ULTRA HIGH SPEED UNIFORM PLASMA PROCESSING SYSTEM Field
of the Invention [0001]The invention generally relates to processing
apparatus for processing substrates with a plasma. Background of the
Invention [0002]Plasma processing systems are commonly used for
modifying the surface properties of substrates in various industrial
applications. For example, plasma processing systems are routinely used
to plasma treat the surfaces of integrated circuits, electronic packages,
and printed circuit boards in semiconductor applications, solar panels,
hydrogen fuel cell components, automotive components, and rectangular
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are also used in medical applications to modify the surface properties of
devices, such as stents and implants, inserted into the human body.
H&lshd fiedessingiepstems that rely on conventional parallel-plate type
electrodes may experience process non-uniformities across the surface of
[edatijely largetaubsteaigsrpgsitondly irRRIotesHDesESIg definestus for
between the electrodes for processing. [0003]When radio frequency

proges singuppbsidethwitiestrdsienaequipotential field lines are induced
across the surface of the substrate. During

Backaground of the Invention

[0002] Plasma processing systems are commonly used for modifying the
surface properties of substrates in various industrial applications. For example,
plasma processing systems are routinely used to plasma treat the surfaces of
integrated circuits, electronic packages, and printed circuit boards in
semiconductor applications, solar panels, hydrogen fuel cell components,
automotive components, and rectangular glass substrétes used in flat panel
displays. Plasma processing systems are also used in medical applications to
modify the surface properties of devices, such as stents and implants, inserted
into the human 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



plasma processing, positive ions from the plasma in the processing region
accelerate across the equipotential field lines to impinge on the surface of
the substrate. The plasma is typically distributed over the entire evacuated
volume of a processing chamber enclosing the electrodes with the highest
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plasma density in the processing region between the electrodes is
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sidewalls, that alter the equipotential electric field lines between the
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components of the plasma. The non-uniformity may be particularly
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conventional method of reducing external field effects is to make the
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_ distant from the electrodes. Among other disadvantages, this increases
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increase in chamber volume increases the time to evacuate the
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to atmosr;)qeric pressure to insert unprocessed substrates or remove
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effects. that significantly reduce throughput in in-line_plasma processing
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which requires periodic evacuation and venting to exchange substrates
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rocessing systems is that plasma is inadvertently generated in -
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control the delivery of power to the electrodes to achieve consistent an
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chamber volume increases the time to evacuate the processing chamber 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 undesirable effects that significantly reduce throughput in
in-line plasma processing 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



include the use of repulsive fields, either electric or magnetic in nature.
One specific conventional approach is to position confinement rings about
the outer periphery of the parallel-plate type electrodes. The confinement
rings, which are formed from an electrical insulator, charge to a potential
PROBIRIAL Eriart R BRI 5 renulRive elgotric
field that Taterally cocgfings the plasma. N%%egjf‘ggséﬁ ?Hé% &Pé/\(/:?%ra Fand
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with gaps so that the processing region?é@fined etween%the é?ectro%qesl%
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plasma processing system that overcomes these and other deficiencies of
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[0008]In an embodiment of the invention, an apparatus for plasma
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with a spaced apart relationship and a separating ring having a

consiripntignt srgaedusine wibcessiranting surfaces of the first electrode
and the second electrode to define an evacuatable vacuum processing
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first electrode or the second electrode is adapted to support the substrate
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electrically isolates the first electrode from the second electrode. The
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as to the rocessing Irreﬁézn and a vacuum port for evacuating the

PSTRRRY FE_%iBﬂrﬁ‘Ja S e GiapiorfsgehbratpafiapmBentdinon which
TR A Rl TR BTHALE SHEBE? GLpeten neamaaagisto tha

e present invention shall become more apparent from the
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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 p!aéma 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



Brief Description of the Figures [0010]The accompanying drawings, which
are incorporated in and constitute 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
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of a plasma processing system in accordance with an embodiment of the
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Fig. 1; [0013]Fig. 3A is a front cross-sectional view of the plasma
ePReRsSHIBet Wisteso ik figinglsBfd s of the first electrode and the second
electrode to define an evacuatable vacuum processing region between the first
electrode and the second electrode. Either the first electrode or the second
electrode is adapted to support the substrate in the prcgcessing region for
plasma processing. The separating ring electrically isolates the first electrode
from the second electrode. The apparatus further includes a process gas port
for introducing a process gas to the processing region and a vacuum port for
evacuating the processing region to a pressure suitable for generating a
plasma from the process gas in the processing region when the first and/or
second electrodes are powered.

[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. 1 is a perspective view of a plasma processing system in

accordance with an embodiment of the invention;

[0012] Fig. 2 is a side view of the plasma processing system of 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
cross sectional view of the plasma processing system of Fig. 1; [0016]Fig.
5 is an exploded view of the enclosure base of the plasma processing
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spRBRTIyraiang e &7 in Fig. 3A;

[0014] Fig. 3B is a cross-sectional view similar to Fig. 3A shown with the
enclosure lid engaged with the enolbsure base; |

[0015] Fig. 4 is a side cross sectional view of the plasma processing
system of Fig. 1;

[0016] Fig. 5 is an exploded 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 embodiments of the invention: and

[0020] Figs.8and 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 processing system 10
generally includes an enclosure 12 having a lid 14 and a base 16 upon which
the lid 14 rests, a pair of support arms 18, 20 depending from the fid 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 the



[0019]Figs. 7A and 7B are top views similar to Fig. 7 in accordance with
alternative embodiments 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
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plasma processing system 10 generally includes an enclosure 12 having a
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18,20 depending from the lid 14, an upper electrode 22, and a lower

appeciionztdy iddrtiped cesting systemn 20dhrtier Mchidends sepamIiagly from
member or ring 26 positioned between the upper and lower electrodes 22,

thedbase doriwang tenfioritng Sapesoaiiny steterpaiimeter of the upper and
lower electrodes 22, 24. The confronting faces of the electrodes 22, 24
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surface areas. A shroud 25 extends downwardly from the base 16 toward
dgyicaafadiustigtonting ayanepmalic cylinder, that vertically lifts and lowers the
lid 14 relative to the base 16 between a raised position (Fig. 3A) and a lowered
position (Fig. 3B). In the raised position, a processing region 40 (Fig. 3B), as
defined below, is accessible 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 ordinary skill in the art, such as a
hing“ed connection that pivots the lid 14 relative to base 16.
[0023] For in-line applications, the processing system 10 may be
provided with an input carrier that provides unprocessed substrates 55, an
output carrier that receives processed substrates 55, and a transfer arm or the
like for transferring substrates 55 from the input 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 each substrate 55
within the plurality is independently introduced into the processing system 10 or

