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modi fyi ng the surface properties of substrates in
various industrial applications. For exanple, pla
processing systems are routinely used to pl asm ¢RI NININNIY
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processi ng systens are al so-used I n nedical -
applications to nodify the surface properties of
quVIqﬁ Puch as stents and inplants, inserted into
—#ﬁgiﬁdiﬁﬁ—#gﬂg——Plasna processi ng systems that rely on
conventional parallel-plate type el ectrodes may
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of relatively large substrates positioned in a

proceEssiy] sgpstejes witted plesthaet ween the el ectrodes for
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T

Background of the Invention

[0002] Plasma processing systems are commonly used for modifying the
- surface properties of substrates in various industrial applications. ‘For example,
pl_asma processing systems are routinely used to plasma treat the surfaces of
integrated circuits, electronic packages, and printed circuit boa_rds in -
- semiconductor applications, solar panels, hydrogen fuel cell components,
automotive components, and rectangular glass substrétes used in flat panel |
dispiays. Plasma processing systems aré also used in medical applications to
modify the surface properties of devices, such as stents and implants, inserted
into the hu.man body. Plasma processing systems that rely on conventional
parallel-plate type electrodes may experience process non-uniformities across
the surface of. relatively large substrates positioned in a processing region
defined between the electrodes for processing.
[0003] When radio frequency power is supplied to the ‘electrodes,

equipotential field lines are induced across the surface of the substrate. During



[ 0003] When radi o frequency power is supplied to the
el ectrodes, equipotential field lines are induced
across the surface of the substrate During plasma
rocessin ositive.io nrthe Ia ma in the-
plisBiA st PORHE i ForuPEatiesuBindne arpessewa region
fleld lines to inpinge on the surface of the
aseRistata@erospHiveg utpetentalfigld daes yo impingetan the swce of the
the entire evacuated volunme of a processing chanber
sebstratei ndet plaseriacisttypidelly distributéd ohegtresentreasmeuated volume
density observed between the el ectrodes. The

ofinigrocedsing ohatmber phaldgmgdhesdiéstroded With RRE GRS 9Iasma
regi on  between the el ectrodes is influenced by

d@?ﬁslﬂf Bﬁéer(/eéf'b@t\ﬁééﬁ%éefe%ﬁbeé§ ﬁt‘écumrﬂ)?gglg%mﬁﬁ%lasma density
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edges of the pr ocessr n egi on. [0004] One conventl onal
CREPRERNTE elestifinlg linesdatwpenitae ¢lagtiasigssandsthesebpmedify the
t he processi ng chanber |arger so that the grounded
distriteuwtisin of the comstituedit shargedf campohents| afdhe pilsna Afegion-
ot her di sadvantages, this .increases the chanber vol une

u_aifdrmit;enragcﬁaoﬁankum‘rlytét@uﬁém@&h@ defiphbriNedhes of the
|ncrease in chanber volune increases the tine to

e%&e,_pr ocessi ng chanber and the tinme to bl eed
or vent t he processing chanber to atnospheric pressure

t
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intended to serially plasma process |arge quantities
distart fiam the electiggash lf wg0g cdkendisadvantagesciis inoreases the

venting to exchange substrates after each processing

cbgoiber vplods bAd dhé dootprinboivihet proeessingeyetamhi dihelincrease in
pl asma processing systens is that plasm is

cthﬁgrw VbR haBeass i t6\evabaaRkheqstoesssihg Thefber and
the time to bleed or vent the processing chamber to atmospheric pressure to
insert unprocessed substrates or remove processed substrates. In particular,
these are especially un_desirable effects that significantly reduce throughput in -
in-line plasma proeessing systems intended to serially plasma process large
quantities of substrates, which requires periodic evacuation and venting to
exchange substrates after each processing cycle.

[0005] Another disadvantage of conventional plasma processing systems

is that plasma is inadvertently generated in evacuated regions inside the



processi ng chanber peripheral to-the processing region
bet ween the el ectrodes. The generation of plasm in
these regions renders the plasnma process difficult to
control and dampge conponents positioned within
e Ne SNBRDSr AeriBheral éh i BrpGasatcaresian Beteartihege
the | ocation of power absorbed by the plasma within ,
elerdrqsiess nbhe geperationgofgiasiarin thbse edgionskérters the plasma
difficult to control the delivery of power to the
rebessy diffesilt to crttickeadenag daheie endpbaeRRBItRIrRed within
processi ng. [0006] Conventional approaches for

thesd retjiogs.! MRisPLRESFNGERESaYmb) Histsiend iR #28085tion of power
“repul sive fields, either electriC or magretic In
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: l.el - t | ectrodes. , The confi nenent.
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h to otentjal conparable to that of the
c‘épgrgsﬁeg?t M@%raa‘r\@b%@§cgg$@ﬁul sive electric field
that laterally confines the plasna. Nonethel ess, the
[80Q&) r odeCamrsional approaches igscanfinisg ihd ppesid genedlly

i nside of, and surrounded by, a considerably |arger

inclede: the haetod repliaiverfietds, ledthey amiiedr Ardnielicihingfurd. One
pl asma di scharge may still exist. The confinenment

shebifis coneentic AAILEShrvhéM iIRRSosifor BahfihdiReR! r‘?ﬁq@s;télé{igt the outer

regi on defined between the electrodes 1s ade
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a pl'asma processing 3ys
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the plasma. Nonetheless, the electrodes and confinement rings are still
positioned inside of, and surrounded by, a considerably larger vacuum chamber
that must be evacuated and in which a plasma discharge may still exist. The
confinement rings are arranged With gaps so that the processing region defined
between the electrodes is adequately evacuated.

[0007] It would therefore be desirable to provide a plaéma processing

system that overcomes these and other deficiencies of conventional plasma

processing systems, as described herein.

- Summary

'[0008] In an embodiment of the invention, an apparatus for plasma |



processing a substrate includes first and second
el.ectrodes positioned with a spaced apart rel ationship
and a separating ring having a vacuumti ght engagenent
with confronting surfaces of the firs | ectrode, and .
sl elat: Bk Taer an SSpond Slastiodes eostiongs with a
processi ng regi on between the first electrode and the
SpEEeA @paridelatipmehipEantharsepreating §ng bRvingr auacesmetight
second el ectrode is adapted.to support the substrate
eéngagesgnt sddscinfipntiogi sunfacess gflths fiest@ectesds agd tAdeecond
separating ring electrically isolates the first

eibetrddeotiedéfiramah koasesabik wh@SIn PAccesERy AlYIGH Bkteen the first
further includes a process gas port for 1ntroducing a

diEQFRFSafidthd SeddiRi BIeRHBA8] NtHR B Ard Rk @rotREHMIRPYE dond

for evacuating the processing region to a pressure

i ' f. racess .
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| ectrodes are wer ed. .[0009] These and qt her, ohj ects
SRR aTReis DRERRETHECIHRS PRGN s dp thgdlrsfSctrode
nore apparent from the acconpanying draw ngs and
ferra dhe serend elpstrode. THia appaiades f%glecﬁrlﬂ@lﬂd@fhé FPgesegas port
[ 0010] The acconpanyi ng draw ngs, which are
fonindnodockngeal processgasdodhe tproeessimaragion anki s vacuum port for
specification, illustrate enbodi nents of the invention
evaduating e procaistingaegimetoad ﬁd@@ré BUit@bledbr §BAerating a
I nvention given above, and the detail ed description

atan fRih oM ggéiifé]ég de iBXRE PrBcsdPFddich Rireh Be ﬁrgteand/or

i nvention. [ 1]Fig. 1 is a perspective view of
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[0009] = These and other objects and advantages of the present invention

shall become more apparent from the accompanying drawings and description

thereof.

Brief Description of the Figures

[0010] The accompanying drawings, which are incorporated in and
cdnstitute a part of this specification, illustrate embodiments of the invention
and, together with a general description of the invention given above, and the
detailed description given below, serve to explain the principles of the invention.
[0011] Fig. 1is a pé_rspective yiew of a plasma processing system in
accordance with an embodiment of the invehtion;

[0012] - Fig. 2 is a side view of the plasma processing system of Fig. 1; .



accordance wi th an enbodi nent of the invention;
[0012]Fig. 2 is a side view of the plasma processing
system of Fi g 1; systemof Figs. 1 and 2; [0014]Fig.
&5& sac ectlonl V|eWS|mlarto Fig. 3A shown
G919 he G1Q13R 5 & 19 CERRSaRRAIonRt Hewhaf hecplasmacrocessing
base; 0015 F| g. 4 is a side cross sectional view of
syslenppakias. 6r~'=lﬂ§5eg.5| ng systemof Fig. 1;
~ [0014] Fig. 3B is a cross-sectional view similar to Fig. 3A shown with the
enclosure lid engaged with the enclosure base;
[0015] - Fig. 4 is a side éross sectional view of the plasma processing
system of Fig. 1;
[0016] Fig. 5is an explode'd view of the enclosure base of the plasma
processing system of Fig. 1;
[0017] Fig. 6 is an exploded view of the enclosure lid of the plasma
processing system of Fig. 1;
[0018] Fig. 7 is a top view taken generally along line 7-7 in Fig. 3A;
[0019] Figs. 7A and 7B are top views similar to Fig. 7 in accordance with
alternative Iembodiments of the invention; and
[0020] Figs. 8 and 9 are front and side cross-sectional views similar to

Figs. 3A and 4 of a plasma processing system in accordance with an

alternative embodiment of the invention.

