PLASVMA TREATMENT SYSTEM Cross Reference to Rel ated
Applications This application clainms the benefit of
U.S. Provisional Application No. 60/374,010, filed
April 19, 2002, the disclosure of which is hereby

i ncorporated by reference hereininits ' m
Field of the Invention The present | nvent\mm"mmﬂlm“m
generally to plasma processing, and nore partigul arly
to a plasma treatnent system configured to perform
downstream type plasma treatnments. 10 Backqground of
the Invention Plasma treatment is conmonl ﬁm@mmmﬂmwmm
nodi fying the surface properties of work |

in applications relating to integrated circui t*sqooo2*

el 47 Ll A?R?ﬁ‘éﬁ?%%Ym printed circuit boards.

Pl asira Tr ea systens are 15 configured to produce

a .§5§§keﬂkMOfﬁe%@AEgM%sgas and expose a
su I Wor Kpi ece with generat ed

active W?Qé@éﬁfoﬁ% iﬁ?%eﬁéﬁ@ﬁttof URd 5 8Psidrial ABPIR%Son No.

surface afors by physical sputtering,
Chegla5alok Y MBASH $8 2002, the disclosure of which is hereby incorporated

by reference herein in its entirety.

Field of the Invention

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

type plasma treatments.

10

Background of the Invention

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

to condition the surface to improve properties such as adhesion, to selectively
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sputtering, or chem cal reactions. The physical or
chem cal action nay be used to condition the surface
to inprove properties such as adhesion, to selectively
-1 renpve an extraneous surface |ayer of a process
material, or to clean undesired contam nants fromthe
s urdhawe an kRkiaseaud suefaterager of preeshsinmaterlag ot foorearsundesired
packagi ng, for exanple, to increase surface activation
anddroamisantt &cre thecduefacd .i Pleswa fireptrednt isiused inregectronics
del am nati on and bond failures, inproving wire bond 5
st paakgtihg, femexamplagtovrmirek serseisface aaivétion| andioe swtacag
oxi des, enhancing die attach, and inproving adhesion
f ocleamicepsul atiirating Gtlavimation ead bendtfaibyest emsoviry wive bond
integrated into in-line and cluster systens or batch
5 pr stcegesnsunngwnic fregurdentl, sfmadidqrdss exnhanengiie edsded
by successive plasma exposures or processing cycles.
Woridimpeevingrasedien fooeraappilpéed- by vari ous net hods,
include delivery in a magazine, individual dellver
by a c dhaag\Adre atrpeh SYRATS Wgtbéﬁﬁ‘te@fﬁteﬁﬁﬁﬁE‘r"”ﬁ@@éﬁiﬁsiﬁﬁ
into the process chanber. Plasna treatnent systens
gy SEROOTPE I P IPEFFE ERES IHPISN SRS, WEKPI§RRS:3re Processed by
mani pul ators that coordi nate workpi ece exchan nto
andlGaESIEIPIFHE PPBLERTOr RIPTHEP Y oFs ﬂVQ(EWﬁC??r"g%ye%%l ng
operations. 15 Conventi | asma treat nen

"OhaEHa Peis P RIS qqfﬁwv ‘”par'BE%%Zg‘euWF“f“@% fery

ross the surface of indiv

ol LR AP BBl S BL L 1% SRS e raseat ramoer
OO Pl bRl eIk LA Ge BB S UL LAGRAALed B

all orm acr oss

the o#ﬁ&n&f&% et ct%fﬁe nafe%oresﬁf %‘%ﬁg{]ﬂ{o ag%u&'thé p&cg&e |

uni asna I

un%%é A %Emﬁg%cgé%?ﬁgﬂ%ré’tfbn!ov‘er and the dispersion

process on-uniform pl asma density at

15t he Sur(?ﬁ?&nt@ﬁai‘plé@m‘é@ﬁe%f?ﬁ&ﬁ gy $leds AR aRIIAS BRvide adequate
reliability and reduces the process yield. To achieve
WOp IRk &G RifbAitpRAEK R 6urface 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 the process gas.
A non-uniform plasma density at the surface of the workpiece 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 spatiaily uniform across

25 the surface of the workpiece.



uniformty, the process gas nust be evenly dispersed
and uniformy ionized by the excitation power so that
the flux of active species is spatially uniform across
25 the surface of the workpiece. 2 Conventional plasma
treatnment systens have |likewi se failed to achieve
adequat@W%ﬁP&é'tﬁ‘?sﬁ]al tfeta§f”‘?ﬂ‘t SYHemp haenieise fiigg i achieve

t ween successl I eCes.

DaEes Bl Baeono g e ORL SRET e |tr199t”beé‘ﬁgg‘w§e’bwcﬁﬁ§'v§rt@ﬁqh§é
Eﬁgc“é%f&%esvﬁéﬁ% §a§ﬁéeip2°4é§f%@ve§e%a5§gf§ B eresiie Ny o

i dent | asna, condi t t ionventl onal
o B BB AR pagefg?tswi% P e BFceprdrgoses
t t
e e S
ni.f or.

h d
oy LT en e el S P Y BoPibiont SR8 808 on
Sygr{réuﬁéwaigtl e'?wl\églg ? Sélna lprc{c@% Prle%so%bhcflg%geeqmrements

ack ener a

O@gﬁé@ﬁ@gﬁ%?a&' ﬁgm.tg'a%e s sﬁ% ?rﬁéuitﬁ”sytlag &gg@?zfed

r.egjur %E%u@tﬁo‘ﬁ%é@”ﬁgne“ C spectrum As is

direct plasma is a conbination of

10 rrul t . plcfon%rﬁtfoﬁéaemnesp@%aeﬁeawne&d YRS alsBsek A ability to
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el ectrons that have a net charge and source gas

oL &feie s dbwndhdhnt-fy F@ plraﬁ% %%'t & JuBstbnt I?fr@@b'ftl&% eleElhr &R

radi cal s are gas nol ecules that are nearly ionized

yebnd IRjh@inbt 14281 the Gidible r6Q6MLEAE Blec@dmBrR64 ERREUSRO Ashey
are neither positively nor negatively charged.

VOWEIPkRmEs a iB¥ctBRispb 0L seasinaddniof enuliplettiteremlspadies
containing all plasnma species or wwth a

doinpisting &amstayip @lepira@s neatihaed &l denthapgel amdrsolinte haemMolecules
radi cal s. Processing workpieces with a direct plasnma
20ampt fosrntadsals trea kreereutrall Fhedratiicalp laysgasaholewtdsthatdue t o
ion and el ectron bonbardnent and chem cal action

ar nedrly dorfizedvesietdiratbeir full cemaletieshofafiectrhes $a tbey 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 plasma
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

dimension plasma chamber and a substrate support in the plasma chamber that
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radi cals. On the other hand, processing with the
downstreamtype plasma involves primarily chem cal
action. Conventional plasna treatnment systens
generally include a fixed 25 dinmension plasma chanber
and a substrate support in the plasnma chanber that -3
hohglgs thBevowpidcpiaes éxat paaition vetveposppasen trbetmeaesliectrodes.
opposed treatment el ectrodes. Because the workpiece

i SBecxmad 8d vadrkpdedei ix pdatpd st & fixat, pashien, s Satzee tabdyslasma
plasma treated is |ikew se spaced relative to the

t r ecdteeintikelisctpande s2latiVhéo fhiexredtrpad electonies s Todidedn to
provi de a spacing effective to provide an effective

pl pssiten iScHoseatoyeatidd @ spaubrdkeiieetveso pfovaleginvedactive plasma
thickness. It follows that, as the thickness of the

5 wolrgmentdobedriagie tesed & g@iven thickness yis todowcthatngethe thitkmess

| ocation of the surface is no |longer at the desired

f i sictle pokpierobeispirediad intthe skstém ehanvey, tod loction obthes ma
treatnment may be reduced. Therefore, conventiona

pl aiteae tsredenasnet the yssieadgixad eosiiqn @dmtmfe%ﬁl%wy of the
accommodat e changes i n workpi ece thickness. 10 There

i spigsng treatmeaidmevie wausat | Theeefeieasinbettionairiisme tepieh
that can provide a downstreamtype plasnma for

t r BRtamREradrsqyireee & acﬁomm@daﬂeacgﬁ%sescrw%@m%mkﬁw
can accommmdat e wor kpi eces of differing thickness

Owhi e Thafers ﬁiumaﬁ@eﬁfpr@f‘ﬂ%mq RIBSTE BeRimemsyRiPM; 3t EAry .
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15 Sunmary The Egesent i nyention adgresses t hese and

ot HrQY'dE)P&BWBﬂEEa Y8R P'ﬁ?'@ﬂ OF\MG?W‘%‘I’% BPFSe™ KeP'asie

t t bl f
PR B SR e
pI a?”? rﬁrggeg%% ective t¥eattr%grnt e@f?c%e%g s a vacuum chamber

rocessing chanber lid, and a
plasna 20 cavity deflned |n the chanber lid, a
wor kpi ece hol der positioned in the processing space,

a source coupled in fluid communication with
2, Sainted

The present invention addresses these and other problems 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
vacuurﬁ chamber including a processing space, a chamber lid, and a plasma
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

capable of providing process gas to at least the plasma cavity, the vacuum
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vacuum chanber, a process gas supply coupled in fluid
communi cation with the vacuum chanber, and a first
pl asma excitation source. The plasma cavity and
processi ng space are in fluid comruni cation. The
process gas supply is 25 capabl e of providing process
gasutR iQtapapi@ st etdeeatplgaserarocassingspach end the plasmadcavity,
source i s capable of evacuating the processing space
arghdtthefipl gissme eairtion, sousads opesalfle fos exgtingrecess gas in the
excitation source is operable for exciting process gas
i pladnea cavitp®meneratd 4 glasma géhe pasea gxglaiensourgnfdrtpéras m
excitation source further includes a grounded plate
pdstltdasregioeevpte pdséiopeabeatweeatietpasmedcavtieams the
processi ng space. The grounded pl ate includes a

5 pl procdssing spdceojeagrysdehpatsiiecluass anlyhith ot easgings capable
the | east, substantially reducing the transfer of
¢ hefgeribitirgpe it e, leatclvbateniali sedusig éhecleansini of cHargas t he
pl asma cavity to the processing space. However, the
opsPeciegsupt ef eneand elpsipnal o eRlasmarRyitelo Be Piqcassing
radicals fromthe plasm cavity to the {ocessin
SpEES. Peweredilhryores NORiPEiereplaly alew {fﬁéraﬂﬁg of AVESt rP%ﬁ?’S a
downstreamtype plasma free, or supstaptially fre of
CHETB &t PHSATA SPeiheS TaBr BRSO 2etr BR HE T 8P SRt o1
wor kpi ece for performn l.asma reatnents hy the

10 G HBWATEP. S4TSR SPR LTI R B PO ThE FRyERES
action otherw se provide he char ged rti.cles,
AR oL psrdes Bt bR R B ReanT PR SE e
is provided for 15 treati a r kpi.e i , na.
TrESHBEHOG A adiEel B At Phge TR ET Sog Py Bt
progcessing s e .of ocessi ng system
Ao TR o RO

. “ptasma conpri sing charged species
and 1 6l 6AhS prdddibebd ROirGORIACH R ARAISHov e t he
di rect pFas to gre te

a a downstreamtype plasna

o] PSR AR AT RS, PRneTRElAIE s
donst b &RBhY ¥PRe Rk 89MBma processing system, generating a direct
plasma comprising charged species and free radicals, filtering _charged species
from the direct plasma to create a downstream-type plasma including free
radicals, and exposing the workpiece in the processing space to the free
20 radicals in the downstream-type plasma.
According to another aspect of the invention, a plasma treatment system
includes a vacuum chamber having a chamber base and a chamber lid
movabie relative to the chamber base between a closed position that defines a

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

25 of the processing space, a vacuum source coupled in fluid communication with
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According to another aspect of the invention, a plasma
treatnment system includes a vacuum chanber having a
chanber base and a chanber |id novable relative to

t he chanber base between a cl osed position that
defines a processing space and an open position for

tranSi&n A9nBeRMIHEE Holle? IRBEd Fithe dRcBEsiA l@pﬁicca, a

processing spaceé, a vacuum source coupled in

c%mwg ' ' NaGOHARICRRR& UM haWeK Ring Ge

ho der%ﬁgggt gmbﬁmgﬁg%gggggssing Space, a process gas
SURRYa é)&itétﬁdﬁ's@ur‘é_@.m‘m@br‘é@ééﬁbs%ubﬁl#sﬁ%pyﬁg BHsovhiRgher
and a plasma excitation source. The process gas
SURBLsIges GAREBIR e nghipays dhd) dacuDMLeRE iDapable df he
processing space, the vacuum source is capable of 5

5 eVAGH@InG thd $16cdREIRE §SseNghSPa GRasmRNcitdlien BbA6ER operable
excitation source is operable to provide a plasma in
t hg pRERRES SR HRAESroBsRpigabacte feremitdBodIRCR66esgads.
The chanber |id further includes a first sidewal
semid dmambapifLensfincheeng first eiteweaitsddtiontddaeleciiagher |id
for changing a vertical dinension of the vacuum
chambesd fréda aor dhamget i@ fohétangispactertotl dimendianvastite \GaTuum
the vertical dinension of the 10 chanber may be varied
t ochaehe miatatdngto tipaspeesofdiie divérftion, the vértidat Kimesisiob yf the
conpensating for substrate thickness by placing the

10 exghastdr say bae@iedfio btmmmasiakgpvetkpicags of difiedld thickbéss by
di stance fromthe treatnent el ectrode. According to
t he@nmensating farsubstratenibickmassityi dbatindgherexresed pufase elihged
for plasma treating a workpiece in a processing space
of werkpigesuairn rrpeietBide disEHCH HOMNrife HeRMaRbRICIIORe. The
met hod conprises placing a workpiece in the
pr oces écerjdiap tclee PERPIgERTRHIGVENtPH) mEthee s ravieshiRber
lid to alter the distance fraom an exgosed surface of

t hRlasbR lkpatioe @ YopkPipor iR A PHRSAES'AY BRACP SR VUL S BABE i n
15 AR el TR T DY Bt P and "RPHE LS of
t hperogers%%(ge %tpaéer,“ér%e \t/airyﬂrrllg gr\}gllulme of the chamber lid to alter the distance
from an exposed surface of the workpiece to a treatment electrode positioned in
the chamber lid based upon a thickness of the workpiece.
These and other objects and advantages of the bresent invention shall

20 become more apparent from the accompanying drawings and description

thereof.

Brief Description of the Figures

The accompanying drawings, which are incorporated in and constitute a

25  part of this specification, illustrate embodiments of the invention and, together
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20 become nore apparent fromthe acconpanyi ng draw ngs
and description thereof. Brief Description of the

Fi gures The acconpanyi ng draw ngs, which are
incorporated in and constitute a 25 part of this
SRAGI I deratd B8kcriptldnls tHeab e nedib gidemendve, #fd thdetamstent i on
and, together -6 with a general description of the

i rBé@cpr'h@rﬁg:GérV@élo@Q@m to 8Rslaih e pletcaidsed thed@satibmt i on
given bel ow, serve to explain the principles of the

i nvent Fight isk @rspkciivé iew el Sileerha treattieats yaferainplcas dznce
treatnent systemin accordance wth the principles of
t hethprep@itipidsof et gresent bvéritign; 2A is a side schematic
and partially broken view of the plasma treatnent
syst enFigf 245is@ side schematidhd aréellg ibdekes eivenzithecplzamh
partially broken view of the plasma treatnent system
oftrelatngent $ystemwhFight;t he chanber lid is in a cl osed
position; Fig. 2Cis a detailed side view of the

pl asmaFigr eAatsreeside systneiie arfd feiriplly broken @iefi of theplasman
front view of the plasma treatnent systemof Fig. 1;
Fitepatrdenit sysers oh@igat inovhihob& clokralpgraichid inlausasea PPitP A
control systemfor the plasma treatnent system of

Fi g. 1Figr2Qis ®d4tgled sidedigweeidne P'@Fﬂné§ﬁﬁtﬁtqnh@’53§”b?fo%%§
of inplenenting a plasnma processing cycle ut|I|2|ng

t he cohigrdls asfent simvof tEiripsme, tr%?émf*’”téys%mloi ¥ di de view
of a substrate supg in accordance with an

al t er nfigi ¢ %ﬁfﬁb‘é@?{?ﬁ#ﬂ?c“tqﬁ@rﬂﬂ”fﬁ’@frﬁ'r&a gntrekRysiSMdeRhe

i nventi on; |sa artial front view of the
smaatf%at'ﬁﬂﬁﬁé?th@f By 6; Fi g 8 is a top view of

pl aspa cha in accordance wt q rer nmaol es of
the i nﬁ@n? iscﬁ1 wchart illustrating a process of impiementing a plasma

processing cycle utilizing the control system of Fig. 4;
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,
Fig. 9 is a sectional view taken generally along line 8-9 of Fig. 8;
Fig. 10 is a sectional view taken generally along line 10-10 of Fig. 9
Fig. 11 is a detailed view of a portion of Fig. 10;
Fig. 12 is an exploded view of the plasma chamber of Figs. 8-11;
Fig. 13 is a perspective view of an alternative embodiment of a grounded

plate for use with the plasma chamber of Figs. 8-12;
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20 Fig. 9 is a sectional view taken generally al ong
line 9-9 of Fig. 8 Fig. 10 is a sectional view taken
generally along line 10-10 of Fig. 9; Fig. 11 is a
detailed view of a portion, of Fig. 10; Fig. 12 is an
ol 0 11 Bvf GroRaB 8L AL AIEBY® Ginbps et § agrodidec

Fig. 13 i ' [ .of I [
%@a@%ﬁ?@p‘@@?%ﬁ%@ﬁaﬁnb% Pactor use wi th the

. Figs. 8-12: Z Fig. 14 is. .
Per apolla g8 A st iee dan ATt ieveamsdalr iy epodyment
gf g@a.ng%?”ﬁ&la%]tbgf Fn%rgcc?r aercljlcvélI M?n t%gﬁgrf)cll pqéssn?f tr%:eh%g%)n ai?m;?g

secti o view sim

i g ; ; .
s oor (Re BRI IL U RO of 2 Pl st
| nvent i-on. gs aF%_e%ti?n;'aﬂAm\% sg ||Fa"flu 5—9,9 1\6| o%%e?rha?ar%?&ﬁ%n%b%{r]agf

Fig. 1 'gl‘Jﬁel3 a sectional “view
1OF§f]§he pl asma chanber of Fig. 15; Fig. 17 is a
t i

de ed view of a portion of Fig. 16; and Fig. 18 is

an expl - V] ; jaoﬁi‘]@‘ r.-af Figs. 15-17.
10 Detgﬁdzg_lstéegéc%'%gtﬁegﬁd%_t e Cﬁﬁ én?’iag_ﬁ The present
i nvent icon g i ASERLEANES IMHebIdAR daiBel &8ss, 4897,

obj ectives herein, provides an apparatus and a net hod
jofor processing a workpiece wwth a plasnma. The present

i nvention provides a plasma treatnent system

copkiaged 6esdription ditindentiorini forny dense pl asna,

rapt d punp-down and venting cycles, reproducible

pr oces ghagrezemndiveh s in #36rdahegitt the drinabies bid objectives

handl i ng. The system advantageously requires a

r eglieintorevigéd & Appardhayveid 4 meihbd fdratazesginl a Sukbice with a

uniformy dense plasma in the processing space, while

enpiboya.NTheBpresent invention provides a plasma treatment system configured

15  to provide a uniformly dense plasma, rapid pump-down and venting cycles,
reproducible processing conditions, and simplified material handling. The
system advantageously requires a reduced excitation power to initiate and
sustain a uniformly dense plasma in the processing space, while employing a
control algorithm that minimizes the cycle time required to process each

20  successive workpiece.

A plasma treatment system 10, in accordance with the principles of the
present invention, is illustrated in Figs. 1, 2A-2C and 3. Referring to Fig. 1,
plasma treatment system 10 includes a processing chamber 12, a loading
station 20, and an exit station 22, which are situated on a substantially flat and

25 mechanically stable surface 24 atop an instrument cabinet 26. Processing
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control algorithmthat mnimzes the cycle tine
required to process each 20 successive workpiece. A
pl asma treatment system 10, in accordance with the
principles of the present invention, is illustrated

| Nty 1%incl%€€¥§:ﬁr%?rﬁ)e?"id Reheieadhcdrefibd o :%gf}ﬁongdre??g?e

treatment system 10 includes a processing ¢

a {pagdi Hﬂﬁgggs%wbgﬂ 62 GhaRitfdr A 18% s%le%ﬁ\%wﬁ%istig@ablg\’glét%en

are situa substantially flat a
g@f@gan%shixn skahben S §aend%rabaPa 8Bsdd st HEMY shown

net 26. Processing -8 chanber 12 includes a

chamers! idhakbetisigeabhy ceanpatad opierdiRehe PacH
18 by a hinge assenbly 16. Chanber lid 14 i’s

sebie&titg byndReletrh A& s 6itdBRS FOEBIGh-v AUURRERIIRASHS, IsOfh aftS
shown in Figs. 1 and 2A, and a cl osed position, as

s hgywaluminamfdligy o2Bstaipleasbeel. base 18 and chanber |id 14
are preferably forned of an 5 electrically conductive

mat er i @hamyktiRblsendi@es R @Wnedagiing28 RRY bE aldPaSIdeial Bo
as an alumnumalloy or a stainless steel. Chanber

| i ghclrdied Bg badesn 32.dawrRdperiobefigy 38isanslidud ih Béingy 2d for
sidewall 30 encircled by a flat rim32. A viewport

O piesiding a 3@wipsrt p4.0N¢ bt showrc i fig. 12, 28wpart 34 lsad slibkggngally
viewport 34. As best shown in Fig. 2C, viewport 34 is
a gatstpantliaghdhed IDchEmdealid pabek fratedSired fasterchad®epn O-
lid 14 by a frame 35 and fasteners 36. An 0- ring 40
i sringedieis vexgived wiihin agrepvedhedhatzireyrascribes et dHeaing 38.
vi ewport opening 38. Viewport 34 conpressively
endgayeet & pomgeshlvetyengpess @-rngvii de treteiagiacuedight seal,
where the sealing force is supplied collectively by

t hehgse desipalinglpice & wipplieg collpeltviRly i theriessyrediffenentighd
exterior of processing chanber 12 and by fasteners 15
3ePetypenne interip andsexde s of BREFRTingrchamiprel cndryfasteners

oL et e S biae et S e
TSNS ERLON cob A0S 05 9Bt 6Rb, el e0d\ g v Rkl
range for optical wavelengths. O-ring 40 is preferably formed of an elastomer

such as Viton®.

