 542 to the
processing space 102. Specifically, the charged species are captured by the
material of the 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 doWnsfream-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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512 is effective for renoving at | east about 90% of the charged particles
and 5 may be effective for renoving 99% or nore of the charogd Noar pog! es.
Grounded plate 512 is configured to be renovable fromthe chanber [1d 502
for: changing the configuration, dinension, and/or arrangenent of slots 522,

524, 526 10 acgommdaife 510k HXANRIG re@ofiRGBEREMal M rkpi ece 56
bei ng pl asna tér:reat edfb a% deléc'c?ri bled her?eion %l\ﬁ th rneagrd t%&rhgf?ﬁggd pl at es

412, 10 418 anﬂ;eé%gfreﬁltﬁ@por&&qaﬂhe dift pRYAERIBsteiB@ oA PliSePddm 524, 526 may

be dinensioned and arranged in a disk-shaped pattern for processing round

workpi eces, a Qa4 EaRDBPLHhidRE bRICBsIiRY sfEiBane. Wik 8sE€§rourddLaaNgul ar
pattern for rectangul ar workpi eces, and other geonetrical arrangenents

apparent to pesgapsiiedivefdididwhgsdtidast atsout be%a theashalteg pasiaky ah@ correl ate
with the 15 geonetrical shape of the workpiece 56. Wth reference to Figs.

15- 18, the shambgbe birsktibORr famdvingroopnel meesof @he drafjeaphriegeency ( RF)
bul khead fitting 528, a pair of electrically-insulating caps 530a,b, a

~pair of dielectriccGpanks pht?sdis cenfigaidd tobepenerablfegrmtt heeugihsesdda, b, a
power distribution bar 536, a renovable radio-frequency (RF) lid closure 20
el enent 538 t hau2 faf frangisg &ecessguratiorFdioteariberardds arrangbneenpal gloteb2annul ar
ceram c spacers 540a,b. A radio-frequency (RF) power supply 539 is

el ectrically ceupbetitdnccaminbastsnfosesiaople, ianmbabddinwhdg typs hiewdrkpibed &head
fitting 528. The RF power supply 539 and the conponents of the chanber |id
502 col |l ecti viediyg prova tdeated, pis assmibes Oeteat wWidmregeudrtc gravapedpletesfd1axci ti ng
process gas 25 in the plasma cavity 542 to generate a plasnma. Power

f eedt hr ough® 58%earts 4205BIGE. 72N@V F20BBampleamsfsots $I2, poert frayret he RF

bul khead fitting 528 and power distribution bar 536 to the powered

el ectrode 514. dimgasiRredrarragagspny dbesheppd ealtery faypercassrg rogbd a f r equency

bet ween about 40 kHz and about 13.56 MHz, preferably about
workpieces, a square-shaped pattern for square workpieces, a rectangular

pattern for rectangular workpieces, and other geometrical arrangements
apparent to persons of ordinary skill in the art as necessary to correlate with the
15  geometrical shape of the workpiece 56.

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

20  element 538 that affords access to RF chamber 543, and a pair of annular
ceramic spacers 540a,b. A rédio-frequency (RF) power stpIy 539 is
electricélly coupled by a transmission line 540 with the RF bulkhead fitting 528.
The RF power supply 539 and the components of the chamber iid 502
collectively provide a plasma excitation source capable of exciting process gas

25 in the plasma cavity 542 to generate a plasma. Power feedthroughs 534a,b
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13.56 MHz, and a power between about 0 watts and about 600 watts, typically
5 about 50 watts to about 600 watts. The power feedthroughs @ﬁd%QVbZ&Ed
ceram c spools 532a,b are positioned in respective openings 541a,b