Detailed Description

[0021]  With reference to Figs. 1 and 2, a plasma p.rocessing system 10
generally includes an enclosure 12 having a lid 14 and a base 16 upon which
{he lid 14 rests, a pair of support arms 18, 20 depending from the lid 14, an
upper electrode 22, and a lower electrode 24. The processing system 10
further includes a separating member or ring 26 positioned between the upper

~ and lower electrodes 22, 24 and contacting confronting faces about fhe_



[0016]Fig. 5 is an exploded view of the enclosure base
of the plasma processing systemof Fig. 1; [0017]Fig.
6 is an expl oded vi ew of the enclosure Iid of the

t f Fi 0018] Fi 7.1s
BBP R PP anet iy Sledinstis 7 7T crnirontng faces of
[0019 gs. 7A and 7B are top views simlar to Fig. 7
the, elﬁ@lﬂ'@ﬁ@ﬁ@@e 24iam aanesahapianer and firateltniates angehave

invention; and [0020]Figs. 8 and 9 are front and side \
appomemetaly idendical sevace aradsar Atstiroud 25 extends downwardly from

the base 16 toward the surface 'supportiﬁg' system 10.

[0022]_ | y Mechanically coupled with the support arms 18, 20 is a lifting
devi;:e 28, illustrated as a pneumatic cylinder, that vertically lifts and lowers thé
lid 14 relative to the base 16 between a raised posmon (F|g 3A) and a lowered
posmon (Flg 3B). In the raised posmon a processing region 40 (Fig. 3B)
defined below, is acceSS|ble for inserting unprocessed substrates 55 and
removing processed substrates 55. In the lowered position (Fig.3B), an
environment may be established in the processing region 40 that is suitable for |
- plasma processing a substrate 55 positioned in the processing region 40. The
invention contemplates that the processing region 40 may be accessed in any
alternative manner understood by persons of ordinéry skill in the art, such as a
hingéd chnectioﬁ that pivots the lid 14 relative to base 16.

[0023] Forin-line applications; the processing system 10 may be
provided with an input carrier that provides phprocessed substrates 55, an
output carrier that receives processed substrates 55, and a transfer arm or the
like for transferring substrates 55 from the inputv carrier to the process chamber
and. from the process chamber to the output carrier. In addition, a plurality of
discrete substrates 55 may be introduced in such a way that eéch substrate 55
within the pIuralify is independéntly introduced into the procéssing syétem 10 or
in such a way that one or more substrates 55 within the plurality are joihtly

introduced into the processing system 10. Discrete substrates 55-may also be



Figs. 3A and 4 of a plasnma processing systemin-
actordance with an alternative enbodi nent of the
invention. Detailed Description [0021]Wth reference

PEBhS e ABihciL o ol Et BRI AR Bt BHEE i the progegsing
- _a.base_16 upon which the |id 14 rests, a pair of X
S%ﬂﬁﬁbﬁh%PﬁgcePglnngS&%fﬁe MY $3BRIISSHE SIngle PIocess station
upper. el ectrode 22, and a | ower el ectrode 24. The _
apiongeBultinl BIRSEsmSIAfiangthAL FOPPRIARIES SeausPiallyhragess multiple
‘menber or ring 26 positioned between the upper and .
stbsteater 560npuitigsn 2@, assenatity lioerfasiibh regncog thenlltiple process
faces about the perineter of the upper and | ower
sHdtieasr odes 22, 24. The confronting faces of the

el ectrodes 22, 24 are generally planar and parall el

[0UZ2fjes and KEwer AP RDMWhEd isi&ﬁ@ié&ﬂhhft%fe?é&r&fe%@ 24 by

A shroud 25 extends downwardly fromthe base 16 _tovvard

. ) . : ' ni
ShiSHCLED 08 PO Lo PRSI Trigh 35,8 JSPHFRIR fERHols the
device 28 illustrated as a pneumatic cylinde at
OB el Aye el BhERaT P T e ediodes 2244 The mpuer
base 16 between a rai sed position (Fig. 3A) and a -
sHBRI¥BEIMBY die ap Altemaginggryrent powes supPleePgrasingiad@n a
processing region 40 (Fig. 3B), as defined below, is
extremely lomefréquencys euch ag Sihplzares6@ tzs abathigh eadibFresquincy,
renmovi ng processed substrates 55. In the | owered

sROs k40K Faed3B).56 MHEMXLIF AluERh BBl Peqesiabsuehed 1 kHz,
in the processing region 40 that is suitable for

oP BEBTRICRIRSRSRbAGerey® $3h 8! £ 458HPOSTHE SARE: bibdiP S0 may also

processing regl _ I'nvention contenpl at’es” that
ohBFEFEERE B0 0Bt RS dndfhel ipmpgpvel. e
PMaESUPBNG Tiayiie 3 inaer G rent (Skpauer Supply in Which the
plasma is non-oscillating. In other alternative embodiments, power supply 30
may supply a radio frequency (RF) power component that provides a denée
plasma and a DC power component that independently increases ion energy
without effecting the plasrﬁa density.

[0025] In certain embodiments of the inventio.n, the power supply 3Q may
opefated at one or more radio frequencies and includé an impedance matching
network (not shown) that measures reflected power from the load represented
by the electrodes 22, 24 and plasma confined therebetween back to the power
- supply 30. The impendence matching network adjusts the freq‘uency of
operatioh of power supply 30 to minimize the reflected power. The construdion

of such matching networks is understood by a person of ordinary skill in the art.
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[ 0023] For in-line applications, the processing syst em
10 may be provided with an input carrier that provides
unprocessed substrates 55, an out put carrier that

Fg?%?héﬁ? o8 pEBRRRA PRRER G bl B R Schid network

ut carrier to the rocess chanber and fromthe
r“g’é‘élgﬂ‘gc‘l'i‘&rﬁﬁﬂaqténﬁﬁ of yatipble eapaciters. withinheimetshinganetwork
plurallty of discrete substrates 55 may be introduced :
to majgle thainmpgdamnce obthehpewmbssupnly 3630 he inpethrce of the load
pturality is independently introduced into the
aprtbe ésad olyasyesd. eThé oweriahdsusitage leagistait opevaitiag nor e
substrates 55 within the plurality are jointly

fieQUEABERS rhay Qaf;h@f EBLHEESGEPENdiNG LPBhAe ParB&IST §pp||cauon

substrates 55 may al so be positioned on a support

05lm Thevar ARnaR, né%éty@ﬁﬁﬁ?t#'ﬁ&%@%s%%ﬁ?gﬁﬁaraéed by
ﬂgeg ess station a tions that

fatis ng oult gr ocest@
TR BresSS leie’ 5??9 Brpaeg 9 PRI Bsskiosersinggegion
53 novi g in an assenbly i ne fashion anong the
Wlhieﬁlt € @‘é@é@@%ﬁl%@m§y81{eooia]l$\op@wémgsﬁp’pugh@ovacuum
which is coupled with the electrodes 22, 24 by
manitslidi88. cldexvatuwnlpumsp 36 is m&aﬂvsshoanalntmesth@ZotaBpressure
respectively, controls the power |evel and frequency

irtheoprycathiog refidrn40 ek a@ubogdesostheriddevdiNewishRigh to facilitate
supply 30 may. be an alternating current pomer supply

C%Hifoﬂ d)f”Q pfdsnddl %fbfc%"? Yedsied Eﬁﬁé’cﬂ@%r n’%&gh‘?ange

Hz, at a high radio frequency, suc

h 1
R e e tﬁaﬂeﬁgﬁ?ﬁﬁwc Foge
BRI SRRSO B S RS
power supply 30 may be a direct current (DC) power
patfilgr desitds Rlasmeepisicassandspriroarily sonisisss ohgartiah pressure
ot her alternative enbodi nents, power supply 30 may

cenpibiufioas fan dhé peopessoyay| Wﬁicipmm,rcmpﬁ@@ enk drirabre individual
provides a dense plasma and a DC power conponent that

asdprerte_Ubpliéd &5 BRSEPad el PRoEBsSMd Ridn abf ecti ng
gt he pl asma ggn& ty. [0025]1n c@g(?t ain derr‘oodl nments of

[6&27] NVenthNpidie BRRSsRYPRIYeid dMbiudes a microprocessor-
based controller that is programmed to control the operation of, among other
components, the power supply 30, the vacuum pump 36, and the proc_esé gas
supply 1 14. For example,'the controller regulates the power levels, voltaées,
currents and frequencies of the power supply 30 and»orbhestrates the provision
of process gas from process gas supply 114 and the pumping rate of vacuum
pump 36 to define a suitable pressure in pfocessing region 40 in accordance
with the particular plasma process vand application.

