MULTI PLE- ELECTRODE PLASMA PROCESSI NG SYSTEMS W TH CONFI NED PROCESS CHAMBERS
AND | NTERI OR- BUSSED ELECTRI CAL CONNECTI ONS W TH THE ELECTRODES Techni cal
Field [0001] The invention relates generally to plasm processing and, in
particul ar, to plasna treatment systenms and nmethods for treating substrates
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appl i cgpf" €grat ed circuits, electronic
packages, and printed C|rc n partlcular pl asma treat nent may

be used in electronics packaging, for exanple, to etch resin, to renove
drill snmear, to increase surfacéﬂh&iﬂ%&ﬁlﬁﬂ and/ or surface cl eanliness for

el imnating delam nation and bond failures, to inprove wire bond strength,
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board renovi ng oxid rom surfaces, to enhance die attach, and to

i nprove adhesion for
i treatment systems and methods for treating substrates with enhanced uniformity.

Background
[0002]  Plasma treatment is frequently used to modify the surface properties of substrates
used in a diversity of applications including, but not limited to, integrated circuits, electronic
packages, and printed circuit boards. In particular, plasma treatment may be used in
electronics packaging, for example, to etch resin, fo remove drill smear, to increase surface
activation and/or surface cleanliness for eliminating delamination and bond failures, to
improve wire bond strength, to ensure void free underfilling of chips attached to printed circuit
boards, to removing oxides from surfaces, to enhance die attach, and to improve adhesion for
chip encapsulation.
[0003] In a conventional plasma processing system, multiple substrates are placed inside a
vacuum chamber, the vacuum chamber is evacuated and filled with a partial pressure of a
source gas, a plasma consisting of a partially ionized source gas is generated inside the
vacuum chamber, and a surface of each substrate is exposed to the plasma species. The
outermost surface layer(s) of atoms are removed from each substrate by physical sputtering,
chemically-assisted sputtering, and chemical reactions promoted by the plasma. The physical
or chemical action may be used to condition the surface to improve properties such as

adhesion, to selectively remove an extraneous surface layer, or o clean undesired

contaminants from the substrate’s surface.



chip encapsul ation. [0003]1n a conventional plasma processing system

mul tiple substrates are placed inside a vacuum chanber, the vacuum chanber
is evacuated and filled with a partial pressure of a source gas, a plasm
consisting of a partially ionized source gas is generated inside the vacuum
chanber, and a surface of each substrate is exposed to the plasm species.
The outernost surface |layer(s) of atons are renoved from each sul?stfrate by
physi ¢a004jput Tremitltigle cddvenile plebya arosesting s st dpihngdes pha e hAPeEls O%eact i ons
pronoted by the plasnma. The physical or chem cal action may be used to
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selectlvefy renove an ex?raneous surface layer, or to clean undesired

contam nants fromthe substrate' s surface. 0 |t ectrode
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el ectrodes, which are energized with a suitable atnosphere present in the
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envi ron en each planar vertical electrode and the adjacent surface

of the panel supplies a |ocal process chanber, in i 3 the partially
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t he manufacture of printed circuit boards to process the panels during

var i ousursé ages pedserftabri cation. In one application, plasma is used to renove
drill smear having the formof residual polyner resin that is spread al ong
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such as el ectrol ess copper plati g)g used to_form t{)e et all |ization that

est abbicshessthe penadd dwsing eaPucHrErs Of faaicalien.t HeonsraPREEATOR PeIME 15368t 8. Pl asma
may al so be used to activate the surfaces of polyners used in the printed
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metallization that establishes the electrical connections of the printed circuit board. Plasma

may also be used to activate the surfaces of polymers used in the printed circuit boards to

tion applied to the walls of

increase the wettability and lamination of plated metalliza
throughholes and vias, Plasma may also be employed to remove photoresist residue when
patterning fine pitch metallization lines on printed circuit boards and to prepare the inner layer
of flex materials, such as polyimides, for metallization. Plasma may also be used to remove
carbon residue resulting when the printed circuit board is laser drilled to form blind vias.
[6006]  The panels that are plasma processed using multiple electrode plasma processing

systems may be quite large. For example, the panels may have a rectangular perimeter that 18

characterized by a width of about 26 inches and a length of about 32 inches. Process

.



[ 0006] The panels that are plasma processed using nmultiple el ectrode plasna
processi ng systens nmay be quite |arge. For exanple, the panels may have a
rectangul ar perinmeter that is characterized by a width of about 26 inches
and a | ength of about 32 inches. Process uniformty across the entire
surface area of each board achi eved by conventional processing systens,
whi | e adequate for their intended purpose, may be insufficient as,

t echnahifgincial accksdnceyire norasa seaoh caddebeird golyevediey canveritBRhEeESsER t he
printed circuit board. Another challenge is to uniformy treat the panel in
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processi ng systens have been adequate for their intended purpose, there is
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circuit board and aniong nmultiple printed circuit boards processed in any
si ngl ehficdge e dnifotmigftrdanie ganel Bueashrof thy GGE8t prasees dwipddisnent, an
apparatus is provided for treating products with plasnma generated froma
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space,; a punp port communi cating with acuabl e space, and at |east one
gas port configured for introduciqg a soutceg&gs in%o thq%echuabLe space.
A pl ureteideg perpase.abere e Beqdsor HRIATRYPTFCEHRE BULCH ABT B CRANE T FHEOUPECt r odes
have a juxtaposed arrangenent to define a plurality of process chanbers in