in such a way that one or more substrates 55 within the plurality are jointly

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



[0022]Mechanically coupled with the support arms 18, 20 is a lifting device
28, illustrated as a pneumatic cylinder, that vertically lifts and lowers the
lid 14 relative to the base 16 between a raised position (Fig. 3A) and a
lowered position (Fig. 3B). In the raised position, a processing region 40
i B8 orsdedingsbetoywr ik peeeEHBIR fRIHBE I SRS 858 8ocessing
substrates 55 and removing processed substrates 55. In the lowered
sysositionT (@R avirensiriemett may berapiatlisheid e heIage saifign
region 40 that is suitable for plasma processing a substrate 55 positioned
armnathg prdéplsprgeegiostdiioMhth atveubiosrsentersptpiestibiy thecess multiple
processing region 40 may be accessed in any alternative manner
subrieatee &b bypérgonsaof asdarablyskilkifiasidartasumhgakha hinligte process
connection that pivots the lid 14 relative to base 16. [0023]For in-line
stggplications, the processing system 10 may be provided with an input
carrier that provides unprocessed substrates 55, an output carrier that
GQ24lves protEoner SuRRLRS seighdscrunisdrvitntbetpienkodes 22, 24 by
transferring substrates 55 from the input carrier to the process chamber
SRl RdrPHdah RIS ARdrADemisHiRn dngtiBeantbr s ReRriiNel, spNialmhe
of discrete substrates 55 may be introduced in such a way that each
PAWBEHRYE SEN IERTURRY G AR T8 HRdepiigerIRFiiRrRfcEd 3o Tie power
processing system 10 or in such a way that one or more substrates 55
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stations that cooperate to sequen roces
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he power level and frequenc eration of the electrodes
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an extreméely low frequency, such as 50 Hz ‘and 60 Hz, at’a high radio
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such as 1 kHz, or at a microwave frequency, such as 2.4 GHz. The power
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another. Alternatively, the power supply 30 may be a direct current (DC)
pResxes audplyDC whivhtheplesmaitmanrergitaiihtlp plhei-akariativfergy

embodiments, power supply 30 may supply a radio frequency (RF) power
withopoetfettingttheopidesa densttylasma and a DC power component
that independently increases ion energy without effecting the plasma

[e@25]ty. [0025]teceitasnembibdisnentst oh dhiavaveohothedewyesumplo may
oi%rrg‘fe% at one or more radio frequencies and include 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 frequency of

operation of power supply 30 to minimize the reflected power. The construction

of such matching networks is understood by a person of ordinary skill in the art.
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operated at one or more radio frequencies and include 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
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the reflected power. The construction of such matching networks is

bysHersipestiy ecdprisemetasdinanisidibiptstars WigtiexaaRIsidheg network
impedance matching network may tune the matching network by changing

ttmeataipictamee oé nadalfl ¢heapaeitorsupithirs theoresiching 08hwek the load
match the impedance of the power supply 30 to the impedance of the load
aashtdolad dlviageres ThHeepuovesrast wottagel éanedts o] appenatiing
frequency(ies) may vary of course, depending upon the particular
fragphegidas jo0aBravacliwausesn ol sparutitigumesiytparnpsibyfrodpptication.
generated by the plasma process and non-reacted process gas from the
[HH3BEssing rdgiaslaon WHERPLRS pRisHinapusbepsimp syatprodidcisgenerated by
operating, through a vacuum manifold 38. The vacuum pump 36 is
tehRIREE o PR&wARdNRQDLES #htast (e Re SR pRotiesitheretpoasaingtragion
sub-atmospheric level low enough to facilitate creation of a plasma.
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(20). millitorr to greater than about fifty (50) torr. The pressure within the
DL LRI SHTBREADiFe R ETRIARA B o abeiregre

i "F sma process and gPriiﬂ?aril c{gyrgists of partial pressure contributions
/
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currents a uencies o ower supply and orchestrates th

pRIAVIFIANREHREEESARS Hmee%@sﬂasuﬁggﬁ@wry Ryl and é@?uav g}emre

rate of vacuum pump 36 to define a s ressure In processing region

b e A A LT
gas species, supplied to the evacuated processing region 40.

[0027] The plasma processing system 10 includes 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 process gas
supply 114. For example, the controller regulates the power levels, voltages,
currents and frequencies of the power supply 30 and orchestrates the provision
of process gas from process gas supply 114 and the pumping rate of vacuum
pump 36 to define a suitable pressure in processing region 40 in accordance

with the particular plasma process and application.

[0028] During processing of substrate 55, the power applied between the
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electrodes 22, 24 by power supply 30 produces an electromagnetic field in
a processing region 40 (Figs. 3B and 4) defined between the two
electrodes 22, 24, as described below, when the lid 14 and base 16 are
contacting and an environment suitable for plasma processing is provided.

elEapciesiramagnsiis Siokt eueiss SoroREacReS SRS AT RIThILNSic field in a

processing region to a plasma state, which is sustained by the application
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[0029]Constituent components of the plasma interact with exposed
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The plasma is configured to perform the desired surface modification of

ethércuivsrasulistily felettiomparavetsisgichrasithaicERIsH@idhRignetic
process gas, the pressure inside the processing region 40, and the

figlthednites foavpranesooaequeseytdpliedtodbesitertarien 22a24adie state,
processing system 10 may include an end point recognition-system (not
wet@wia)suetedrdrostibalignelicafitresiwherafmasmaveosesp (e 3D, fan the
etching process) has reached a predetermined end point or, alternatively,
dpigtirm el madjanniaidd based upon an empirically-determined
rocess time, [0030]With reference to Figs. 3A and 38, the upper
[‘ﬁ?@é‘ﬂrode 22@@%@%@1@8@8%@?%%95&%@@%@ Hptarprirality ekposed

electrically insulating spacers, of which spacers 42 and 44 are visible in
maETEA O thetRs it dm Rarary. the Aeieeembparemosifipation. The

[nvention in which éhe upper electrode 22 is rectangular, insqlatin%
PERRRENE SAgUSdpadrEonm Aheasiie St fastsnediieaiier ptikn

cprner, 01:?15 upper electrode 22 and each corner of the lid 14. Secured by
Bl §f¥ag§§er§@8ﬂﬁafﬂsﬁ%w§ﬁﬁéhﬂ PeRisianiAG RiRpass gas,
tthatrgggﬁ%e% t? ) gegure the se aratin%rin 26 L{t@ I-E?}%Iid 14. As a result,

R Upper electrode 22 Rt 1R (5RIRG Tig? BB RitRME Tigndyor

the lid 14 i ve the lifti gbvi 28 between the r ise% nd

o e R R G Y
Tateliite =] %ﬁ@gcbsgwer@é@@ﬂ{%wgﬂp&%?not shown) that automatically
recognizes when a plasma process (e.g., an etching process) has reached a
predetermined end point or, alternatively, plasma processes may be timed
based upon an empirically-determined process time.
[0030] With reference to Figs. 3A and 3B, the upper electrode 22 is
suspended from the upper housing by a plurality of electrically insulating
spacers, of which 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 rectangular, 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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and the upper electrode 22 by a vertical force applied by the retaining ring
48 when fastened to the lid 14. When the lid 14 is lowered into contact
with the base 16 as shown in Fig. 3B, a sealing member 52 is compressed
between the separating ring 26 and a perimeter of the lower electrode 24.