[0028] During processing of substrate 55, the power applied between the
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operated at one or nore radi o frequencies and incl ude
an i npedance matchi ng network (not shown) that
neasures reflected power fromthe | oad represented by

iRy L e L
p&%‘éﬁ@\ﬁg@g 4,5 Hglﬁ?zéé@%@e%ecyqf gggtb%&ﬂe%{q@pelectrodes 22

constructlon of such natchln net wor ks i.s under st ood
2fyagndpasrinad belowrs whearthedidi 14 and base Hi are cemtacting and an
exanpl e, the inpedance matching network may tune the
ermltconmegt suitabbe koriplasmarmooesding iscpoaiddadntiee @ﬁectromagnetlc
variabl e capacitors within the matching network to

figlit ieitbh ehe Fﬂﬁ}&&@@ﬁa@;ﬁre@éﬁt POheIprebPdidig $8gibA thREplasma state,
e

i npedance o | oad as the | oad changes. The power -

whitth $QlusBHfed Byahs agﬂibﬁcé’tﬁtﬁf 8t basw f fr6AH éf 5GSply B¥or the

vary of course, dependi ng upon t e part

dg&m d&ttbggﬂangérﬂgif@&ﬁ.n\éﬂguum punp 36 cont| nuousl y punps

rate he plasma process and

- eact ce as fr I ocess on 40,

The. HORSHAE Gedssne ?%9&?@051@%@%%9@%gxposed
through a vacuum mani fold 38. The vacuum punp 36 is
mperalan e baiate sdriotnasfarey te desies swiage medification. The
processi ng regi on 40 at a sub-atmospheric |evel |ow
piasmayls ¢anfigaced ta pedormndhe desired sarfptasnadifidatorcef the
pressures suitable for plasma formation range from

sabstitet 5By %eb%ﬂhq_'ﬁa'réﬂnbt&ré sueh Fsepbathdriiatty ¥9é process gas,
fifty (50) torr he pressure within the processing

tHe i’é%'%ufé)m's é?ﬂiét%r%lgbgg n’gl? gféﬁqf(ﬂad?\‘beth@' érﬂoﬁn} of power and/or

particul ar desire ocess and primarily

consists _of r i butions fro

fiEAlEck Spfled B nsenBiS3Sian: €2 ahe HboRerno sSlem damay
eC|es plied to the evacuated ocessi n

'W‘i‘é‘??‘og"@@ Q%G&%@EE"QF%&?’BKB%@&Q% 'E‘%?HFH@@&CGI"Y

i ncludes a mcroprocessor- based controller that is

recagnizesmwhien @ plaamaabroches (par, &n echifg pracesy) bahegached a

conmponents, the power supply 30, the vacuum punp 36,

peedeteminpdaares poinder,salf@phativislv . pladsmagreopsses inzg be timed
controller regul ates the power |evels, voltages,

basEd R ANEmp] r%ﬂ?fd"étéﬁnl%dtdwc@ﬁ"ﬁﬁ\esupp' y 30 and
orchestrates the provision of process gas from process

suppl u

| l@@fodef. e efign P@??ﬂ%ﬁﬁo@@s@ﬁ% PfTte 22 s

in ac ance with the i cul ar a ess
SHBPPTASH TTOT a0 BSHED BY GoRleByoh Practisly dreiging

the power app I|ed bet ween the )
spacers, of whlch_spacers 42 and 44 are visible in Fig. 3A and spacer 46 is
visible in Fig. 4. In one embodiment of the invention in which the upper
electrode 22 is rectang'ular, insulating spacers similar to spacers 42, 44 and 46
are positioned between each corner of the upper electrode 22 and each corner

of the lid 14. Secured by conventional fasteners to the perimeter of the lid 14 is

a retaining ring 48 that operates to secure the separating ring 26 to the lid 14.
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el ectrodes 22, 24 by power supply 30 produces an
el ectromagnetic field in a processing region 40 (Figs.
3B and 4) defined betmeen the two el ectrodes 22, 24,

AR I p A L00Y 2n it tneletalp g i 3 rayafong with
ng i.s provided. The el ectromagnetic field
. f'ﬁ%@ﬁg ff%ﬂm‘eﬁiééés grveprys e liffing diRuice 25 betapy the raised

ion to a plasna state, which is sustained by the
aag weead @@S'g@n%tﬁflﬂﬂVq'ﬁ%ﬁh\epﬁmﬁ@upply 30 for the
duration of the plasma treatnent. [0029] Constituent
[@@3rhjonent A sdalingemehsserd0 istconaptessed hetwpes edparating ring 26
material on the substrate 55 to performthe desired

ahdItha e@pePdiddteriel ZNby BhritaAFBRed SpoiRi b)gtﬁeeﬂatélﬂlng ring 48
performthe desired surface nodification

“@t@ fén"edﬁ? tbé |@e £ CW% i ﬁ’cﬁ&% ﬁ)ﬁéjr%B lﬁt% é(ﬂgact VHIth the

process dgas, ressure 1| nsi
b?‘?éjﬁ%:g'g%‘ﬁﬁ £ . LU B PR - BB o o
10
P70 P 2L %Wswg?e@a@ﬁg% Thgsesing

recognlzes when glasna process P an et ching
meberssy0.Hag aretlupates E}ﬁr@@é\t@tlﬂf\&éa astempde M-riogs, although
alternatively, plasm processes may be tined based

tog veatior ipnot salimjtedet er m ned process tine.

[0030]Wth reference to Figs. 3A and 3B, the upper

[603Z] ' ode MauhtedIBIRE Nslgst élteeﬂbaawi@ RESutIrRL PDIdNF 5%

plurality of electrically insulating spacers, of ich
G%Hﬁg%?btﬁ%ﬁﬁ%ﬁét@%q\g éﬁorﬂlg?% Prgbgfrgtes%% an?né BRfSre Srriers

ti which th trode 22
TALh ERADe e Phutrest Ryt aBacs o Beafioss 'rtseﬁesmgrpge&amg
44 and 46 are positi oned between each corner of th
r@%‘ﬁ@r"'oeﬁétﬁm%&r plasmadreaimient orlher sstiate holder £4 haS a good

Secured by conventional fasteners to the perineter of
aieniricalcondadtsvith thet lawer etpatrade 24 sbihat theesidtstrate bolder 54
secure the separating ring 26 to the lid 14. As a :

dreissulbstratde 58 pip6 Iat the shmedsotaAtiangs trelohwelr allddtRtid 2409
48 nmove along with the |id 14 when the lid 14 is noved

%Né\ﬂﬁ tHd hiBatgewW ﬁft HimREYRRD i Eﬁ di t@hgé?ﬂ/eaé}ﬁbodlment the
'owered positions relative to the
substrate holder 54 may be at a floating potential and electrically insulated from
the lower electrode 24. The invention also contemplates that the substrate 55
may be supported from the upper electrode 22 or by the separating ring 26.
“When the lid 14 and base 16 are contacting, the processing region 40 is
defined as the space bounded vertically between the inwardly-facing horizontal
surfaces of the electrodes 22, 24 and bounded Iatérally inside the inwardly-

facing. vertical surface of the sidewall defined by the separating ring 26.

[0033] The base 16 includes an opéning 61 over which is positioned a
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'[0031]A seal i ng rrén‘_oer 50 i s conpressed between
separating ring 26 and the upper electrode 22 by a
vertical force applied by the retaining ring 48 when

ened th id 14. en. the 4 is | owered
op&E SRRl aFall Ploalie, 0. W dcoatabiids 4 gargpongNt of the
seal i ng menber 52 is conpressed between the separating
eprliRgures 1 3n AUl Aed @tmesphrEcisessurelcarity odeirZyap 8
seal ing nmenbers 50, 52 are illustrated as conventi onal
defined brtween the iorrrr@r eledtrddeugh andetherassetmboy of thebass 46 and
limted. [0032] Mounted to the |ower electrode 24 is a

treubistua 62 halsgectively.c AnbtigsH @shurapsd Qﬂﬁbspr%ﬁdlSFeé%G?e cavity
or nore substrates 55 or one or nore carriers each

oP 8RIgapI5® REd SfindPh StweEIStheaAi £ $4 52 n?tcok@féo rQRRvaBR! fi6m lid 14,

t he praocessing region 40 suitable for plasma

ehpafe EBRkr oRRRORU2 PSRl B A Wil 08 cigensigped o
"ﬁaﬁﬁ%% Bl oS QioTF e Pl et B 8 T lshetase 16 ane

v on js not so limted as, in an alternative
Cl@ﬁrﬂ ?rémdl arerfeounlerd togathehas awingle, paptinuoust aigfiled space by
floating potential and electrically insulated fromthe
ppeieas ofl gagsr okldPancimtiagi the qrarinetea b thecelectnpeat?es 24 and
that the substrate 55 may be supported fromthe upper
sepemtingding?26 cas bystidepisteddnatigngBri ng 26. Wen the
lid 14 and base 16 are contactlng, t he processing

[oeyIon 40 WhReHhd ﬂ&qﬁ% ih ftS l or| zoﬁ Sﬁau&ﬂid ?ﬁﬁ:mber |

bet ween the 1 nwardl y-facing sur aces

o e i Wkt o

defined by the n [ 0033] The base 16

afetalle SPEe 0% elestural iinart totyasd fre g d cand base 16
base thin-wall ed netalllc cl osure 62, which

Toerligh 14.hase 16, ccmveoﬁsnandfclcvmee&i?cudlmtmelyziefm a substantially
unpunped at nospheric-pressure cavity or air gap 58 is

clbebd radeictboaliyeonduatingshatl, athich actdeas?4 shivid tdteonfrne power

assenbly of the base 16 and the cl osure 62,

sUppIReLtd el &lecho@ed12D, RORKNIE the [MBSHN&Tthe é?{cﬁ%i}réelz
cavity or air gap 56 Is defined between the lid 14, a