t he ey udifhhay SPafegrEaskingbviriie altee suddesiréne] adkpriatdoutet byed et er . A
pl asma excitation source is configured to power the electrodes so as to

generate the,plasm f.rom: ' 108101066858 chanber s.
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t he conductive nenbers electricall% coupl es a respective one of the

el ectrodes with the plasm excita rce. Each of the conductive
menbers is electrically connected with the respective one of the el ectrodes

at a [0008] In one embodiment, an apparatus is provided for treating products with plasma
generated from a source gas. The apparatus inctudes a vacuum chamber with an evacuable
space, a pump port communicating with the evacuable space, and at least one gas port
configured for introducing a source gas into the evacuable space. A plurality of electrodes 18

located in the evacuable space. The electrodes have a juxtaposed arrangement to define a

plurality of process chambers in the evacuable space. Each of the electrodes includes an outer
perimeter. A plasma excitation source is configured to power the electrodes so as to generate
the plasma from the source gas in each of the process chambers. The apparatus further
includes a plurality of conductive members. Each of the conductive members electrically

couples a respective one of the electrodes with the plasma excitation source. Each of the

conductive members is electrically connected with the respective one of the electrodes at a

location inside the outer perimeter.



| ocation inside the outer perinmeter. [0009]In another enbodi nent, an
apparatus is provided for treating products with plasma generated froma
source gas. The apparatus includes a vacuum chanber with an evacuabl e space
and a punp port communicating with the evacuabl e space. A plurality of

el ectrodes are |located in the evacuabl e space with a juxtaposed arrangenent

ina plurality of adjacent pairs to define. ural ity of proces anbers
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of theehed rogessounel dadi Me appacubseincinges awtenm ehapiber afifhtap eycughls del i very
t ubes are di sposed inside the vacuum chanber. Each of the gas delivery
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el ectrodes so as to generate the plasma fromthe source gas in each of the
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a plurality of conductive nenbers in addition to the gas delivery tubes and
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Brief Description of the Ficures [0011] The accor‘r})anyi ng draw n whi ch
¢

ar e i pger paimétebfiithe endreienshitlase excpation sfureeis ectrically coupled Wi%? the
electrodes. The plasma excitation source is configured to power the electrodes so as to
generaie the plasma from the source gas in each of the process chambers. The apparatus
further includes a plurality of flow restricting members. Each of the flow restricting members
located in the gap between a respective one of the adjacent pairs of the electrodes. Each of the

flow restricting members operates to reduce the gap for constraining a flow of the source gas

out of each of the process chambers to the pump port.

[0010] In an alternative embodiment, the apparatus may further include a pluraiity of
conductive members in addition to the gas delivery tubes and flow restricting members. Each
of the conductive members electrically couples a respective one of the electrodes with the
plasma excitation source. Each of the conductive members is electrically connected with the
respective one of the electrodes at a location inside the outer perimeter.

Brief Description of the Figures




specification, illustrate enbodi nents 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.
[0012]FIG 1 s a front perspective view of a nmultiple-el ectrode plasna
treatnment systemin accordance with an enbodi nent of the invention.

0013]FIG 2 i ti Vi .0of th ! : |
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chanber of FIG 2 showi ng one el ectrode in an adjacent eIectrode_Eair and a
gas dglebMrator, iihestattaacheintms ofibe shwotipoded, (POBIS]RIG e@Bral degerigiae vi ew
simlar to FIG 3A of the other electrode in the adjacent

of the invention given above, and the detailed description given below, serve to explain the
principles of the invention.

[061 2]  FIG. 1is a front perspective view of a multiple-clectrode plasma treatment system
in accordance with an embodiment of the invention.

[601 3]  FIG. 21is a rear perspective view of the vacuum chamber of the plasma treatment
system of FIG. 1.

[0014]  FIG. 3A is a side view of the vacuum chamber of FIG. 2 showing one electrode in
an adjacent electrode pair and a gas delivery tube attached to the electrode.

[0015]  FIG. 3B is a side view similar to FIG. 3A of the other electrode in the adjacent
electrode pair and a gas delivery tube attached to the electrode.

[0016]  FIG. 4is an enlarged view of a portion of FIG. 3A showing the gas distribution
manifold used to distribute process gas to the gas delivery tubes associated with the different
slectrodes in the multiple-clectrode plasma treatment system.

[0017]  FIG. 5is an end view of the electrodes and the product holders of the multiple-
electrode plasma treatment system in which the products held by the product holders are
omitted for clarity of description.