AZ hasealintheneppeersiotlyS2eare HnattiedAsieRRYERY AtahRIASaBAkCYith
0-rings, although the invention is not so limited. [0032]Mounted to the

thielerdiedtrmdh24ics Hdsbstrate boldre Sidioondigutrils Sunpesheifieraised
one or more substrates 55 or one or more carriers each bearing one or

anddmvarbstratetiGhsatdiadiatdndtvesioesthd processing region 40 suitable
for plasma treatment. The substrate holder 54 has a good electrical
[Qthct withAreer)ingr releroiped 6 Qs stotimgr s stiibstiatehaldpr ftingding 26
substrates 55 are at the same potential as the lower electrode 24,
apfoibevepPeiesiarifaimie hytasvaitinedfardraaniisthydieretabodimeng, 48
the substrate holder 54 may be at a floating potential and electrically
WhEHIEREE e folifed blebtharethe. lichédrisdanened soteameinplaw the
that the substrate 55 may be supported from the upper electrode 22 or by
bgss d8,aPRRYHhE Se9\iReA 8531IHA Ananpbsss2 18 erepsmeacthaetneen the

rocessing regign 4Q is defined as the space bounded vertically between
SR S 1) Sy Vo PSR AR e R ERAE 2, J78iR6aINg

bounded Jaterally inside the inwardly-facing vertjcal surface of the sidewall
MERRER béya_tgeés%%aﬁ%ﬁ%&%ﬁg@&?&@@ﬁ‘ﬁ@ﬁﬁf?egtféﬂﬁEFij@éE%oﬁgﬁm@h
th@ir%‘/%ﬁ%%'ﬁ"f@ rlwsopgglﬁ%r{l{-:é%a base thin-walled metallic closure 62, which
constitutes a .component of the enclosure 12. An unpumped

hericg ' ' 58,is defined b he |
T e oo S AN AeR RS 2128 rlBalietr dgsier 54
o D A Rl S S B b Bgers
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space by portions of gaps 56, 58 encircling the perimeter of the electrodes
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the lid 14 is in its lowered position, a conducting member 64 captured

abatwesstthesespactve gt pafdhadidhidndhrseitbnyhichare

metallic, supplies a good electrical contact between the lid 14 and base

Hifwehhe lichd dnasiiohs eteiolimred gosinadicainatiebraisdartent, the
substantially closed electrically conducting shell, which acts as a shield to

sabsfiatepovieesopptied tetheereitines Gdadanahindieedntarioneditted from
enclosure 12. [0035]Transmission line 34, which is electrically coupled in
teekoowen 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 laterally inside the inwardly-

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

[0033] The base 16 includes an opening 61 over which is positioned a
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manner with the lower electrode 24, is routed through opening 61 to lower
electrode 24. Transmission line 32 enters the lid 14 at a location between
the removable lid cover 60 and the upper electrode 22, and is electrically
coupled in a known manner with the upper electrode 22. If both electrodes

b2 BArale-MRERREID ShR BRVSS SRRl 38204, he B%ggaggm 20 ég?e
S , e

an alternating current power supply, one of the electrode may
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both electrodes 22, 24 are powered. Alternatively, one of the eléectrodes
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powered. [00361In certain embodiments of the invention, an appropriate
theodltirsy fBRmag bectivelylateddtieugh herpair ganspRe A8-fresa0lB G avity
the processing system 10 and, in particular, for cooling the electrodes 22,
or4irpaphal éndefirfetingeiveEigt?) vy e pidvicest Botherfidviabte tlefinad 14,
a coolant port for coupling a coolant supply 59 (Fig. 2) with air gap 56. A
anskted Abpeotiectolda 3udfypisaily niby be gapsdbeetdrama thmenslantd to
supply 59 to air gap 56 via fitting 57 to establish a continuous coolant flow
MARBUEZehenaErinfssem Maialegtiv dryapsB6ibthediddah bass 16 and
structured to provide an exhaust path for the flowing coolant to the open
cloRyiie A ARC-BBLE AR B EERIRETs9 S arRINGIS 0BT MieusRIn |60 spase by
by the electrodes 22 24 and the separating ring 26 constitutes the
PRTRRS ShETBGION 40 EFFEHRSE IR PERIg ol dhfes Bsidecirontn@ and
vac[l%m manif%I% 38, in the processing system 10 that is evacuated by the

STRR(RHASDURS _ Qﬁ(lj’%élq@é)'%?ﬂég n'l%-tﬁ%'vacuum envelope of the
e i R P R e

yaguum ch%rgtber witF?bg significant evacuated volyme surrounding the

o Lapitied Belweeh s rESadive Peipaie T ehinedid i ana frse 16, which
fined pl 1a th ilab i h i
e B B e B Bh B o bt base 16
' , i | f n 10i ,
T A e e o e RS inge Substantialy
KOG, At el

| ne eve - fits.ing!
CW%MFMWPSQHEQE%%&Q ’%Mt@‘l‘%tﬁ%g E‘ﬁéﬁ;ﬁjc ion in thetime

limited to, an inCreased p ensity, a significant re

sURHEd ARy KA s PRCESSIG FNHLREIIRR ﬂ?étéfﬁc%@%elgr

exciting the plasma, and a significant reduction in the time required

[doesy or vent ihe araesssing SRambeida %@@%ﬁgﬁég& %@?ﬁl‘éﬁ?iﬁr Q%?fown

benefits contribute to an increased throughput creased cost

nRRATaH AARRAI S CAE drOa8 SINGIFREHRAHIFSH IR BEAANR B RtEaIR er
plasma treatment as compared with conventional plasma processing
elEONS-24. Transmission line 32 enters the lid 14 at a location between the
removable lid cover 60 and the upper electrode 22, and is electrically coupled
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 electrodes 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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[0038]The electrodes 22, 24 are formed from an electrically-conductive
material, such as aluminum. The separating ring 26 is formed from a
nonconducting dielectric material that is able to withstand the plasma
environment inside the processing region 40 without unduly contaminating
otherpbtiessatsubiskae 35 mapasallyoiisdmplies that the material
forming the separating ring 26 should be substantially resistant to etching
[a3dle plasma psesdmieimbioeliprecesinthecHiventidn] Be seRAEYingdiBeRAg
defines a vertical sidewall of nonconductive material, in addition to
fipidviding theircatatanh theali ghtiliese tie @lestff]e3822r 2bdMBHENROCessing
absence of a conventional vacuum chamber eliminates or, at the least,
syRiaffictherst ucamdics laal fieicostiagt shd/leierBpeeit @iy 2the Rletbded, a
22,24 of plasma processing system 10 are not surrounded by grounded
fiiaeaflic WWil2emapacerpinyideashinEmibadi4 tedefinenarmbelanhsteadhthe
non-conducting separating ring 26 effectively operates as the vertical
CeidRipgIrERMaRHP BP N PPdFdEshgiial aap Peeréidricesiiavapfiel¢oolant,
effects are minimized or absent and the equipotential electric field lines
SHRD ASim R % HEPSHERAIPRACD 8 oR AR aRRY SEIRIFILE Bngfng2
at the_electrode edges, which allows plasma processing to proceed in a
TR IR S GEAR LS RO 85 [0 GP B S AIRSARSaR 3404
tﬁrlaﬁ’s i'eﬁ" calci§ gnesium g)gn silicat%for odium aluminum iron
JiC&e S S5 @,\ s tHE SRRISGHR FAEHEIP AP REBISR R g 2eshigth for