Chamber base 18 includes a floor wall 44 integral with a sidewall 46
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

appreciated that O-ring groove 50, and therefore O-ring 51, may be positioned
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such as Viton(r). Chanber base 18 includes a floor
wall 44 integral with a sidewall 46 20 which is
encircled by a flat lip 48. Lip 48 includes a
circunferential groove 50 for receiving a conductive
resilient sealing nenber or Oring 51 that provides

ann ehes thiBsdr i 15 ONEHERIeY 8a st oL BEh 2R g YRSt MBLhaAk | Y
vacuumtight seal between chanber |id 14 and chanber

bas@ skSpe JiMge gHe s HIORBNON 1Y BOIYE1RE thaBPsHi&HAtE S Homthe
are selected for creating a vacuumtight seal. It may

besubuiMy @iradrisht bRaksDikeiyng aga@0Y carQomprsinitd ereef or e
O-ring 51, may be positioned 9 in either chanber |id

14scalingcdbaimps obmg 61 kovtibAeauh cHeppdrtiing, fromt he
spirit and scope of the present invention. It is

5 appr ecDatngd itihatoruativetdldsadresr dasken proferabsibmeadstiang
environnent are less likely to attach to, and
C aJoptpolitess atdoeductesatii prgvdabirtprégnatdd in @n elasgntet birber, such
positioned in chanmber lid 14. 5 0-ring 51 is a
c aascupdwdee ofedilees tande lungrask gt silicgonef an akdnypldrp Qverng 9f isa
conposite of a conductive fill powder inpregnated in
arfor egisif @armendustivedeam positeeimanefgctargdcand erarkeftedsindee thedrade
alumnumin silicone. An exenplary O-ring 51 is
f oramedClotseal“dyrficthialeing Brasiosist @ division fohR anserddarmifth Corp.
mar ket ed under the trade name Cho-seal (r) by EM

10 SHCtevelendy doduct s, a di vision of Parker Hannifin
Corp. 10 (Ceveland, OH) . In another aspect, chanber
base 1B angkhehasrertetamehes bassd? Resthedaclydsis garorkgjgce holder
substrate support 64 configured to receive and support
a Parestigle sMpPrRpPLefiowsd IEgaVaRNg SURAGR IBRAEQE WoBkRiece g

S Pl L L NS P s
e ALK A% S0 195 0 2
15 SSRAEA S 3 PrEARLSLAL RS RN LRS! SFart AL
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 frame, singulated
BGA's carried in an Auer boat, or a pallet carrying multi-chip electronic
20 modules, integrated circuit chips, or the like. Workpiece 56 may also be any
disk-shaped semiconductor wafer or substrate formed of silicon, gallium
arsenide, and other semiconductor materials familiar to persons of ordinary skill
in the art and may include patterned areas of metallization, contacts, insulating
fayers and the like.

25 As best depicted in Fig. 2C, substrate support 64 comprises opposed
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perpendi cul ar to a longitudinal axis of workpi ece 56.
Wor kpi ece 56 may be a strip type part, such as a bal
grid array (BGA) or a netal |lead frane, singulated
BGA's carried in an Auer boat, or a pallet carrying
Muidd rat$166n, bl el \28icandiudre s, substaregapletaraupgsdit t
chips, or the like. Wrkpiece 56 may al so be any
di gktisihase didzeni 68midicd spaced faationshis vbisttve ad sidé cailresd of
silicon, gallium arsenide, and other sem conductor
medlerg taé onpiandirdal axis dfsuppars patorof 68osadthatahy makimum width
the art and may include patterned areas of
netedvédrvadd ertges 68atB? of wirkpiateads mgy bé agmnadatedt rer
like. 25 As best depicted in Fig. 2C, substrate

5 swpeertiersd, sdampil B2 villMeretalied balowsiithdhe endessta®ing teab
that extend vertically froma substantially planar
s ugroret! 66tphae drodentesl strepidee. rde rad G48a petiudesatoyaded
relationship relative to side rail 66b along the
| ogizeniainteale teatinsiuges Buphand inperaseissmnadrngstetdhanna A2,
maxi mum W dt h_ between si de edges 58 and 59 of
worsdgsisegeween figy3 Heat geleommerialel ip 2 Ppgituwlinebanieef sehiteate
side rail 66a will be detailed beloww th the
uneret Ghdf PRpnehz hass drahgrgd) Cf@ébseﬁ%‘abﬁ’fof"a&?ﬁ iScal
structure. Side rail 66a des ove hori zont al

10 pldérﬁénft'?{&f’ 9 ﬁ'@l‘ﬂ%’&“f'Yeps"ié Cgﬂ‘?oééﬁ %ﬁ’ éh%‘{ﬁ

a channe at _.

e EReS pia o enae B otnt MEFR AR a&fgoegh%@wpéq 5o
S ort 64. Channel .72 has U sha crass:sectigna
pr”%ﬁ?atehwa P dffend ot R e B
si de

el ol e B S St dtShS R AW e,

bgs% s@%g@@bpoﬂr k:o"gaé'c € ngﬁ%}ﬁ%c{ %gycl%&gvdﬂél&gggg%g\ﬁn | de
15 aﬁgss%smw s o 817 QlideIR-9, édﬁ%oﬁg Q@d?é"s(trr@) emg;eaumﬂ

t he strate support be configured to
aCd-’u%@ﬁschH%rdf* Bt £¢85 P6 |H%\Heﬂgmﬂ>5dlnﬁxﬂsmﬁ€1pﬁac€§§a@ SHambef 12

(wide) x 9.25" (long) x 3/8" (thick) or maxi num
may be configured to accept workpieces 56 having maximum plan dimensions
of 12" by 12",

. Referring to Fig. 1, loading station 20 and exit station 22 are proximate to

20 respective opposed ends of processing chamber 12 and are adapted for

shuttling workpieces 56, 56' into and out of processing chamber 12. Loading
station 20 includes a substantially planar support platform 76 and opposed
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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di mensi ons of 6" x 12" x V. In other enbodinents, the
processi ng chanber 12 may be configured to accept
wor kpi eces 56 havi ng maxi mum pl an di nensi ons of 12"
by 12". . Referring to Fig. 1, |oading station 20 and
exit station 22 are proximate to .20 respective
opposederrdsidofail FBo e tajaiekdetverwihi2hantdaastendistapted
for shuttling workpieces 56, 56" into and out of

pr sidesd 78 iscluasibetiaill Rlenliceh diorgingsidetraidr82troirnids wdege a
substantial ly planar support platform 76 and opposed
| oatizogfalsiiate thatiincudé8ip af@nd Bicolposathisran eordeter chiahnel 8a.
is in a spaced relationship relative to |oading side
r afharngd2atasreg) shapeld enggistagdiional prafile $radvfs drogmmmially
platform 76 25 so that the maxi mumw dth of workpiece

5 5eaderiedie sttsedimardine @de oPpesed ide edomb@al Ehefevorkpiens S6

10

15

20

25

rail 78a will be detailed bel ow with the understanding
t higereinsj Qroped ¢xtreglies f shaysekda ingvdeya flateniin 8@ ihat
Loadi ng side rail 78a protrudes above a horizontal

pl Rity&icllymapiures| tirigide pqﬂspﬁs@ ah af Verkripgeoreat RupPAN Posts 84

el ongat e channel 82. Channel 82 has a U shaped

cr 3ENASEEt 2 BAlAM pTRee CEtheIsHPPeTEPIdfoRB TSIt ﬁ%n‘acy 2.

adapted to slideably receive one ogposed si de ed?e 58

or 59 &fit %FW%E@O@@U@W'@M to lepibe elatiankeG dmyittiaion of
oo e oS dRatiphs s s PR oy ant
t t { it f
oD BRR & o sEPr T el R £37 b P, 308 rlasd
m.) ar | t

S%t{ieg%{eg%al%ﬁé(mhﬁ% %n eegst%ﬁoargi{ﬁgt s% aralll gglo %a ngée?tlgﬁll s

86§ruc§|§eb é 9@ l%é% g%?ruH@%le% r%ﬂgonté? l'gelt Yne udgmlrﬂ 48
rail

Ianar sup or COI’]V n ence

8%%&0' orgss g%gg{)&ﬁ%é PR RW o téhakpa JOHIE LS. eﬁbcyeg@apgs-

t hat si e rai an 1 dentica structure

I adeeti $RRpBIIQ tHH S SRR 130 Btk B RcR|ve Bh&BEthE s

includes rim48 and incorporates a | ongitudinal

chaunipRéraXge GhapN @k pBLed¥asd warkdicth aBafersin0 $hposed
extremities of channel 90 include a flared lip 91 that aids in physically capturing
the side edges 58', 59' of processed workpiece 56' during unloading. Support
posts 92 exfend from a bottom surface of support platform 88 to surface 24.

Plasma treatment system 10 further includes pinch wheels 99 attached

to loading station 20 and exit station 22 and a positioning lever 94. Pinch
wheels 99 are operable to make fine adjustments in the positioning of
workpiece 56 or workpiece 56'. Lever 94 is operable to move along the length

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

transiate vertically. A driving mechanism (not shown) is attached to lever 94
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15 sectional profile that is dinmensioned to slideably
receive one of the two peripheral edge 58, 59" of
processed workpi ece 56' therein. Opposed extremties
of channel 90 include a flared lip 91 that aids in

hysj cal | turi t he. sid 58 .. 59" of

o e SeertlE AP TS TG, Sl By bever o
sts 92 ext f bot t f f t

R C R e L

10 further includes.pinch wheels 99 attached to

| oHBFFG 94 Fon 20 and exit station 22 and a
ever 99 are. 0

ke PRSI e LU PEREeR LR T oiing o RBFpieeke
AL PRSP i Ul RS RRLER ! Bl
o e oo BT IR EAC ) 28, 200 o878 e
T e B R s SR e He

Y54 B0 kLA ffhiVe MHoTiteNETin BEAGSS Hbngers
chanmber 12 during a plasma processing cycle.

Pogdaty ﬁ9¥ ABhbEM&QlideHrsdridbl BRbetb B YESSareiPtheSiRedaVvi NY
a first tinger 98a that 5 selectively abuts a rear

edgsybrerPbi YRIkRhERSerf QiR @e&g@ggwe, L QR gt eShidBigned

rails 78a,b and a second finger b that selectively
abptrsa etioe e pilge 62 of second workpi ece 56 hel d
between sides rails 66a,b. It nay be appreciated that
fi nger ®urikPawbrkgiate ading spérador, oripicas &6 ig ¢dliagred @y tan
rod 97 and, in addition, that fingers 98a,b may

f untdrested neivedeg eyssemgor sticvn)det eoiiiiamgd irelsadib@side railn
the linear 10 novenent of positioning | ever 94 due to,
f of8agxamipbeing statiupr 20pi R whesdd 9Qofdehdingl stdtion 28etre used to
side rails. During a workpi ece | oadi ng operation,
wonkys tbe avoB®ieics 56 ehdr/edistenicasyfornpropelpoaihening Aftanebymbpgy lid
system (not shown) and f_osi tioned in |oading side

r ai4 ig opened, positioning lever 94 is lowered from its initial position and linearly

actuated so that finger 98a will engage rear edge 62 and push workpiece 56
along loading side rails 78a,b toward substrate support 64. The front edge 60
of workpiece 56 will traverse the gap .between loading side rails 78a,b and side
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

lever 94 then translates vertically so that finger 98b will clear the leading edge
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78a,b on | oading station 20. Pinch wheels 99 of

| oadi ng station 20 are used to 15 nove the workpiece
56 short distances for proper positioning. After
chanmber lid 14 is opened, positioning lever 94 is

|l owered fromits initial position and linearly
acbivairigieebd dsdevelr i oetr@8ed Wi ilslinibei gagjéorr. ear edge 62
and push workpi ece 56 along |oading side rails 78a,b
t owar d Ifsubsstssed \workpipqeoda redtles Dhesubstoate supdge 66 Guringf the
wor kpi ece 56 will traverse the gap between | oadi ng

si derkplare wagdiga operalinh, Biage 9BengeHdes reapader 62ppd sesitianinge
edges 58, 59 of workpiece 56 will be slideably

r eb@r\%cﬁmpsth@@m&s%@ vBBkpiece Sthawest extrstation@2. Front
positioning lever 94 will continue to push the

5 wordgsi @cel rpecegerd WorkpieesSE willkapisinaaer erivesihelryocessing

positioned on substrate support 64. Preferably, the
cefitasioenf 2 aod Ry Batien28. Sideggrs PHnel obrrasgsard wotkaiech 86'
central vertical axis or centerline of the processing
c h@fRtsaptues byp@éqaf’ﬁnéﬁldﬁga'ﬁs%?@ve\‘v't@&o@tﬁ’éﬁd tinegngoyeraent,
vertically so that finger 98b wil| clear the | eadin

ed@@cesfgd YPTHRISER BF é’t@”%etﬁ‘g reagwRd f@’&” P@C‘?Sét”ﬂeFE?@He"t
| rk
- cSrebubese ofRtadsilon cpabr RS B T BHE ScaaPifce
t fi 98D 62'
an@staa%s‘*$ R S

Q ece ;3 toward exit station 22. Front 5 edge 60
of " BroceasEyy

wor kpi ece 56 W Il cross the gap between
h , . e
e Pr R gy f 18 Melaokd %t%ﬁ%béﬁ@éh%ﬁ% serlcifely

caplE ey w&%ﬁ%'engas%w% ansogg ot s Begti nued

I i’ near novenent I‘OCGSSG

conmpeteRliy Fl fgeaﬁeva%d fcrnc%mj %99@@% r&estqlne{m@a inlAg. zEPI IRbe

wheel s 99 of exit station 22 are used to nove th

15 WOd6BInB58 698cIud QF feadiQw s balcRES @80, fRbeB PB&F in Fig. 1 that

20

25

positioning in preparation for transport to the next
Pr 96 R%Hb& if bbb &Y. relblici@RipateG /B Yol Gadusmasitandredicsall

that chanber Iid 14 may be selectively
46. When chamber lid 14 is cantilevered into a closed position, chamber lid 14
and chamber base 18 bound a vacuum-tight processing space 102, as shown
for example in Fig. 2B. |
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

brace 104 is connected to the non-vacuum side of sidewall 30 of chamber lid
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pi voted relative to chanber base 18 between an open
position, as best illustrated in Fig. 2A, and a

cl osed position, as best illustrated in Fig. 2B. Hinge
15 assenbly 16 includes at |east two brackets 100, as
be i.n.Ei - ar [ [

o it Ao SR pl e pade i in s ch SBERGE 12 PRBFES

4600n%&m99§@g¢>@§@?3 i%?ﬁ%%ﬂér@g gg%téﬁ;bﬁ%gs%zﬂ nto a closed

position, base 18 bound a

VaCUUmdohgé“t%y{qgF&g@%ﬁ%gﬂthépﬂ%‘éhé@%’a RS eﬁbqwlmaﬁ _r

exanple 1n Each bracket 100 includes a

V- &F@B@gg%g%@tb%%ﬁe @H&j ofla Bigt%nl'Q@QWSi-_ ev\lg?wFI pﬁ\ggmatic

fasten a non-vacuum si de of side

5 EAGindd3f o ack0stor 220 Fokl R 19Y réiat PRl By dodhureipel ved

In an aperture 112 near the bend 1in brace 1 and

W SHYWh Ht SRR 18] ardR8 ke avith24pdritrd ¥Hy) L8 anAhes BRWRLd, N
Fig. 1, hinge pin 110 is shared by both brackets 100.

Reditddto Rddadlyfré @ive2Bnnédlitg ettt @ theRinb rragen Adddi 205s
connected to the non-vacuum si de of sidewall 30 of

C hadepesd fbi idcipibdatirg.lindars ea-oell maiieh of thatistcdn areanliidbt
i ncludes an aperture 114 that receives a connecting

r ogbold Bingdgih 1118 taadamblesdrahembbylidont hetbéacasogeddbosition and
Connecting rod 116 is further attached to a rod end

10 118 cibkat pdshiont Ag elsalvmiglFjg. 8T theedpbsedomd ot hid actliatar 122 is
pi ston rod 120 of a bi-directional pneumatic 5
c yaffixediesia ® molntthgantdcl b to 4 2@uctiRelsuppart Irb8 stiawrt) lithin
includes an aperture (not shown but simlar to, and
cohstiymesnt cattingt 26aperture 114) with an inner di aneter
sized to slideably receive connecting rod 116 therein.
Pi st on Re&iringo Figs 2B & #pe éspgcopf the ereseaidrianien. lan weeund
vertical notion so that brace 104 can pivot about
hi PRPENG A8 i BldIRGY tegalved wikeip 2eerdBdr4 Pf rpb1 W6 QbfRWEE an
open position and 10 a cl osed position. As shown in
15 Fj bparipg124 hrs ppduien BRMabIUiace ohet eeiofiametsr ghosen to
af{ixed via. a nountia% bl ock. 126 %o a structural .
suﬁﬁ&ﬂ”?”y fﬁ&fth@ﬁaﬁmre £ An¢,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-
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i nstrunment 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. Cbround 15 bearing 128 has an exterior, annul ar

P B BRePinel SATEREaR TR Moo b0,
dt hi 110. B 130 h
el Q?S‘cgénetrpywaﬁvg{b%ﬁe‘fé@ s'eﬂ?.eoﬁ'aF profile witha

verti Ezagmn Jto %Bgai%si %h\fl]\ee b% rets%n_% a Flo%ﬁ‘

| ongi ore 1 cha IS
ﬂ?sgﬂ%q te@ﬁ% nﬁgée}alpsﬁﬂﬁfa?{gme C Contll%ﬁfﬁané‘lcllmaqﬂgérrﬂ)agg
RLyted %f%%ﬁ%%%%f L s e f oo SRRl it
RfHeRion! P B B eePEhEmbBREY & RYEADId AL S
outer surtrdce o ehlne pin remalns in contact
V!OEHIOEQ%O#H?%&%A Qﬁ@rnhé’& $ééruft§ﬁ'§m‘?lﬁe Q‘QEé%ré-@lﬂereM\hﬁn lip
contacts the surface of Oring 5 as shown in

%&Nee%w%tmbéﬁ\eﬁ@ﬁr‘é%tﬁé adi?d omithé eﬁ&x&@n&hm&rt.@w%@m@
so that the chanber lid I4 noves downward to conpress

Qyzedidm Withigl prdkesdtetamblen €2 Ha 8gilie € a frcdhaburgds Bieiteng

128, hinge pin 110 is free to translate vertically

U@ ticaiomiewhalowRek @haibe daee F8.gHINGEpin NiOvkEnelateshe
chanber lid 14 resides in a closed position, the

| ebtRaiodndogith riiReisatrasavefsa eeotioh dub e thbardsencd ofebbictinand
chanber base 5 18 bounds processing space 102. The
viedbgnsxal is enhanced by the further conpression of
Oring 51 between chanber base 18 and chanber 1id 14.
The 8&dcki t30avitaln abonpd dssiirmgn 28 affordsi angpdsitiona siegtes of r om
the pressure differential between atnospheric
preegsUiredactiomingsmin he), @ cempaied gfth @vantrationsl @eaungand
the vacuumw thin processing chanber 12 that applies
ahavipgebarhafa Wrcg@scr@ﬁfawpnq@quied Cﬂﬂff\b@f iq thisfige to

downwar d towards chanber base 18. Hin pin 110
tTpayesyesically in response to the forces that compress —rlng 51. As aresult,

the vacuum-tight seal between lip 32 and O-ring 51 is uniform about the
circumference of groove 50. In a preferred embodiment, the presence of
obround bearing 128 provides approximately 50 mils of vertical movement for
hinge pin 110.