extendi ng through dividing wall 508. Cap 530a is fastened to the top of
power feedt hr odghs83AE pawer fiosn Phesift hulriead fidieg we@angppavwsr diitdtutipbbei on bar
536 and cl osure el enent 538. Ceram c spool 10 532a has a flange that is
capt ured bet weibthdedowp@dmtpciadd SBOS ey perersomely S3Ylysiceivbensrades bar 536,
and power feedthrough 534a extends through the bore of ceram c spool 532a
to establish eldétiepesiicy eoiveat ebyetAkEs apAdPEIeds M1z praferably ghowar 536 and
the powered el ectrode 514. Cap 530b is fastened to the top of power

f eedt hr ough 5348-284H7 $npaPrYeorRbECHRRIRER WeEREaRd et PPDWEItDAYPIB!Ibar 536
and cl osure elenment 538. Ceram c spool 532b has a flange captured between
t he dividi ng waPPUsHgvaiisde oret BORWEHi stri buti on bar 536, and power

f eedt hrough 534b extends through the bore of ceram c spool 532b to
establish electrichi® Q,QWW&‘@?thﬁé@\ﬂééﬁ4§vhé”%6§‘/@é?"9ﬁp§?'ﬁi5E&%rP@FF3 bar 536 and
the powered electrode 514. The ceram ¢ spacer 540a is captured between the
di vi di ng wal | POSEYRIAREESPeEVH BT 18t ebading iouudividng 8 SR8 ri ¢ wit h
ceram c spool 532 Simlarly, the ceram.c spacer_540b i s captured between
the dividing WP 68T faﬁan%dﬁgtfﬁokﬂiérogao“éﬁré%ﬁtdﬁﬁ%g P42 2R 19 ROSEGRRENt ric with

AR i RN N TRER A R AL
 95ure o SFEnteg3 s TIESTAN S A00E, BRI MBI R0
st v S3iabd PS8 ol Aoty 358, BARTER GFUII 2651100 |
ceramic spool 532a to establish electrical contact between the power
distribution bar 536 and the powered electrodé 514. Cap 530b is fastened to
the top of power feedthrough 534b and is positioned between power distribution
15  bar 536 and closure element 538. Ceramic spool 532b has a flange captured
between the dividing wall 508 and the power distribution bar 536, and power
feedthrough 534b extends through the bore of ceramic spool 532b to establish
electrical contact between the power distribution bar 536 and the powered
electrode 514. The ceramic spacer 540é is captured between the dividing wail
20 508 and the powered electrode 514 and is concentric with ceramic spool 532a.
Similarly, the ceramic spacer 540b is captured between the dividin_g 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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positioned within the plasma cavity 542 such that its planar upper surface
514a, 5 planar |ower surface 514b and si de edge 514c are pog”i ﬁpe
substantially equidistantly from adjacent surroundi ng surfaces 8‘ t
ceiling section 504 and the grounded plate 512 that are electrically
grounded. Specifically, upper _surface 514a is s ated vertically from
and in a gener & RP“@&%&F“I“&UQW efisy gﬂ@ﬁri"%gf'\\’/\hd‘fjﬂ,Waﬁggé\ﬁﬁ%{?%ﬂe@f-'lpgci ng pl anar
surface 546a of gas distribution 10 baffle 546 by approxi mately the sane
di stance that [8WeP 58krface 514b is separated from an upwardly-facing

pl anar surface 516a of the u r slotted te 516. Th rfaces 514b and
516a have a general \{n W'ﬁ??é’g%r?@ﬁg?%@ﬁsmqlbé ”I‘%p%“(‘]ed?ér?‘gﬁt?olétehsggﬁ ansver se

di stance between the side surface 514 nd .adj acent _p i an
i nwar dl y- f aci ng°8tipredvdihigghe glagpa §?\ﬂtécs\ﬁglsPc%%lfﬁ|%qu%n|oaﬁPgéélrr?g?%ﬁesg%g’ equal to

th ti bet f 14 . 5 14b d 516a.
[ 1ol | owe. ChaPPREHBVET BEF B SR OUE GRA T 4° ByBle oty s i oned
‘relati t d equj dj t f 4 " -