SRS MR, AL oSt Sl st 1

e S 00 R0 A Ay LA T S
: I f fl I

A O TSN O ST OB e,

B Bl B SIS D s .
RRUHRERBPIE U OGARAME LB B hdhECoRBMBERR the vacuum

tetrafluoroethylene-perfluorovinyl ether sold under the trademark TEFLON

dRRA sy RN bIas piRAC R egseshvienerthd f5h akealymesdfio
ethylene and tetrafluoroethylene sold under the trademark TEFZEL by

darPamiobisepRisHaROCIBSHITe RIBRIEUR WARM AliBEHFHMEZ & FELBRoned
appropriate, for example, in etching applications with plasma species

ingjabievetobaminaliyaitaglting efjamiest BoaaUSEME SRPAEAINGIINGIRE the
constitutes a portion of the vacuum envelope of the processing region 40,

dleetsepasatingticty the shouldbganahagaredudtiza sirergittsudficieribiefined
withstand the external forces arising from the pressure differential

Mesveethtiesyacvaitabiy grassirigtdagioth4 v ibe alaieaRbEsE processing
pressure in air gaps 56, 58. [0041]With reference to Figs. 3A and 5, the
vanigrietestioil pXitinokadiéstween the electrodes 22, 24. As a result, 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 density, 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
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a laterally-spaced pair of vacuum ports 66, 68 each of which is positioned
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

tislowglie SenpIass srsrantive peatieddinerabarsisy 8D ARMIaRy fpsature.
vacuum seals. The arms 74, 76 converge at a vertical tubing section 82

THeaid erdiefitstbentaiuibent o wmindte reetresLptibatwifhthe #B8sEdBst of
flanged port 70 and partially inside of a mounting plate 84 surrounding
operaiftnisa inseit 88d Pirndasying tienebpaltadydrptowidpentagyigted plasma
flanged port 72 and partially inside of a mounting plate 86 surrounding
trpptrEnisaconspared. witbertevientiomg 92 297 s plecqxsitipagsténside a
corresponding one of the flanged ports 70, 72. Disposed between the
[A3H 16 andltie dewirasiestldd @4 4aredarmanddico mamtlersimtsrs 6] 198ive
each of which has a central opening that coincides with one of the vacuum
MrdrabesEH Fs0aiRIMielitentibal saRATalN ende (Rl is favweeddeo @canon-
each formed from an electrically insulating material, such as a
caneiirEpadirieaticsnnie@ithai i ks toradbstancbtinlasmes mvilangent
. the lower electrode 24 from the base 16 of the enclosure 12. The identical

NASE BEr LT 8RS Yo HofY Nireriamiamynesinatgeessed

matﬁerial ggch as a ceramic with a relatively high dielectric constant, serve

SHDRE iRty TSISHE e TR P RISS L B fintenial fysning (herseparating
T T
T b b e S s b it o non-
o 0 R 5 B T el e e

- oLESERSEE gﬁt inserts 88, 90 and centering rings 92, 94 prevents plasma
excitation in these otherwise unfilled spaces between the vacuum

O 0 s B ol B T A oo
tIEQEEEBIRE AR duces external field effects. More specifically, the
electrodes 22, 24 of plasma processing system 10 are not surrounded by
grounded metaliic walls chafaoterizing a conventional vacuum chamber.
Instead, the non-conducting separating ring 26 effectively operates as the
vertical sidewall boundary of the processing region 40. Therefore, external field
effects are minimized or absent and the equipotential electric field lines are
uniform across the entire surface of the substrate 55 without fringing at the
electrode edges, which allows plasma processing to proceed in a uniform
manner across the substrate 55.

[0040] in one embodiment, jade glass (i.e., calcium magnesium iron

silicate or sodium aluminum iron silicate) is employed as the dielectric material
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[0044]With reference to Figs. 3A, 5, and 7, each of the vacuum ports 66,
68 in the lower electrode 24 includes an array of passages 100,
respectively, which are registered with a corresponding array of passages
102, respectively, formed in a corresponding one of the inserts 88, 90 and

fo %%madqqmg 2B aY,PLRBERAES AR IeSRESHY SViciPURef U Ra, float

corresponding one of the centering rings 92, 94. The vacuum pump 36

glesbabmisaGodHet %W@@%@JQ@OQ'%@E&W é’r’f\@&ﬂﬂﬁé@%@@'the
gas from the processing region 40 into the vacuum manifold 38 through

intsh fRGIStRECEI $1a550Q B5alaifal ¥h skRdtidd e s rBAREERE W rHEYeftsjobsa
of the passages 100, 102, 104, which typically have substantially identical
nanideg emesitandidimenrstnboarmseteiRoiiel DKt Ze poMiphigd to
conductance while simultaneously preventing plasma excitation based on
ptihg dtod o cattiodereffERT FAS) diesutintbpgblasaravistevafinedottifyene sold
processing region 40, which makes efficient use of the input excitation
updweh§aeatiwarkréferdids y Blgs o asifizeriheipdhiednyland-propylene
configuration of the passages 100, 102, 104 is not limited to the illustrated
(o the sappyierobigiaieseeib dentaisidiedaduncde g satele
and configuration that provides suitable pumping conductance without
u p%@nﬁfaeesz@ﬁaﬂwl@eﬁ%kéw, R fassigeentopenfbmoropkkary pacesarbon
apart in a direction normal to that of the flow of the exhausting gases. In
rere (s‘i’o%éi}ié@téﬁ%l%‘@hﬂf&@tﬁ@@HPéﬂﬁtW{ﬁ‘%%@ﬁff@%féf@%{iétﬁWi@Q*?*A,

the passages 102a in a reﬁresentative insert 88a and the passages 100a

P SRRV Lo 61t BV MW 8 BERRR=pIETaforostylone

(6B e oIR8 A0 e L CRyRL A0 Ao EDIBIR 4FE.
ific al ' [ f the inventi ith ifi .