A pressure gauge 52 is connected via tubing 53 to an opening provided
in sidewall 46. Pressure gauge 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

Baratron® Capacitance Manometer manufactured by MKS Instruments
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vertically and with m nimal transverse notion due to
the presence of obround bearing 128. Bore 130 within
obround bearing 128 affords an additional degree of
vertical -freedomfor hinge pin 110, as conpared with a
conventional bearing 15 having a bore of a circular

::T(%\ﬂé(?\/e?%,& %?&eﬂaﬂfe'éﬁs cSARERENd th? ?165 &osar[?‘ﬂ?e‘? obéning

ve Verti'c y I n response to t he ces

HF& n sgegvblpgs 5§1eecﬁ§al\?e 5£8 Whbrablelth Ge ¥ RFJHEEA dDQ{étmber
sSea a

etween lip 32 and Oring 51 is uniform about the

?i\ﬁn%fﬁt&@ﬁl% o?fa s%&@éf@a@%ucrﬂ Bs ﬁltngeﬁwf erred enbodi nent,

e presence o obround bearing 128 provides

appr O&Ief@ﬁr%l 1y FRO3 HidstnDife @B At 5 alemMOME BEHMece@ o AR
hinge pin I10. "A pressure gauge 52 is connected via

t AR chiol QitRB VAR ﬁl@nﬂhﬁ%&&ls@ﬂ 134 frcsigH ewarhe, Abirally

Pressure gauge 52 is operable to sense the vacuum

NbEREUEMau¥ doRi106 B KB ESIANG4STatemBitdaaands pyasivdes a
pressure feedback signal. An exenplary pressure gauge

SAinginPs B BRRCIA I AAGER s HBIbA TRt reducisdI6ibples 38, kevagudm valve
Bar at rone Capaci tance Manonet er manufactured by MKS

| Tyt Bt BBETHUSt vatBung Asrdion éigt shd\yn), dndod edumalure B4. i s
connected via tubing 55 to another opening provided

i n si Oppadihg dis oBtevdzhl realvieg Gippies! 38 pemab fiest vacuuerftange
processi ng chanber 12 with anbient air or a supplied
g8, arsiucsecasd viictuoflemge TSt diinsi yagueo fIEngp 148, is porneried to
treatment system 10 is connected for fluid 5
caximrustipoeit1B6 miawi scheeasd eRengpingpi4A Gireyracepad @4Oting dagh
a large, centrally |ocated exhaust port 136 in bottom
veild a dlyrabfy of hielkftsed claape 198. B%b%ﬁﬂﬁlamﬁwﬁzr@e system 134
i ncludes a conical reducin i ppl e 138, a vacuun1va|ve
1wmm%tﬁca§xﬁﬁa@aed@a@wjl§firﬁ RSP arytof (lﬁbva%rawﬁyge iy Bach
vacuum punp Opposi ng ends of caoni cal reducing

i eac BagpcER s & AR SegHIaL 74 Paiggdepted {6 engage s

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 bolts 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
in a patterned sequence so as to uniformly compress O-ring 150.

Vacuum vaive 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-

bore centering ring 172. When wingnut closure 170 is tightened, an O-ring 174
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10 146 and a second vacuum fl ange 166. First vacuum
flange 146 is connected to exhaust port 136 via a
screened centering ring 148 circunscribed by Oring
150 and a plurality of bul khead cl anps 152. Bul khead
clanps 152 are symmetrically di sposed about the

pREFi gy IopNeRng ingsh? 2aeAmATF $9841g & c2 186 2 agewn-tiphtisrRAlead
clanp 152 has a tapered segnent 154 that is adapted to
eYRsaEg® valve 140 aleprs| eish AN Cleguiryuid fomipuication witls ¢
vacuum fl ange 146 and a bl ock portion 156 that further
i%@P%ﬂ@%mBég%s (not shown) for renovably receiving
fasteners 160. Preferably, fasteners 160 are threaded

Y
bol t s VARUACHAR E4TeRYoPEHIRT S RaTPiFy 2C e PeRRheguld
internal threads (not shown) in bottomwall 44. To
eRppareat Yoes emrm‘“@wtskﬁ é&ﬁ? aﬁaoré]t@%%teiwm&wei preferred

a presel ected torque 20 i? at ter ned

Sitinoana a8 T4 eRE ity SR seeT R G
CBSHARAER 96 o o TR ASTa el Moo BTt (A, H8RoA02
ORI
e S AR Ry LEMPNARIS rfy AARREL 1o, EaPlRcia W1 2
R P e g

CHIRf ie%g%(fs‘? ﬁﬁ{eﬁ@#i\?éi/%u&'rﬁ‘ﬁu%tmgmclu%@@ylpu_m M

val ve So I's turther connected for flui
COMMRMBIeE@bd Rihpd th  vacuum punp 144. Vacuum punp 144
may conprise one or nore vacuum punps as would 5 be
appar gfénother 4pRctadf tH etk yivéikioh| a batulmediantution bafae uum
technol ogy. A preferred vacuum punp 144 is a single

r 1goas YoswrREd ¥iag Yhdbidernps o tHehetetigie chambedrdesaited by,
for exanple, Al catel Vacuum Technol ogies Inc.

(\Froeom nitstribuidy) haftned0 ihrafatelgae pigter1@R @eddrateid dyta

el even cubic feet per mnute and which,

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

inlet of vacuum pumping system 134 so as to divert the pressure differential.

As a result, the entire processed surface of workpiece 56 will be uniformly
exposed to the plasma while simultaneously allowing high-speed evacuation of
process gas and sputtered contaminant species during a plasma processing
operation. Vacuum distribution baffle 180 also prevents gas flow to vacuum
pump 144 from disturbing the position of warkpiece 56 upon substrate support
64.

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

insulating material, such as a machinable ceramic, having a minimal out-
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due to the high conductance of processing chanber 12,
can evacuate 10 processing space 102 to a vacuum
pressure of about 200 niforr in |ess than about six
seconds. Alternative vacuum punps 144 include dry

punps and _turbonol ecul ar, punps. | not her aspect of
{aReipg BSlEiEl | PYRHITBRFNNROGRE IS P SEes SUE HBITUBUI e
180 i s positioned on a shouhﬁﬁ% 78 ?n®the i nperior of
chalAtRePONFES BIOREOMPES!Ga BefiiASY ST P BTN Ob4PF e 180 is
fl I t |ate 182 f d . I | i
of or ITiredias s RepirrEas Sau Fgtpde eiuePriises”
il aiea 8 B ke (et PRl R R PR T
(PO =BR o BRAFY B eB0a0n U6 b BT ASFB ST PR TEaly.
| ul I W hi gh- ' f 20
eeeel BE et LR e BN R GHE s ot o
I . . . v e i Bt
AP oS e SR R b o B T el P et

;ihlgn%o(# Ho4s E%%%P%‘E]@ 44%9@%@ IR 4°ziIndVI§’E |RGR 94 1hR9B4 1o

sirate s referably, vacuumdrstribution

b@%ié FartBR 408 (Irag.f IBG Rbvi@Rg §hRkbEd §Alth BrocSsiddspakat i ng

material, such as ‘a machi nable ceram c, having a

MR MRlpe@thowh & B8SH D, ROLARIdeR) ceilbly d3RbiIGIeTRHRGRbI €

ceram cs I nclude an al um num oxi de or a gl ass-bonded

M 3o CRBRAG Itk Ses S48 cAlitls 10y il k& ng)sphcdvizor (1) -

I n one ‘aspéct of The present invention, chanber |id 14

| Yo REAL BFerfur&P 2 4k SirfinbuitaIgntisititeiTh GBhab dinfensional
configured to symetrically and evenly distribute the

Barfdy QWb itdh & boh § Anaf axly STeRSEE s§IAG cravittler tl Meo fak pacessafas
wor kpi ece 56. Specifically, ceiling 28 of chanber |id

I4ill Flove Liticbesiyaneetib edltked of awikpiecd 86, and tiprefoes sorgdtsite to

inlet port 190, and a plurality of apertures 192. As

beptovelgmasmarunForqnity2C, gas

In 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
system includes a power distribution bar 198 operably connected to the RF
generator 302, a pair of power feedthroughs 200a,b, a bottom electrode 202,
and substrate support 64. The RF generator 302 is operably connected by
feedthroughs 200a,b to the substrate support 64, which serves as a powered

electrode for capacitively coupling excitation energy with the process gas in

processing chamber 12 to initiate and sustain a plasma in processing space
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inlet port 190 is positioned in chanber Iid 14 and is
coupled via gas line 194 to a gas manifold 308 (Fig.
4) for providing a process gas to processing space 10
102. As best shown in Fig. 3, the vacuum si de of
ceiling 28 includes apertures 192 for injecting
ROOC € f1e Rrhber bh8B 1BRbMcRY SRAE, 102.
Prefefggﬁeﬁmgggf¥8res 192 are synné?f?@ib on &,
@r&nelekpé&rggje in a tw dinensional array about t he
I'ongi tudi nal axis of processing chanber 12 so that
Pr 0Cesiso0ad! 44wt tharhded Watit § arreyinOveds thb %pwﬁ%sam R4t
wor kpi ece 56, and therefore, contribute to
iregn@\Hongr RleaBroaghin2doert A YircUidr gaauat 208 isaspestrically
chanber base 18 further includes a power dlstrlbutlon
2Wepbesd ddvat the censl, esrgitedied taxisadleagroyRhing 20 rédeAf TR
excitation source, such as radio-frequency (RF)
@ercsriad 210 BEORin( FEagh ofthe pbaer fzRbth®UAN2MlagspGuddsaant he
process gas confined within processing space 102. The
p@Eseicaldiestbd 2 itdarially 2Brosipeédby b Bhikiddessiator pvRdr 214, a
di stribution bar 198 operably connected to the RF
gearebatioguldB@2asher@dbr araf a patiwen inseledt WasiegR$8. 20@eerdbly, a
bottom el ectrode 202, and substrate support 64. The
REsyera el &t206, BB2r¢ soropwedisl ¢ gesimrarneabldygeramic dielectric,
f eedt hroughs 200a,b to the substrate support 64, which
seefvasauesizar pomereand edcadierodis fporededpaeletirioalicpnductor,
coupling excitation energy with the process gas in 25
ﬁﬂ%ft@“s%qpﬁgr elaiyey. onlioys thenreali Eewerfaertagyghsi 490a.bpirasma
E%OCGSSIQ§ space -19 102. Chanber lid 14 and
Bty ispiat f[‘H“@EﬂCP%’FQ %Wpefré?m an unpower ed,
ground el ectrode. Flo of chamber base 18

furt hFe'Fth"f?éf'%@é'§1?W'L@ﬁéﬁlfﬁﬁgedzwdt%%ta”d PRERPISEI poner

e
H i
%Qr%\uﬁy !hQPeWH‘Sﬁd Adchanical securement to inhibit downward movement.
Tie rod 212 extends downward through the central bores in shield insulator
washer 214, chamber insulator washer 216, and bottom insulator washer 218.
Threaded end 226 érotrudes beyond bottom wall 44 for connection with the
excitation power supply.

Bottom insulator washer 218 includés an annular lower portion 232 of a
first outer diameter continuous with an annular upper portion 234 of a lesser
second outer diameter. Upper portion 234 is received within opening 204 so
that an upper surface of lower portion 232 abuts O-ring 210 for a vacuum-tight

seal with the non-vacuum surface of floor wall 44. A frustoconical portion 236 of
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el ectrical tie rod 212 coaxially surrounded by a

shi el d i nsul ator washer 214, a chanber i nsul ator

washer 216, and a bottom i nsul at or washer 218.

Preferably, washers 214, 216, 218 are conposed of a
563%65&\9& g; r%@enﬁéﬂtrf:odlnglz%@t rpr&mcéﬁhcaﬁ ;ashioﬁ%sa Hart z

or aFum na, eac le rod is forned

ejl St & hflg%%%qﬁaro rlngsyﬁlc@ﬁbecwésse@wwmr 2886 to

oys t ereof Power feedt hroughs 200a, b are
%r@\%&r 5 Gécfduxq de3PbRlEd) the emUMRRARS b 60 2M8Hd ddtom
ectric tie rod 212 includes a flanged head 222 and
AR PREOSEHer 343r eaded end 226. Fl anged head 222 is
received within a conplenmentary 15 recess 228 di sposed

i Nt hendRNRJuIRARRE Db i Rkdr68eal RETdAdR: 8R8r §Pface of
electrical continuity therewith and nechani cal

IREYMEEbdd 904 SHY thé Lipste WOMEBHCof VAR BibtributiDn@afiRdh 8812
ext ends downward through the central bores in shield

| D¥5aIl AHsOktor Washe 2 12hdludehanbedularneadrabaibn \as bes firdd 6,
and bottom i nsul ator washer 218. Threaded end 226

pfigrhétediesgheywnman boiuan mpped dordsh ddarof @ grazes tsk oondviLitdy
the 20 excitation power supply. Bottominsul ator
vitegrheer. 2idper paticrd®s!t autsavaculi@rdidtibusion paffie i @harkB2wef a
first outer dianeter continuous with an annul ar upper
rrtidndid 2 28etrude s dowressedinto srecpetingtberm. di amet er.  Upper
portion 234 is received within opening 204 so that an
upper Csambarcrsuttorivasker 3361is intatp&@42 batwees i inhgrgbGtbmn
for a vacuumtight 25 seal with the non-vacuum surface
slurfetedfithevelidmbed basa oransittoe omee avrfaseof theyaadm of - 20
bore 230 is adapted to receive an O-ring 238.
Fisidhusen hpidal 8 ofhancrer 1gelatas washeredd 4 4ael oeraser garedel so
that O-ring 238 can be conpressed via fastener 239 to
pﬁua‘@mé‘*é > IRHASR 418 'B%‘t’\?@&f”ish'@cﬁﬁ’rsrtwﬁ? HapiRddo &f NS e
od 212 and bottom, i.nsul ator

|%'§U$t5t°6\1p%é§ﬂ’é?” B ortaton S S Rha 8, ohpRed Biare

X fmac(fudes 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
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

the inner diameter of bottom insulator washer 218.
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bottom el ectrode 202 and the upper surface of vacuum
distribution baffle 180. Shield insul ator washer 214
i ncl udes an annul ar | ower portion 242 of a first

di aneter integral with an annul ar upper portion 244 of
a greater second outer dianeter. Upper portion 244
abut sPeMss distribdlian bary 88 iortashe g péhrgg@e 328w fie 1@ 212
portion 242 protrudes downward into an opening
tdrefastenels£§betssi Moalter BifagRehatiopmadestode RP2 prgnses
between the inner, bottom _ surface of the chanber base
1% IaWer $UFECT BAaPSIERLR FYRPENSY It ABSS/ERAYARYSC 8% SRPYER i on
baf f| e 180. Chanber insul ator sher 214 has opposed
SRcHIcPlontingily £ Hoqseiores 8leCHigE POWS %%t@@d 98¢ PREFUdes a

first recess that ad ver 15 a |l ength
G e R L SR s S 62?8
urface 250 inc¢|udes a

Sheaser et o oFfaen bRty aaes S5t gagrode
242 i h 2
z*’§é N R A e %‘eﬁﬁ%{?ﬂ' Piothai

of tiero 9is

DAL= SHr: Sepah Ll fabe o Sl BRI AR afr
W?ecngde R SPIPLETNEL Y, ORISR OIS U730 Atk 81

upvva e a vacuu

Sa?o%le cgggtmgﬁqg%ggw%ggrecp 4of the chanber base 18 and

bottomins washer 18 An upper surface of

fast epgl, 3R GRABDY B5rRd V@d me%@@a S5detil d0o%e S fghaﬁaﬁ§ed

in frustoconi cal t aper to create a vacuumti g

%@%‘ plé%%wé%?h ﬁqaﬁe&uaee wﬁe‘ IQﬁ ﬁ@l@%tr@rﬁgitﬁ b&weeH tr%k%deﬁme?o%
the i nner meter of bottom i nsul ator washer 218. -

%eve&ﬁ eftcfbde mtdne%hmserla%ﬁehs AL basdimoint Qidshaeagesl end
224 of tie rod 212 by two fasteners 256, 258. The top

SHEARRE nebr tROLLAIT: F BRlWaRtiec2d RNOROSD strith QubrBrEd4
surface of substrate support 64 in close contact so as

ta@d fHeptw@e ancelire€ to petfalm a@idsirauidayment recretvorkgiece 56 will
el ectrical power applied to the power

be minimized. Further, the configuration of powered and ground electrodes
produce an electric field substantially perpendicular to a workpiece 56 residing
on substrate support 64 such that ion trajectories are substantially
perpendicular to the surface normal of the workpiece 56.

Workpiece 56 is advantageously-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

plasma processing at a reduced power level.
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5 distribution power 198 is transferred via tie rod
212 to substrate support 64, which itself functions
as a portion of the powered el ectrode. Bottom

el ectrode 202 and substrate support 64 are preferably
formed of an electrically- conductive material, such
as alumnum In an alternative enbodi nent, bottom

Cubst FAEEEIEEATY i H0PRRERE RloRer T LT RLEeRES datibPLc
B AR et Pl BRI e PR By B
nder BT ERm DhrToes RekeP HhE dob R Hb P veanc
R P e el D e b e o b BBl He B

SHPBSY fiowbdbnikd RDAnt RE JePuRIorad. tTheordu@ BeY EQf &,
pl aSma treat ment each workpiece 56 will be mnimzed.

Flohhredd tolahHRodi b BIE gRdhRR LREr IRRWBELIHERANTeGhtEHAG
el ectrodes produce an electric field substantially

RR6N@RAIsEUhATt dbAce, WP Ekdth 6 SoBbltReE twtehesPBtcS Whst r at e
support 64 such that ion trajectories are

sufsdr asioalplideviRes PEMEafpledlightd abde dBple§ a6eemandraty of
the workpi ece 56. 20 Wbrkpi ece 56 i s advant ageously

RMSWing Giadel B (BIOACRS Stall@ of frRndpRFatid? of thaviddthaarewendrt cal
position substantially in a plane hal f-way between the
cysleimnty and@ootfol hapdretionl. iTthe bbntwl 304 heytbemng typeate of
support platform68. Relative to known plasna
tmiembroeessos yasee wentrarhanimg beth iagic arid aritrenatiolcapabiidies. For
chanber 12 for a high punping rate and precise
Eusinpieoa prograpfmabte ke sorir@igr puohréstMadgpPiseck bogit 3¢3ma
processing at a reduced power level. -22 Referring to
Fhanufapturediey ikdyasind comawrsidiviavaiabledfram Gutometionl Bsed ofjas
flow control 300 and an RF generator 302 connected to
tGHNPIPeY &oraiy futhabh dre graphicsiuser BRreen 0% pisdm cont r ol

304 receives input signals fraomvarious devices
manufactured by Koyo for the Direct Logic 205 and is also commerciaily

available from Automation Direct.