80955, SRR SR ol DS REES o
RIS L R AT Ml R s over

62 and are coupled together as si ngl e, conti nuous
elgatrodie 24 d Tenfreispipndine: 32 aoters t@e;bd Heat & poationrhgtvegn the
the perineter of the electrodes 22, 24 and separating
remoyaldle, licacover G0 almpito edpemelléicgodé 22, p0a34 eWutricallyecoupled
lid 14 is inits | owered position, a conducting nenber

in a known manner with the upper electrode 22. If both electrodes 22, 24 are

coupled with the power supply 30 and the power supply 30 is an alternating

. current power supply, one of the electrodes 22, 24 may be driven 180° out of .

phase from the other of the e|ectrodes 22 24 so that both electrodes 22, 24 are

powered. Alternatively, one of the electrodes 22, 24 may be grounded and the
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64 captured between the respective perineters of the
lid 14 and base 16, which are netallic, supplies a
good el ectrical contact between the |lid 14 and base

o P \ and cl osure 62

Oé%rloﬁtt?? %5‘*}%8?%‘@2@%3&%%‘?’%’%& cl osed . :
tricall onducting shell , which,acts as a shield

(G0 ont  nin Felai Sibpiasits o he ueBEoR o GDPRPTAS cooling

within the interior of the enclosure 12. ) - .

fiugomsy heasignmiaigr dhraughdhgge ajrgans $& %8 tastqoobagthye processing

coupled in a known manner with the | ower el ectrode 24,

- systemotif @thdt hr padiculzpfor ogoldg the Elestodes @2t Rdd& Rthat end, a
Transmission line 32 enters the lid 14 at a location

fitBighER (Figh2) meybeplevidddiinapeaid BPtaefinda daameit port for
el-ectrode 22, and is electrically coupled in a known °

P Sk Sp s (] S Bp 6, IOGHoB i o,

SRS MBS SRS A RS ST g 5
o 8P RSB A SHUEBSoc D5 Sh5 6B e 2

Alternativelg -one of the electrodes 22, 24 may be

thfioygR AlgaRRISE n28- Hingar 88 i3 alueiueed topreyidean 2xhayst path for
be powered. [0036]1In certain enbodi nents of the
therflewirigoegolant tappeapenaeryvitcowhentgabidulitiie pegcassing system 10.
circulated through these air gaps 56, 58 for cooling

[0037]pr OCeSTHeNDblaN R Bourdecaivthe BleRBbHES a4 drilf the separating
cooling the electrodes 22, 24. To that end, a fitting

r@@&éf EOnstifdteSMe kb‘?oc%ﬁ%}m}%%?ibﬁ 4bghd ?é?)réf'?/ﬁtg éﬂ? ‘;gngﬁ‘vq;_ly me,

ant -port for cou cool ant supp

with.air, gap - 56. A faqr f.l of a cool ant,, such as
Bide ey B e Badatt perinite Beadhaite Sla M8 dndds

air gap 56 via fitting 57 to establish a continuous
GU@SP%W@ BY % asswm PH%‘P&@@P%B@@C%Z' ePLRsante SR MAGHYM
gaps 56, 58. Air gap 58 is structured to provide an
aeswhbopst oftheplasmatiecedsing aysteool @nil hisistinemagked contrast to
. environnment about the processing system 10.

conventional plasma processing systems in which electrodes are positioned
inside a vacuum chamber with a significant evacuated volume surrounding the
electrodes in which the process gas may be excited to provide an unconfined
plasma that uses available power but is otherwise not available for processing
workpieces 55 positioned between the electrodes 22, 24. As aresult, the
effective evacuated volume of system 10 is significantly smaller than the
eVacuated volume of conventional processing chambers. This provides
multiple benefits including, but not limited to, an increased plasma densi__ty, a

significant reduction in the time required to evacuate the processing chamber to

a pressure suitable for exciting the plasma, and a significant reduction in the

-12-



[ 0037] The vol ume bounded by the el ectrodes 22, 24 and
the separating ring 26 constitutes the processing
region 40 and represents the only vol une, aside from

.the vacu nifold 38, in the progessing system 10
iR IR BIERCLA" W57t e RIAESRHInG CHTR" I0 SIS C pressure.
represents the vacuum envel ope. of the plasm
Tpese bespfits eandtibuterto. anrincseased Wwrawghu wihhdeereased cost of
conventional plasma processing systens in which
opeetioncateba aedugers proagseingi tirse dequairedita provide atiargeied plasma
a significant evacuated vol une surroundi ng the -
trebfnentoaesompardd alithtdetventiossisplgamamrpchssify eysemd.o

provi de an unconfined plasnma that uses avail able power

[dwoﬁadi s Ot hefeWhi8etrH@ss 9¥abh abb ?orfnﬁ’écalgbgfSﬁ%|é(}grica|lgé?onductive

r Kpi eces 55|p03|L|one? bet ween t he gctrl es f
24, . . ' .
Beriaholeh B8 Wit If  She Pl Fd PR R e Trn acner-
PRl Mo BaaunRl & TR 1 dRGE e pESR g dpnment

to, an increased plasma density, a significant

insidr the preceasinggegiane4? @qﬁh\pnééndulyewg@mr@tmethe processed
processi ng chanber to a pressure suitable for exciting
sthstratessiaGemedally, higmmplies thatrtbe uateoal formimg:the $eparating
required to bleed or vent the processing chanber to

ridg s SEUTH G epsiassidfittally reeReamtap &fttiting tynthel fladmatpredént in the

i ncreased throughput with decreased cost of operation :
ﬁ@&éiﬁg‘fﬁ&#&q 407 Oﬂ%s§$gé?ra§ig igg;%tjé Ked tgﬁl%@ééil dRicdvall of non-

targeted pl asma treat nent nmpar ed W

vent i onal .nl-asna,. essin - . [10038],.T
cBRAYEs ReTA BARIEOF T RRY PTG §AR M S bERGeen the
el ectrically-conductive material, such as al um num
eﬁﬁ%“§%ﬁé%%é¥hg ring 26 is fornmed from a nonconducti ng
dielectric material that is able to withstand the
[A038m envihrabeence oka donyertignal yasyungchasgbeneliyoinates or, at
W t hout unduly contam nating the processed substrate
tho ledstnsigaificsnt idiuset xteraal filldteffduts. MMareisplecifieally,tbe
the separating ring 26 should be substantially

diggttsded2 1y 6t 6I'éisgﬂa Bbﬁcb@@in%' ABBMPIEsR hof surfdifhded by

processing region 40. The separating ring 26 defines a

%gg'it'{i&?hégmgwlisﬁarg%ggi&gugEEM@eﬂF&rﬁl ivgl:uu%{%hamber.

fon t0 providing cudm séal” between the

el ectrpodes 22, 24. [0039] The absence_of .a convention
1888 eraeendiiving Seeralino TR 2 rpeulyy Sperates Bithe
significant reduces external field effects. Mre
vepteal sidayyall boungany|af dhe pareessing region 401 adiggefore, external field
processing system 10 are not surrounded by grounded
affgotd bremimintized baabsért arrd tie equipotertial etsttriv fieldumes are
chanber. Instead, the non-conducting separating ring

ol 5&6&%’%‘\% cARRY QifScsf {HELsUtHtELE Bl5 Witiaatihging at the

oundarY ol } e p;oce33|ng region 40. Therefore,
GBS PuBhiElS AhEriy peEkestlode st red fotf
the entire %urfagggg%?%gg substrate 55 w t hout

ARG Agess thasy e edges, which allows plasma

rocessing to proceed in a uniformmanner across the
048] r at e BEENe embodiment, jade glass (i.e., calcium magnesium iron

silicate or sodium aluminum iron silicate) is employed as the dielectric material
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[0040] I n one enbodi nent, jade g.I'ass (i.e., calcium
magnesiumiron silicate or sodium alum numiron
silicate) is enployed as the dielectric materi aI for

separ at.i n anot her ceram.c terl . sugh
it SERRRAneng PH AR gPtne? i TS a5 (T Shaflrmirkl et
used. In alternative enbodi nents of the i nventl on, the
glgise| eiiea PEquattarmay absshie usedi p allematie; ergbediments of the
may any of a nunber of polyneric fluorocarbon
inventon athe dielettriti mgtdyial cnostimting tsegataiing ring 26 may any of a
pol yt etraf | uoroet hyl ene (PTFE), the honopol yner of

nbifiberidf peressmyfienecatich matedals recitdiag duinist Tilrfle@oby
DuPont ; perfl uori nat ed et hyl ene-propyl ene (FEP), the

?‘ﬂ[?o‘ I a8t RYMRIPBIVARER of tetrafluoroethylene sold
p%@‘)ﬁ(’%{k uor opr pyI eﬁj‘e F;E(?I d under the trademar k TEFL y

EEE A§‘% é}ﬂgrk ?EH_UN)PQ Yok, BéHR]‘bﬁﬁgf&o&h&%ﬂé—‘propylene

copol

At It R, oaha Sy RgieRe solg

tetrafl uoroet hyl enep(éETEg) t he copol yner of ethyl ene
uager tha rademiarto SERH oby Dwkeest; @ um%ﬂ%ﬂuomcarbon