[0018]  FIG. 5A is an enlarged view of a portion of FIG. 5 with a product visible between

the adjacent pair of electrodes and held by the product holder between the adjacent pair of

ciectrodes.



el ectrode pair and a gas delivery tube attached to the el ectrode.
[0016]FIG 4 is an enlarged view of a portion of FIG 3A show ng the gas
distribution manifold used to distribute process gas to the gas delivery
tubes associated with the different electrodes in the nultiple-electrode
pl asma treatment system [0017]FIG 5 is an end view of the el ectrodes and
t he product holders of the nmultiple- electrode plas t r eat nent stemin
whi ch [80v9]pr okt Bds hptrepdsyive FeswprlgHoEack 196 PERsust gqigerg@%f fetef Eﬂnh@ﬁ ﬁ}fﬁ ty of
description. [O018]FIG 5A is an enlarged view of a portion of FIG 5 with

a ProgdueticliS kBl Rl ieRAs e adjceaaanaisinste eantitiphescande peksgaby t he
product hol der between the adjacent pair of el ectrodes.

treatment system.

[0020] FIG. 7A is a view in partial cross-section of the multiple-electrode plasma
treatment system of FIG. [ in which the conductive members used to power one electrode in
an adjacent electrode pair are shown.

[0021]  FIG. 7B is a cross-sectional view in partial cross-section similar to FIG. 7A of the
in which the conductive members used to power the other electrode in an adjacent electrode
pair are shown.

[00622] FIG. 8 is an enlarged view of a portion of FIG. 7A showing the details of the
conductive member inside the electrode and the electrical and physical connection of the tip of

the conductive member to the electrode.

[0623] FIG.9is an enlarged view of another portion of FIG. 7A showing the details of the

conductive member connection at the junction block.

Detailed Descriniion

[0024]  With reference to FIGS. 1, 2, 34, 3B, and 5 in which like reference numerals refer
to like features, a plasma treatment system 10 includes a cabinet or enclosure 12, a vacuum
chamber 14, and an evacuable space 16 surrounded by sidewalls 13 of the vacuum chamber
14. The evacuable space 16 is accessed through an access opening 18 in the vacuum chamber
14. A chamber door 15 can be opened to reveal access opening 18, through which the
evacuable space 16 is accessed, and closed to supply a fluid-tight seal that isolates the

evacuable space 16 from the surrounding ambient environment. The chamber door 15, which
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[0019]FIG 6 is a perspective view of the rack of product holders that is
used to hold the products at treatnent positions in the process chanbers
inside the nultiple-electrode plasma treatnent system [0020]FIG 7A is a
view in partial cross-section of the nultiple-electrode plasma treatnent

systemof FIG | in which the conductive nenbers used to power one
el ectrode in an adjacent el ectrode pair, are shown. [0021]FI G .78 fij‘-}% a
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whi ch the conductive nmenbers used to power the other electrode in an
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porti on of FIG 7A shovm' ng the details of the conductive nenber inside the
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chamber door 15 in a sealed engagement with the rest of the vacuum chamber 14. A sealing
member 22, which encircles the periphery of the chamber door 15, mediates the sealed
engagement. The vacuum chamber 14 is formed of an electrically conductive material suitable
for high-vacuum applications, such as an aluminum alloy or stainless steel, and is connected
with electrical ground.

[0025]  The evacuable space 16 defined inside the vacuum chamber 14 is evacuated
through a pump port 23 penetrating through a bottom wall of the vacuum chamber 14 by a
vacuum pumping system 26. The vacuum pumping system 26, which may be located inside
the enclosure 12 or on the floorspace adjacent to the enclosure 12, is connected with the pump
port 23 by a vacuum line 27, which includes a conical reducer 29 that adjusts for the diameter
difference between the pump port 23 and the vacuum line 27. The vacuum pumping system

26 may comprise one or more vacuum pumps having a construction and operation recognized
by a person of ordinary skill in the art of vacuum technology. For example, the vacuum
pumping system 26 may include a rotary vane pump and roots blower that cooperate to
establish and maintain a vacuum pressure within the vacuum chamber 14 that is in the low
mTorr range. During processing, the vacuum chamber 14 may be evacuated to, for example, 2

vacuum pressure in the range of about 200 mTorr to about 300 mTorr. The vacuum pumping

system 26 is used to evacuate atmospheric gases from the evacuable space 16 each time that

space 16 is vented for a panel exchange.



[0023]FIG 9 is an enlarged view of another portion of FIG 7A show ng the
details of the conductive nenber connection at the junction block. Detailed
Description [0024]Wth reference to FIGS. 1, 2, 3A, 3B, and 5 in which

| i ke reference nunerals refer to |ike features, a plasnma treatnent system
10 includes a cabinet or enclosure 12, a vacuum chanber 14, and an
evacuabl e space 16 surrounded b idewal |s 13 of the vacu chapber 14. The
evacui%ﬂ%ﬁkpag@3@Gﬂﬁ%H%%E@%%%ﬁm%hﬁ%ﬁ@ﬁgﬁﬁaQﬁﬁaggf%ﬁgﬁv @ﬁ%glﬁﬁxﬁbgavacuum
chanmber 14. A chanber door 15 can be opened to reveal access opening 18,