FHETORES (& Ay S b BCaUBE O PSR Tk 38BURNS

the passa rep esentative vacu ort 66p of.a lowe

B e SaE BRP o e ST T AR R S8R A A%y plasma
i ina.ri fi inci i :
SO SRR LA TS B
. Tand o, fasten
38 S5 URRREL EOHI G I VORGE SR 20 5 B L Ao,

ing through the gas inlet plate 106 is a gas port

tﬁe%%(g%mg%@% HRwihe QH@Q&Q@WH%Q%@W%&@W&Q

by a deliveryline™113 with a process gas supply 114 (Fig. 2). The delivery
Wigstd3AMe 5aepss 98c8uRplYidd a1ans S FRARFSIRMEATBENREen the

and a flow measurement device (not shown) that cooperate for regulating
dhsdipnerinQiaashdndbisiiabnsaees i BIREOSRSSINGL fYiaR §pé 56,
planar surface 106a of the gas inlet plate 106 facing the upper electrode

=2 includes a plurality of recessed radial channels 116 that intersect at

and diverge away from the location of the gas port 108. Extending through

[egupper elegfinde?eréhadiorrlfy. o Renferatians eaaemraniagsUlthcludes
arranged in a pattern such that each gas opening 118 is registered with

HnaarbiRedsdben ghainoe eatlom thetg ®irdetdhate JORMEIER theiidsned to
inlet plate 106 is fastened to the upper electrode 22. A conventional

Ssialbgerseatbeiy 12t ibusteitédmdrpelastoinerican-irge pisvidesppssad arms
about the adjacent perimeters of the gas inlet plate 106 and the upper

Ble Gty de 220y Bfdteseagas suppietbtd 8 gasepitenyed isodist@buted are
among the
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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radial channels 116 to the gas openings 118. The process gas is admitted
to the processing region 40 through gas openings 118 positioned with
spaced- apart locations above the lower electrode 24 and across the
substrate 55 supported on the substrate holder 54. The gas distribution
tai ifi i lication. by inserti I
BIRERGIAYS fpL g SRURST B
122 into one or more@ﬁﬁ gas openlngséﬂgé%%a%g%fggﬁegag @I"grc‘ 36.

FURSRSR FRHIAW- M09S SRR AL e@%ﬂ?‘?’?ﬁtm %@%%@%ﬁa

118 may be th.readed and the plug _12 ’may be an appropric y-sized set
86 [RMIng taasiostapr afding gastdisiribulion aaydae @Tmflré??!yreceived

determined by examining the process uniformity on processed substrates

periidieilaMe b PEARRPM IRM YA Br-OToCceRsiRg iediPMeiand Bighounting

pumping rate of vacuum pump 36 are coordinated to maintain the total

riate Bessureundhe; pocassisaregiearfO@t A leyaidananey o lofoglipie
plasma creation from the partial pressure of process gas. [0048]The gas

petisitidnid nnsystemooi-thsponeindoorpsarh teslantedpdissbotivn . obiseosed
process gas across the substrate 55 and has the flexibility to permit

tedjvstmdhestiaghd fattet thefigas distebintida. 24 atematifeldmiodiients

of the invention, the process gas may be supplied to the processing region

feesra Affédmaghebivhind diswibutiontmisipanisgdhataigasidistuibtiore of

ring, gas injectors, a single gas port, etc. [0049] .The invention

thertamplataotiabbldd®ode 22 may be configured to produce an ion-free

or downstream plasma in the processing region 30. A suitable

[884RJuration Foedianttisae mandeld aneeatindcepaewin @ovHedraneach formed

currently pending Application Serial No. 10/324,436, filed December 20,

foomoein SRcHiGALYIN SHIRBRISBateAkskich agrRi tbammap Fstigmlastomer

Treatment System", which is hereby incorporated by reference herein in

(I&EnARg. s piREFEE EaRtHRR RS it ARtIg ha doverrigetrode 24 from

"horizontal”, etc. are made by way of example, and not by way of -

HigitaRsh, b UBDRITRIHME of rBRIERBICHHBIERH SRoRsbVAICALIR &GN
erein, is defined as a plane supstantially parallel to a plane containing

R SOl S L B e R R 7, TR el B

S

B T LR
"below”, "side" in "sid "), shigher" "l P . h" and
e R R RO e R o 7

;{]a{g‘%u%oéngﬁ]frﬁ%%%% Eeggrence may be employed without departing

rom the spirit and scope of the invention as a person of ordinary skill will

RRAysriate thatibedBHAski8n Rl 'HUTRIRENY RS URERRY hos o2,
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 apart due to the electrical isolation needed between 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 manifold 38 and the lower electrode 24.

The inserts 88, 90 effectively operate as a charged particle filter that confines
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[0051]With reference to Figs. 8 and 9 in which like reference numerals

refer to like features in Figs. 1-7 and in accordance with an alternative
embodiment of the invention, a plasma processing system 10a features a
second processing level stacked vertically in relationship with the first
ﬁpé%g?ﬁj%%e%eé. 'I;glé:,elgscI e%qsee 1 Cghe4\80rkpiece capacity of system 10a for

a single processiﬁg operation ncpexpands the system throughput as
Go4aRared WW-E}/?&? %F' " -7%%h secpnd level is provided b
[inser ing an intlermeég?]'e}%e é[%g[ﬁ)l el ’bgét‘(:}v%%r? ’u%apce?} gﬁn %\X/%?uunx ports 66,
selaciinsles.es déanshadding anyaddifpna ' I OLIINGLA?

that is substantially identical to separating ﬁ?@ggé%tlg%%g%%gqe6§3gégﬁg% &Ve%y’

WIRBRIAHNELHRGcHEd HhithGRHIRALBY SHiiatRet3d %‘F%%%%?%é?@g.s}%%%%gvely,

from the frame 134 by electrically insulating member

fdiftieHdaviceothes sbamng SRular tadiftingAe\dee 88 RS &o@ﬂ%ﬁ%ndin array

vertically lifts and lowers the frame 134 relative to the base 16 after the'id

ol as saonad!Da resped PASiqortigd 3Nk dOiRBRIAARTASSESS W& centering

processing space consisting of, when the lid 14 and frame 134 are in a

ringec®e] posifitie (Figauthand), 36 fisshpasterh¢prbaungdeddmide mpnes

electrode 22, the separating ring 26, and the intermediate electrode 130
péarageeoed pertbneitbchotatgd byrte theereteststte rddgidhet0 into the
intermediate electrode 130 and the separating ring 132. [0053]The frame
vagywonstniieddadSotticmoh the eagistered Rassthisalt@atioe, 104. The
embodiment and is separated from the electrode 130 and separating ring
arspggrasingdrragnaians ebtimpassages 00ano 561 B8, Witiem tipedadly
14 is in its lowered position, a conducting member 138, which is similar or
haep felsie ebabdrrfisr ABansamerhpngd stirensismns tasa egectbrsto
perimeters of the frame 134 and lid 14. Conducting member 64 now is
NCANTNER BRRIEE fnfesiaraeavhiansireiaianual Deaventingptasma
The lid 14, base 16, closure 62 and frame 134 collectively define a
edshation dRsemoadrbnicngativtr aitpshefsimias dbithasniasmadao