TEFZEL by DuPont. Use of such polyners to construct
resipdPRA) herdapphtenafytetraflapporatbylene eerflgeroricetrpther sotd
etching applications with plasm speci es capabl e of

urldertttairhdemaiaTERMON @FRbe Du iRt aosethlylehesteraflabraghylene
ring 26 constitutes a portion.of the vacuum envel ope

(BITFEN. ethBr&fb%gﬁhélgof &gy%e@qd timafRePGEtAliche Sdidander the

shoul'd be endineered With a strength sufficient to

fi
hst

R 7 B a0, SR BF s Pl s o Biuet sonarating
regi on 40 and the heric pressure in.air ga
g 24 o1y WPHFQFEY@@? JRE EXeEnNe g8 e@\ﬂ%ﬁapﬁcatﬁ% Vihdpsma
el ectrode 24 includes a laterally-spaced pair of
specigseapable obehemiadlyattackingsaramies. pgetausmne separating ring
coincide spatially with one of flanged ports 70, 72 at

Aheorestitistesfa pontioneasf the vacidm &itveloms petita pmicyessim@ regon 40,
vacuum rmani fol d 38. The flanged ports 70, 72 are

tf\é%teﬁﬁﬁ’éhﬁgqlr‘@ o6!sPaRId B eabimdeed dittya BEEhgtH Sifficient to

shown) to conpress respective sealing nenbers 78, 80
RS A8 HEP Yl A A URSHTR o m P pRIsTBre diffeféntial between the
evacuated processing region 40 and the atmospheric pressure in air gaps 56,
58.

| [0041] With reference to Flgs 3A and 5, the lower electrode 24 includes
a laterally-spaced pair of vacuum ports 66, 68 each of which is posmoned to
coincide spatially with one of flanged ports 70, 72 at the ends of opposed arms
74,76, respectively, of the vacuum manifold 38. The flanged ports 70, 72 are
fastened to the lower electrode 24 by bolts (not shown) to compress respective

sealing members 78, 80 and thereby form vacuum seals. The arms 74, 76
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converge at a vertical tubing section 82 that |leads to
t he vacuum punp 36. Received partially in the opening
in flanged port 70 and partially inside of a nounting
plate 84 surrou n insert 88.
Briteias 745 VpERe] ot evion §7 tharBReS Boiin vasyym pump 36.
fl anged port 72 and partially inside of a nounting
Recaivedspartially dutisi eperpogtin langed port Hiend paotially inside of a
centering ring 92, 94 is also positioned inside a
moumt@gpplatk 84 suneuotirtigheort 7&ngenh ipeett 887 Similarly, received
Di sposed between the base 16 and the | ower el ectrode

p%‘i't@fyleinffﬁéld‘pfélnﬂ'ngmtﬂﬁddé@i mvgrén&éanlaﬂ¥ fiide ef avrhb@rhtmg

has a central opening that coincides with one of the

d{%%%@ﬁéﬁﬁdlﬁggo 2 gsogﬁms-g}?ggd?oétﬁeﬁg |¥|$"?1'F1' fé’i,d% is also

mount | ng space are eac

st Lsfﬁél gﬁié%@ﬁn@bééﬁbﬁéﬁg oL f3 Disposed

contri S | sol th | ectrod 4 from
hetwegy Be %@SGfmﬁ’h’éd ﬁrﬁ{% rreieq’tzc.vyieera% Fra & ‘5 MEUEINGs

88, 90, which are each formed froman electrically
sneseradfn9s eackof whighubas ascentraliopeningshah caincides with one of
relatively high dielectric constant, serve to
tabeacuunapbdns 66068t e the | ower el ectrode 24 fromthe

base 16 of the enclosure 12 and the flanged ports 70,

[66421 the yge kﬂéﬁti@fﬁﬂhfaﬁ'iféld%%ouh@%%b’ébéré 9@998 §re88acr9?brmed

to a mnor extent, the centefring rings 92,
I
f?#" utis R AL O TR T R e #ﬁ%@fﬁwer
Lect.rode 24 d th fold 38
Geata Tt Plitestts Yy it 25 ERRE bl St 24 from
bet ween the | ower el ectrode 24 and the base 16 of

BrAaseIROl the anEopitesthcehefdenical insers3B£10, sgiamare each

centering rings 92, 94 prevents plasnma excitation in
fohmsd foirh mleetricaﬂy Irsetbtngamade s tsweb rast d eeraamigumith a
mani fold 38 and the | ower electrode 24. The inserts

refatively 'Ehftﬂéllettﬁlcycd?mmt SeB& o glbetriganly Raldteche lower
filter that confines -the plasma to the processing

él%@k%‘? %9 1rdAREIYsEy 6r &f @%eé}?cﬁoélﬂ'e':‘f Dnd #e 1ang8dPotts 70, 72

he vacuum port
of the vacuum manifold 38.

[0043] The inserts 88, 90 and, to a minor extent, the centering rings 92,
94 fill otherwise empty spaces at the juncture between the lower electrode 24
and the vacuum manifold 38. The lower electrode 24 and the vacuum manifold
38 are spaced afaart due to the electrical isolation needed betWéen the lower .
electrode 24 and the base 16 of enclosure 12. The presence 6f the inserts 88,
90 and centering rings 92, 94 prevents plasma excitation in these otherwise
unfilled spaces between the vacuum manifoid 38 and the lower electrode 24.

The inserts 88, 90 effectively operate as a charged particle filter that confines
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68 in the |lower electrode 24 includes an array of
passages 100, respectively, which are registered with
a correspondi ng array of passages 102, respectively,
formed in a corresponding one of the inserts 88, 90
tha@lasrea te &g BreRasging legjorofO0passages 104,
respectively, fornmed in a correspondi ng one of the

[0644Fr i ng Withgef@2nco4o Fide 343 undorgacktofikbarzusm ports 66
bypr oduct generated by the plasna process and )

6®0in-thedower eliatrole @ intRIJ¥sOAE 8Fr) Bf HR8588e¢900 N pkbvely,
vacuum mani fol d 38 through the reQi stered passages

490 e SESPRAEERE TR 2 ooy
BRI el 5L P RRBRR i, S8 A hcing ey

i mul t ane I reyenti pl asma excitation based on -
q RESRBPE D RalFRRSHEF Y RN meskings FeResRONdIRG OPP-&Tas centering
confined to the processing region 40, which makes S
rEYgsi Q. ke vaﬁuumivepwrnplﬁ% exteausis byprastiet generated by the
~[0045]Wth reference to Figs. 7A and 7B, the pattern -
plasmagrbcess and monakactes gas fagethel Pdcedbidg réibn 40 b the
limted to the illustrated enbodinment in Fig. 7 but,

viasuaahanifdlcC 8B timRGAtAE registdtel ik sahys Rabt 400, AW The
configuration that provides suitable punping :

STEIUNofL TR EIEAT T 1 e P
e T

reference tqQ Fig. 7A, the passages 102a in a

PaKIMSE RUTAING CPRYUFEnge Milecs Mhiapagyslyereveing plagma
representative vacuum port 66a of a | ower el ectrode
exciatior based ioguthedhallovwacatbpdefeffest.alsal redult; the plasma is
passages in a centering ring (not shown) are

coovfihied do ¢ide procassitg ryion 4D, Which paxes egiicidM0dse PR input
In one specific alternative enbodi nent of the

dxeitatibn pawapd Wi th specific reference to Fig. 7B, the
passages 102b in a representative insert 88b and the

ASFOSS oG AG0L P 8 2 AP, oA

centric c e I . The passages in a centering )
Gt Fsseoen d by Tade Chis nelirtied & i Hesdaio embprgnent in
é){assages_ 100b, 102b. [0046]Wth reference to Figs. 4
@d’ butfingteadeis cantamplaiedrtotinelude mry pattarhanel adnfigueation
upper electrode 22 is a gas inlet plate 106. Extending
that proyiddsheuitpde ipohetinglcahdudt@tice withaya plasma ekefation.
(Fig. 4) coupled by a conduit 110 with a

Generally, the passages 100, 102, 104 are spaced apart in a direction normal

'to that of the flow of t'h.e -ekhausting gases. In one specific alternative
embodiment and with specific reference to Fig. 7A, the passages 102a in a
representative insert 88a and the passages 100a in a repres‘entative vacuum
port 66a of a lower electrode 24a are configured as a set of paralle! slo;cs. The

passages in a centering ring (not shown) are configured to coincide with the
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fitting 112. Fitting 112is further coupled by a
delivery line 113 with a process gas supply 114 (Fig.
2). The delivery line 113 and process gas supply 114

nay i ncl,ude ss flow ca | er, and fl ow ) )
 FRabRE e, TdR ol end BosiftaftertaetkimBesimentas he invention
regul ating the flow rate of each individual process
agdswith, spaelfip refesarsanty figg7 Bnthepassagesnt2isin a sepresostative
of the gas inlet plate 106 facing the upper el ectrode
insert 88b @dshe paissages f1P0bin paepsssEhtatdi vhcutimipoed 86b of a
116 that intersect at and diverge away fromthe