t hr ouglmiigH déhrealeaaisdbhsdesthaceculé clsananr ddsed 2 pdasthacixogeitbnt wusEpdl y a
fluid-tight seal that isolates the evacuable space 16 fromthe surroundi ng
anbi e envir h ' ' jacent to
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vacuum chanber 14, carries a |latch 20 that engages . q@th r.Portion of the
vacuumestriae comgcigh dhpaRielondhibe Riogerd s 3G a5 fescrac F‘o‘gﬁ‘éﬁ DAVt #n. The

| atch 20 is used to secure the chanber door 15 in a seal ed engagenent with

the et vRLuHNBaMBEUURERaEDes uAghwAed aabimgdrpatierel @ pdahTehRENCi rcl es t he
peri phery of the chanber door 15, nediates the seal ed engagenent. The

vacuum chanber .14 is fornmed of el i I j ] uitable
f or hﬁ@%ﬁﬁﬁﬁgﬁﬁwgﬂﬁfﬁ%g?ﬁ%‘ ?”E%%Wﬁgg%g%e§&%%¥nu gﬁ%%§%§¥%?%§?%?§§§ st eel ,
and is connected with electrical ground. [0025] The evacuabl e space 16

def i néetquasiydé bhexanmdyehvehdnges. atthoygh dbercpsta@etTaaerpesdn frig pdrt 23
penetrating through a bottomwall of the vacuum chanber 14 by a vacuum

punpi @EHEY&:?%@% o uEBE YRCHURRUBRIdAGo SHSEIf RS 28 talipy e abosatied
i nside the enclosure 12 or on the fioorspace adjacent to the enclosure 12,

is connected W the pu rt..23 by a vacuumline. 27 L.Ch i udes a
coni cayatts yRasy %Q@ Wﬁ%‘fﬁt%j SIqvgFve ’ﬁé’eﬁfoé’t#ﬁatvg}g %hg’fnf@? Sek\r{]\f(?: & @gta\?tve(‘ﬁ‘lé}# t he
punp port 23 and the vacuum line 27. The vacuum punpi ng system 26 may
CoNpr iapgrediag: that thosateratliumy bampsti fed/foreraitcbadeinget v farat bige pavesn
recoeni zed by a person of ordinary skill in the art of vacuum technol ogy.
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and r 86t ooperate to establish and nmdintain a vacuum pressure

ithin the vacuum chanber 14 that |js in th ow.mrqrr,.r e. Durin
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vacuum pressure in the range of about 200 mTorr to about 300 mforr. The

Vac uu Ry HNg 1186visy s ingibrabspasing e tvden tley axtmbsedataim 2phekiectrgdesses. fAom t he
evacuabl e space 16 each tinme that space 16 is vented for a panel exchange.

individualized process chamber or cell 52 (FIG. 5) is defined by the space between each

5 of inxtaposed electrodes 28. Each electrode 28, other than the peripherally

=
o]

t pai
outermost electrodes 28, participates in two adjacent pair 25 with its nearest-neighbor
electrodes 28. Each of the peripherally outermost electrodes 28 only participates in a single
adjacent pair 23,

[0028]  The electrodes 28 have the representative form of solid metal plates that are, for
example, about 0.5 inch (about 1.3 centimeter) thick and a rectangular geometrical shape
characterized by a length, I, and a width, W. The metal forming electrodes 28, such as

aluminum or an aluminum alloy, is characterized by a relatively high electrical conductivity
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[ 0026] The plasma treatnent system 10 includes a plurality of el ectrodes 28,
which are nomnally identical, |located inside the vacuum chanber 14 and a
pl asma excitation source in the representative foiui of a radio-frequency
(RF) generator 30. The el ectrodes 28 are electrically connected in parall el
with the RF generator 30, as described in detail below and the vacuum

chanber 14 serves. as_ an npomered ounde cou e eIe
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operating at a frequency of, for exanple, about 40 kHz, although other

oper atidgrdeduendidsng nlzttlhﬁs}k]b-lm tvbiclvhagl] acamtqéeqmylei)kg wsach adfheenpbARES
supplied to the el ectrodes 28 may range from about 4000 watts to about 8000

watts at 40 r.son having ordinary skill in the art wll
appr e@f%%c?efaﬁigtor{eﬁgﬁg§ dn&f’gﬁlﬁgy be nodified to permt the delivery of

di fferent bias powers or, alternatlvel peril it t tilizat. of a
di r ectf0@29) entis @mﬁhWFfﬁﬁpélw ﬁTﬁ“We%f‘eﬁt@E‘Et sgEey lgsméfléessat%%%]e
fromone of the sidewalls 13 of the vacuum chanmber 14 with a uni fotui

spaci RgsbetuReNplobE:t ihdeRDES 8didaire SoRmadily i@drechl ceteguRdl support pabiduétdlual | zed
process chanber” or ceII 52 (FIG 5) is defined by the space between each

adj acent pair f| S e t er than
the péfisPReryiE We@’&?‘ Sg(?en% é%g%%papﬁg?%a{gg%ﬁﬁg?%%gdj aI(B:ent pai r
25 with its nearest-nei ghbor el ectrodes 28. Each of the peripherally

out er rmsttableantbroodef the@rahicyhqiders P8iip sreagch p0.aT8s gk &0 éﬁﬁ%‘&%ﬁ?n i‘)&W 25.