Normally, during a plasma processing operation within the processing
chamber 12, a plurality of process gases are mixed within a manifold 308.
Exemplary process gases include Ar, He, COg2, N3, Oz, CF4, SFs, Ha, and
mixtures thereof. Each process gas has an independent gas supply system
309 comprised of a gas source 310, a mass flow controller 312, an isolation
valve 314 and a solenoid valve 315. In the example where two gases, for
example, Ar and O,, are used, there would be two independent gas supply
systems 309a, 309b comprised of gas sources 310a, 310b, mass flow

controllers 312a, 312b, isolation valves 314a, 314b and solenoid valves 3153,
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within the plasma treatnment system 10 and provi des
output signals to operate 5 the gas flow control 300
and RF generator 302. The control 304 is also
connected to a programrabl e graphics user interface
306. The interface provides user input devices, for
eXBAP A8 il PhEsEPpE datdts anp mhiéres adeitiana) gasmlippfasrademay
has out put devices, for exanple, lights and a display
Sty @@Rectédi@ripbyaniédid 808 argl ¢dvk addibond gad wililheve thewn gas
status of the operation of the plasma treatnent 10
sassitaems 100, rasd floartbntodlier 8 82ropelation vaive IHe andsbleobid38Ke
may be any type of microprocessor based contro
hansnng both | ogic and arithnmetic capabilities. For
exanpl e, a programmuabl e |ogic controller such as Mde
Di r ecin ddafjion t@BBepemdenifias suprdigs.diye gap/fmwagaatrol 300
commercially available from Automati on Direct of
Cueiniasg@cul@e pugp 444, Facuunevalve iid, gelaphid vyveidel and
interface 306 is also 15 manufactured by Koyo for the
Diresssre gauge $2206¢ alRgma eaimept eyt @ isdlighly reaResivalse e
fromAutomation Direct. Normally, during a plasna
mf@oe@sln EPCOPRITCERA BREtRSt Hinrafere. BPHCESSIUSE Zéfh@ﬁﬁ%‘r'”
12, a plurality of process %ases are mxed wth %
neleserRsPAMBOR. the ehaaisr 4% Fnpis besdsogagded ot a*tPé”%f 1
C2, N2, 02, CF4, SF6, H2, and 20 xtur st eof
el 58 6L s '@rﬁaé&@% ey ﬁpcr ?ﬁ 50¢1 em
ri sed a gas S

Sgﬁavwitsj%es @ﬁezgasarwexcia ra&#&ﬁuﬂww@gz B30 lPE S Pl
% o Brbing 5% P ssnbaroTrty R B8R BlpbSihere
':?rgS%S”d@E? S LR o Aain 8 W e o
A Tesstiln bRGALYEE VAN G bR HABSbaRR) AL

0 74O A S e o,
WinklewRAY €hid $he®MddARe 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
example, a pair of variable air capacitors. RF power supply 302 operates at a
frequency between about 40 kHz and about 13.56 MHz, preferably about 13.56
MHz, and a power between about 0 watts and about 600 watts, preferably
about 60 watts to about 400 watts. RF power from the variable air capacitors

320, 324 is applied over an output 328 to substrate support 64 (Fig. 3) within

the processing chamber 12. A phase capacitor 320 includes a movable plate
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source 310n, mass flow controller 312n, isolation

val ve 314n and sol enoid valve 315n. 5 In addition to
i ndependent gas supplies, the gas flow control 300

i ncl udes' vacuum punp 144, vacuum val ve 140, sol enoid
valve 341 and pressure gauge 52. The plasma treatnent

Sc%ﬁrﬁe%@d]tg alnSotd) ﬁqla}ﬁd rﬂﬁ'ﬁ{éﬁﬂasé ¥ BniR GRRN3S tHalprovides an

Processi ng paraneters erefore, pressure gauge 52 is

t f IS
i L b e D U T W

%fa%@otaéjéﬁ g%g'ﬁ&}é%leyplét@%gr%e@te@r@%eﬁotorfﬂli PY APk Phasta

i nch diameter tube. The gas flow control 300

p%g%&{ntrbl@ﬁl{%%r&*o%g@n‘éﬁblﬁ@ Ebadksidriabon 89 InBOI 0857

ringing the processing chanber 12 back to

hdTBsHRAREId4C THRICESEH B4 aliizbe kedWh PID @npbiasdPRto provide
processing cycle. Again, to nmininmze the

%@I@?%§MH3§@EI'§J@QS Bf 0G1968,328) Bt Rl reepeativd motany 378l B35
in close proximty to the 15 processing chanber 12 and

h@oge Rl phtby/ 61 tie VaTagR dir dabekciesTsam Beani amoap erdnngr.
therewith. Thus, the bleed valve 54 has the capability

of I etk PID@nirBioopsTUeEsBEaNy irvhatitpetilizE2 at cnaolmgeptier i ¢
pressure in approxi mately one second. The RF generator
302 ausneEEPKipsetiesta varate gpiowe msoyepieyfoBddicprbtnedi ng
RF power to an L-network tuner or inpedance nmatching
devheey 3djtichar T20megrapt ef the feesibackofignahen tielinpuad?3
capacitors. RF power supply 302 operates at a
frrae @Uremgsyofiere anitatio gt Vol akpvitamd-oapiatigainssysgmveg the
preferably about 13.56 MHz, and a power between about
Onagaittce efrice teberrck 6@0aMEAVES Close &F @idBIoydh HISF8C 60
watts to about 400 watts. RF power fromthe variable
airessingpaesitats and Sae sgpem F%”t%?bﬁlq' igHitoEaditioRalyy g @@inz g
to substrate support 64 (Fig. 3) wt
0% ertda 8ifikes hiEribains azomwom%@twa%te?&wg%dz@maﬁ@ﬁudes
a novabl e plate -24 connec

RS Bl L DR Py Bl 3D iona
levels. The resultis a generally compromised or lower level of system
responsiveness and performance, that is, the time required for the control
system to stabilize is longer. The present invention continuously recalculates,
and dynamically sets, a gain value as a function of the signal strength of the
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 of an RF system comprised of an RF output of the RF power supply
318, the tuning network 320 and the RF load presented by the RF circuit within

the processing chamber 12 to a desired impedance value, for example, 50
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anal og feedback signal on an input 323 of the contro
304. A magnitude capacitor 324 has a novable plate
connected to a notor 325 and further has a 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 control |oop to provide analog
¥iPand signals on outputs 328, 329 to the respective

OSSRt TR G DR Shys
OB Lk PGB, P kBTG Aol ] B
(B AR50 B DB 2 Dot
P BEh A PR  B 2RO e i S0

| f f i I d
?%?%B&%K g’x?uﬂé? bn GNEsfERRANAGNK 354 ONAL HMMES0L TASE: firfit an

the zero” crossing, accurate and stable system
CQM&E% méfb@éc{nﬁnb&%b thd i@dktbenadd (Fig. bOpo@abting thelid et
to a fixed value that is a conprom se between that

”?nﬁﬁ’r?ag ok OndiaRE 8 tiSIid PIRF ofibBNEd ddte Blespostiioh ef metid 14.

letting the control system saturate at higher signa

| &Y Rdxfnity SRRCH 1§ 2Hb b toid B @leackiye CAFRIOATF & @dripiect GRer
| evel o%l system responsiveness and performance, that

| Bithid (M8 phd BEsidPHabRE 1 £ OThdrbareanatyr difererstyatnetardially
stabilize is l'onger. The present invention

COVHIADN BHIS bwitch @edk&dthat @iize maatktidy napteaidalcoadcs light,
gain value as a function of the signal strength of the
26t eamtiac e prauraity @motiien oirgrutbjedR 3TheTdngise of Aearicar
loop is critically danped, that 1is, it reaches a

stypd biecostnadrealtysveikdbie limit $witth g dependrnd PN diesgrphertion ang

ot her respects, the tuning network 320 functions in a
kprefereneiohibe degigmeat ch an i npedance of an RF system
conpri sed of an RF output of the RF power supply 318

t he t Umiend ppiot sicr HaBROPTaPRPSINGSYREMAY R dstTEgt é’és%ﬁr‘ﬂ
the RF circuit within 25 the processing chanber 1% to
awess i The dlasmedrgaimesst veitere of g Presgaiipyeatiospas axery hig

level of control: and therefore, the plasma processing cycle is highly repeatable.
Hence, with the plasma treatment system of the present invention, the control
304 normally utilizes an internal timer to measure the duration of the plasma
processing cycle. In some applications, an end point detector 334 is operatively
connected with the processing chamber 12. The end point detector 334 is
normally a photoelectric switch that changes state in response to detecting a
desired and particular wavelength of the light of the plasma generated within
the processing chamber 12. Visual communication between the end point

detector 334 and the interior of the processing chamber 12 may be achieved by
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ohms. As will be appreciated, various |imt or

proximty switches 330 are utilized 1in association
with the operation of the processing chanber 12. For
exanple, [limt switches are utilized to detect the

r@@smmw%wﬁ@at%i@a 32t Beednposy eveiE>SFit Tt anber

lid 14 $ ig of the eSS|n cha

Sreviide e G¢ 00! Sqted b%?g’w@frgﬂh? SRS %'gé%%ﬁ?%ni'rhsut
331 of th t | 30 b
cwho%eneemgee%‘s"?%é%mqf 12, &5%%@ o5 bas B SEMER TR, e
R8T AIeRCE PORU U | et T Fifeng ot
proxi mi t

p%ne?sowy% ¥ aiﬁ&skﬁr@t@o@?? T et S B 8%52?"35%% n

5‘5.:? bt Tei EOED cwqﬁaei efhiob FrRls GO MEGR dRde o
g?qg}?ﬁasnrd ffﬁye%wag%‘éf trog] 8 Blitzcel oy ER! B8 wdVBRngtn o

pt%r fle ] %ﬁ crealieéj RS %lg{mé:% ﬂuﬁ!:t|o¥n o@g%bllnﬁl%tgynl dfMd gas

end e application an preference

05Ia§r#aear%eactbrggg thogesméErIQE‘dAﬁéF 4 cBtirds Qh@mntles have

processi ng cyc e determned i n several ways.

T%n@t&%%oﬁrt (ﬁEJFra@E c%}ﬁﬁr‘i@e@e@cfhlﬁghﬁll RYs8% RN cdrib/edtfoh @R

has a very evel of control; and therefore, the

pét@r%g%#% Q‘a‘ﬁz%%élgnénm'he woPkpiicg iy trreegaa@,qbﬂaﬁsh{ae Thatience,
e plasma treatnent system of the present

' Wﬁéu@ﬁ‘ rdld D& sCOHIduR! wav3RAgIRQ Nt MyticHtd ddt@sd Byithe end
i nt ernal PI nmer to neasure t%e duration of the plasna

200 RERES B8 afY HetietddioraauBraiek iatitarpfeedbatk sgndl on
poi nt detector 334 is operatively connected with the

PEPE@FSRIG batkaotres cohZol S0ke Tansltheaontrol 384 escibbr to3B4ect s
normal |y a photoelectric switch that changes state in
I @5¢0ths @labma gedcesdinggycie is despleted whrd theh feedbadkesignal
wavel ength of the light of the plasma generated wthin
t tlmnpeoste®si ng chanber 12. Vi sual comrunication
between the end point 25 detector 334 and the interior
of t hFipbiceseiangrtdhaisies theoppsstiopef heroaid$0hyn
implementing a typical plasma processing cycle. At 602, a part transfer cycle is
initiated. During that process, the control 304 provides command signals to a
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

switch state indicating that the part is loaded, the control 304 provides a
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-26 directing the end point detector 334 through the
viewport 34 (Fig. 1) or nounting the end point
detector 334 within an opening or hole (not shown) in
a wall of the processing chanber 12. Creation of the
a pl wi t_hin Iy [ : 8. 12hP uces
B8 3R PR R g @8*?5%0@?0'9 B e s

\Mﬂltehma Bgs ﬁx?&p psrlsésuﬂ%l%aoglr gﬂntear%.ét?cnstou%t %F b@nﬁ)@,m t h' n

For exanpl e

gﬂ?;fé P*éw@o RE R S&Patoﬁﬁzi h% o%%ﬂ&' @S8Ry Rl Sator 122 to

erenf materrals fromthe surface of the workpiece,

%@/e\ﬁ@evl%l ﬁlnfgﬁtg ciBbed Sﬁﬁloh' ght o irRakfdwiyndsRoRIR Bhe

be a function of a conbination of the gas plasm
%Bée@bmn%hah&&ssﬁat%hs bictdes 2AldteFecab¥ckGRbI d1gs and

inpurities have 10 been etched fromthe surface,

COREENEGh eE SN Mkl gasul t in a conbination of
atoms of the native material of the workpiece and the

gas plgsittecif@the 116 QEBENBEditM, B EEUGESordlB04tHen, at
wavel ength of Tight which is det ect ed by the end

BOO NHrod@isecsigial 334 anabnthut b2 crtreaidorg tBSdolpmay B4les a
bi nary feedback signal on an output 336 back to the
opai helvad@sn valwistdt emaleamedadly, 304812, sheadzneolt3®4det ect 15
when the plasma processing cycle is conpl eted when
teb@ablishes d beskursisgnadint eghalng ERrsdcadsend Fiitgtestopesatian of a
flowchart illustrating the operation of the contro
Pbskesspressypd ewmindri Ngrraallyyipiagddsnmd teatmepsygtessinag
cycle. At 602, a part transfer cycle is initiated.
Dhamlmg Rhatvaspaed bsa dedired @od fixes] PRI VUG T RIBSSUEORHPA U
signals to a 20 controller (not shown) that causes the
pusstait ofd plgsmhepeceingtQyCiapEWaHer. 1R it 8asatiqRdi Mﬁ ece
56 into the chanber 12 between the side rails 78a,
A5ambRY 1249 & tiBE CORSUTHIRRI OFPRSo APBLGaNISHtisco¥tied Bt 't'"H'é
limt switches 330 detects the | oade ition of

GHRKY BIASMP PIRFRIY @ndeandetaleqnudir aofﬁ”%‘f P e%%sééfﬁs\?@m
output 331 to the control 304. o thm il c%am% {flThe
604 be'aléftaefaﬁr TRl uset RETERS TIHPPRY

permissible pressure range has been determined by lprocessing many parts
under different conditions within the chamber 12. Thus, with the plasma
treatment sys’tem of tHe present invention an upper pressure boundary limit, for
example, 250 mTorr, is determined by adding an offset pressure, for example,
50 mTorr, to the normally used processing pressure, for example, 200 mTorr.
Further, a lower pressure boundary limit, for example, 150 mTorr, is determined
by subtracting the offset pressure, for example, 50 mTorr, from the normaily
used processing pressure, for example, 200 mTorr. In this example, the

pressure monitor system establishes the normally used processing pressure of
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25 switch state indicating that the part is | oaded,
the control 304 provides a -27 command signal on an
out put 337 to open a sol enoid val ve 338. The open

sol enoid 338 directs pressurized air froma pneumatic
source, for exanple, shop air, 340 to the lid

208 odbores 1Eppreseuse #it Peiet iPEhNE RIRSPYE neaEering syaSrLAt opt
122 to nove the lid 14 to its. closed position. One
68t antriar oriotheswise Etrast B8 OPHEt ¥t pisNe lgsma pgEegt process
posi tion, changes state and provides a state feedback
&F fprglasdie %res&ué%@é'@ms\ﬁ@twmdge 9RPE" 284 {MEr BBHIYRDI M4,
Upon detecting the Iid closed position, at 608, the
bR DT orsem! {Hem oraresRESt/ehpr GHTIRE: 8 BrgRaINeo7eiTan
out put 342 commandi ng the sol enoid 341 to wﬁggn t he
PHER AT E0RiNg. At cosirR AR AR B80T 1R INgY 348 e Nt 1 ol
304 10 establishes a pressure set point e ag/to
PRVIGES R e BHHE feRPRacK SI982 RSP Do %Ugﬁ%c gign the

itor. No [ 1y, i | t t L
Syatal 0% enlecs Ibirpratoon W ingictabad 0 BT AT 88 and
fixed .gatrti | vacuum pressure prior to the start of a
ﬁh&@ﬁé PPdTessi ng cycle. However, the initia
(i £ th . e .

or oceas Rashis e s SAPYRE PSS o hrER A ER T e

. . . I ¢
ER S s R R bt e el
%s@%&We?‘né@stﬂG\%/Q Rtpo(?l shagher idhtiod D ve PEIAM S8k Gas is
pressure range.ﬁas Been eterm ned by processing nany
fokasHEn Blobr BRI AR To0ans bR Ro P

RLESENE. 1 HNYSAL- @ BuROc4HRRRlerPpESHHGE (ReEMgasrar] TR flow
for 20 exanple, 250 niforr, is determ ned by addi ng an

Qét@%ﬁ{;a@ﬁr@ﬁ&éﬂ@y thé AHasEHEWBbRiolle’8Q10TEAE Ehe gubnpirterate of
normal |y used processing pressure, for exanple, 200

MV dcuum PuFiphi@ s ;ardladj@sted tofpr@sdas probessirgeryssurenduitablé or
exanpl e, 150 niforr, is determ ned by subtracting the

66 i apdepesitive so fhat subseqeinepla&da piboessing manbe he
Zg;tgﬁlecliyli’rocessing 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 charﬁber 12 is continuously evacuated
simultaneéusly 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 approximately

four times per second. More traditional plasma treatment systems exchange
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used processing pressure, for exanple, 200 mforr. In
this exanple, the 25 pressure nonitor system
establishes the normally used processing pressure of
-28 200 mlforr as the pressure set point, but the
pressure nonitorj n% s% temw || tnlot set ap al ar or
ot FiE R 81 FRSRE O HES R S B Y CRES PIoSL e Yor lenelie
process

I h .enai.ns. h
o e S av&afx) g\ AR PR TS 150
T [ Y. T .
Enhr%ﬁ{?ésa‘%ﬁ@?e@ vl g Phe BB B P%’Ef%%” ing
| < PHT B i
i A pos i e Op BB LR g T o R

304 pete tﬁ thgt thqzchanber 12 is evacuated to 250
m'Ii8Wn,g YhHE 8%1§ anf) ®isfra is started. Sinultaneousl y wth
tarti th . [ oAt ; i ,
To a8 o prbu et Rl o By BeedcR St s st
34 t td : f .

SToe T e B ARG SEIRET ) WISy AR e pleslS

and Isolatromv gas 1S

i niro %?9&&@%%%%%%8&%&&%%@} & Ry, h3Qoatoi 804

predet erm ne oW r such as 5-100 standard cubic

Cenib ABWRE SR BFestiBi Belprecessing chdthbefVi 2 isTdtial loaw inifiat e
of gas provided by the mass flow controllers 312 and

t N DURDING id, HeSrofthalll skl Brotasdinymrpsspe didd thard¥fset
adjusted to provide a processing pressure suitable

f Oprepd RS TBUG WRRhAhitRNe G dd atove UbS3aquEat. Pheasarirol then, at
processi ng may be sustained. Processing pressures

Wi §19, Brdviies &Rambend $idnaired dryqitmalsytodarntdnethe BFdeweof
50 to 1000 mrorr and preferably in the range of 125 to

25QuppilaaiB, HoWeverORgteads bf droviging bull pewst feams thet FRIé power supply

processing chanber 12 is continuously evacuated 20

si g4, trenmous 1394 wommattethie A paves sUpmy ©fsuppig oply @origgnum

gases which are initially wused to purge anmbient air

f r ovwar ey et Frauskampla. 230 Wailtso Tcadiinna it reatMentiy§emst | ow

controllers 312 are operated to provide a flow rate of

30indiebngrply fulhpower to the processing chamber 12 via the tuning network
320. Creating the gas plasma at fuil power often resuits in plasma spikes,
electric arcs, energy hot spots, other anomalies and a very unstable gas
plasma. Further, since changes in the gas plasma result in a different RF load
in the processing chamber 12, the unstable gas plasma makes it very difficult
for the tuning network 320 to match the impedance of the RF 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 thereafter, operating the tuning

network 320 until the desired impedance match is established. With the plasma
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processi ng chanber which has a vol une of approximtely
0.50 liters. Thus, fresh gases are exchanged within
the processing chanber 12 approximtely 25 four tines
per second. More traditional plasna treatnment systens

eXFREAGR sy&n bhie 8RS ehtIntdnBo NGRS SbRging BaFWEor minimum
approxi mately once every five seconds. The higher gas

f oM bRgovep foddR8mBESIENEY, td the sPstemeRtmity e Plas@a in the
i mproves the renoval of etched materials and ot her

C b ABE NN Steb eV d GuibKI P GRES i pare f &tRRSitioABIkyaleR @,
m nimzes the deposition of etched materials on the

wal | s afiét turhing @8 g F oW Jupblyes 16 amb einididm Jdweer level,

control 304 continuously nonitors the feedback signa

onhé bentionfo4t, at 624 8efecotes bIPEO piitisslone dgaygehiSdelahpelivd s

conti nuously neasuring the pressure or partial vacuum

wigehiits thbelapme aeths imigmamapdyer 1eV21 to Atabbit€, Thdreafmomtsal,

304 detects when the pressure in the processing

c Hearbantroll 204 isiti@gaithke operadion pivdrt awdmatbOumng sl @, autdiate

is, the normally used processing pressure plus the

ofdopiet! bp méngb ineevaviabla @jr capaditars ¢ra usdrbtoenaieipihe Rtbove i s

250 niforr. The control then, at 618, provides a

c dmpedrdcs bifhabutont i thecquawsn suFEy 3 thandihe RGrimpédanie of the

power supply 318. However, instead of providing full

ponst of the piackssirREhpBReT 1 Siefplissired Tedange, (6 gKaoPle3TY

commands the RF power suppgy to supply only a m nimum

12hEEwelripgihat progess. aekagiPedbash sigagle §omthephasedrrgnitude

plasma treatnent systens initially apply full power

£ GOTHRS P88 STerso LR AT SASPHVE BPYEA2E 178 RS MircioRBP 104

320. Creating the gas plasma at full power ofte

" L1oPa s B PRER TooR P eSS e g By Rt

Spot s t.h anomal ies and a ver t%\l e S

oot eures Brooeiaibe SRarGelhire Rl Bt Totie

r [t in a diff RE | Jn.the i ng

ciats ol ERs PloiAdRe el ol O FESE: |

diffic r ni - : R8q h

i npe daﬁl(':ete cogﬁr&ttp]éerh a:éésﬁyggtghrﬂﬁ%g‘gﬁgthgﬁge Mﬁu‘lﬁe‘f\pork as
achieved the desired impedance match. When that occurs, the control 304, at
626, begins to ramp the power from its minimum level to a maximum level; and
as the power is increased, the control, at 628, continues to operate the tuning
network 320 with each successive power level. Thus, as the control moves
from its minimum power level to the maximum power level, the variable air
capacitor 320 is continuously adjusted so that the impedance presented to the
RF power supply 318 remains matched to the desired 50 ohm load. Applicants

have discovered that by maintaining the impedance match while ramping the

RF power up to the maximum level, a stabilized gas plasma is achieved at full
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desired val ue. Consequently, by initially creating the
gas plasma at full RF power, a substantial anmount of
time is consuned waiting for the plasna to stabilize
within the processing chanber 12 and thereafter,
Op&Juk inngsd tiee themir i RS poesrvabkly 320 wanatmulnaltyhemdes:h e s
i npedance match is established. Wth the plasma -30
t rraatimemntposipleednand tHeheppdawe Miatthvedderaion ekedutédl | y
applying a lower or mnimm |evel of power, for
exanpl &,shald vahbisd tHa0aé the ppyet Brapeingiup $o theagxhasnave n
the chanber 12 to stabilize very quickly when
cohparoedsd gast s adi floiviigahrosyts thermsocedfin@chamirenii gt teirt he
RF power supply 318 to the m ni num power |evel, 5 the
5 codsired fl@0dhte sednd@idyacexmoutrgstda i2 0éntinuihg icsdapossdudad thy.
This delay period permts the plasna at the m ni num
poweceskiey ehartigersthalprdviczely débaibedfa minge at op@PRing prdseure
control 304 initiates the operation of an automatic
t umasdptayiies WypranesHitgimeny workpieoks byingiiferhntirecess
variable air capacitors are used to match the RF
i mrsetaeles. dfsingreemitu epaticafmetheds Swemadnypirgte 318high &F
t he RF i npedance of the 10 input of the processing
chrawse Fan De ingregsefesiiiedrpintApEdanieasd RESYSKAMFS &S50
ohms. During that process, analog feedback signals
10 f rdsigronech Rt i6atragimen aee of BEtHOWFémsrzzse %f%d%ﬁ @ reduced
provi ded on respective inputs 323, 329 of the control
30asmartieatmgpit ¥eE- executes a PID control |oop and