Ibwentiectrodé Mheargasrfiglted 88 a dotlofrdhBentric ity tlR%s. The
upper electrode 22 is a plurality of perforations or

(3RSagPE a%nﬂérﬁ,gaﬁﬁ@gaﬁ%hbwné} a?étcbﬁfgur%;acﬂa &&ﬁé.g&%ﬁ{h the

gas opening 118 I's re tered’wth on

Fﬁﬁ?ggg §0§66 Q%?the gas inlet plate 106 when the gas-
I'nlet pla

is fastened to the upper el ectrode 22.

vent| | sealin nb us ated as an
IQPé omer I\&r{g rpféﬁanc%?%ele géeg Cﬁg faslkﬁn%{ %UBBF%\E%WO“"E"
perinmeters of the s inlet plate 106 and the up
Sé'lrfé‘éﬁ @b dee pippef oteg g’PF’ﬁé’@e@@ gas inletoplatet06.0 EtXt@Cg@@ through
ort 108 is distributed anong the radial channels 116
the gahenlghplab@éﬁﬁrigs des8porTh68 ({Fig: d9 cogated sy adwinduitd 10 with a
to the processing region 40 through gas openings 118

fitkrsg 1 1 2N Eetting t1h 259 dediter coriphed bk%@éllv‘éﬁ?hﬁ@%@ wittea process

| ower el ectrode 24 and across the substrate 55

%ﬂf?ﬂgKFﬁaQ ).StRald, ﬁqﬁ@@rggﬁ'{[ed?h %d egsa as su g!iyn1g14 may

distribu y be tal or a sp roce

lug 122 |nto one ar
804 880 B SREILL %af?OWE"%?%%Sm% 25 g Fowr) tat
rocess .gas flow |n one enbaodi nent of the invention,
f{%eeegaés 8@@9%@9@9 fiayy raie of irashdedividual Precasisugasitothe
may be an appropriately-sized set screw. The
paaessingregion 40heA @@aﬂ isgtface ildibaofithe gas islgpiptate06yfacing
determ ned by exam ning the process uniformty on

the appes elbctrodet22ineludss. a Floeallty afredesyeaoasifal ¢Aanheksol 16 that
t he processing region 40 and the punping rate of

iNRESBENR R FferdearAPiroAkIEchord B tHAgds bBﬁ mt aﬂsxtendmg

gas pressure in"the processing region 40" at a
L g T

dlstrlbutlon |nvention not es uni form

il SRS et eadh ogs Shain 1§ R reierscwih one of
5 and has the flexibility to permt adjustnents to

thﬁ éaghat ekannals 1J84Jn dhe ges inlet plate 1ABavhen the gavinlet plate 106 is

enmbodi nents of the invention, the process gas may be

fastepeddd the upber pleatresiei 22y Awnoenﬁ@néiﬁeahdgfrﬁ@rl‘n@@t 120,
type of gas distribution system such as a gas

il I I
e e TR TioRTeE) PR el ik dgPadptly

%?rin'?@%r%f ésg Hﬁ@cﬂo %%GP(%OQHS %hé‘ b8Pe erc?r%gngZA

omnstream proceSS|n .
i,Lable c f| uration or el ectrode
R4 EBrmon r%%é@amp@uw é%fha,gasmﬁnﬁoprcﬁjlﬁt«s fehamong the
Serial No. 10/324,436, filed Decenmber 20, 2002 in the
ragdiabchanoelsell 63edhe grgl epeningaill 18arhecprocese gasis agmitted to
Treat ment. Systent, which is hereby incorporated by

thefpeoesssind esion 4orthidiegHegdd bpéMmg[sOIQ@ﬂ)dﬂﬂf IGfiSNGaH spaced-
herein to terns such as "vertical hori zontal ", etc.
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are made by way of exanple, and not by way of

l[imtation, to establish a franme of reference. The
term"horizontal” as used herein is defined as a plane
substanti al | aral lel to a plane containing one of

3PRE RCHANSTRSNE e ook slastradeco pad acsees thexsulsrate 55
regardl ess of orientation. The term"vertical" refers
sugparted padheswbstiatrehdidenbdr The gas distribationt miay estailored for

just defined. Terms, such as "upper", "lower", "on",
.. d'sfimwife’ protbesiog 'applisatimt by &sserting o playal22'ihto dhé @herfore of the
"l ower", "over", "beneath" and "under", are defined

gaisidpenasiett s tattib effBeive RNbRIckIr8B&ss hs iswUNAget 0od
various other frames of reference may be enployed

ahbdHent8Pad fn@@n{iér?,rfh%tb%rs;@éérjl@g%ﬂﬁPﬁﬁg\f ﬁfa%retatb%d and the ~

invention as a persog ?. " |fnar f . |
AREF 17 DR b Bt e DBt SisetT Setoms TR ariamant o ghe gas

tQ.Figs. 8 and 9 in ich Iike reference nuneral s ) .
dfsg'f'%vtg%myﬁ%e PRIRINGAYY defenmiged by exafRining thecpiscgan ewiformity
with an alternative enbodi nent of the invention, a

9P RoResaRbeRsIratgs SpstEm flow dfquooessgas inde diel processing
processing | evel stacked vertically in-relationship

regioh 40hand thes puppingesate of veeuen pdinps36 aer easrdindtbeto
wor kpi ece capacity of ‘system 10a for a single

NREIAERS A BtaNGI A pieaBuRh tﬁépﬁ'%éséi?g?rsiy%h% bha RHIRML

as conpared wth system 10 (Figs. The secon

e'gl%\ggh th ffacﬂﬁt%’gé E%@.rﬁ%’ cleatiBhttdH Jﬁ? gﬁg@gre‘f@%%?é Prggess gas.

trode 1 et ween upper an

nd addi,ng an .additional separati,n nmber or rin
(G0N ot RS PR oA SIS AP (DY ariatgs g
26. Electrode 130 and separating ring 132 are carried
digributioraatheprogaes eps acrossatheysubstiata b8@Nd bas theeflexibility to
. frame 134 by electrically insulating menber 136 (Fig.
permit[agipsstments ta thegpatbernesf dasodistribution. dn miteamative
lifting device 28 (Figs. 1 and 2) vertically lifts and
dnabvatimenteof thanBvaador, ehaprdSed Pgad thaiase sdfpid & tHche

lid 14 is noved to a raised position (Fig. 3A). This
PROCRLSTRPredfiGiP 28 ByPa Aiffdr8RES DY gas distribution system, such as a
gas distribution ring, gas injectors, é single gas port, etc.

[0049] . The invention contemplates that electrode 22 may be configured
to produce an. ion-free or downstream plasma in the processing region 30. A
suitable cohfigu_ration_for electrode 22 is disclosed in commonly-owned and
cUrrentIy pending Application Serial No. 10/324,436, filed December 20, 2002
in the name of James Scott Tyler et al. and entitl.ed “‘Plasma Treatment
System”, which _is hereby incorporated by reference herein in its entirety.

[0050] - Refefence's herein to terms such as "vertical", "horizontal", etc.

" are made by way of example, and not by way of lirri_itation, to establish a frame
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space consisting of, when the |lid 14 and franme 134 are
in alowered position (Figs. 8 and 9), a first portion
40a bounded by the upper electrode 22, the separating

j he Jnt.er jate electrode 130 and a
OQ*eéE%fﬁﬁ‘%So?ﬁhdeo{?fﬁb@%%ﬂﬁ%i06%93?% et d@ﬁw? ASdePlane
the internediate el ectrode 130 and the separating ring
Sli%séanF%ig's%?r? el torapianexontainiig ene esthe ponfromtinmsurfaces of
“enclosure 12 in this alternative enbodi nent and is
theeglgctiodes 2204 iegaediess obdsentBtioand hecteamatviertical’l refers to a
132 by an air gap 133 that is continuous with air gaps
diséctidsBpebadiduler tbitHe hérizontan, ad gist aupnedl Tesinki Siich as
conducting nmenber 138, which is simlar or identical
"appe@'qnmrr,ﬁann*eabwe'@%elbw,c@mevr(ﬁ@'irb%l‘id@ﬁaj"zrhﬁi her”,
respective perineters of the franme 134 and I|i 149.