[ 0028] The el ectrodes 28 have the representative formof solid netal plates

t hat @Lshg{%l SXAMRLSed 8RQHE PR Jaehn(chbaytr U Br egrtdf Mivement itk tend a
rect angul ar georretrl cal shape characteri zed by a Iength L, and a width, W
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rack 36 is transferred from the cart to tracks 46 inside vacuum chamber 14. Following the
transfer, the rack 36 is positioned inside the vacuum chamber 14 so the chamber door 15 can
be closed to provide a sealed environment ready for evacuation by the vacuum pumping
system 26. The rack 36 is mobile while supported on the cart. While the panels 40 in rack 36
are processed in the plasma treatment system 10, another rack (not shown) similar to rack 36
may be loaded with another batch of panels 40 and, when rack 36 is removed after processing,
immediately loaded into the vacuum chamber 14 for processing more panels 40.

[0030]  After loading, one of the panels 40 is disposed in cach process cell 52 and, when
the plasma treatment system 10 is operating, both opposite surfaces 48, 50 of each panel 40 are
plasma treated. While supported by the product holders 38 of rack 36 inside the vacuum
chamber 14, the panels 40 are oriented in respective planes generally parallel to respective
planes containing the electrodes 28. One surface 48 of the panel 40 confronts a surface 49 of

one of the juxtaposed electrodes 28 in each adjacent pair 25. T he other surface 50 of the panel
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and a relatively high thernmal conductivity to pronote efficient heat
transfer. The el ectrodes 28 are arranged in a flanking relationship in

whi ch adj acent el ectrodes 28 in each adjacent pair 25 are generally
oriented in parallel planes. [0029] As best shown in FIGS. 5 and 6, the

pl asma treatment system 10 includes a rack 36 with nultiple product hol ders
38, which are nomnally identical, configured support pr dgcts in,

r epr egénrvafrinie aberfanect! cﬁéhre@themﬁthww@%%el@%‘&iﬁﬁ% I’fh?ﬁ?gra IPACI PR S0f t he
panels 40 is insertable into one of the product holders 38 in the rack 36.

The 1 ggk;, 36 $1£8854dseS 108 aa 0GRE berfpietal 2HgUD) pwhaeet Dratdetle outes petiphefal t he
vacuum chanber 14 for ease of novenent. After the rack 36 is populated with

a lot or batch . of panels 40, . F i : t he rack 36
s tr aneranpaiEAta tReed e PARkec Hatrhes Aot 2R aRERanR 1d

Fol lowing the transfer, the rack 36 is positioned inside the vacuum chanber
14 so0 cldoroddsadBbéimeganels 28 arsain abelasirisely flostipg sigiedslatve knihe §leeHoisSaRment
ready for evacuation by the vacuum punpi ng system 26. The rack 36 is nobile

Whi'eaﬁ&ﬁﬁ&h&ﬂgt@ﬁw&ﬂ@mQﬁ&kbmWhl'e the panels 40 in rack 36 are processed
in the plasma treatnent system 10, another rack (not shown) simlar to rack

36 maybe | oaded with anot t f els. 4 nd, . when K |

r enov @p%ﬁhervﬁﬁﬁﬁé§§Fﬁ§?Pﬁ%ﬁ%@hgge? oaﬁaﬁh¥ﬁ€%ﬂfﬁ%“@é%ﬁ%ﬁ@%ﬁggﬁtP 14 for
processing nore panels 40. [0030] After |oading, one of the panels 40 is

di sposied féxnreqalhe pinacessatoehi syS@maridnclidens strecp kesstrliveyesastimeibaigyst em 10
is operating, both opposite surfaces 48, 50 of each panel 40 are plasm
treated. . Wi - Aagka3@sidrsi de t he
vacuuﬁP%%%ﬁ%%&”%%?gfﬁéﬁggﬁ%Fiﬁﬁéﬁgggy%%%%%%%ﬁkﬁ%égggg%cti5% pl anes
generally parallel to respective gggnes contajn&gg the electro es 28. One
sur f agextased clepiEodsardl Tho SUBRT Britel VEYSUF PR e gt SUHE BF ST PixE aposed
el ectrodes 28 in each adjacent pair 25. The other surface 50 of the panel
40 conffonby @nibndamea bis Gftrbhgomhsifoldf60tinadp thetapusedhahbatlfodes 28 in
each adjacent pair 25. Each of the electrodes 28 has an outer peripheral
edge or rimeter 24 and . s a

i SpoSailEraReIi S Shrer o el S RE AL EhPRTuRy 1325 sHPER

el ectrodes 28. The panels 40 are in an electrically floating state relative
to t heugllp66 rodesseBowrsdniralcthves ¢asneefed ba@lﬂ?}wwi%éf* Wi 4 50818 BPV t h
reference to FIGS. 3A, 3B, 4, and 5 in which like reference nunerals refer