d d | th 328, .32
bper at § e ETTRCRACH D Sep BiResana AP B egincn %tﬁtatmmum

bl
ieT b Portiah oo B i PP ae bRl RES gb s tre

ggthﬁlégggt%%% tgmaéc&ﬂﬁ Ly n%%e t%ttliq\gﬁé(swg\ﬁgaln If at 630, the
15 oc&o%(r%l’SOJ%%le‘l“r%ﬁ%Q 9‘!at t’ﬁ\g%f)wglt IIS n@%aat |tp ﬁ%klﬂﬁln{ @'Eﬂ% &J?\?rol

a maxi mum eve and

aSthErli‘eat @% |'n§ nJoH‘PJrﬁ?%?rdaﬂ én@ﬁonﬁpﬁttﬁéﬁlasrﬁ’é tr@a%ﬁaent cyﬁle

conti nues to operate tuning 20 network 320 wit
eagheIHE FEIS Y RaiROYEEs ch&WBlm VAl Sind &% JI&¥nLRsHtmeht

noves
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 throughput.
The control 304, at 634, checks the state of the feedback signal on the

input 352 from the end point detector 334 to determine whether the plasma

25  processing cycle is complete. In the described embodiment, the endpoint of the
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fromits mnimum power |evel to the maxi num power
| evel, the variable air capacitor 320 is continuously
adj usted so that the inpedance presented to the RF
power supply 318 remains matched to the desired 50 ohm
| oprdcesdipplcy daistdeterhimed b ittecendppistidatecdor I9¢ detsictitgad ni ng
the i npedance nmatch while ranping the 25 RF power up
t opartieiammei eremptth efight ofdhesplaging ezeprogidng el ieahrepesenting
achieved at full -31 power in less tinme than if the RF
posush (& ihpsbyird 384 wes willibriappeciajed: by pwdessimatalaigesiumber
maxi mum power | evel and the inpedance matchin
opererinare eca diarent rroetseinp daFenaiet dbe emarntad timpe
power is ranping up to its maxi num/|level, the process
5 gaseiregrte PFAceYE HYOKPLERIEH Bheetpibeass I AQ 2b¢BRYEr 12 at
their 5 desired flow rates and the vacuum punp 144 is
coPPPIHMeY: the codioh AN St hiBlerA JPes el g ST halibethat As
previ ously described, a range of aoperating pressure
wal§e FEICBINRICRIER! 15y5!1e8 G 847 n ¥R 'gé?%f*@@érgouawﬁ@e
di fferent process paraneters. Usip% simlar_enpirica
meTeAYERS o PrRse TR IVATIREFRE 2 WaT SATEH YRE e HoRRT TRR e
increased while maintaining a tun RF system was al so
| OV BF el e B e AT A 4 o SR BRSNS
I ncrease provi reduced . pl as I eat npnt cl.e.
10, ¢ SieRe e R pF G5 e S o PR LB e e i ¢
no%eghs%%%e @nVH%b | evel, the control, at 628, again
i nCrenBnts the p t I evel and operates the tuning

e e L S e SR

t hﬁ%rpa@é\f[hggéc:d? gg‘é Bbordsb StirlgBah dHABr R digsmd ReReRtL L, the

t hen, egins nmonitoring for an endpoint of the
Pl &) 5t0r4,e§tte'§ﬁ%roxﬁ%(% £corhihEsibRe oR AVBLtpLETHBItH Saitl thd S

maxi _rrum val ue _and e p| asma treat nent pr o_cess
15 CORE lpG\H&'Ss-uEW@H b RIS bFRaddiRNhe REGoAE B its

cont am nant Species sputtered fromthe surface of

WO K Rnes8e @b tos! rhinibRineNad U albafalfyl DEppwecie sehgeg 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 power at the minimum level, the control 304 then, at

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

power level to stabilize.

25 Traditional plasma processing cycles simply turn the RF generator off at
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20 space 102 via exhaust port 136 along with the

flowi ng stream of process gas. Plasma treatnent
system 10 is optim zed to enhance both the spati al
uniformty of plasma treatnent and systemthroughput.

Thee %RQB(éjﬁrog’é%g’in%%cleg%ﬁd _tl%r‘t%ﬁ}ﬁg neRRnSk# £s@fe the

f eedback si i nput 352 fromthe end point

deéo‘?r%gﬁ’d'nd%éz%o L Proggésﬁ‘lgrﬂo@%r%t%hthf%m F%@W&Mu%ﬁy. Hence,

processing -cycle Is te. In the describe

e (18 Alut cw@s enRHRg mcroa‘na% BE at Bdifrble I eCY¥she

is determ ned he 'endpoi nt detector 334 detecting a

Pagrhd @%@rremvfsﬂ 80 hnthHeth b Rbo & mEt'Eﬁ tr@l i ?g@ar@ed In

providing a signal representing such he control

5 30bntrést, Wt the BRsSRNVRRIAR, Btthe BYd Bf@@ﬁ#—’estﬂéguﬁné ALIARIK is
nunmber of workpi eces using different processing

PaAsEloehisimubl R WaNOTHS, 8fthé bR obtHee@Mi greskskiag RYOS &&Rna
wor kpi ece can be determined. In an alternative

enthe GiFrpRRks sUphl 36 8 i tuMled 3040 Graiimsinadolve thd thhieg Ratwork
timer at the sane tine that the autotune control is
stFatieth Adtate2dch thiteeitHerBhe tesizetmpatiahbemanh antadyfextstare
required to process a workpiece as was enpirically
dedretraain e duicRTh anef ar £ matohh éMinitriieng tahieg nfthe RFnsystem can
expires indicating an end of the plasna processing 10
10 cyreb@t inthae troebavirigs af uB®41 dedcends t he expirati on of
the tinmer as the endpoint of the plasma treatnent
cycl e. Neidote tchmrot 8w, @bf44, atope 31, ongeation ©f thg peesstrgtreonipr
the end point feedback signal on the input 352
r epndasevidassgmanane Aignas op e PRt arehi4fen causpdrErectivie
control 304, at 636, provides a command signal on its

OLR%”P'C’S@U@? 8% oandsH 51 61038 thRITesRARKE \@GpHT yalsaé‘“% 6ﬂd

decrenent or ra down the RE power fromits num
| é%?t'c’t”dah’ta%cﬂﬂ URIBR rf@\F@Ptm'r@&Mﬁw%ﬁs at‘%‘?@‘”i%\ﬂé‘g”? on
ed _down from

15 | RHERU 34 M@f@%tﬁ%éwraéﬁapu %%ag?hfw@r e, pporoi Megg flow
H&H&%ﬁ% I%@ ltlon t%g%orrwt?q 352 prow stargzgm o s|gngl oveParﬂ

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
processing chamber 12 with the bleed vaive 54. Thereafter, at 648, the control
304 provides a command signal on the output 337 causing the solenoid vaive
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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to its maxi mum |l evel. Upon the control 304 detecting,
at 638, that the RF power 20 supply 318 is providing

power at the mnimumlevel, the control 304 then, at

640, the control 304 checks that the RF systemis

t astlombind RBIaL @'sﬁk’d@s&@é’\?én trb QM8 cycid 8BS eafd %ove %Tfoc@ész

the control 304 turns off the autotune control

eX@th'éh@épe@te%Q@r JlctdskiseoRNGicdelay which pernmits the
plasma at the m ninmum power |evel to stabilize. 25

Tr adi t Figead arfel B&dpRt B QREBSHREMIMRINRSI &1 thPpibckesiiy t he
RF generator off at -33 the end of a processing cycle,

anfatnber 124Yco@indes Werdkintislek Bf e pratert ineRtires MR thchded O
a processing power output fromthe RF power supply.

Heneeiablewhen stitrakexbpayeb® $sppsttasb athanvdgieslsiyparmine
at a different power level, sone tine is required to
f ovorktdiecet whiaigbleeim@rslon32 e receivet tierddme Refgrastanceg. 8, n
5 contrast, with the present invention, at the end of
a sohsgitate supdpert2ainnigdeesmelekated platfermezb2ttioat sliddadiymarries
power. Thus, at the start of the next processing
cyeb ejovedtasmopiohed Sffe piw@H4, 26PNy a3laBplate 261 thed ¢ atachexd
m ni mum power, the tuning network 320 is in a state
s e hottdmaelecteddel?8R by theedadewiarde idriempeiikanyecashtie o2 Yeady
exists, or it can be quickly tuned to a match.
Mt vistesi migjfornAPA L oicheniealiRRNsaeckivbaaitaged saplurality of
cycle tinme savings of up to 15 seconds. Next, the
comtiensrs 3o fiat P'@&@W sf\®gROYhRY @ffﬁé’fsaﬁao?lmoﬁ'd? s 264,
pressure nonitor and provides conmand signals on the
o@@ﬁ@fesmgﬂefb%t"?@@ PSS SOFIHAPRRA f"’\%’e”%Feé RbsupPort
val ves 341. and 315 to cl ose the respective vacuum
v&1ajfarm 462 afyceniralnositipy ﬁ'o{?ﬁlt'\f‘égn%tﬂfﬂ'”a'@mst% glevateg glatform

Lo ?\maa%%‘%pfﬁw‘ﬁ’éé%‘?%wa%ﬁ%awr%w@%”aakﬁ AlgisBe e ey 62
appropri at e add

R s e T e
out put Slﬁ?ﬁsant%i%ﬂ?%i%e ‘?%I' fé%odrg lc}éﬂluéé? stﬁﬁ:?urésothgtqﬁlp bg he

bl eed va
described with reference to side rail 266. Referring to Fig. 7, side rail 266

comprises a horizontal member 274 flanked at each opposed end by an integral
vér’cical post 276. A channel 278 extends longitudinaily along the entire length
of horizontal member 274 and has a U-shaped cross-section with a
predetermined width that accepts a peripheral edge of workpiece 272. Each
opposed end of channel 278 includes a flared lip 280 that facilitates slideable
capture of side edges of the workpiece 272.

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

284 for receiving a set screw 286 and a beveled lower prong 288. The lower

- 35 -



10

16

20

25

depressuri zing the processi ng chanber 12. At 646, the
control 304 determnes that the pressure within the
processi ng chanber 12 is substantially equal to 20

at m)spheri C pressure. This determnation is normally

u%aceyof Iager%azyrrcg)rig |% H%%IQQEOBVQEF{I d?{rgrﬁdhe upgogg SlSr%ce o}

neasure a perio require uri ze {he

pr|8ﬁ§r§?¢r@gza%ﬂﬁﬁ’%% a]n%R nttghoh%P Q)'f ggﬁdtl\{ﬂla\/%gﬁ@tlg less than

Ther e contro

¢ otﬁgg\%q%%gﬁ %lev BBﬁo E@JtTl‘g%Zdé‘rﬁ‘é{r%h @g%tslkb‘aeaﬁlg SRS

to C te and reverse the operation

5J?‘§Pé %peﬁgtolfl @Ites)é’te(}'ﬁl%tfor‘?rﬁZSI{]e%,%@Idﬁr% e?&h rail E@ﬁ

contr etects that t 14 | ‘fal se to It's

Opz%%gygagrt?e‘&n&g%h%éo@v n‘f’?ﬂgd {dY bleBb&imifed ng%%ér%b%&ﬁ’éi{énd

tran e above process

reﬂg@gmhfsgtrscgéW%@Q ve wor kpi eces. Fi gs 6 and 7
depict an alternative enbodi nent of the processing

chambeyyith Zera&red B Figs. B8O 2R@hRAIIRE F4rérBscefunidi@ls Pif@se ke
i nvention which includes 5 a variable-width substrate

SURRGMES ir26s. 1SURRPEdcorRfHY ta @V itk dEeUSThYodResritot Be
wor kpi eces of variabl e dinmension to be received
t heveRBsh, tHaefigdfid fghtinentfslygtembi0 mawbs bioaided HHiP B RFdce iy
i ncl udes an el evat ed pl atform 262 that slideably
Cadh&imB8r 400Wec! IWERE kieartfp @sedl 18 ke a lcharhiSer 26402 BibGeabnd
a flat plate 267 that is attached to bottom el ectrode
202upgd whie trecsnawaecbdser8e Sapgfidaty dmyg semali charsbar iidl 4223,
10 El evated platform 262 is nechanically and
elregntdddahinge @ seamtie th bythat giambel lid y0may baiselestively 269
to flat plate 267. As shown by arrows 268, 270, side
r aivotedXB £anti@eedietativiipcabneebkasgedrpetiveeaanapae
position near the perineter of support platform 262
t cpogitierast featranséssing vmfk;amﬁn’@ﬁ inkpeoriaghefi thel eriopRgsing eP3cent2
el evated platform 262. a result, the separation
di @ﬂaﬁrfd@eéép%@hmg\mééh? mar@b%ﬁ 40%6'@kﬁ8a§/ Si?élnqsor\&%ﬁt i ed
to accommodat e a wor kpi ece a predeter Z%

% re

t rifahameer Rasat'f. Loagi'raﬂestﬁtm ?-02@9 éh%ﬂds%étarﬂav 22

| dn?Qyt tl)ecl?sledst‘or sl#\EtttI#\rgevaorlpre%tes\% into gnd out of processing chamber

400 as described herein with regard to processing chamber 12. Chamber lid
402 may be interchangea with chamber lid 14 (Fig. 1) for expanding the
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

separating the lower sidewall section 404 from the domed ceiling section 4086.
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described wth reference to side rail 266. Referring
to Fig. 7, side rail 266 conprises a horizontal

menber 274 flanked at each opposed end by an integra
vertical post 276. A channel 278 extends
Iongltudlnally along the entire length 20 of

horThg eidewdll spsthansrd 02 2ad 4A8 apd edomesitailed sestios 408 @t i on
with a redeterm ned wi dth that accepts a peripheral
eddEmet ohp MRisraldbatizs a relghyely kg elselica sandictiviyapifdlas an
278 includes a flared lip 280 that facilitates

s| PYEUBIMEOT FEPPUPSIof AFeBreaes e@ﬁtwc\%wm@ﬁe@é@@?z
Each vertical post 276 includes an up prong 282
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286 and a hevel ed | ower prong 288. The |ower -
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accor

Of agéégnb.lié é?\% Er‘?U]ew Iaﬁ aQEMHJ 1S Ls@%t\rﬁ%slge& @Pwm@{he

rocessi ng I'ncl udi'ng

t hs|a§Jﬂ§ t&#%@%sns’l;ﬁ A i &5@@9@5 shad % BidReseat v

coupl ed w t he anber base 187 Specifically, one
si dearferabg@nber id 402 is nounted to hinge assenbly
16 so that chanber |lid 402 nay be selectively pivoted

or cantrbgyRfied divididd Wie4dsa of fidaeiedargiag $8ctatgosen an
open positioned for transferring workpiece 56 into or

150Ubeirating ®laRMaGASISI 430 fepas adidedlenanNRR) caligsed is a gas
position in which the chanber |id 402 nmakes a sealing
copbrad®9. The gas port 409 is configured with a gas fitting 411 that couples a
plasma cavity 442 in fluid communication with a gas line 405 extending to a
source 407 of a process gas. The gas fitting 411 is coupled with plasma cavity
442 by a gas distribution path including a process.gas passageway 413, a pair
20  of process gas passageways 415a,b coupled with process gas passageway
413, and multiple gas passageways 417 extending from gas passageways
415a,b so as té terminate proximate the upper planar surface of a ceramic
insulator plate 416. Any suitable process gas or process gas mixture may be

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

25 when excited by RF energy to generate a plasma, appropriate to perform a
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wi th chanber base 18. Loading station 20 (Fig. 1) and
exit station 22 (Fig. 1) my be used for shuttling
wor kpi eces 56 into and out of processing chanmber 400
as described herein with regard to processing chanber
12. Chanber lid 402 may be i nterchanged wi th chanber
| | ¢pwrgtreamp @/pepbasméﬁfeéwa Yigkpigees P eapatsiiPed Mesinof

t he plasma treat nment %;tem 10. rﬁ foll ows that an
ex| ¥91GahRf0cqsF 43RS 1Gl\ ke Gae (A< Y278 W%W‘é?? Yithar
chanmber lid may be retrofitted with a subs E
chasmbEss: PEQ 35l oP 5t %%BFOP?]%S $ﬁ?\f8'ﬁ‘P TR S &t@ ofuitable
chamber |id 402. The ch IS
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d d t 406. Th t
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forned of a._ mater]
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al lro#rﬂan% of e AnE QRN ES ! o PLANATRL! o sk hRYRPR

4011 tween a circu enti Upper rim

of hgsrb% W&Jnalto ?é P%Mm%}lelrlly%%h‘\%nn 208, r?’aﬁﬂgati%ns for removal of

ci Feunterentia im o t he upper doned section

10 4081200 9%“%‘5 Bat?oﬂ”@'&@ﬁ 8 'd@bvﬁst?éﬁ@%ér%ralsﬁ\a Q@ &ipRBted eRtorP

IS provi etween a circunferential |ower rimof

t headadicak, | ?dl%?ﬁ@é%yg@rﬁ@éée@%n@%ro@@ﬂ-b@séﬂ freeuadies|e teriddd

upper rimo | ower “si dewal | section 404. Oring 51 is

C Ottt BS&b Y fog@rﬁ’tn‘i’(Fc%Qn Rat \WeRA pAmaicbastitdetsdttairal
| ower tim of | oner sidewall section 404 and an

apron With@nﬁh@ﬁb@éreh@@@ Fis. 8T1re tHeaivRiedtelinyweddtion 406 of
section 404 includes two view port assenblies, of

WhiHznbér RIvMaRas broaigs€whh y gidibhded platesd 18 andi anpdvieged d@strode
for viewing the plasma processes transpiring in the
15 pr otlessi degnapapsvetéilplafie pmmsésshmgenewlarm’gaﬂelzto)grounded
Provided in a dividing wall 406a of the doned ceiling
semtiiedi! 2406e 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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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
pl asma cavity 442 in fluid comunication wth a gas
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by RF energy to generate a plasma

Pab bRIcBYshg %%cngsffpﬁ;%m t o%&%%t%ﬁ?@%@ﬁg&lvg for o

wor kpi eces as described hereln roces

gae@svihdslsikAfc Ot per@grﬂagé\gf tﬁé‘ghé@e@%c@Yropl%@EPégﬂaW th

an inert gas, such as Ar, to provid process gas

M 2¢kriteeR!. frofn Blasm4& LAWY b s %toﬂﬁb%e@&n%%acngsﬁ’ﬁ@am type
pl asma treatnent in processing chanber 400 generally 5

I angeghHoleam2abeytordseACEAUILE pRifitHaviRE PoHRE-BI-886t Aths from
appropriate pressure in plasma cavity 442 ranges from

ahiodiplasrha BFOH 442 @ B PtocesEHY0spaEON 02. Phe plasma in processing
mass-fl owcontrolled flow of ambient air fromthe

sspaceutidl ing doensticamrtgBenplagrha fHad ass] agsubbtanialy 00 may
be used as a process gas and has been found to be
panheiged bartithgs &fr perfdrming pilasmedrdaimenta ppine eatkpieas 56y the
renmoval of 10 surface contam nation. Such a
dehersiceieanien yitae pdiesisavitheutdikg elystnd! sation otfeatise priovided by
radi cal s, including oxygen-based and nitrogen-based
fﬁ@%ﬁW%ﬂﬂQﬂﬂW@bsderlved from hydrogen, oxygen,

nitro and other primary constituents of air. Wth
cont i n hrosigBlialasce ! tepyrRegaTanged ;1 an 3ieay b Madixaimayme

section 406 of )
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
diameter of individual throughholes 421 may range from about 0.001 inches to
about 0.125 inches.