fin%%})vger supplied to the_ electrodes 22, 24 within the interior of the
r

CERUBEEN 15° BEATHEISHR e o4 b BAlsRS FSEeRalpE RicBe mput
SRR SR

[0045] With reference to Figs. 7A and 7B, the pattern and configuration
of the passages 100, 102, 104 is not limited to the illustrated embodiment in
Fig. 7 but, instead, is contemplated to include any pattern and configuration
that provides suitable pumping conductance without plasma excitation.
Generally, the passages 100, 102, 104 are spaced apart in a direction normal
to that of the flow of the exhausting 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 representative vacuum
port 66a of a lower electrode 24a are configured as a set of parallel slots. The

passages in a centering ring (not shown) are configured to coincide with the
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an array of passages 135 (Fig. 9) arranged about the periphery of the
intermediate electrode 130. Processing space 40b is evacuated directly
through vacuum ports 66, 68 and processing space 40a is pumped
through passages 135. In analogy to processing space 40 (Figs. 3-7),

pREREESSINY SRaseA0aR Eﬁ@%@%@tﬁ&*mteﬂbéﬁyé%ﬁfé%@ﬁ%ﬂﬁ%@éﬂﬁon

10 and provides various advantages and benefits ose

afleseribepshmyedrirsnsier Hy e ihepunds a0t tpyed éoré‘ﬁpe,sent?tive

processing levels as additional levels may be introduced in a consisten

irsanBab D55 paaﬁagé@embsnﬁ%é@m}ﬁaﬁiml%euiﬂﬁf?'&%‘d@b ofa
sealing member 50, is compressed between separating ring 132 and a

Iqrezinedtetrotithedbvees sectiuislahthet ivteioredintecclestiadeidd0 hha -
vertical force applied by a retaining ring 137. A sealing member 52a,

pastieés sindilecnteidentive) (0 cestiimgm emben 5y s oprepredbRmans
the separating ring 26 and a perimeter of the upper section 130b of the
PrieAdReiHiORIdEbde 130. Sealing member 52 is now compressed
between separating ring 132 and the lower electrode 24. [0056]The frame
[A&¥6)s mounYdiihiaeferengaita/ftiendtahdinjasiariéts tareassepehliiorizontal
including electrode 130 and separating ring 132 relative to base 14. After
SiHERE P4 IBraNGS e aradeiRds & diRe inasiptate dB3 (S thendise thbtugh
including electrode 130 and separating ring 132 may be moved relative to
885 ek Rlete ddRdsmcsapstRad hBRIET g8 reunted ky acansiit 136, with a
The su strfgte, holder 140, which is identical to substrate holder 54, is
At fed B O hok SifHENGhEJRIRF O ¥ D ERAYEE IS b withiRsocess

carriers each bearing one or more supstrates 55 at locations suitable for
98%&%%%@#@?&% 'dﬁ?ﬁ% PULRRSIEre dibANDR SRR ATSstRMatk 14 may

irgl;(g{llc(ijer 54 now\holds sqé)siirates (%5 gu ports either one or more substrates
S B Y SRRl CLAR TR LA, Bre s RDRNL deupadedisapwn) that
locati uitable for plasma treatment inside the.processing region 40b.
B R iSOt Do QoY Tat e Aol ) g dade e
configured similar, L trode 22 with g gas distribution system that
Py e Seray AT SRR R S AR AP R e
1RO ALY RS S 139 I r 140. The lower sectjon
1306?% the intermc%%ate e%go%%!qg%ﬁlg%tﬁﬁ%dg%gegjsrﬁé%]p% emfi%, W% that
iNBISBds Amar A disanak icHaRs IISTRIAIR A HBVIRT 38R B8 24 nding
coupled by a conduit 146
through the upper electrode 22 is a plurality of perforations or gas openings 118
arranged in a pattern such that each gas opening 118 is registered with one of
the radial channels 116 in the gas inlet plate 106 when the gas inlet plate 106 is
fastened to the upper electrode 22. A conventional sealing member 120,
illustrated as an elastomeric o-ring, provides a seal about the adjacent
perimeters of the gas inlet plate 106 and the upper electrode 22.
[0047] Process gas supplied to the gas port 108 is distributed among the

radial channels 116 to the gas openings 118. The process gas is admitted to

the processing region 40 through gas openings 118 positioned with spaced-
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with a fitting 148, which is further coupled with process gas supply 114

(Fig. 2). A planar surface of the gas inlet plate 142 facing the lower section

130a of intermediate electrode 130 includes a plurality of recessed radial

channels 150, which are similar or identical to channels 116, that intersect
apbANGCAGiEBURY e lie IRl e aas R L FXIBIIING 55

through the lower section 130a Is a plurality of pertorations or gas
SOPSSYRAS P lIS RGO HAdentical 40 Q@r%%ﬁ@ﬂgﬁ Be Jailored for

arranged in a pattern such that each gas opening 152 is registere Wﬁh

aapesliitheroadisdinfannsiciRMinhaerag'st mlate1 ¥2n Sy eptional of the

sealing member 154, illustrated as an elastomeric o-ring, provides a sea

gabopicthie gdjacetizegreetamef theeas ietalagddaand the iwer

section 130a of intermediate electrode 130. In this embodiment of the

embedtioangastopaninggibhBthevwyawitoreniy géstris g 4/ 0RCHF GASRCERR the
the confronting surface of workpiece 55 in processing region 40a and, in a
PEigni22mamnlee, gas ppenyingselbRidistrimitsopeoce Theasipaseas ihef the gas
confronting surface of workpiece 55 in processing region 40b. [0058]A
dighiyiRRing Yirke EBpgickibideityromnesidy inxakroing thanneceit dh#ormity
intermediate electrode 130. Typically, all three electrodes 22, 24, and 130
oBreresepied withsthatpewer slippRoso elrpratese pewdrtsupplpBEessing
alternating current power supply, the middle electrode 130 is driven 1800
reRiPBrithatd fsnPiiBRifgraifkeirsasdw Pum BB GW sRetHinpreddnt
inyention has been illustrated by a description of various embodiments
MAHBIARIB SRk SRHBERRIHE RADE mieressugiteaion déhaide faps lutail,
it is o%th iq,tention of the applicants to restrict or in any way limit the
6988§r§ ?f%@'gﬁﬁ%ﬁé%ﬂ%wéwgﬁmé%&i|P@H@&i8f?eﬁ%@a@ﬁa@@@e§ﬁcga&
(}ﬂ 'ficationi, will reasgllé/ ag\?ear to those skilled in the art. The invention
[ broadef A& SAALIS LRSI SYRIPMREL foltve R ineaaesas, uniform

e (I]L%J entat'%g‘ g&paratus and methods, and illustrative examples show
ed.

h
Pl B oS a7 SRy A, e RO TR i AR 8 dR BBty o

escri
RUATHUIS R LTI ps St gerer eri
eﬁ%%]ﬁ%%@%ﬂﬁeVYH%%%W?tﬁ%‘ iggpéc'\e/lsgsglél‘spmay be supplied to the
processing region 40 by a different type of gas distribution system, such as a
gas distribution ring, gas injectors, a single gas port, etc.