Cpeci 16 anbodSHBRE Pt sPavT s e R e Y A Ay B D e

cavily 542 andy ConSeAUSnLLY vl 90/ HLOHL ALy NI afmaOMRHCERT | Ve

pl asma in 20 pr separati et ween t he powered

el ectrode 514 and  surfaces igg%ﬁaﬂaéeiﬁ%ﬂﬁﬂg%é’lg% iﬁraege(,e@parn{]ag)@néyxi mat el y one

(1) inch. The “&€Gtidl'8t%ant “spa magni t ude of the spacing
cooperate to pgélg{i%qspﬁg}%' ga&w&%rg;ﬁéﬂd I AU irfa il 5488 bk gdAIRUitGion f r oM RF

power supply 5 power e ectrode 514 wi thout 1 nducing plasm

spi kes, arcjng, B o2 aSRPhS safe d¥tawEBNA SteRiKdde)s14b B O 7 NOV
2006 In usLd]aan%\r}h%{dﬁ%goﬁ%rionUS%%?ef esraerelce to Figs. 15-18, process gas

" enters the chanigh aldGorDn LWRMGRadiiEnIgRs spiide 5969 onthe ubserdiaiiect ed t hr ough
gas passageways 513 to the upper side of gas distribution baffle 546. Gas

flows plate 516. The surfaces 514b and 516a have a generally parallel.relationship.

doned

| 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 surfaces 514a and 546a and surfaces 514b
and 516a. It follows that the powered electrode 514 is symmetrically 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 down;tréam-type plasma 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 magnitude of the spacing cooperate to permit
application of full power, without ramping, from RF power supply 539 to the
powered electrode 514 without inducing plasma spikes, arcing, energy hot

25 spots, or plasma instability.
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fromthe upper side of gas distribution baffle 546 through gas outlets 517
into 5 the plasma cavity 542, which pronotes uniform process gas
distribution in the plasma cavity 542. The RF energy applied bokNiéelils he -
grounded plate 512 and the powered el ectrode 514 ignites and sustains a

I fromth . | di in pl . ity 542. Th I [
bl asim cavi ty 542 i 41 I M UCANE AP BEE CORBaT m Hy PIGRS S281%8IF ons, 1 ee
. di cal d | pecies. 10 B | f ' inth
plasma troat menlC ST B ROOF S BNOPEBry oL BT B ORAN BrRdae: port 136
cavity saz w11 PhE R EASTAR By PR HRE N ea Mo bl ol Fora che
ol at o 512. Char hon e bEre 0 gUR bt B by BR Lk Rt RS oA g | mei ae

| ots 522, 524, . - 12 1 ded | ati t
arih groind ALCReeREGRIS TR Inah BUAREE, PUALS apdled fus R oss 7 1
“likely t t ' : t 1 it

ol aem Speci o5 TACE: bRkt Trr acro Bam-de ISR bRl e BRELL 2

mol ecul es of pré}mgRsﬁ&edggcqjgdft5@@9@&faﬁg_swsiﬂyggfaémtfﬁo PREpEdy 209 926

20 into the proces g space relative arrangenen S

524, and 526 aggd rEQ&ni%lé@wa ERAG5L OB Pa 5}?&9&%41&%’3@@%&@?& cent er

slotted plates 516, 518 and the center and | ower slotted ates 518, 520

elininates, or digdhshsid EHididinglongi diatRss, fldengaiblis 5hRbicPAbpetitom t he
plasma cavity 542 to the processing space 102 so that |ight generated by
~the direct plaspatalise thBeoRlcAERBesta6 AV iHe)pihdd treutht syit8iblogs §dhdpiigcessi ng
space 102: -56 0 7 NOV 2006 The vacuumor the punping action of vacuum
punp 144 (Fig. @hdugtgemwaheedhbes poadieal sotertwarad, il vamplecdmppehtgwar d t he
wor kpi ece 56 to performthe downstreamtype plasma treatnent. The
wor kpi ece 56 t oofltiee difeeapieshamntflashizecavity 542 will be attracted by a suction or

vacuum force toward the slotted plates 516, 518, and 520 that collectively

constitute the grounded plate 512. Charged species, such as electrons and

15 ions, recombine inside slots 522, 524, and 526 because grounded plate S512is
grounded relative to earth ground. As a result, ions and electrons are
significantly less likely to enter processing space 102. The grounded plate 512
permits plasma species lacking a net charge, such as free radicals and neutral