With reference to Figs. 13 and 14, the chamber lid 402 may be
reconfigured using other groLmded plates, such as grounded plate 418 (Fig. 13)
and grounded plate 420 (Fig. 14). Grounded plates 418, 420 are

interchangeable with grounded plate 412 for varying the distribution or pattern
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chanber lid 402 is provided with a grounded plate 412
and a powered electrode 15 414 that defines a powered
pl ane opposite and generally parallel to grounded
pl ate 412. The grounded plate 412 and the portions of
t befretomedals ablveRd frove tei crBct4dsnaiin brymeicagtypl4assen
cavity 442 collectively define a ground plane. A
I @eicasgny Sace POAARS, utietagey, celbleest tb @d@xpared|satfare 56h6f
electrically isolates the powered el ectrode 414 from
t herigreds eepdortad os ectstate APt iBh.C Mue ihngygghdesdiedn 20
plate 412. Plasnma cavity 442 is defined in the doned
cgrduhndeg sietet 4 ohadD&2tadiffa in volfigomtien dinnssdnzetiseen t he
grounded plate 412 and the powered el ectrode 414. The
graaamngbetnpirat groth2e dpidtetdi@ fpoweeyimpthe lspatiat distebutiba ohfree
each forned of a material having a high electrical
C oantheats admittad freniplasas cavityridA imo processingadpang MQEN al | oy.
25 Grounded plate 412 includes a plurality of openings
or t hr@wghdes pate 42&inc®8es( Fplgralin3)f thavdhhglea 419 arranged
configuration, dinension, and/or arrangenent dependent
uwmetth@mgtgkanewtﬂ mlphgrrm;f)é disk-sharediinikpitese Grundese
t hroughhol es 421 allow the preferential transm ssion
ofrlate &8 Paybe utes, foa AP HRIfAP PRI N HEors|FiRTp eich as
| acking a net charge, froma direct plasm created in
pI38Q éihqpﬂtvxﬁf@rawl?f@ e skeyPdReTIRsHy. SfraLrdefate Al
roh| bit or prevent the transfer of char @? eci es
D o resrest i sa Kb 428 T AR ot P B oA 2

58%%‘3#3%% ﬁ%ﬁ%@‘%&‘ deropaes Tt f%béﬁfoiﬁa:ﬁ'g d
s%éevéestﬂ%eh;ﬂ?ae e ytnshe SRamet Esia”éqe%%mg%ﬁa@ 0t
442 0
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pat the plasma cavity 442 to the processi ng
%a@n%gmyme pl asma in processing space 102 is a

dovvnst f%@ﬁlﬁyﬁ%egkmahgﬁé varub GRRInd&Y pige9ai kB ahly
420 permlts 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
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

apparent to persons of ordinary skill in the art as necessary to correspond with
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charged particles for performng plasma treatnents of
t he workpi ece 56 by the chem cal action of the

radi cal s without the physical action otherw se
provided by 15 the charged particles. The
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thtrhg gjb%g%sﬂl rray range from about O. 001 i nches to

aﬁo th rnches. Wth reference to Figs. 13 and 14,
5 ;r ° e erFfeténge 04 %‘éﬁszbg}eo{ﬂwﬁgn%gf llcﬁc’r{fzergﬁeg r?ﬁxd‘é’é per 15)
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delivered to an exposed surface 5 kpi ece 5

su t t ol es
A0S 1 AR Gl gt

10 COtrﬁénsngmwna@ 44 GRS IR AKHEA B Fittihg aR8 aNGERE Rbwér UFbly
grounded plate 412 for varying the spati al

di &3 drfauhé edmprnefits @EthelcAgimbed Ig 4ad Eblidotice!§ pramdp lagsasma
cavity 442 into processing space 102. G ounded plate

4 18citapnsdese aafbly dlektiingofrotdus gag irhtbk eashiadtyrddage d
inside the circular outer periphery of a di sk-shaped
hodenepa¢ & @lanma GPowerdeedthioliglised 342D treangfelo R Fumedr frérothe RF
exanple, to treat sem conductor wafers, such as 10
30ukhead filting 628 avaf mover distribbtien kv wads ta thamowgise efsicliste.
G ounded plate 420 includes two frame plates 422, 424
15 hadi4ngrhe Rferawen gurrir 439¢vrieally oppraisisrey adieguency 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 and closure élement 438.
Ceramic spool 432a is captured between the dividing wall 406a and the power
distribution bar 436, and power feedthrough 434a extends through the bore of
ceramic spool 432a to establish electrical contact between the power

distribution bar 436 and the powered electrode 414. Ceramic cap 430b is

25 fastened to the top of power feedthrough 434b and is positioned between power
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screen or grid 426 captured between frane plates 422,
424 so as to partially occlude the central opening.
The screen 426 is a fine wire nesh made from a
material with relatively high electrical conductivity,
such as alum numor an 15 alum num alloy. The abilijt
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wor kpi ece 56. To that end, the hole pattern of ,
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stantirally to the outer peripheral rim
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erence anber |lid 402 further
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a pair of ceramc caps a,b, apar annul ar
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power “di stTibution bar 436, and a

r agl:a@s'aéé\ﬁél}éeﬂ 8 V416 Rb)o tHetmalligs yae padsegadys 438 termivating on
radi o-frequency (RF) power supply 439 is electrically

15C Ok @fePdiddortfe tdranisnisutitarpldte #e6 4T mibtdssighe fIgWs or
bul khead fitting 428. The RF power supply
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 throughholes 421, which promotes
uniform process gas distribution in the plasma cavity 442.
The RF energy applied between the grounded plate 412 and the
powered electrode 414 ignites and sustains a plasma from the process gas

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

25 plasma containing ions, electrons, free radicals and molecular species.

.42 -



439 and the conponents of the chanber Iid 402
collectively provide a plasma excitation source
capabl e of exciting process gas in the plasm cavity
442 to generate a plasnma. Power feedthroughs 434a,b
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Ceramic cap 430b is 25 fastened to the top of power
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di stribution bar 436 and cl osure el enent 438. Ceramc
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406a, and the power distribution bar 436 and power
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spool 432b to establish electrical contact between
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downstream-type plasma is supported by the side rails 66a, 66b of substrate
support 64. Free radicals admitted into processing space 102 contact with the
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 molecules, and contaminants removed from
the workpiece 56 are exhausted from the processing space 102 by the pumping
action of vacuum pump 144.

Chamber lid 402 provides the plasma processing system 10 with various

25 different capabilities in addition to the ability to generate a downstream-type
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10 vertical dinension between the ceram c insul ator
plate 416 and the dividing wall 406a so that gas fl ow
can occur therebetween. In use and with conti nued
reference to Figs. 8-12, process gas enters the
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ner etween the grounded pl ate
412 andi4he powered el ectrode 414 ignites and
sustains a plasma fromthe process gas residing in
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a full direct 25 plasma containing ions, electrons,

fr e csdiealspdRde BRIMEHEARIrsPBIRERS by refdovRRQBeI§RUhES
fl ow of '‘process gas in the plasma treatnent system 10

i S pERNEnalloindifORe sobRdtd Qupbd sexdiearst grpoid, addBéndrgizing
bottomwall 44, the various conponents of the direct
pl asaweredEiastte ¢tviotgendd awirdct plesas irr @otesding ppace 102
suction or vacuum force toward the throughhol es 421 of
gr endplesmptatie 442 2With e Groeddedtptaterd 1 arechoveshshehehanbgr
tendency to reconbi ne inside throughhol es 421 because
gr ourfidecitiqn etaegdsl® thst the pawered prask & pro¥dedbypaveied
ground. As a result, the ions and electrons are

si glecfodeatitlapd tresgolnidaane is gravified by frowbsEatn GURRPERS-
102. The grounded plate 412 permts plasma species

| adke ﬁge@q@qecm@ngaegonﬁgurahon reduces the process time, under

certain circumstances, for improving the plasma treatment of the upper exposed
surface 56a of the workpiece 56.

In another mode of dperation, the plasma treatment system 10 can be
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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such as free radicals and neutral nolecules, to be
transported through 10 throughholes 421 into the
processi ng space 102. Typically, the grounded plate
412.1is effective for renoving substantially all of the
charged species fromthe plasma transferred or

adghd hefodes e Blads MBR (YA 6 eftbtient dbublee T pCeamBaREt
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10Dskajied hed, uadsitiog, to goeigizs ted subsbateripRATHO4. 48 deeHRAber
lid 402 provides the plasma prqcessin% system 10 with
vaheeins In#iss efiefdtonamodeaiiabyarkrieesHs Wl Bearrqssa (9 ¢rache
ability to generate a downstreamtype -43 pl asnma fPr
supfeaEe generateiming PrasesHias ePachd V4 riasd vdthdiegtradiggoirom
provides a ground plane, substrate s%ggort 64 may be

endiefliEELPIRYIRR PLRSMEICAY B 4B ™Itq8 e H1eTng ofERiIt e a

Ok PLSSTIS D BROSSRLAR SRREe 202 1ld e e

SYSLETA, LS8 SULERSE M0 APOREE ARe

T T R T R

Caﬁ’rﬁg iplroicgés?nsg s%rage Wf’rdn"i‘gﬁ ﬁ\dieaer?deﬁ{ ;5}91‘,&3 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
fo Figs. 8-12, medial sidewall section 408 is operative for increasing the
chamber dimension of the chamber lid 402 in the vertical direction. The
chamber dimension in the vertical direction may be reduced by removing the
medial sidewall section 408 from the chamber fid 402. Additional medial

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

sidewall section 408 to further increase the height of the chamber lid 402 and to
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system 10. In an alternative node of operation, the
pl asma treatnent system 10 can 10 be configured to
provi de an inverted direct plasna by renoving the
grounded plate 412, grounding the substrate support
- 64 f&ﬁeﬁ?g%ﬂi%e%gﬂbemﬂeﬁﬁﬂ DIt D Cﬁq BifcBOYer Rburther
ro asnma in

i
el ect to generate a direct p

Pr QEReSbRGITNAGEnTEMon Ha il RSk GA¥hdidh dH4re ?h\éwa-r lid'%02

grounded plate 412 renoved, the chanber configuration
Changes \3hed itﬂ%¥ bhBuROMRIHRek MR HaRRedks SsUk @ylbyeynswcung the

powered 15 el ectrode 414 and the ground plane is

Pr AEdEe s dhyail 38t H DS ts 3 e HReNd v dum bdfis! AHETdWRd

di rect plasma configuration reduces the process tine,

5UNdREwalF§dctiéh MosCandCaBrhRNERimg deBlionl 4TB 1AV 41R8yd fresdt asie
treatnment of the upper exposed surface 56a of the

WO LKRinefEfoRfing bbntelides2 Bl evieh 088hdd iRthe d03en& SSHR
treatnment system 10 can be 20 configured to power the

poweRsied @At seantn 4BAhvidirherisihs@r eevtoiealoal saatieiod bafine a
renmoved and, in addition, to energize the substrate

SupromumGéparasordesesdnned poleredidiectrbde 418 shdrmslexplsed
operation, the RF power provided by RF power supply
439urfazedibe ot wodpiedel®b tcarfrdniingethe b8Vede gleesieointd. of
phase relative to the RF power provided by generator
10302 ( FiThe Modidl eidevall sachert 4C8 & rempyditméihtedAs tiee [Ber
result, the voltage potential providing the driving
f osigewsibsectiond 3. rigyiddset4p raoe pyided o ga i positipniog deshedial
space 102 (Fig. 3?Iis effectively doubled for an
eq§idewalesactiorodrralativedtadiimiowst sitewaloifetion 404alupbd ent i al
benefit of this node of operation is that the RF
poistelialinpl iSimilarly wifssrael e ppYinieofidgmee aeitrdsagtien
to the direct plasma el ectrons _and ions supplied when
t hé0HEiEivetp tBf aeriebeidewallsecions Qikyige netaliation. (ades 444
anot her node of operation, the plasma treatnent systen1
15 Iso be used for positioning the domed ceiling section 406 relative to the
10"R¥4R
lower sidewall section 404 if the medial sidewall section 408 is removed from
the assembly. Fasteners 448 are utilized for securing the medial sidewall
section 408 with the lower sidewall section 404 and for applying a compression
force to O-ring 403 to create a vacuum-tight seal. Similarly, fasteners 450 are
20  utilized for securing the domed ceiling section 406 with the medial sidewall
section 408 and for applying a compression force to O-ring 401 to create a

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

25 sidewall sections 408 permits the plasma treatment system 10 to accommodate
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be configured to power the powered el ectrode 414 with
the grounded plate 412 installed and, in addition, to
energi ze the substrate support 64, as descri bed
herein. In this operational node, the workpi ece 56

S BB RPERH h4SF AT BB e
BB LA bR Bt 2 S0 Lo ol
b8y PECESSNG 50366 oL ARG B WIS ot opor

zagﬂ‘ ngé};/ 9’%??’}% é%%e?tﬁg'lr ifensiihof AER nielagf Bh%&ﬁasgﬁf?o‘ﬁi a{q\éymay

r fromthe process gas flow ng di'rec

ey . _ !
5o bé B10:t0d RGHSR4dWd Rag e Zsi T N S 5&%?%:&???@%9 414

ocess gas source own) so that t

r ag . Hfe EREESFHgNe SRARR i
[ pehEBlodsdd APBLESEE G Bl IAREINGTIN: SRARR: KP%02 wi

di ffednelin@thich e8RSl seBidrl@odiwiPsdpaRli@&B8Rxposed
generated in processing space 102. According to the

Pr kiHaEcP 588 o0f tlohifcH RiR Woh@caBd fithi Foviedsd &1B&tRS e 414 by the
reference 20 to Figs. 8-12, nedial sidewall section

408rhé dioRREAEd ¥ Bnd-BER INKIVRAGIISH® 3618 a EharbeRamtidiensi on
of the chanber Iid 402 in the vertical direction. The

10 C hedHigtratbrBRGIBNNd Ehanib@r Ne4dd 64 a shgle ohé-oith MMdidpe

15 raplAwTa in Whiehtha FeafnepbyndferiBLie AgequRée-

20

25

reduced by renoving the nedial sidewall section 408
f r sivewdliesectmmdosr | i d 402. Additional mnedial sidewal
sections 408-nmay be added or stacked between the
or i gi ndhe sepiration2etvededahmiréatedstrfasa oD@ wankriapetd6eand the
i ncrease the height of the chanber lid 402 and to -45
f upawrsed elegiendd 41 és Thiaddeentaivedade drat myst eecontseltedden
direction. It is further contenplated by the
i neféastiyopiagrmmatreativentudinteitoer 2 ¢irarb RIgFHA 0bR dewesticRaIrifRs
lid 402 may be varied in any of nulti E%e di fferent
I gPerecigtegdiiiine
section 408 as an expandabl e vacuum bel | ows. The | ower
5 GPaaliu o crpwinedie FiPsaRCldTESEY TEMPPHY VAP 406
ar peroglrésvglfrjln%;s’spgcree1S O%aninlg%nte tc]D(?more of the removable medial sidewall
sections 408 is applicable without limitation for both direct plasma and
downstream-type plasma treatment systems.

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

lid 502 is mounted to hinge assembly 16 for selectively pivoting or cantilevering
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15

20

25

assenbly form ng chanber |id 402 and, when assenbl ed
in the absence of the nedial sidewall section 408,

t he di nensi ons of sections 404 and 406 define a
nininun1separation bet ween the powered el ectrode 414

o LRl FlBAE T Dass 18 bBGRLER oDl MGERLERE rlitterming,
g;@[gmﬂ s%qﬁtfo'o%ut}gﬁaé pa&eg@ﬂg%éé munedyd : tptas‘%t.érpgﬁr

section are provi

| N RGPhE OhY 1k B8 BBl coﬁkﬁs\eﬁgnhbemgg o épg;nber id

[fower s section 404 duri

' rb%‘z%éﬁe lF?th p%o@d'vﬂ{h' @ 1%8154(? 1R %@%a ber nd 402

positicning o cel l i ng section ative to

””(f“ges 4§£{orsé§9§md he €& éb‘ﬂﬂeé"gﬁpgylrabrﬂg.trle%eﬂ gy@'ﬁqﬂ?% in

may a so be used positionin

d%gnrﬁé@%llrﬁllgngto%ﬁgﬁ\ ém.d%@ a'h@l"@ag' b\é%t?d?uttw?o arl O¥&ing

secti on 4 dewal | section

4%§n$a tfe%rfmyrﬁ@yété@nsucme pee%ﬁ@mlaynenlf@ﬁs&@ﬂeos 448 are
utilized for securing the nedial sidewall section 408

Wi th t BRarhsuMaE 582 fheated dse HBGlinRirdQAdcmd deding3B@larisng a
conpression force to Oring 403 to create a

Vaeningatgighila @oR) 54250t 4 RivkysiddwamilsetRinS 04 $abtéred wad® the
utilized for securing the doned ceiling section 406

W ddmeldhiling sdctibn S04l el domekadiiingBeid8 S5amthciudes agfiewiing
a conpression force to Oring 401 to create a

Vv 80U wixteh digbbee ale petibrergtof thetpjastra casityys42hendchdivibieg wall
di mensi on of processing chanber 400 in the vertical
dif08ceparatingya iad®draquencydRE) creamber A4S oore tor plasmacaftyt he
medi al 25 sidewal |l sections 408 permts the plasna

t riEdt fites $¢4 (Fegn 16Dateo sad faspasitiening the gomed kelirtcesstigs
of differing thickness. Specifically, a reproducible
or504rreldiivetta Bledoweti sideaat segion S8paf apmpreseible grstomeric O-
mai nt ai ned between the powered el ectrode 414 and the
exXpesed dis pewdsbetyeen AErHFIRENERE @Wﬁsﬂ'ﬁéqfa“eofipr@%
substrate suggort 64. To that end, the vedr (]:

di G7EAS seoB Pleaha ﬁ‘éfdﬁ”%{Fregﬁ‘%HR%ﬁfl”"b%f&W%r?' 2yl fegiion

506. Fasteners 448 are utilized for securing the domed ceiling section 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
between a circumferential lower rim of the lower sidewall section 506 and an
apron of chamber base 18 to provide a vacuum-tight seal thereat. The lower
sidewall section 506 inciudes a view port assembly 510 incorporating a site
glass that allows an observer to view the plasma processes transpiring in the
.processing space 102 of processing chamber 500. It is contemplated by the

invention that one or more medial sidewall sections (not shown), similar to
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5 be selected to provide a desired separation between
powered el ectrode 414 and exposed surface 56a. For
exanpl e, configuring the chanmber Iid 402 with two
one-inch thick nedial sidewall sections 408 wil|
separate the exposed surface 56a of a two-inch thick

WO ke 2B §i8e\vdd sEERAY wwﬁrgm 8el2eab4cABEd Uekdinyial BE intdalRRd
nc

di stance as a one-i t hi ck wor kpi ece 56 in a process

chasheen 1 darbicgligidcoon bov whd ©b Idwe sibaabeaictibn dogt02

has a single one-inch nedial sidewall section 408.

The sepatatininuddetfemene tdigs.ridatsed gasifineass @luplebe

wor kpi ece 56 and the powered electrode 414 is a

f updessndaslsoviae 5ab|Fy. t Bptia agss filieg Sohwvitioklgad pbo 609

effective plasma treatnment with either a direct plasmm
5or pevvidewsthe damed §giimg EbctimingEddn Tiha gak pah5edie cobugad mehid

uniformty is adequate. It is appreciated that the

c apabmunitgtioofwito pkngi rgvitytet 2atedhasie dhamobarre 502 by laegas

chanber |id 402 and the processing space 102 using

ondistibuty Etothat iheudes rpredsise gae dassagewaleal dnd asgast | ons

408 is applicable without limtation for both direct

pl distiutigndafieddf sefinieme ggpdistpbutiamechamben Hdrmousipd insfnid

20 Wth reference to Figs. 15-18 in which |ike

r eFRP@HBIEAtN N RrosesedasrPassAgaway & 18 c Abqigassdistibytiops .