[0049] . The invention contemplates that electrode 22 may be configured
fo produce an ion-free or downstream plasma in the processing region 30. A
suitable configuration for electrode 22 is disclosed in commonly-owned and
currently pending Application Serial No. 10/324,436, filed December 20, 2002
in the name of James Scott Tyler et al. and entitled “Plasma Treatment
System”, which is hereby incorporated by reference herein in its entirety.
[0050] References herein to terms such as "vertical", "horizontal", etc.

. are made by way of example, and not by way of limitation, to establish a frame
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CLAIMS: 1.An apparatus for processing a substrate with a plasma, the
apparatus comprising: 5a first electrode; a second electrode; a
separating member directing contacting said first electrode and directly
contacting said second electrode and forming a sidewall extending from

ofSeikfsatelesiadeio spidhserend flecliada.said %eggﬁﬁ%r&ga?%%%e e
10composed of a dielectric material capable of electrically isolating said

suiisterieatrpgartinen waid sarenthrIBFAESne of theacBFﬂwéﬁ%%s of
formed by said separating member, said first electrode, and said second
theletsiirteies 22, 24, regardless of orientation. The term “vertical” refers to a
direction perpendicular to the horizontal, as just defined. Terms, such as
“upper”, “lower”, “on”, “above”, “below”, “side” (as in “sidewall”), “higher”,

" "

“lower”, “over”, “beneath” and “under”, are defined with respect to the hor\izontal
plane. ltis understood various other frames of reference may be employed
without departing from the spirit and scope of the invention as a person of
ordinary skill will appreciate that the defined frame of reference is relative as
opposed to absolute.

[0051] With reference to Figs. 8 and 9 in which like reference numerals
refer to like features in Figs. 1-7 and in accordance with an alternative
embodiment of the invention, a plasma processing system 10a features a
second processing level stacked vertically in relationship with the first
processing level. This increases the workpiece capacity of system 10a for a
single processing operation and expands the system throughput as compared
with system 10 (Figs. 1-7). The second level is provided by inserting an
intermediate electrode 130 between upper and lower electrodes 22, 24 and
adding an additional 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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a process gas port for introducing a process gas to said 15processing
region; a vacuum port in said first electrode for evacuating said
processing region to a sub-atmospheric pressure suitable for generating
the plasma from the process gas in said processing region; an
speteetdoalhjstiogdfcinesstbl ddriduadidraaid fii34 electrodéoRBraadigosition
second electrode, and said separating member; and an
(Fgsnd3piner) peelistieosiiac d e twaendsai b ghbl angsadddiisb et oties
said second electrode, and said separating member. MCSLLP 2. The
sepatingging dainandiththsrteonsstisisgelectrode 4 $aansha mesifottiportion
coupled with said vacuum port, said vacuum manifold being electrically

40phasadrshbydipreweleladmdandisditpsatemtaslietesirctrode 130 and the
separating ring 132.

[0053] The frame 134 constitutes a porti;Jn of the eﬁclosure 12 in this
alternative embodiment and is separated from the electrode 130 and separating
ring 132 by an air gap 133 that is continuous with air gaps 56, 58. When the lid
14 is in its lowered position, a conducting member 138, which is similar or
identical to conducting member 64, is captured between the respective
perimeters of the frame 134 and lid 14. Conducting member 64 now is
captured between the respective perimeters of frame 134 and base 16. The lid
14, base 16, closure 682 and frame 134 collectively define a substantially closed
electrically conducting shell, which acts as a shield to confine power supplied to
the electrodes 22, 24 within the interior of the eJnciosure 12.

[0054] The two portions 40a,b of the processing space communicate by
an array of passages 135 (Fig. 9) arranged about the periphery of the
intermediate electrode 130. Processing space 40b is evacuated directly
through vacuum ports 66, 68 and processing space 40a is pumped through
passages 135. In analogy to processing space 40 (Figs. 3-7), processing
space 40a,b represents the only evacuated volume of system 10 and provides
various advantages and benefits identical to those described above for system
10. The invention is not limited to two processing levels as additional levels

may be introduced in a consistent manner.

[0055] A sealing member 50a, which is similar or identical to sealing
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5 3. The apparatus of claim 2 wherein said vacuum manifold includes an
enclosed volume proximate to said vacuum port and further comprising:
an insert of an electrically insulating material positioned inside said
enclosed volume, said insert including a first plurality of passages

meertpdiNg 0, Gssashuaedd B rpanikeith vedp sAME VRSN B9Bnd aTh8rimeter of the

apparatus of claim 3 wherein said vacuum port is defined by a second

lopleraliytfrpassagettiextiensting thaes disaid st stesiradraishresisiemshlied
with said first plurality of passages. 5. The apparatus of claim 1 further

byamgtasingg ring 137a vasaalimguneprdespbedh withisaid waoilerop adieatidal to
operative for evacuating said processing region to said pressure suitable
séatige meemingrthe, ptasomapiressat doprtvesss tassasaiatipop dessity aadian.
6. The apparatus of claim 1 further comprising: - aprocess gas
Petipsies ol fiedupipe sagttivockddgas herintarmediicintptioopmd@ds Realing
to said processing region.
member 52 is now compressed between separating ring 132 and the lower

electrode 24.

[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 including electrode 130 and separating ring 132 may be moved
relative to base 16 for accessing a substrate holder 138 mounted to electrode
130. The substrate holder 140, which is identical to substrate holder 54, is
configured to support either one or more substrates 55 or one or more carriers
each bearing one or more substrates 55 at locations suitable for plasma
treatment inside the processing region 40a. Similarly, substrate h’older 54 now
holds substrates 55 supports either one or more substrates 55 or one or more
carriers each bearing one or more substrates 55 at locations suitable for
plasma treatment inside the processing region 40b.