“IGRBAUE M “BBRESH” GAd ngﬁﬁ%rs, Q%Oq%ﬁ{%hn‘%ﬁ%iggaﬁ‘g&s .m% hogizontal

respective perineters o rane

[ . | osure, 62.and fr 134 coll ectivel
pletf; s T ebn AR ndudeatFTerdiey Fands cmmigred
sBeI{ , Which acts as a shield to confine power
Wil departind fien the spiribaad ssppenf the invemtioneas apersa of
of the enclosure 12. [0054] The two portions 40a, b of
ordiranyrskdewdli anprepiate thad e diefined ftayneinf eafesgnasf is relative as
- passages 135 (Fig. 9) arranged about the periphery of
oppeséchtceabsalitet e el ectrode 130. Processi ng space 40b

is evacuated directly through vacuum ports 66, 68 and

[ooFagessi ngvispasierdtR tosFigs NP afdidinNeRhIkeSRESENe8 Fumerals
I'n anal ogy to processing space 40 (Figs. 3-7)

0 ,
40 r.enfr. evacuat ed

R, R RS PO R R GRRRERARR I SRR

and benef i i.dentical to those described above for
eqpodimen of Shgd Ay Sty PRI AIOCESSINg Syote (1A features a

processing | evels as additional |evels may be ‘
seeANDbBIREEEsing laveleiackadkyrrticalinisrrelgtoosbipawibahe figst

menber 50a, which is simlar or identical to sealing

prageiseingdeyeli sThisinoreasesitHecivardgriece papadifyngf gyistem 1132 for a
~ and a perineter of the |ower section 130a of the

singleeproedissing dperaticwand E3@abdsany eyétepmthrbafReuLAPLD d
bg apr et ai nigncg1 ring 137.183% seal i ngglmerr‘oelrr 59a,§uv\,hi Chﬁ\‘ﬂ)are

With Sisfih A0 @iad deR | ,

B SEE0 i AT T8 sHEaRERIR FRREL B ipdshung an

. ' r of.t er, section 1300 of the

PR oBerbie P HmESh B o RersicoRes2n g and
conpressed. between separating ring 132 and the | ower

agglé\gtqrbagdlggnal separating member or ring 132 that is substantially
identical to separating ring 26. Electrode 130 and separating ring 132 are

carried by a frame 134 and electrically insulated from the frame 134 by

electrically insulating member 136 (Fig. 8).

[0052] A lifting device (not shown) similar to lifting device 28 (Figs. 1 and

2) vertically lifts and lowers the frame 134 relative to the base 16 after the lid 14

is moved to a raised position (Fig. 3A). This provides access to a processing
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[ 0056] The frame 134 is nmounted to a lifting device
(not shown) that lifts an assenbly including el ectrode
130 and separating ring 132 relative to base 14. After

s bt @géf PR 9 AT B B
O SO e BT B S e e

el ectrode 130 The substrate holder 140, which is '
sepeiating4ing 246 sanssthedntermedirte elactrode d3Rmngla secens portion

support either one or nore substrates 55 or one or

- 4pbrourdedibyr thedawhr blegstriodg 29 ¢heintetmedmtbd staciiods 30 and the

at locations suitable for plasma treatnent inside the
sppacatingirmg 13@i on 40a. Simlarly, substrate hol der 54
now hol ds substrates 55 supports either one or nore

[ L1 at e her et &Snﬁilm’t%s %aﬁéﬂtl%BSbfqﬂg Ién*&?%ruiré‘gﬂﬂ fhis

re substrates 55 at cations sulta
aﬁ%ﬁ%ﬁ% InboBFhER s 8RG R R B B, se%qcf {ipbiating
G REAEUEY: {f%qﬁéﬁ";@%ﬁﬂcﬁa R ghcaitam B6: by Wen the fi

- distributes process gas into processing space 40b and
14ris irpjie foweredi pasitiozn wn@qqﬂggm@meaﬂgmahm issdmilar or
The | ower section 130a of the internediate el ectrode

idegticahtd eatetuciingasemnblee 64 pisataptdre? betwesn the respedtae
or identical to gas inlet plate 106, having a gas port

pefifnctetsnbfatie frarie ClGﬂQ#ld lid 48 %ﬁdhcf@m@' rhbmb@r %431ow is

which is further coupled with process gas supply 114

?E{Lﬁed %)etwé?rﬁ’ltr?é‘?é %fl@@ﬁ%ggf té%etl)fﬂ?%mbnf?ﬁt ?r% BhEe 482 The lid

cing the Tower s tlon

I e r al of essed, ra
1?!’1?%%}% qu E@ggr%? Caﬁ%effaer%gpl Ile&%v Ié{ec{ﬁ%%gaq sylastan{lglky closed
hann s 116, .tha nt er sect at and diverge away f
efsdfoalyacrihionnd shel GuSichats 33 4 THRRGNGNEIORT SuPplied to
the lower section 130a is a plurality of perforations
the elpeyrodpe@2n @4 wisin theinthriar of thierenadoswe 12lentical to
gas openings 118, arranged in a pattern such that each

[0054]openi Mhelfwb portioRgidDiaets o thd pfo&@elr@fsfd& écflimdinicate by
channels 150 in the gas inlet plate 14

a@oi}szoggggiéag%% ﬁn?’gaquplé OVjI gesr@dédsea#) g@gﬁé rﬁﬂweﬁ‘g& acent
R BB S ek Pt 4 MG e ey

enbodi nent of th ent | as openings 118 now
tiyueBACHUA BPF %& B Sl 5o §8i50 aprgs iz pumped through
confronting surface of workpiece 55 in processing
pasgpges 48a éﬂ@nalquatoslrﬁce%ﬁrm@rﬁna@e Oglirdgso Sen), rpg@ceﬁmg
di stribute process gas across the confronting surface

- spcedOap esyereSBnisthplonheesadigated ¥oimé &9 sysRPp8DAINd provides

transm ssion line 156 is electrically coupled in a

VaRiens a&ﬂ%ﬁﬁiqééﬂ arY b8ReAits IRIHRA! & thaetdddpBRdlatdve for system
Typi cal |y, three el ectrodes 22, 24, and 130 are

1‘?)0 U'Pihg ﬂ-yg'nbgn lgﬂofﬁr’gﬁ%g tw %&) rér))’c?ee%}q%%g d %g sgﬂﬁﬁkghléavels

md Ie eI de 130 . riven 180 out of phase from
PRL BNl 3 Gagsisin manmer: P

[0055] A sealing member 50a, which is similar or identical to sealing
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[0059] Whi l e the present invention has been illustrated
by a description of various enbodi mrents and while
t hese enbodi nents have been described in considerable )
- detail,~i:t i s not ntentlon f t he ants.to
TREN 50, 15 CoMPTaR S MaeR perdreton oo B2 phd Spsimetay of the
clains to such detail. Additional advantages and
lawstisectian 1992 qfithe Imt@aaeﬁ@tg@mfodeow@]by@ waticaldareeapplied
the art. The invention in its broader aspects is
" by laenetsdining ning 187 & eekling meebsrdidd, whickeisasinslar or identical to |
representative apparatus and methods, and illustrative

sealipinesntsdradm) l@ﬁdnﬂﬁéﬁdd)@dtwe@ﬂﬁfecbénﬁrmm@ﬁﬁgﬂ&é@@ a
may be made from such details w thout departing from -~

pEAMEt & the Uppes SR8tIOH 1sesldfqa@ﬁrﬁerrasa@%@bléd%%t 1Y Sealing
concept. The scope of the invention itself should only

s 2 g C‘O'*f%ra SHET e LA oo

e ecttrod ﬂ asma

| [0056] The frame 134 is mounted to a lifting device (not shown) that lifts
“an assembly including electrode 130 and separating ring 132 relative to base
14. After the lid 14 of enclosure 12 is lifted relative to electrode 130, the
assembly fncluding electrode 130 and separating ring 132 may be moved
relative to base 1.6 for accessing a substrate holder 138 mounted to electrode
130. The substrate holder 140, which is identical to substrate holdér 54, is
configured to sﬁpport either one or more substrates 55 or one or more carriers
each bearing one or more substrates 55 at locations suitable for plésma
treatment inside the processing region 40a. Similarly, subsfraté holder 54 now
holds substrates 55 suppbrts either one or more substrates 55 or one or more
carriers each bearing one or mors substrates 55 at locations suitable for
plasma treatmént inside the processing region 40b.

[0057] The intermediate electrode .1 30 includes a lower section 130a
- configured similar to upper electrode 22 with a gas distribution systenﬁ that
~evenly and _uniformly distributes process gas into processing space 405 and an
. upper section 130 carrying substrate holder 140. The lower section 130a of the
intermediate electrode 130 includes a gas inlet plate 142, which is similar or

identical to gas inlet plate 106, having a gas port 144 coupled by a conduit 146
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conprising: a first el ectrode; a second
el ectrode positioned wth a spaced apart relationship
relative to said first el ectrode; a

- r [ S .
W RRRERb G, W e bR AR Bk sd Bsd B 178 10 2
nd definin evacuat abl rQcessin egi on hetwee
A RfanaF shBatd it A MrEPles Q+2deana 1op bateromRetions e of
_first electrode adapted to support the substrate in
in{ginpedipiscelestrage e inpludes applhEatly pf teessed gadiahahamnals 150,
separating ring electrically isolating said first -
whiichcaneosimilar omidsaitidasteccheshreled 16 ofief intersect at and diverge
process -gas port for introducing a process gas to said

- apR9dranithg loegionrf th@das port 144. ExterdliNgeBiyRané I6wér
evacuati hg said processing region to a pressure

s8&tidrAbBEa {08 piaRfk Al fidrigomd éﬁgﬁse Bgem 36y Sﬁ,g?rﬁéﬁ are similar

gas in said processing-region. pparat us claim

* ottidemtitaflo GBHLSHhEI118, arranged in a pattern such that each gas
opening 152 is regiétered with one of the radial channels 150 in'th.e gas inlet .
plate. 142.» A conventional sealing member 154, illustrated as an elastomeric o-
ring, provides a seal about the adjac'ent perimeters of the gas inlet plate' 142
and the lower section. 130a of intermediate electrode 130. In this embodiment
of the invention, gas openings 118 now uniformly distribute process gas across
the confronting surface of workpiece 55 in processing region 40a and, in a
similar manner, gas openings 162 distribute process gas across the confronting
surface of workpiece 55 in processing region 40b.