1-14 and according to an alternative enbodi nent of the
10} ngleaetes s, S tsHeupse @rﬂa'dtqogﬁ@%ﬂhowgh B Pl MAesAViRe 542 by a

provided with a processin er 500 including the
chﬁ%'@k‘teﬂa“éféngfg‘eﬁh%f w%aﬁ?utie ISP g dpthegagidjsioufign barfle

ch chafbermasaseuLes tﬁ?%%%'@?juhﬁn PP o RS
c;ﬁ%‘éud"é‘%iq%”ﬁog% s&?adiffrrﬁrfﬂ vi%it?v BrdmB et PledHeS Brogesangen
o ; o%teenlogq?r Igngorggtm%rdﬁfq‘er%gz :Jslaba%onf réﬁe § Sﬁwﬁﬁplé&tso

15 pog R)ésd t%bln_ﬁfmcg% iﬁ%{@%@?%& r’nf;( &Q%a? SglpHQ/gJe}.‘l to

con ‘act
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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502 may be interchanged wth chanber Iid 14 (Fig. 1)

or wwth chanber |id 402 5 (Figs. 8-14) for expandi ng

the capabilities of the plasna treatnment system 10 in
a manner simlar to chanber lid 502 and nay be

;52 Lé)rgjl { ;é)&?er%ggel Hro% 554 Eg%bed %ﬁéﬁfg fid PRk E%Ed@d’ﬁlﬁ%@m

rea ment” system 1 Chanber |[id 502 is

-aﬁﬁs em%ed neliadi §94 @qgﬁi]%g% %g%fejd' dikheS® %'&an@%wty 542

asi cavi | ower sidewal |

t sane
22& .“%ﬁsgg&s Ll @%}é&w R R BB e e e
S deyatels 3k 9@&;&‘ bQGcRRMEc WG SRRWEPESS Haldledticlly

pl asima cavit a dividing wall 508 separating

T et SRR o

posi %r’ogﬁﬁe@gplitggﬁj%ﬂe Stibhd & t8&8bheNceilbdbeti@inaiosve to
the Tower sidewall section 506. A conpressible

e! asy QnRAHR Qlaééa by 5528biIcBORIY Gefipt a\rsled pheewden a
circunfer en(t; lower rimof the doned ceiling

sect gr%nné%?ﬂpia@@ Pakd the BB eee ridcabdaippedre ebeh fofmédoler
sidewal | section 506. Fasteners 448 are utilized for

SeCUpiafGiat Rindmgh a@itidangprelactivitprsubi9ds alumimunt drean adygeinum
sidewal | section 506 and for applying a conpression
fiorcendyp O-ring 503 to create a vacuumtight seal.
O-ring 51 is conpressively captured 20 between a

ci r cunf engitt tatindeaweferencertafigs.He- ﬂ%mpn@ddé&taﬁﬁ is an
section 506 and an apron of chanber base 18 t

pr ovaskema|wihatiociudss ghtipsaralotter @faie 16, ’Flﬁ@ntﬁbﬂ@tﬁed plate 51 8
sidewal | section 506 includes a view port_assenbly 51

i ncorppda iwenglotedpiate 52¢ ArsplaieatS 18l 5?%94\3“%5?%@5%& ?)L@rsteinﬂa“y
view t he plasm Pr ocesses transpiri n%Tél ﬂ ‘

pr ocesg! ﬁ‘nggp%ﬁ:é hpogh e IHeEptsisinghse! WﬂerT Sﬁﬁperl {otied
contenpl ated by the 25 invention that 2‘?8 axis
rrédi alat%ﬂﬁe'ﬁfaﬁflfofétééw%ﬁ‘é”“ﬂ?o‘lpe&?@é\ﬁ 5'°t§ 3‘?”51 %malﬁs‘

medi al sidewal | sections 408

her e ieﬁten%g, trgesvenrsely 859 Ep@ahmeb 8%@@;\ "f‘tﬂ @ng é%oﬁ?l'geeél%)ﬁ?edof the
sect ngge gfoFAfg a16dm wt?'nech wor priecséls %% are lrar?’s%grttéoo#on? Q)gdmg station 20

to substrate support 64 and from substrate support 64 to exit station 22.
Similarly, the center and lower slotted plates 518, 520 are each perforated with
20 multiple openings or slots 524, 526, respectively, each having a major axis
extending transversely to the machine direction for workpiece transport. The
cross-sectional profile of each of the slots 522, 524, 526, when viewed
vertically, may be any shape having a major axis aligned transverse to the
machine direction and, in particular, may be either rectangulér or oval,

25 With reference to Figs. 15 and 15A, slots 522 and 526 of the upper and
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Wth continued reference to Figs. 15-18, a gas line
505 couples a process gas source 507 (Fig. 16) via a
gas fitting 511 with a gas port 509 5 provided in the
domed ceiling section 504. The gas port 509 is coupled
i n flowerdlotted piatesisd &tahd B2 respeplieyrarecaigh¢d/ventkal vl eThengdsls
in chanber lid 502 by a gas distribution path that
i nclazdeéthe geniecgstedydate pas segefisal/rdn Slokrfi?2and 486 in the
di stribution baffle 546 defining a gas distribution
c haritrahing deetipnp(Teel sicls F2RuP2HH and A% provita fowd fliwt &f process
process gas passageway 513. The gas distribution 10
chargBeens 1Hlidats froouipE ethsima cabity ot clotraurTpesssing npaviet 1021 the
pl asma cavity 542 by a distributed arrangenment of
Pul trrgsieat @ipstuens ardabyrimghine ipatht thet syhstadtiady elirboateall line-of-
baffle 546. The gas outlets 517 may assune any
di nBiet priBs Hem drerrivepsaRaBtP2eE 103rte teduasmageayity &Eadn
suitable for tailoring the plasma admtted into
pr o SE’RATAPN v¥ihdbrreialize r-AAlASPREINIS SatWasp soited plaiesi516
types and configurations of workpieces 15 56. Any
sui aBPes 5%E%ygerg%{gﬁe&rp'ii%éé%gnfg%\%o- nmingteliminaien ofijae-of-
provj ded to lasma cavity 542 that i s capabl e of )
P oI v praler P el 6% T eide oL S clepenearetc
en _excited by RF ener to generate a direc | asma
" Bp S Seasiveg be I St et bt St ehenns
downst ream it ype pl t r.eat ment  of rkpi eces 56, as
desaTi BEE NP &Peee PReCGH] 19h SBRVENEY SB€ % hat ¢ he
gas 20 djstributian_baf 1 ted d that
The 11 onVBt rairgiedt FaR sy 08 BalbeRh aO e -2k pothe

542 fr&ﬁ#tﬂ& g‘gﬂ’térﬁ?ottgg%la;?% 5 1‘%{) L?;Pép ?1%%%@ Hazr %ﬁg%’gg)‘gﬁmgeyrﬁé%@ny-

To that end, the ou rocess gas pas _
may r
o ARSpbLESSE R AU Gt g

185 ERe 569 NBichisB), lowrd sie@sd hiaR 5284s ssuchd pYh decamdr RBioRed
grounded plate 512 -49 and a powered el ectrode 514
spagrek 5ty £alidality fof, 6sP bR p B! RUNEQHhBIady-Brrénkéd 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 least substantially reduces, line-of-sight

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

25 invention also contemplates that the slots 522, 524, 526 may have a
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The powered el ectrode 514 defines a powered plane in
the plasma cavity 542 that is opposite and generally
parallel to the grounded plate 512. The grounded
plate 512 has a good el ectrical contact with sidewal

?gé E:Eangg‘l E‘Iﬁfnr B@%gg%n 5anr9{)08%ggggegrfﬁ?tjQc‘)jrﬁﬁaﬁ!nvgﬁehdthglgg?rgg’trical
512 an&gﬁ@@f tﬂ?as ﬂa%e% IN?JE\E% ﬁerFe?\ lhe ot§§5? 5%2 33326 are

surroundli ng p cavity Iec i've
oy e SAMAOR 0P B S
hi gh  edregdskihg @bac%olrd@ Bek inMisEn: caSilesl 28 d @by @Hﬂ%r%‘gnaarbng their

alum num 10 al th continued reference to

15-48, mé}broéddm@pﬁ’rlo%ﬁ%té}gvd @ ABhesas ARSI g tll'lelr mlngr axis

i ncl udes an upper slotted pl ate 516, a center

plate &% AAL| L
516, S18 " ann 52%3/21%@2?53&ngg(‘?mtg‘%tggg@%gce”m&smf%&ﬁ 332

t hi ckneges, AldtthosIeR sbherd srenirbR BiotS50UndSRHtd 52‘8 Eyeﬁhs inches.
The upper slotted 15 plate 516 is perforated wt

mul ti pihe ppeinagen@F pialeatss s 23d sShadie@paralilR) i a @%tbﬁce
extendi ng transversely to a machine direction, into

and ouppakinidiey phune té ptabethicRags a0t thd @ntet@nd idverbiatd 518
wor kpi eces 56 are transported from |l oadi ng station 20

t ol s uleti 1580 eresigppratdd Hda distdnée apprerhstelyaigealao P Bainiestle plate
to exit station 22. Simlarly, the center and | ower

sl ot t deickpleas.es 518, 520 are each perforated with 20
mul ti pl e openings or slots 524, 526, respectively,

each havi nfheagramijaed péaté 612 prhibitelinrdransfansfobaget gpeaes,

the machine direction for workpi ece transport. The

cr ossRslingdens angradatrioes, domethe diredt ptasmadn thesldsam, caBRU542 to
526, when viewed vertically, may be any shape having

a maj & RIRFRSS AP ispred! Rraad ey BetlianeiReo fWﬁdhﬁlﬂ@S and other
dlrectlon and, in particular, my be eith

r 60t amRIESS 935 SPEFaT 'acking Wf"hd}aéqee F’@Wé@e P'éerP §avity P42 e

15A, slots . 522 an 2 50
processing space %25 gpecn‘lcally, the J?'large speCles 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 processing space 102 and toward the
workpiece 56 to perform the downstream-type plasma treatment. The plasma
in processing space 102 is a downstream-type plasma that is free, or
substantially free, of charged particles and light for performing plasma
treatments of the workpiece 56 by the chemical action of the radicals without

25  the physical action otherwise provided by the charged particles. Typically, the
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| oner slotted plates 516 and 520, respectively, are
aligned vertically. The slots 524 of the center
slotted plate 518 are offset fromslots 522 and 526 in
the machine direction. The slots 522, 524, and 526

pef@}@funaeé b %15' eg%fga‘ve%%mmgg@@stmu;Q%ﬁﬁé g@%@gﬁﬂ

asma” cavi t to the processing space

S prg frcﬁ\ ¥h% g HBH%f fE dkr@&ﬂés@ﬁg‘tﬁﬂﬁfeﬂ‘% Ry EJ}%te%from

subs Imnates all line-of- sight pat from

Egg Ig%rsﬂ\%ec%% Mﬁrﬁé‘% ;ﬂ-&?esglﬂg sPEcPl@S THpicaN| thi grdtddkd plate

eration'wth the relative inter-plate spaci ngs

bet & dodBorand
e et g Sib s Stk s

l5i NerRfse SHeBiVe RBERMSVIRY 83961k fnokd 8fthe cﬁé{%éocp?ﬁrﬂld(esl n the
visibl'e region of the el ectromagnetic 10 spectrum

gener at ed p}dddatdish £GlcoRfiAsE@Ld b rBmasdile BaMithe/cHafiber lid
fromentering the processing space 102, other than

| i ghso2 k@ dhiRfdee Bynfigefaties tirnensiod] bt/ sredrengaaenttod slots 522,
Figs. 15, 16 and 18, upper slotted plate 516 is spaced

f r ol hepeas at@mraddatd, @dl epdraple, Ha@nby irathp kypeal ivbykpafce 56
for exanple, four peripherally- arranged spacers 550

t hathemidpsyhaaregddaedeasetivdddareio with aedard Bt greeTdep pktesd 12,
516 15 and 518. Simlarly, lower slotted plate 520 is
19paced aht apd (M@S center Fel exarmede, thd sivte 582,$2khy526 may be
plurality of, for exanple, four peripherally-arranged
spacimensiitd ahdatargedin aldiskshenrsd patterotiol pradessipatrennd

bet ween plates 518 and 520. Spacers 550 are

di mevskpiered, § sruaseraped paitprpfaasewdrs verkaieges Bgegigngular
uniformgap and, simlarly, spacers 551 are

di rrmaﬁer@rf@rdeﬂemgtéaép@rk@t%ﬁ@ apd pthes 95aBEtEHFR] A52REANENUS 20
uniformgap that may differ fromthe gap betwee r]

pl ate@gamsIHo pREFOBI Y orgipary eKik fPe fpIass 969%?1&0"6 ate with the .
i nvention that the slots 525 524 and 526 may have
Tény GeeMaticelenapmeiaE WarPIaRY frent that, in cooperation

or' ;:u e Sl e PR AR oG b e FpLELE 5
Dot DS N55 105 kDRI HERY S0 s 24E o e B BiPRETS b
| OtS%Og.%,Za pgi?cd)'f' dleﬁgc(?rlg%olg%\é?a,%, 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 radio-frequency (RF) power supply 539 is
electrically coupied by a transmission line 540 with the RF bulkhead fitting 528.
The RF power supply 539 and the components of the chamber lid 502
collectively provide a plasma excitation source capable of exciting process gas

25  in the plasma cavity 542 to generate a plasma. Power feedthroughs 534a,b
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-51 configuration, dinmension, and/or arrangenent
conpliant with the geonetrical shape of the workpiece
56. In one enbodi nent, the slots 522, 524 and 526 are
rectangul ar in cross-sectional profile viewed in a

di r eehisfenRExbeerdianythb dFnedrheag filioe $88 agd speralisiipRtiombar
pl asma cavity 542 and have a di nension along their 5
e Gi36ax ihe pofveredmiassdrd Bl yTHevi poyerisapple§39 fypically operates
di mension along their mnor axis of approximtely

3/ 1&t arfrchesncy detwyeac eyt BB kite @Ad aBpHd 8196 Miin peefeypbligbout
3/32 inches, and the slots 524 are offset fromslots
522 18 MHatasd BTewBybaNva® atnshaavatts RS 2R EPO WAL, typically
center plates 516 and 518 are separated by a distance
dppradRuirdt watls tegerut 60QWelle pl ate thi ckness and the
center and | ower plates 518 10 and 520 are separated
by a di sTneevesfgadbxquehs 6P42.R g0 reRBICISPIOIIOTE3 b frfe
plate thickness. The grounded plate 512 prohibits the
t r arPopilipnasin (AL Eine OBPERISeY 2.0 %Wﬁ*&i%@’%&h@"'ﬁﬁa wall 508.
el ectrons, fromthe direct plasna. in the plasnma cavit
542 Gap 530Rés fﬁﬁ%eeéﬂs@ﬁ'?ﬁgtog ﬁé&@v%%edé?fa%n 5% ngl fppositione

transfer of free rad

spedeeldoerid R T T O, SEEE e P e
| harbeahasa IR % 3 s BBE‘W%%:WS&V% b B 298 ad if gower

Ezgt@%’ﬁ"@é%%?’%r%& Doy (Rr =R Bt Hfouth fegre o

P o e sbddP 8y Lt"ﬁg‘%b"nelﬁ%r*gf* Aﬁ%éac%fgéetge?”ﬁr“gﬂ’%ﬁgf‘ﬁtes

sl ot fstdaon b3 s%%%%g%gpnof gy ala RIR 59@%%{ 556@.3']«5&@1&@@

processing space tomar the pi ece 5

per R BoldR BoW BRI ERR 52549%n9| @éd'éﬁloﬁéc?ﬁét%&ﬁ pova—é?f%lstnbutlon

pl asma i n processing space is a downstreamtype

f ayERsidIahd iSsuFd B8meM538S L@&‘bﬁhﬂiép@bﬂ 5326 hae a fighge captured
charged particles and light for perform ng plasm

t r eafetRdEnsh®tividing wan 5BP beE heTRway distieuttthersr 634, aad pbwer

of the radicals wthout
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 54Qa is captured between the dividing wa.ll

20 508 and the powered electrode 514 and is concentric with ceramic spool 532a.
Similarly, the ceramic spacer 540b is captured between the dividing wall 508
and the powered electrode 514 and is concentric with ceramic spool 532b. The
caps 530a,b cooperate to electrically 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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25 the physical action otherw se provided by the
charged particles. Typically, the -52 grounded plate
512 is effective for renoving substantially all of the
charged species fromthe portion of the direct plasna
transferred or admtted from plasna eﬁyit¥ 542 nﬁo

t he Uy pavess Staqtrashe 6342 IOmyHE E“éﬂdlfggw 084t SRR EFIng
plate 512 is effective for renoving at | east about
90%seftiantf®4char ged particles and 5 nay be effective

& ounddshaeengee e eEGHP Fif S8 F o BeoY BRI dsesn
BFﬁm%Qﬁgﬁe%reW@a?%m%%éw&e%%g' ”%aﬂ&?@%‘u F8giee
o ABE V6 1567 Rl bF HoTHE HI B A S Ly %%Sa%“&
Ziée%qﬂu&énﬁ‘ué‘ém?édf’ac%% et rrgesﬂta gt dongeAg 20n
pat {REIPROR FPUEBEIG. 1o TRiE =  Geth SpSRRay
squar e- sha edag tltg%i%&ﬁ%‘%é gﬁ#ﬁf;ﬁro ahm eigeﬁqeréqqy paral|el

r ect ' @R§LP ar wor kpi eces

ot her 5?5855%\“ calarr an Eﬁm&‘% ﬁlanﬁ’%ﬂ%&n&ﬁtacbfe% &Qtﬂﬁut%fn

or di ¥ R ecessary to correlate

th_ t u [
0t oAt W@P{OX g e e e T 205 °
furt her, éé%g SR ?%é?né bigRatenedcd 5k dptHeklppadsiotied

fittl apar of electrically-insulating caps

530a #AgP di el fcidd 1 6aPRGE 5 gbdetalyparaliepiationship.
DOWEPQF 8tﬁb%ﬁ%&§ 534a, b, a power distribution bar

536’ Inaaordggg“‘tﬁ‘%{rﬁwsﬂ/@r@e Qisfanes yen@yn (HFidd sutfack 654 and2@jacent
el enent at affords access to RF chanber 543, and

a papkrigls &BA erv@errdI ERIRABuFfacPsTiards shid0a)! 1501 A approximately
radi o-frequency ( % power supply 539 is electrically

qgupk&gehi Rytha séda%thbﬁb sstvesn kunfezes 504 adich540aeanrEurfaces 514b
bul khead fitting 528. The RF power supply 539 and the
conpanesta. of folldwe todtaimbpowdredielcipode 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 downstream-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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collectively provide a plasma excitation source

capabl e of exciting process gas 25 in the plasna

cavity 542 to generate a plasnma. Power feedthroughs
534a,b -53 transfer RF power fromthe RF bul khead
fitting 528 and power distribution bar 536 to the
pover ed ePé‘é‘F ?%%@’t%ﬁwt'”%reﬁfe%v(% g8yl § Pepgss gas enters

SR NCRAET o S

4 Rl el Gl et B S
Efﬁe*ra&eﬁéj?@q% ?Ef?%ﬁ%%efet? B S B e 517 into
£ Bt A T e gf‘:ﬂ;?&%é%f BT PEEG, S dgion & the
pOSI Hagl%g%av 4%2@ & %g?ﬂgiasptg' dk{i v&%rﬁég%grohlage a;ﬂge 512

cl osure el'enent
;Lgngﬁd Hégot w'eﬁed %?tirgléig Pgh\{%eﬁd§ggtaw VI owefFo el {he pr08cess

feedbgé%g@n\tg r?’é@srﬁ iﬁﬂﬁ%ﬁecgéﬁ‘?l‘%s{]l&%& Jrﬁ Elviry 885 %’%rﬁu

spool sta con

povve Ehreéii 'p%'isﬁwb QHﬁtblﬁi’Hg B&Hs, éé@trcﬁ@dfréeh%dlegwgﬁc? qwoﬁalcﬁlgr SR,

tened to top o

f‘l@edB@Eéﬂég% raRtels g RORId ARG, p@ét?ﬁ@ﬁ tyQtQWO is generally

distribution 15 bar 536 and cl osure el enen

Cer aBbridueR Wward ethaiasodk fIsangstdranbiiLthe @ﬁo\a\@@aﬂédﬁ%ms
di viding wall 508 and the power distribution bar 6,

and ppwekired: BREMB OB Sém PS4ty XL @ice dtidc@deody 4 aﬁsnl@@bﬁ

of ceram c spool 532b to establlsh el ectrical contact
bet westuuinttercp @Maird tHedldtieb wldteys 18616 3Ad apalthbhenipewered

el ectrode 514. The ceram c spacer 540a is captured

bet weaTstituleethe igrduddetgplatal s 2 2 Th5@8d apetidsh eughaasesientrons and

el ectrode 514 and is concentric with ceranmic spoo

832aions,Seerinbkamd ipside Hets@RabRdc asp a2fchecadGhgrosndedpiate &t is

between the dividing wall 508 and the powered

el ecgiogaeedIglativentd eegh ganoent\s iagewiltt nganrdgledrospacd

532b. The
significantly less likely to enter processing space 102. The grounded plate 512
permits plasma species lacking a net charge, such as free radicals and neutral
molecules of process gas, to be transported through slots 522, 524, and 526

20 into the processing space 102. The relative arrangement of slots 522, 524, and
526 and the spatial relationship between the upper and center slotted plates
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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caps 530a,b cooperate to electrically isolate the
power bar 536 and upper ends of the power

f eedt hroughs 534a,b fromthe closure el ement 538. The
ceranmi ¢ 25 spools 532a,b and the cerafic spacers
540a, b cooperate to electrically isolate -54 the power
f eedt hr oygh§aR3 a0 nd ibd8ctdh \of dadddmvikidp RA8FRF 3) urges
domed ceiling sectioﬂgﬁ%if Wth contiﬁﬁeg rege?en%eg

t 0 Rh@%ree IRtick® arddhR uPOWey a8l tewit astewbkdiet$56 to perform the
positioned within the plasma cavity 542 such that its

pl angfwridppah-tyidliaee thbhent. Fholan@lect 6BRY bSWEN@LRith the
514b and side edge 514c are positioned substantially
equi ghwilsaeirhyypemmidads agpbtted by tHawd rails 684 B6ts 6subbtrate
the doned ceiling section 504 and the grounded plate
52 duppbrt a4 eFekesditdiLadmitedyihtuprdessinGppadel 102adohiact with the
upper surface 514a is separated vertically from and

i N aexpeser Alraye par eflWoekpiecedibanidoasdt icpermically, with the material
downwar dl y-faci ng pl anar surface 546a of gas

di stibirhing trerwdtkbiduef 6l ce chtemimatiap povexngrink elkyoded susacees6a to
di stance that |ower surface 514b is separated from an
upwagretioym fitzcsunfgcpireatments tixtessdreel8dical$, unteactiygpmocess gas
slotted plate 516. The surfaces 514b and 516a have a
genenaktyepandtiradminattardrorverifiom the woggpitice iS6are exnausted
transverse di stance between the side surface 514c and
aj dewnthe povaskionspase 184 by HRaRWIMRiNG 2iPn gl wskFace™p0f4a
of side wall 501 is approximately 15 equal to the

separ at i dYrdle e Riewant BYeTIQE 83S Baeryillesigted 2 ¢asgrirtion of
surfaces 514b and 51 6a. It follows that the powered
el ectargdeemaodiments opdywbils thesa sMpRIUTERt Hae beree|<§{=‘?%dfrb
and equj di stant from surfaces

; , d .
one SPEckePE Tt reEHe g b relceat A PP Y
' ) [ it 42 . "
gl BT L DS CAML B2 e
o v BRe s B BRETRUTR P RRBE Spegl At SRR BE e e
_sl_ﬁg%\%h%oé 1B R £SEBAPRERK ARLEIYteARE tHelhe bR Betails,

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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equi di stant spaci ng and the magni tude of the spacing
cooperate to permt application of full power,

wi t hout ranping, from RF power supply 539 to the

power ed el ectrode 514 wi t hout inducing plasma spikes,
arcing, energy hot 25 spots, or plasma instability.
-55 I nQiseired W th continued reference to Figs.