[0057] The intermediate electrode 130 includes a lower section 130a
configured similar to upper electrode 22 with a gas distribution systenﬂ that
evenly and uniformly distributes process gas into processing space 40b 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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MCSUP 7. The apparatus of claim 1 wherein said second electrode
includes a plurality of openings arranged in a pattern effective for
communicating process gas from said process gas port to said processing
region. 8. The apparatus of claim 1 wherein said shell includes a base and

wattich teiviable selatien iR saithis BetvRenAReRRGLARd g@§%% r;[l?gﬂzitms(ﬁqé. 2).

accessing said processing region, said lid carrying said seco lectrode

Aoplemearesuefateetitine gasaid sasated N eaRrRARi D REs iRt fHil6s of

comprising a coolant port in said lid configured for supplying a flow of a

infeutzeifiticele ctaid attiosplotuitcprassurelrpasedesssaing sriddisinels 150,
electrode and said second electrode. 1510.The apparatus of claim 1

wivlebreire sénnilse condesitcaiddecinates $48) tateasBasparadd diberge
apparatus of claim 10 wherein said second electrode includes

away from the location of the gas port 144, Extending through the lower
section 130a is a plurality of perforations or gas openings 152, which are similar
or identical to gas openings 118, arranged in a pattern such that each gas
opening 152 is registered with one of the radial channels 150 in the gas inlet
plate 142. A conventional sealing member 154, illustrated as an elastomeric o-
ring, provides a seal about the adjacent 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 152 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 power supply 30 is an
| alternating current power supply, the middie electrode 130 is driven 180° out of
phase from the other electrodes 22, 24.

[0059] While the present invention has been illustrated by a description
of various embodiments and while these embodiments have been described in
considerable detall, it is not the intention of the applicants to restrict or in any

way limit the scope of the appended claims to such detail. Additional

advantages and modifications will readily appear to those skilled in the art. The
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a plurality of gas openings coupled with said process gas port, said
plurality of 20gas openings positioned in said second electrode to
distribute process gas across a confronting surface of the substrate.
MCSLLP 12.An apparatus for plasma processing a plurality of substrates,

iﬁlﬂ&ﬁ@ﬂ%&%?&%@%}é@t@@ FlEFURe not limited t8 FREOPEI RIS,

positioned with a spaced apart relationship 5relative to said first electrode;
representative apparatus and methods, and illustrative examples shown and

described. Accordingly, departures may be made from such details without
departing from the spirit or scope of applicants’ general inventive concept. The
scope of the invention itself should only be defined by the appended claims,

wherein we claim:
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a third electrode positioned between said first electrode and said second
electrode; a first separating member directly contacting said first
electrode and directly contacting said third electrode forming a first
sidewall extending 10between said first electrode and said third electrode,
said first electrode configured to support one of the plurality of sistiates
o sAh §rst processing region for plasma processing, and said first
separating member comprising a dielectric material for electrically
isolating said first electrode from said third electrode; 15a first processing
region formed by said first separating member, said first electrode, and

said third elecNRdgiparatus farseeed Sepaialineshe@RRiHEetBeha, the
contacting said second electrode and directing contacting said third

alsssratesieanipagirggcond sidewall extending between said second
electrode and said third electrode, said 20second electrode configured to
support one o4 thes péledditpdd substrates in said

a second electrode;

a separating member directing contacting said first electrode and
directly contacting said second electrode and forming a sidewall extending from
said first electrode to said second electrode, said separating member
composed of a dielectric material capable of electrically isolating said first
electrode from said second electrode;

a processing region formed by said separating member, said first
electrode, and said second electrode;

a process gas port for introducing a process gas to said
processing region;

a vacuum port in said first electrode for evacuating said
processing region to a sub-atmospheric pressure suitable for generating the
plasma from the process gas in said processing region;

an electrically conductive shell surrounding said first electrode,
said second electrode, and said separating member; and

an atmospheric pressure space between said shell and said first

electrode, said second electrode, and said separating member.
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second processing region for plasma processing, and said second
separating member comprising a dielectric material for electrically X
isolating said second electrode from said third electrode; MCSLLP MCSLLP
a second processing region formed by said second separating member;
said second electrode, and said third electrode; at least one

process 6as pORJUINIAANGG AICEAT RS A sy processing

region and secon cessing region; 5a vacuum port in said first

electrode for eyqciiafing ﬁ?éﬂ1%@%?%@88%%0&%?@2?9%%% tgﬁ?ed vacuum

sub-atmospheric pressure suita generating the plasma’frorn't

PREERRAPBEIN, SAHRLRASERHEY fRAPIATY " Sead RIOEeSiH Second

region; an electrically conductive shell surrounding said first
elreliRfR 10said second electrode, and third electrode, said first
separating member, and

3. The apparatus of claim 2 wherein said vacuum manifold includes
an enclosed volume proximate to said vacuum port and furthér comprising:

an insert of an electrically insulating material positioned inside
said enclosed volume, said insert including a first plurality of passages coupling

said vacuum manifold with said vacuum port.

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 vacuum 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 process gas supply coupled with said process gas port for

introducing the process gas to said processing region.
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said second separating member; and an atmospheric pressure space

between said shell and said first electrode, said second electrode, said

third electrode, said first separating member, and said second separati % Lp
member. 15 13. The apparatus of claim 12 wherein said second electrode ~
includes a first process gas port configured for introducing the process

gas to said first processing region and said third electrode includes a

second process gas port configured for introducing the process gas to

said second pracessing agions 20t TherRRaay S LSRN L VRIS M cludes

said first electrode is adapted to support the substrate in said processing
"9 RMality of openings arranged in a pattern effective for communicating

process gas from said process gas port to said processing region.

8. The apparatus of claim 1 wherein said shell 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 second electrode for

movement relative to said base.

9. The apparatus of claim 1 further comprising a coolant port in said
lid configured for supplying a flow of a coolant fluid to said atmospheric

pressure space for cooling said first electrode and said second electrode.

10. The apparatus of claim 1 wherein said second electrode includes

said process gas port.

11. The apparatus of claim 10 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 confronting surface of the substrate.
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MCSLLP

12. An apparatus for plasma processing a plurality of substrates, the
apparatus comprising:

a first electrode;

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

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

a first separating member directly contacting said first electrode
and directly contacting said third electrode forming a first sidewall extending
between said first electrode and said third electrode, said first electrode
configured to support one of the plurality of substrates in said first processing
region for plasma processing, and said first separating member comprising a
dielectric material for electrically isolating said first electrode from said third
electrode;

a first processing region formed by said first separating member,
said first electrode, and said third electrode;

a second separating member directing contacting said second
electrode and directing contacting said third electrode forming a second
sidewall extending between said second electrode and said third electrode, said
second electrode configured to support one of the plurality of substrates in said
second processing region for plasma processing, and said second separating
member comprising a dielectric material for electrically isolating said second

electrode from said third electrode;
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a second processing region formed by said second separating
member, said second electrode, and said third electrode:

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

a vacuum port in said first electrode for evacuating said first and
second processing regions to a sub-atmospheric pressure suitable for
generating the plasma from the process gas in said first processing region and
said second processing region;

an electrically conductive shell surrounding said first electrode,
said second electrode, and third electrode, said first separating member, and
said second separating member; and

an atmospheric pressure space between said shell and said first
electrode, said second electrode, said third electrode, said first separating

member, and said second separating member.

13. The apparatus of claim 12 wherein said second electrode includes
a first process gas port configured for introducing the process gas to said first
processing region and said third electrode includes a second process gas port

configured for introducing the process gas to said second processing region.

14. The apparatus of claim 1 wherein said first electrode is adapted to

support the substrate in said processing region.
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