. molecules of process gas, to be transported through slots 522, 524, and 526

20  into the processing space 102. The relative arrangement of slots 522, 524, and
526 and the spatial relationship between the upper and center siotted plates
516, 518 and the center and lower slotted plates 518, 520 eliminates, or
substantially eliminates, line-of-sight paths from the plasma cavity 542 to the
processing space 102 so that light generated by the direct plasma in the plasma

25  cavity 542 is not visible in processing space 102.
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downstreamtype plasma i s supported by the side rails 66a, 66b of substrate
5 support 64. Free radicals adnmitted into processing space 10@7cNpvt aggh Wi th
the exposed surface 56a of workpiece 56 and react chemically with the
material forming the workpi ece 56 or contami nation covering the exposed
surface 56a to performthe surface treatnment. Excess free radicals,

unreactive process @asyadiBh&sHeSmpMtfadion bAMDaR ptimpeaaYEd. imﬁst he
wor kpi ece 56 are exhausted 10 fromthe processing space 10 e punpi ng

action of vacuum BESTdIAR: and VB nidkuREeSeaH tﬂerw&ﬁ;sléémsdﬂ@%eh@mhe
illustrated by a description of various enbodi mrents and whil e these

enbodi ment s hav@wPeesbrslepe HiddRd tieBtmdrRNShalRbRblkee 981ANd tredidd With gt t he
intention of the applicants to restrict or in any way limt the scope of

the appended cld@iviBtrdn-5lbeRidfhad suppdHed by GBaldekbilsbaasdPEasbARE:
nodi fications will readily appear to those skilled in the art. The

i nvention ifp i teppsroaderreaspfcisadnittédiaoalro¢esin@tpddemiobedntagt witkenspeci fi c
~details, representative apparatus and nethods, and illustrative exanpl es

shown and descixpbegd. sufaeosal dgloykpicde@ardndres:t omymibealy Meend marriguch detail s
W thout departing fromthe spirit or scope of applicants' general
i nventive concepitmingihe wAdkseze®e odtorttaeinativrecdvieony the eepdses Botiddad spaly be
defined by the appended clainms, wherein we claim -57 0 7 NOV 2006
Clainms: | . An mppan a’temrfémtre{mroerﬁsEb(n@se(remad(q:nlemere\acwe fro@ss gasli cal s from
a light- emtting plasma including ions and the free radicals, conprising:
5 a vacuun1chanb@ecmmwbm@tm@man@ﬂscmyybdgomgaewodp@caS@basw@aoavdty in
comuni cation with said processing space; a workpi ece hol der positioned in
sai d procesHl ngrasptiearossiag space po2 by ihe mmmgmm \aaayrhermpd 4évacuat e
sai d processing
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 cbncept. The

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

wherein we claim:
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space and said plasma cavity; 10 a process gas supply port in said vacuum
chanber to introduce a process gas to at |least said plasma cavity; and a
pl asma excitation source capable of exciting the process gas in said

pl asma cavity to generate the plasm, said plasm excitation source
including a grounded plate with a plurality of openings pogbtﬂ@mgﬂmbetmeen
said plasma 15 cavity and said processing space prohibiting the transfer of
at | east aQwifis:on of the ions in the plasma fromsaid plasna cavity to
sai d processing space and allowing the transfer of at |east a portion of
the free radicals in the plasma from said plasma cavity to said processing
space, and said openings configured in said grounded plate to bl ock

| i ne- of -si ght path i i caicd 2 i ace for
reduci ng. | fght " TeRArAlsTRl BrokedS MR Holpted v e Bolai BORLRH0BE02T . U
of claiml whﬁz.reir? said cigg.ni ngs ar§ Sl Pts, gmd said grounded plate