15-18, process gas enters the chanber |id 502 through
t he gas pork 509 and.is djrect eg ,through gqas o
passagehays”BPBPFBUE R "SRINSa WpEaieat WiR & PRSERy FHTRYISHIS:
baffle 546. _Gas flows fromthe upper side of gas
di stribut i of VBArT &8 PRPSO8R RISESHE Feace. 8 ety §dgnd a

h I ' 542, whjch . i f

gas di ARTBUG Bh AT RE e S TR FE PR s e sac
ener gy z?_\(g)ﬁpel iied bectevvelen.itﬂg grr%undi%d[@)l_ ate 512 and the
power ed @ Se1'Y 3 Sbffglrb W% E’_HB g ai ns a plasma
from the pr 8%%31%3(:9%&dErspfcisgibg%&fn{‘ssa%;oﬁg%%ﬁi%a‘é'Pé%eé542-

The pl

AR

nol ecul ar speci es. O%Bcse§gc ase ﬁﬁdz‘% ow'%%l pPNc')cég'g V@S‘éum
inth - ' I :
conduct o TONET 8 X RUSY BOrr 136 T RoBel EonrTeeas space
the varaingggidpq@%mgﬁ%%}s of the direct plasma in plasnma

cavity 542 w e attracted by a suction or vacuum

force towarg pFJE@ssSéé%tsL?Hy tehu%léaosin %&gggﬁﬂ'ﬁmiﬁﬁ%\]—\g@séig P cuum

collectively constitute e groun pl ate

Char ge@nshg&i, 85d prideds #8 absgts & nd

reconbi ne i nsi depsl ot sﬁgzzkﬁg24@%ndrbg%\éébde@gﬁ?§ gas {0 at least
gr oundedidyiaht &Vdy;iaed grounded relative to earth

ground. As a result, ions and electrons are

si gni fi cant4 yirst piasmb ela@bont @uaRt@patié C&&RING PrdxReE as in said
102. The grounded plate 512 permts plasma species

| acki nglaamaeiavith@rg@eesragUchlassa, fsarigpldasatt eltatican@urce including a
neutral nolecules of process gas, to be transported

t hr ouglyraindes paZpostidded watdleSP&GiPHasmt oavifpanp i @ssdeBsng
space 102. The rel ative arrangenent of slots 522, 524,

and space, said grounded plate having a plurality of openings capable of prohibiting

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

processing space.
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526 and the spatial relationship between the upper and
center slotted plates 516, 518 and the center and
| oner slotted plates 518, 520 elimnm nates, or
substantially elimnates, line-of-sight paths fromthe
plasma cavity 542 to the roces ce 102 so that
i ght gaReratasE by TRE biTEE" ] JARRPRRRS Fechaforturess
cavity 542 i.s not visjble |n cessi n ace 10.
TheCQf%Rfl?E?r?BFSt Wéefﬁ%ﬁ%%deéa? '”&F'dwé%m?ﬁeﬁaﬁw@‘ast
. es, the free am

ol Btk Sediie aoerrse g b e B HF R e e
downstrea aW%ﬁ rts)lasqa treatnent. The morkplece 56 to
be PP¥ER EFAR HETHE ownst ream type plasnma i s
supported by the side rails 66a, 66b of substrate 5
support 64. Free radicals admtted into processing

Spaﬁ;. é%ﬁ%@%ﬁ% i e SRS Al B ASRRd Rypee
o peBE SR BCEfig sbnd ity ﬂ%r@dﬁ%&i&l‘f%@%@ﬁ@ﬁ
ExCess nlsl S&Jrgdjél%é\t e 54 ﬁ@ﬁta'd\éefréﬁggﬁﬁlsp%w&?@upply sléJpplylng

mol &cul'es m nants renoved fromthe workpi é

56 2
: he?z{)dﬁong u@H?e@{lgx(t)a;t%S eEQ Eﬂ%lﬁﬂ%&?ﬁé&?@el\\%ﬁ&% fé{%’(m ¥g

pre Qs hegn illustrated by a
des@??%%%%%qﬁ%éggggloﬁs gnbodlnents and whil e these
enbodi nents have been described in considerable
detail, it is not the intention of the applicants to

resyri CtTr%raprraﬁBY)f clRY 3| fuRRdr cberiSEPR edindtob®ered electrode
appended clains to such detail. Additional 15

adv 3pLifgRe ifsHl pRdsdsirgabaedsndw bécone aatiid-freq@epenpovien
those skilled in the art. The invention inits

br oadgsy asaeedis chsiddheitresad ssaoot pbiverst etbctrode, haid second

specific details, representative apparatus and

met hatis freq@urdcy bdwes tstiadly vapableantpraysingexsitation gnergy to said

descri bed. Accordingly, departures may be nmade from

suc Bectetiaiolvsredicidvoude fod exciting riecsse Gas intraidsppedssing space to

scope of applicants' general inventive c oncept. The
generate a plasma.

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

second powered electrode by said second radio-frequency power supply.
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20 scope of the invention itself should only be
defined by the appended clains, wherein we claim -57
Clainms: 1. An apparatus for treating a workpiece with
a plasma, conprising: a vacuum chanber including a
processi ng space, a chanber lid, and a plasma cavity
defined in said chanber |lid, said plasm cavity and

sai d6. pr dtespargtus paceinbéi WerEiA spidulaldn ArARSD Eas PGraragged
wor kpi ece hol der positioned in said processing space;

a vaguamtBoucarespadiodd aigeofralical Fertehine orkpiecgibetng
sai d vacuum chanber, said vacuum source capabl e of
evacpisinadrestadld processi ng space and said plasma
cavity; a process gas supply coupled in fluid

comuni cation with said vacuum chanber, said process
gas supply capable of providing process gas to at,

| east’. salig asbargiva of aein §: W%ﬂ'”énfquﬁtpemgr}%ﬂﬁdge of said
excitation source capable of excitin roces as in
sai d Pajirasereseandstsybstaniialné? ap auigr B‘F%’QE’&J ”@é’? H“%M%We-
excitation source including a grounded plate

positi oned between said plasma cavity and said
processin space, said grounded

| ate havi.ng a

pl ur & i t y'Srarepehis ) §lat a‘%rﬂge@fsa@r%ﬁf@?ﬁd‘dﬁ%Qtvﬁ%le between
transfer of ions and el ectrons fromsaid plas vity
Lo S&PEN BRTeSSRg IoRS ALESERUTG TGN EML Sl PARSY AP of
free radicals fromsaid plas vity to said
procé§§VW§e§b§¥%ﬁmﬁ?a?ﬁﬁﬁﬁﬁﬁgﬁgﬁﬁg of claim1, wherein
said first plasma excitation source conprises a first
power ed el ectrode |located in said plasm cavity, said

first, powered electr c [g-with said
gr ourtded ﬁ%a?p@ 3L 3%&&&% @ﬁgg{%‘éﬂ&lgm&
a loading station configured for introducing the workpiece to said

workpiece holder when said chamber lid is in the open position; and
an exit station configured for removing the workpiece from said

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

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

with said plasma cavity.

11.  The apparatus of claim 10, wherein said chamber lid further includes a
gas distribution path for distributing process gas received from said process gas

inlet port to said plasma cavity.
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plasma in said plasma cavity. 3. The apparatus of
claim2, wherein said first plasm excitation source
further conprises a first radi o-frequency power supply
el ectrically coupled with said first powered

el ectlRodeThs apmhrdtis sitclairmdil pwhere ppusaiichystpasera sxdipioy source
supplying radio-frequency excitation energy to said

fi r stcoppviesseafirel moterarte dtimde dooatediimgaid plaome gavigyasdian
said plasma cavity. 4. The apparatus of claim 3,

f ur t Iedactroderpsitlsiongositiosed betdepoweid dicst pbeartd edetrode and said
positioned in said processing space and a second

r adi ghémbepiigneyd gidheas disttippion pethéotindesal flyralitp opdwtiets
with said second powered el ectrode, said second

r adi Grdxireeiedmesid plevierdesugHtgr eraifiablpeocess gasahatdiengs around an
excitation energy to said - second powered el ectrode

for exErpergpepr Joeislertiede imsslalod apt et ewsi payipbPREE s3id first
generate a plasma. 5. The apparatus of claim 4,

wher @Pwergdialedrode for petstantialfyaifere ¢isipiowkan mtgaprdlryesma cavity.
supplies radi o-frequency power to said first powered

el ectrode driven 180 degrees out of phase relative to
radio-fre ency power supplied to the second powered

el ect Pode%?fya%’éfad“%ﬁéﬁﬁﬂ 1FaW%9'ﬁﬁéGL9@ﬁ@3$tf|§>éV@r Pajly ppnprises
-59 The apparatus of claim1l, wherein said

pl ur érqaw SHoUE PR PATRyRAviIGER @Praénrg%apatraw arranget gpmoutlets
corres ondl to a geonetrical shape of the workpiece
bei nﬁo 4'?‘%%{"891 the7lowi @rogspsieat i1 8 RiFsa iy ity-
wher ei n an outer peri pheral edge of said pattern
corresponds substantially to an outer peripheral rim

of t i ece. The . a par at us of claim1l, wherein
a4 Ehanbr R HBUR0 B BOVER e PR coESERY
posi bb&@ed%’étv&’%@e&@a%&@' %g'ral J?at\/ft)?)grlrocgé o(z;gro é]s%rntﬁce)sggéﬁéli of

t he plece om sal d wor kpiece

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

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

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

substantially efiminating line-of-sight paths.
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9. The apparatus of claim8, further conprising: a

| oadi ng station configured for introducing the

wor kpi ece to said workpiece hol der when said chanber
lidis in the open position; and an exit station

conff7i. gufedadparateeofoNdimg 6t WeerairddjzEicecteorfes offssdisidtted plates
wor kpi ece hol der when said chanber |id is in the open
pogiave oter-plde sdfeeatmppar aticstion exteading detwabesad plasmadavity
chanber lid further includes a process gas inlet port
coupHMisay rseredsipy epaes shajasomupie|withisaidf diatiad-angement for
communi cation wth said plasma cavity. 11. The
appabseu@ipelinchating ine-of-giblerpaits. sai d chanber 1id
further includes a gas distribution path for

di stributing process gas received fromsaid process
gas inlet port to said plasnma cavity. -60 12. The
app'dr at Ure efpacdted ehclalm TRhehesein seil dotfarmasgemerd ofrat least one
excitation source conprises a first powered el ectrode
| ochiseid sioHed plaigsd effsehsnadiolvtiiorapald alet arsngemeotief at least

i nsul ator positioned between said first powered

el eeethetel saifcslaigd plateshanber 1id, and sai d gas

di stribution path includes a plurality of outlets
proxi mte to said electrode insulator emtting process
gas t hat seeps around an outer periphery of said

el €t r o FHRS(A4 iR d San SR SR! Vé‘FF‘ﬁfHé%?’“Pﬁ' hesiad

first . powered el ectrode. for substantlallg uni form

di é‘f‘?ﬁhﬁ‘ﬁtdi"ﬁ)ﬂ'of"m yhisa i ”ﬁﬁleﬁﬁrﬁrec‘éﬁ?’???f‘“lén FHeslot

appar at us e butl
pat%ﬁfaem?n?gb%a'da ot oo UEI e R o S Bl 114 i gheshine
plqﬂ |ty of spatially-arranged gas outlets
p03|F|oned for distributing the flow of process gas
into said plasma cavity. 14. The apparatus of claim1,
wherein said grounded plate is renovably positioned

betypeenrsal aFéltt?sSm%a‘ﬁ'ﬁW'\l&%réﬂgaﬁ?a@nﬁr&‘aff§'dgﬂne%

15. The apparatus o llarm 1 rein sai'd openi ngs

ar | REIRHIRMartiQ-oriented surfaces of said chamber lid and a surface of said
grounded plate, said powered electrode being positioned equidistantly from said

plurality inwardly-oriented surfaces of said chamber lid and said surface of said

grounded plate.
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substantially elimnate |ine-of-sight paths between
sai d processing space and said plasma cavity. 16. The
apparatus of claim 15, wherein said grounded plate
conprises a plurality of slotted plates each having a
sl ot arrangenent that cooperates for substantially
elimnating line-of-sight paths. -61 17. The apparat us
of claim 16, wherein adjacent ones of said slotted
plates have inter-plate separations in a direction

ext epdi n id, ~avi t. id. .
or oeohs o ERARER 0alAuR SNGRLM naf. Ehbsing
arrange f i al i ' ,

o AN e 8k Rl B0 8o i o

wher r%ila‘ﬁw;slﬁ‘zi ééio%h%f*nb@t‘ff t?@s%%‘f(ﬁégn_ é).lén?@etd doRash tr%ﬁlagffng{s gSaid

slotted plates I1s offset spatially fromsaid

arr aﬁ}g@éﬁ%@b s?_gceaéndla%acﬁfen pRERhRF IrQﬁsf%ﬁh%%oﬂEpﬁ&géﬁ]ta and out

pl ates. 19. The apparatus of claim 18, ereln s

v&c uma@mm%gng@p%c@, sdIRERd e r gl Tr%ﬁhin%lrbofirgt MU section

wor kpi eces are transported, and said S arr angenent

i N s@ipdbidlor b&AS tenRd FbRtdaRtcHRERId for ShdrRfiy Pak@ll el

to the machine direction. 20. The apparatus of claim

1 whéimehslors et didilaasum cavbdry i s defined by a

plurality of inwardly-oriented surfaces of said

chanber hivdcaundsaurGuduaee ivfiuid @bmmusicettndeith iddRuum

sai d powered el ectrode being positioned equidistantly

f r omreaiber, spid waedunt sourcerepdble-ad el @nbeth Sdid paeesimfspace;

said chanber lid and said surface of said grounded

pd at e. 2a.woApiemppaldat losatboin daiepbregirg spatkpi ece with

pl asma, conprising: a vacuum chanber havi ng a chanber

base andaarakesesrsuppig inriwidbbremuniestatn with datd @udm chamber,

chanber base between a cl osed position that defines a
said gas supply capable of providing process gas to said processing space; and

a plasma excitation source operable to provide a plasma in said

processing space generated from said process gas.

-63 -



processi ng space and an open position for transferring
a workpiece into and out 5 of said processing space,
said chanber lid including a first sidewall section
capabl e of being renoved from said chanber |id for
changing a vertical dinension of said vacuun1chanber

sal g(z‘uurq.hsoaup%g ol\"@lla 2 E}Nﬁelrgl'n%aﬁ%mgéﬁ%t rgrge]r corBPrlsesa

vacuum uum source Ca

evagg,%tep i éda%n(?r{ 988 ﬁ%@%la%ﬂ?acc%wt Rd §‘a.éﬁ"§fas%8§§§§au§gs

hol §cate CessI pace;

SUPRLYrcl fhefulitd 4 W&wﬁle%%de%‘os‘é\’]o%@d Eﬁas'a% ‘f?s%“é@vn
chanber’, sard Bas suppl ing p¥ocess
gas to said processing space; and a plasna excitation
source operable to provide a plasma in said processing

spacg gepgr 'pSQtho‘? aﬁv\g Me?@iﬁ%gld%%%ﬁxa%utaTPﬁéource further

apparatus of claim?21 erein sa

fur

Pl A B B e 8 Poie cave i
i nch Hgg§m%;£gM@red el ectrode positioned in said plasm
cavity The apparatus of claim?22, wherein said

pl asma excitation source further conprises a grounded
plate positioned between said plasma cavity and said
ProgessiTHe HHRaGRis o2 dlaind DS, AHIPER dbidYradind6d gl idsdudes a
wherei n said grounded plate includes a plurality of
opepiurgisy GFapahh® @batpe of pretgiéntrll) yYardsfans] Bdd iabigalk foe a
radicals froma plasma in said plasma cavity to said
pr opessangsHiPpasma 2avity Iheaiappaeadingspate cl ai m 22,
further conprising a second sidewall section capable
of sealingly engagenent with said chanber base, said
first sidewall section being positioned between said
don@d. ceiteiapgasestof oaimal?l fedtial compising a s¢apenaidewall section
section. 26. The apparatus of claim25, further
conpenablengf saalglydegdeameilt Wihisalg cbainger base, said first sidewall

section being positioned between said domed ceiling section and said second

sidewall section.

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

first sidewall section with said second sidewall section.

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

aligning said second sidewall section with said domed ceiling section.

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

removable sidewall section with said domed ceiling section.
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first sidewall section wth said second sidewal
section. 27. The apparatus of claim 26, wherein said
guide is further capable of aligning said second
sidewal | section with said doned ceiling section. 28.
The apparatus of clain125 further conprising a guide

f | d
dored '08. i %@vsai‘%ei% e g R MR oo

in said asna sour ¢
pone A g bl pRATS e Rt P P e B B8 <3
|nclwg; mcéﬁ&i mnrkplece hol der. 30. A nethod of
pl asna Tré€a %g a workpi ece having a thickness and an
exposed surface in a processing space of a vacuum
chanber having a chanber |id and a treatnent

el ects.0de ROBbA bdashd ﬁbétlhgawmm Hal\/ﬂg a tﬁlem%& Shdgn

varying a volume of the chamber Iid to

di st apeeed §@fact e pr@a&%g@pgw 6fea%ceumtchsmwrhiépxhg%e to
the treatnent el ectrode based upon the thicknes

t he whimbel RESid PlrédtnBet decBEK b SRl h %B%h%@é}%s' ng
space; and exposing the exposed surface of
mork@y@ﬁ@mbo the plasma. 31. The nethod of cIa|n130
wherein the varying of the volune further conprises
renovi ng \atyihEasdiune ef i deyvbdr lig es bt thd disBhdd¥om the
chanber lid. 32. The nethod of claim 30, wherein the
var yexpgsaf surface withelmerkblece kethe Greapidns e ctasdidivage@lipon the
| east one sidewall section to the chanber |id. 33. A
met htbdkdsstof gatwankpieceywor kpi ece with a pl asma,
conprising: placing the workpiece in a processing
space of paciphasvekgmedeS®imocessiyg sgate; and

exposing the exposed surface of the workpiece to the plasma.

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

comprises removing at least one sidewall section from the chamber lid.

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

comprises adding at least one sidewall section to the chamber lid.

~-65-



generating a direct plasma conprising charged species
and free radicals froma process gas; filtering
charged species fromthe direct plasm to create a
downstream type plasma including free radicals; and
exposi ng the workpi ece in the processing space to the
free rg g g{s I n he domnstrean}tﬁf pl asma. 34. The
met hod %\“Fm"é@ reRiap &P HEcs %P'Pﬂaa SOMPRENG:
charged species includes position r ounded _
per f or at ed pgqcéﬂgéh%@f’%@@ﬁe ?)P'é%ﬁ%s‘rtga%’ra{:?gf HhPlasipd BIPCEERNg
di rect plasna is generated and the processing space,

t he pef¥6?9n|ons belng capable of preferentlally

transferrin als fromthe

Lhe ol asrm BaGRHSE T B BRmo Btelnge eife SeeBed SHE ned rmaicals
nmet hod 8% &a&gg34s wherein the plasma processing
systenllnﬁ 98> vacuum chanber with a novabl e

charmber | i qlltgrln %a%e@sggmgsafvor%)(he dlrec{ﬁ%rﬁaeg crre%%agawnstream

separated f essi ng spac

pgrforg%ggbspﬂ éhm q%ewgggﬁgqi%he generating of the

di rect occC ur I'n sal asma cavity. 36. The

gglt 203. ?];Cféxaéﬁmaq?\ﬁe W\Aﬂ%re%é th ﬁ@gdo@§9§§§§acg?§thg§reg r%dlcals in

Ssma I'S gener at
secondyl dicals characteristic of
constlyﬁéﬁ?gggggg&?%ggfﬁg 37. The nethod of claim 33,
wherein the generating of the direct plasma produces
light, and further conprising substantially
elimnating the transfer of light originating from
the direct plasma into the processing space.
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34.  The method of claim 33, wherein the filtering of the charged species
includes positioning a grounded perforated plate between a plasma cavity in
which the direct plasma is generated and the processing space, the
perforations being capable of preferentially transferring free radicals from the

direct plasma in the plasma cavity to the processing space.

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

cavity.

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

characteristic of constituent gases in air.

37. The method of claim 33, wherein the generating of the direct plasma

produces light, and further comprising substantially eliminating the transfer of

light originating from the direct piasma into the processing space.
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