to lilg.f &%ewiﬁga hiie P8 MmdinRal JRIY iSYEd @MpA0dishitlutice magi fsLAC es gas
delivery systentthat 1s configured to deliver source gas to the process

cell 52 between_each .adjacent pair 25. LMXE apos t e

sour c&egagowa iy GEf v sﬁéét %atsn%fsl%%tﬁﬁ]ﬁgé‘“aén%i%b@%n gléangglpbﬁﬁ 13%/8 ggo?%gﬁ%é@sth E;Fow
controller 58, a gas distribution manifold 60 inside the vacuum chanber 14,
and md i:plengasmiel 14erdet abemgbrotahswntibisprsed Gl dicad ghdclisydechanber
14. The source gas supply 56 and nmass flow controller 58 are connected by a

del i vBeY: LdiDec04 0 1ip 88 Q0he GASsdoplitl SFiaeIidngraiahanieh dRbudebi ned by

a cavi i nsi e gas distribution mani , as best shown in FIG 4.
The gas distribution manifold 60 and channel EG rﬁgéalong the width of the
vacuuﬁﬁﬂﬁﬁﬁ%@ﬁhﬁﬁméﬁaﬂﬁﬂdéBéhWﬁ@ﬂPﬁ@?B§ﬁghﬁfC #%h8%end 61 of each gas
delivery tube 62 is connected by a fitting 68 with a corresponding orifice
70 pepgd3At i Nghd AeeuThy theroik 58 of usel eo gasblhstmad dlovomtammeicfiog e60 t o
conmuni cate with the channel 66.

source gas delivered to the channel 66 of the gas distribution manifold 60. The mass flow
controller 58, which has a construction understood by a person having ordinary skill in the art,

may be provided with feedback loop control to maintain a selected pressure setting for the

source gas or gas mixture flowing in the feed tube that is delivered to the tubular conduits.
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[ 0032] The mass flow controller 58 is used to establish a nass flow rate
netering the source gas delivered to the channel 66 of the gas distribution
mani fol d 60. The mass flow controller 58, which has a construction
understood by a person having ordinary skill in the art, may be provided

wi th feedback | oop control to maintain a selected pressure setting for the

source gas or gas mxture flowwng in the feed tube that is deli ed to the
ey S De"gaetal

t ubul Zhe stomreudk source Bhe fToTYBARBES EHFHERY S YISHP L8V GRS Ppl y 56

and netered by mass flow controller 58 is delivered at a single inlet to
the gag;dicsil eyt i gnclraief oltte &8 dsndbnthermatissldicbuné thepylisttieutghly the
distribution manifold 60 fromthe channel 66 to the different gas delivery

tubes 62, Thi i N N BEY &h
b ocoss: digrputehod g TR orP B ThiiiePOY L e UBErd dak BENverOLur) b O he

[0033] The flow rate of gas provided by the nass flgﬁlcgntroll r 58 and the
punpi AgangEmenofermits seuTepERfplelyerE e dndbibe Rrecestialis e de PomstD 4a vacuum
pressure in each process cell

single mass flow controller 58.

[0033] The flow rate of gas provided by the mass flow controller 58 and the pumping rate
of vacuum pumping system 26 are adjusted to provide a vacuum pressure in each process cell
52 that is suitable for plasma generation so that subsequent plasma processing may be
sustained. The vacuum chamber 14 is evacuated simultaneously with the introduction of the
source gas so that fresh gases are continuously exchanged within the vacuum chamber 14.
[0034] In alternative embodiment, multiple gas supplies (not shown) may be connected
with the inlet to the gas distribution manifold 60. The mass flow rate of source gas delivered
to the gas distribution manifold 60 by each respective additional source gas supply is regulated

by a dedicated mass flow controlier (not shown). In one specific embodiment, the plasma

treatment system 10 may include up to five mass flow controllers and five independent gas

supplies. The different sources gas supplies may be used to generate various gas ratios in gas
mixtures for use in different process recipes.

[0035] With continued reference to FIGS. 3A, 3B, 4, and 5, the gas delivery tubes 62,
which are nominally identical, are configured to deliver the source gas to respective process
cells 52 at a location generally inside the outer perimeter 24 of the electrodes 28 and between

the surfaces 49, 51 of each adjacent pair 25 of electrodes 28. Each of the gas delivery tubes 62

extends between end 61, which has the opening connected by fitting 68 with one of the
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52 that is suitable for plasma generation so that subsequent plasm
processi ng may be sustained. The vacuum chanber 14 is evacuated

simul taneously with the introduction of the source gas so that fresh gases
are continuously exchanged wi thin the vacuum chanber 14. [0034]1n
alternative enbodi ment, nultiple gas supplies (not shomn) nay be connected
with the inlet to the gas dlstrlbgtlon ni fold 60. f ow rate of

sour ceorgss deir Wé@éﬁdlﬁfﬁlbﬂ%‘é} Gag QA $0r ppLATCIET PRATFS L a 6f0" Ny especti ve

addi ti onal source gas supply is regulated by a dedicated nass flow

cont r QlyeBing(638 e SH@WA )injedtiongue: ispeaticfdfthepodisrels 52.t Bechpdaasinbvary edenent
system 10 nmay include up to five mass flow controllers and five i ndependent