conpri ses &MPiReAlagmafpcludiggians apd the res fadicals ﬁ@mé’”g\”@r ality of 58 0 7
NOV 2006 slots, said slotted plates being arranged to substantially

el i mi nate di rec® VacHEmbebambghinchiding arespssindisprcesand aplasmacavidning
processi ng space. 3. The apparatus of claim2 wherein a first one of said
sl otted pl speun@nicatiorudeb saippracessing spacej rst sl ots and a second one of

said slotted plates includes a plurality of second slots, said first slots

bei ng of fset franwerkpibcecwslder positionedsincdaid pedcessing dpacet sl ots are not
aligned with said second slots in a direction extending fromsaid plasna

cavity to said pnees portsaaRt vakliuf cHalbaprRréAdiatdbadl frboeskingrer ei n
said plasma excitation source further conprises: a plurality of

el ectrical lo¥= b eparating said first slotted plate from
bapoR e Bt cai;

sai d seconé e In sard direction extending fromsaid
10 a process gas supply port in said vacuum chamber to introduce a

process gas to at least said plasma cavity; and

a plasma excitation source capable of exciting the process gas in said

plasma cavity to generate the plasma, said plasma excitation source including a
grounded plate with a plurality of openings positioned between said plasma

15 cavity and said processing space prohibiting the transfer of at least a portion of
the ions in the plasma from said plasma cavity to said processing space and
allowing the transfer of at least a portion of the free radicals in the plasma from
said plasma cavity to said processing space, and said openings configured in
said grounded plate to block line-of-sight paths from said plasma cavity to said

20  processing space for reducing light transfer from the plasma to the workpiece.

2. The apparatus of claim 1 wherein said openings are slots, and said

grounded plate comprises a plurality of slotted plates each having a plurality of

58



pl asma cavity to said processing space. 15 5. The apparatus of claim3
wherein a third one of said slotted plates includes a plurality of third
slots, said second slotted plate being arranged between said flﬁaééﬁ@%
third slotted plates, and said third slots being offset from 0 nd
slots in said direction extending fromsaid plasma cavity to said 20
processing space. 6. The apparatus of claim1 wherein said vacuum chamber

i ncl udes as|dié ayHIEElotied, plaed teihg aﬂJaﬁgé@t&QMbétMniléllyl Smihatk dinsdtdipessi d
chanber lid. 59 0 7 NOV 2006 7. The apparat us of claim®6 wherein said

chanber i gmeaﬁ) p,gsg ns for permtting
|ntroduct|§ h'iﬁ rerré))va%)‘aefctj thea\?vog\(rﬁ pt?)er%é& o) ana cﬁn%cgal d wor kpi ece

hol der, and said chanber lid carries said grounded plate. 5 8. The
apparatus of claim®6 wherein said chanber |id further includes said

process ga sup ort coupl fluid c ni c tlon th |d pl asma
vt by, 053 Tho libnbaralisgh i Swherbia imt oa of sAdheed pites Fher
i ncl udes a 10 pIurallt of passag s for distributing the process gas

recei vedl finaludes @ plya ecg‘sflrgaﬂo@ 3 spepnd poe o paidlatieshpiades ingludgsd sai d
pl asma excitation source includes an el ectrode insul ator positioned

bet ween saiacplprality efisecsingcslotsdsaidifitstsslots hdingoffset fran saidisseont slbts al ity of
passageways includes a plurality of outlets proximate to said el ectrode

i nsul at or eoththatgdid firgdsinte ase gotalignadhaith saidpsecohdwictsam aditetioper | phery
of said electrode insulator and an outer periphery of said first powered

el ectrode feRterdithy frafi sl pladtia icality f Sdibliphoédsihg spdce.sai d plasma cavity.

10 4. The apparatus of claim 3 wherein said plasma excitation source further
comprises:

a plurality of electrically-conductive spacers separating said first slotted
plate from said second slotted plate in said direction extending from said
plaéma cavity to said processing space.