[0058] | A transmission line 156 is electrically coupled in a known manner
with the intermediate electrode 130. Typically, all three electrodes 22, 24, and
130 are coupled with the power.supply 30 and, if the pdwer supply 30 is an
alternating current power supply, the middle electrode 130 is driven 180° out of
phase from the other electrodes 22, 24.

[0059] : While the present invention has been illustrated by a (;Iescription
of various embovdi.ments and while these embodiments have been desgribed in
éonsiderable detail, it is not the intention of the applicants to restrict or in any
wéy Iiﬁ’nit the scope of the appeﬁded claims to such detail. Additional

advantages and rhodiﬁcations will readily appear to those skilled in the art. The
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a vacuum mani fold coupled with said vacuum port, said
- vacuum mani fol d being electrically isolated fromsaid
first electrode and said second el ectrode. 3. The

I 2 [ id i f
R RRRBR UL s Bt Aol R et Pt G ST SBhfr eters
port and further conpr|3|n an insert of

represeeiative @ﬂpayamﬁwdameﬂgadmta@ﬂu IHHlStb'iiQ/iet exaaples shiowed and.
sai d encl osed volune, said insert including a first

dpbonitagd. t &comrdﬁr@)s,amzarhﬂeplmang be amade from su ol diefailsdvithout
with said vacuum port. 4. The apparatus of claim3

debartirignfremi the \spiritlon geobe dfsapigithnit gbriesal $memiide concept. The .
plurality of passages extending through said first

s8bBE of HLindBAL6E Ussl ShedidbAlY tfead@hrféd sg tid Hppbhded efaims,
passages 5. The apparatus of claim1l rther

“ﬁﬁﬂg a vacuum punp coupled with
sai vacuun1port and operative for evacuating said
processing region to said pressure suitable for
generating the plasma fromthe process gas in said
processing region. 6. The apparatus of claim1
-further conprising: a process gas supply
coupled with said process gas port for introducing the
process gas to said processing region.
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7. The apparatus of claim 1l wherein said second

el ectrode includes a plurality of openings arranged in
a pattern effective for comunicating process gas from
said process gas port to said processing region. 8.
The apparatus of claim1 further conprising a
substrate hol der positioned inside said processing
region and configured to support the substrate on sai d
first electrode. 9. The apparatus of claim8 wherein
AAIMSubstrate holder is electrically coupled wth
said first electrode. ~ 10. The apparatus of claim1l
further conpri sing: an

el ectrical ly-conductive enclosure surrounding said
 qseparati ngyy éﬁ@ara%?é fbrigrbéds d@‘été&ﬁﬁeté‘ﬁﬁih%‘biésﬁ%cond
~electrode, said first electrode and said second

hﬁﬁ rﬁfe each separated from said conductive

e by an air gap. 11. The apparatus of claim

10 wherein closure includes a base and a lid
nmovabl e r@ g§}§5x$ dgaid |id between opened and- cl osed
positions for accessing said processing region, said .
lid carryisngeacelerirade postionsdevitvn swore rt relationship
rel ative to said base.
relative to said first electrode;

a separating ring for forming a vacuum-tight seal between said
first electrode and said sec_ond electrode and defining an evacuatable
processing region between said first electrode and said second electrode, said-
first electrode adapted to support the substrate in said processing région for.
plasma processing, and said separating ring electrically isolating said first
electrode from said second electrode;

a process -gaé port for introducing a process gas to said
processing region; and

a vacuum port for evacuating said processing region to a pressure
suitable for generating the plasma from the process gas in said processing

region.
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12. - The apparatus of claim 10 further conprising a
coolant port in said lid for supplying a flow of a
~coolant fluid to said air gap for cooling said first
el-ectrode and said second el ectrode. 13, The _
Zappar at us dfe appaiatus ahelpen 4 feghgr epmpristigect r ode
i ncl udes said vacuum port.- and said second el ectrode
i ncl udes savacymaeanifajdsoppled. with 4aidTvecuaop pod; agidofacuum-
claim 13 wherein said second el ectrode includes a
manifeit ibejngélegaricalip ésvlaigs feom Haidl firdt idectridd aidsakissecond
gas port, said plurality of gas openings positioned in
aakttbgecond el ectrode to distribute process gas across
a confronting surface of the substrate. 15. An
apparatus for plasma processing a plurality of
substrates, conprising: a first electrode;
second ectrode  pos a _spaced apa
70ond SheCLERtE PO LISt ok SRR B IR old ncudes
a third electrode positioned between said first
3 ee¢lpeer valvine proxidatetrisaide@cpgaeport and further com@nsmg
first separating ring for form ng a vacuumtight sea
bet ween saanlirfsersef @& electrivadly amslistngl maténal pelsitanesdiaside
and defining a first evauatable processing region
it weelsedivdldmessaidliesdrt déuding asfrstipluality oé bassagetecoupling
said first electrode adapted to support one of. the
it vabhieh RENTYIRSVEREER Jabuti Boki TSt pr ocessi ng
region for plasma processing, and said first
separating ring electrically isolating said first
el ectrode fromsaid third el ectrode;

4. . The apparatus of claim 3 wherein said vacuum port is defined by
a second plurality of passages extending through said first electrode and

registered with said first plurality of passages.

5. "~ The apparatus of claim 1 further comprising:
a vacuum pump coupled with said vécuum port and operative for
evacuating said processing region to said pressure suitable for generating the

plasma from the process gas in said processing region.

6. . The apparatus of claim 1 further comprising:
a prdcess gas supply coupled with said process gas port for

introducing the process gas to said processing region.
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a second separating ring for formng a vacuumti ght -
seal between said second el ectrode and said third

el ectrode to define a second evauat abl e processing
regi on be en sai d second el ectrode and said third

Tel ect r ode, T NeaRPIRIYOLFlaER r%‘d@er@dihﬁﬁ'é’osqqp%@ﬁét’fﬂd%H&'Udes
of the plurality of substrates in-said second

applpeadits phoperigs mrfamgeg in snpatperocafteitivg, fomodmsminicating
second separating ring electrically isolating said
psecEssdya oty sald proossssgasipbhtito dakl privesdirig region.

at | east one process .gas port for introducing a
process gas to said first proceSS|ng regi on and second
processi ng regi on; and a vacuun1port for

gevacuati ngi'h%aégpé’rraﬂ%:seéﬁblﬁﬁgﬁeﬁ'rﬂ%r Egn@) Erfig %strate holder

suitabl e for generatlng plrasna roce ss

rREobeg e saldbro S P diyt A 2ol o seison

erejn said vacuum port is defined in said second
S\Q,B%?ﬁeo%sa'dlﬁim giest "gﬁﬁar atus of .claim 16 wherein said

first electrode includes a first process gas port for
i ntroducing the process gas to said first processing
region and said third el ectrode includes a second

Qrocess garhepapparfatis bhtlaird &wherdifiealey mﬁatgmld@r is
sai d second process region.

electrically coupled with said first electrode.

10. The apparatus of claim 1 further comprising:

an electrically-conductive enclosure surrounding said separating
ring, said first electrode, anﬂd said second electrode, said first electrode and
said second electrode each separated from said conductive enclosure by an air

gap.

11. -~ The apparatus of claim 10 wherein said enclosure includes a base
and a lid movable relative to said lid between opened and closed positions for
accessing said processing region, said lid carrying said first electrode for

movement relative to said base.
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12. The apparatus of claim 10 further Comprising a coolant port in

said lid for supply.ing a flow of a coolant fluid to said air gap for cooling Said first
elect'roaﬂe and said second elécfrode.

13. The apparatus of claim 1 wherein said first electrode includés said

vacuum port and said second electrode includes said process gas port.

14. The apparatus of claim 13 wherein said second electrode includes
a plurality of gas openings coupled with said process gas port, said plurality of
gas openings positioned in said second electrode to distribute process gas

across a cbnfronting surface of the substrate.

15. ' An appératus for plasma processing aiplurality of substrates,
comprising: |

a first electrode;

a second electrode positioned with a spaced apart relationship
relaﬁve to said first electrode;

a third electrbde positioned between said first electrode and said
second electrode; |

- a first separating ring for forming a .vacuum-tight seél between

said first electrode and said third electrode and defining a first evauatable
processing regidn between said first electrode and said third electrode, said
first electrode adapted to support one of the piurality of substrates in said first
processing region for plasma processing, and said first separating ring

electrically isolating said first electrode from said third electrode;
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a second separating ring for forming a vacuum-tight seal between
said second electrode and said third electrode to define a second evauatable '
\processin‘g region between said second electrode and sai’drthird electrode, séid
third electrode adapted to support one of the plurality of subétra-tes in said
second processing region for plasrﬁa 'processing, and sa.id second separating
ring electrically isoiating said second electrode from said third électrode;

at least one process gas port for introducing a process gas to said -
first processing region and second processing region; and

a vacuum port for evacuating said prdcessing region to a pressure
suitable for generating the plasma from the process gas in said first processing

region and said second processing space.

16. The apparatus of claim 15 Wherein said vacuum port is defined in

said second electrode.

17. The apparatus of claim 16 wherein said first electrode includes a
first process gas port for introducing the process gas to said first processing
region and said third electrode includes a second process gas port for

introducing the process gas to said second process region.
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