gag S&@ lalalgla?sazt %gtubﬁlale ge%ﬂ&n ?? it eg‘ﬁa{ﬂgs&t &}é%l&h%%f ?P a%%@&ldttﬁbtgﬁner ate

vario gas m X use ent process recipes.
[0035]Wth continued reference to FIGS. 3A 4, and 5, the gas delivery
t ubes 6@jonni chmiarenghyihnenaning et pedif3, @fi@ te‘}%fui%’éﬁféﬁat% 7&e<r0in%}%ﬁﬂhe

source gas to respective process cells 52 at a |ocation generally inside

the ouyherirpehd SRLET nBdiaPlectib®: B, 96t Dadesal&lnnre hbt dRaybdnbe Hunfaces 49, 51
of each adjacent pair 25 of el ectrodes 28. Each of the gas delivery tubes

szt ﬁxgzgggogfrggt%l\é(\emeg%t gng% geﬂd MGclgtvp%sctlég G RRE Par N&5R0 92(";6%?@%0&16{ ting 68

approximately right angle bend at the intersection of tubular sections 74, 76. As a result, the
tubular sections 72, 74, 76 are angled relative to each other.

[00368]  One of the gas delivery tubes 62 is physically attached by a set of brackets 78 to the
surface 49 of each of the electrodes 28. Another of the gas delivery tubes 62 is physically
attached by another set of brackets 78 to surface 51 of each of the electrodes 28. As aresult,
one of the gas delivery tubes 62 is mounted by the brackets 78 to both surfaces 49, 51 of each
electrode 28 and two gas delivery tubes 62 attached on two different electrodes 28 deliver
source gas to each process cell 52. When one of the panels 40 is positioned between one of
the adjacent pairs 25 of electrodes 28, one of the gas delivery tubes 62 on one electrode 28 of
the adjacent pair 25 delivers source gas for plasma used to treat one of the surfaces 48, 50 and
one of the gas delivery tubes 62 on the other electrode 28 of the adjacent pair 25 delivers
source gas for plasma used to treat the other of the surfaces 48, 50. Of course, only one of the
gas delivery tubes 62 is attached to the peripherally outermost electrodes 28 in the parallel-
plate electrode array.

[0637]  The opening 63a at the end 63 of each gas delivery tube 62 is physically located at

spatial coordinates (x, y) in a plane bounded inside the outer perimeter 24 of the electrode 28,
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orifices 70 in the gas distribution manifold 60, and anot her opening 63a at
end 63. Each opening 63a defines an injection port into one of the process
cells 52. Each gas delivery tube 62 includes a first tubular section 72
term nating at the opening at end 61, a second tubul ar section 74
termnating at the opening 63a at end 63, and a third tubular section 76

connecting the first d, second. t 1 4 s delivery
t ube gée ?(‘scoﬁglr‘ﬂat‘? 15 SPSHNGR 48 6?%(%1(1 rb%%{%%nyépﬁ)%ﬂrﬁﬁgeﬁél%g g%‘Seq"nzd @g;& g 'E}%:
intersection of tubular sections 72, 76 and another approximately right

angl ecleemngticat akiehd nteordiets ionpesifiad s laeatmcatopen PR anG BOttog ededsedui t | t he
tubul ar sections 72, 74, 76 are angled relative to each other. [0036] One of

the g loioYe 65 5@ chiboRi i QR byerdtd 8ShedthbyndsBef cdh ohy astkers 78 to
t he g%?fg%é%%gxg%ﬂgach of tﬁe electro%es %8. Anot her of the gas delivery

tubes 62 is physically attached b not her set..of bracket: . @ .surface 51
of eaBiedR 1t hsdigd @&T?’S%‘éet[f? at t%%eén%ggﬁ}l g r?g 5t Sufé‘%%e JééjlsD ! &‘(za?‘/ihg/%r@%t ubes 62
is mounted by the brackets 78 to both surfaces 49, 51 of each el ectrode 28
and tweicas Bel dpeefiy embbémnG2, the bpoireio et thwendl 63 ef aack zed ddiveodale 63
deliver source gas to each process cell 52. Wien one of the panels 40 is
posi tigne t ' ] ; ShEONES 1 28 whirhe Of

t he gg O%f‘g?‘f‘g}@é%@?}%@?egg ogr*}ﬁ%%gf %Ig gg(% rpggf g ﬁg%ezl%‘r%? Fl%l Sgdj acent pair 25
delivers source gas for plasma used to treat ?g§ of ,the suréfc%s égﬂ 50 and
one oft it dtacheds THEIhasPEseNiHES 6o aRHI I OBIAL! d1pet P5qRBRE Bf* #1784 8a;j acent
pair 25 delivers source gas for plasma used to treat the other of the

sur f agesicA8as &ivelf tubOBT Sy benbataine approheatgysondéilal ity lengbsL.e@di s
attached to the peripherally outernost electrodes 28 in the parallel-plate