15
5. The apparatus of claim 3 wherein a third one of said slotted plates
includes a plurality of third slots, said second slotted plate being arranged
between said first and third slotted plates, and said third slots being offset from
said second slots in said direction extending from said plasma cavity to said

20  processing space.

6. The apparatus of claim 1 wherein said vacuum chamber includes a

chamber lid, and said plasma cavity is located inside said chamber lid.
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10. The apparatus of claim6 further conprising: 20 a | oading station
arranged in-line with said vacuum chanber, said |oading station configured
for introducing the workpiece to said workpi ece holder when said chanber
lidis in the open position; and 60 O 7 NOV 20M an exit stayiNov ampanged
in-line with said vacuum chanber and with said | oading station, said exit
station configured for renoving the workpi ece from said workpi ece hol der

when said qhafmfﬂhe'aﬁbdrétUSfbftdl‘élrrp@WheP@iﬁIsTalidJBharﬁbérlhd & mevasie Hediveen
processi ng a workpi ece in a vacuum chanber having a plasma cavity and a

processi ng oggﬁ“a% éle‘edTEBQiﬂgn§ driHittifc uﬂﬁfb‘%fcﬁhh %daremoa«%n‘af%nt ai ni ng
¢

ions and free ra romap cess as In e plasma cavity; emtting

porti on of WHEPBFELS PalitiSald oke R R, s kL hIRBERLS A sad T re”

processing s %;:ﬁe, I’?hl biting transfer of at |east a portion of the ions in
the plasma9f al&| asma cavity to the processing space; substantially
bl ocki ng transfer of the light fromthe plasma cavity to the 15 processing
space; and processing the workpiece in the processing space with the free
radi cals. 12. The nethod of claim11 wherein substantially bl ocking

transf er of8.t he Thiei apparatustdfelaivodwhesein:sakbchambef kd furtherlingndes saich t he

pl asma i nside the plasma cavity through a first set of slots; and bl ocking
the transf erocessl gagsupply bort cotipliuttingiiid cdmahuicatizinf with shidoplasina cavityst set

of slots so that the first slots are not aligned with the second slots in a

9. The apparatus of claim 8 wherein said chamber lid further includes a

10  plurality of passageways for distributing the process gas received from said
process gas supply port to said plasma cavity, and said plasma excitation
source includes an electrode insulator positioned between said powered
electrode and said chamber lid, and said plurality of passageways includes a
plurality of outlets proximate to said electrode insulator emitting the process gas

15 that seeps around an outer periphery of said electrode insulator and an outer
periphery of said first powered electrode for'substantially uniform distribution

into said plasma cavity.

10.  The apparatus of claim 6 further comprising:
20 a loading station arranged in-line with said vacuum chamber, said
loading station configured for introducing the workpiece to said workpiece

holder when said chamber lid is in the open position; and
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direction extending fromthe plasma cavity to the processing chanber. 61

07 NOV 2006

r

an exit station arranged in-line with said vacuum chamber and with said
loading station, said exit station configured for removing the workpiece from

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

5 11. A method for processing a workpiece in a vacuum chamber having a
plasma cavity and a processing space, the method comprising:
generating a plasma containing ions and free radicals from a process
gas in the plasma cavity;
emitting light from the plasma inside the plasma cavity;
10 transferring at least a portion of the free radicals in the plasma from the

plasma cavity to the processing space;

prohibiting transfer of at least a portion of the ions in the plasma from the
plasma cavity to the processing space;
substantially blocking transfer of the light from the plasma cavity to the
15 processing space; and

processing the workpiece in the processing space with the free radicals.

12. The method. of claim 11 wherein substantially blocking transfer of the
light further comprises:
20 transferring light from the plasma inside the plasma cavity through a first
set of slots; and
blocking the transferred light with a second set of slots offset from the
first set of slots so that the first slots are not aligned with the second slots in a

direction extending from the plasma cavity to the processing chamber.
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