Cube. &5 FurpBE a0 ORGSR e A BBt 1 O ) i na prane

bounded i nside the outer perineter 24 of the,electrod? 28. l?e .
x- coofaiasit e Tihs oyprabilérigsiiofench srpdeliveantubs Oade miepsaly BilprcdyAdiushges 42,

44 of the electrode 28 and the y-coordinate is specified as a |l ocation

bet vegn i1 ARidandohetd FMhednesr 4dotioA370f 74, 6 agll eetinodetias of the bends, eviiiddi nent ,
the opéning 63a at the end 63 of each gas delivery tube 62 is |ocated

approximately at the geoneiri.cal center.of sthe rf ich it
P edehere s he & eguan FREO LB R AR iR IERaRRITT BSE 4P ohbealerty oy
each gas delivery tube 62 is |ocated with approximately 0.5 inch of the
geone¢dlisealin entlemateatmentsysttacd). 4notha fegontsibshievad th e dhaigaeiedamelsi t he
representative rectangul ar geonetrical shape, the opening 63a at end 63 of

each ﬁﬁ%ﬁgggdﬁféted’e& tto"fgﬁ? @%?h”%\qé g@gmy%"?%ee@b, at wANRE 9d deheley obme ofiéikés Tf t he

| ength, one ha h, W of the respective one of the
surfaces 49, 51, [0038] The aqverall nggth oHleacbIgP§ quggg\%mtube 62 is
i nt entri topand sttt ST BaNEYd 4] J PPHgmbodiment, the overalFengti of each £

delivery tube 62 is about 21 inches (about 53 centimeters) and the inner diameter of each gas
delivery tube 62 is about 0.15 inch (about 0.38 centimeter). The gas delivery tube 62 is
unperforated along its length so that the only gas injection point is at opening 63a in end 63.
In an alternative embodiment, the gas delivery tube 62 may include multiple gas injection

points at different locations along its length.

[0039]  With reference to FIGS. 5, 5A, and 6 in which like reference numerals refer to like

features, the plasma treatment system 10 includes features that retard the escape of the
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the individual |engths of the tubular sections 72, 74, 76 and the
inclination of the bends, which is believed to be a factor in establishing
an appropriate flowrate of gas to each of the process cells 52 in the

pl asma treatment system 10. Another factor is believed to be the inner

di aneter of the conduit bent to foiw each gas delivery tube 62, as well as
the dianmeter of the orifices 70 in the gas distrihution manifold 6Q. .l n one
b odRBTels s hEBR R 1205 BGE RIS Qi (5 SLCeRat PO S LHGE PRI G o o510

i nches (about 53 centineters) and the inner dianeter of each gas delivery
tube G2 fask 30 QUkaredlisy 4 ReMzched aat b 8882 eatitalmetrebyr.in Theeregasend@ivievemy t ube
62 is unperforated along its length so that the only gas injection point is
at opening 63a.jn _end. 63. - i rhod ; gvery
FUbe 8 AE T daE VFRE B S B b D o R o
along its length. [0039]Wth reference to FIGS. 5, 5A .and 6 in iﬁp i ke
r ef er dihegackAfeiugher indhdes a kptionkplatedi: thitds dispageddichesr the Brdhghe kg;?s em 10

i ncludes features that retard the escape of the partially ionized source

gas of & he RSP 13.0mad Rer RIIoesAicet leah nelabh rar sdustl! idbdér 38 of the
rack §% is framed by a horizontal top bar 80, a vertical nenber in the

representative form of rear.rod 84, rti S

r epr eYaFHER Fk\lﬁénhfef)ﬁ?‘nwg*ﬁn g‘lepfgf?lf 3(§)fs 1}0?%18%%@10&13’18§%%&§h§_6r5$ eelrézgi&glé@? urt her
includes a bottomplate 82 that is di sposed between the product hol ders 38
and t kad pfithe t@Eobdr 823vitiTihe bosam plad 8834 Thafoahrads Spotfatddchag focetsd nedar
sidewal | 13 of the vacuum chanber 14 when the rack 36 is positioned in the

evacuﬁgéz&a%%ggo&% o ANNECHSMAUAEMBAT 4Ok hd e bR 15k p8Qtivaddintie bottom

pl ate ront rods 86, 88, which are | ocated near the chanmber door 15
of the vacuum chanber 14 when the rack, 36,1 s positioned in abl e
space YBUERE SPHE LOHRALRS cl@gg}er feorig 18F](S’§%dd,co’&rger‘f§%?ppé}r§g%5%%gs’ﬁ %?oé)ralb of the
top bar 80 with the bottom plate 82. [0040] Upper and | ower cross nenbers
89, 90 gofwignmb bpi@d pdte Bl der 38 are mechanically connected to the rods 84,
86, 88 and cooperate to support one of the panels 40. At |east one of the
Cross er s;;89 JWf P& il Eakd YoRueabhedakiantict Be afeadschBdicalB6, 88
to ad}[@@mt heU%I?eégg%% ecp(gsps)\é% nge %,ir arreg)?by the rods 84, 86, 88 andgtﬁhe

cross nenbers 89, 90 and, thereby, to arrnnnndatf nggnni§ 40, of dif}erent
si zes connected to the rods 84, 86, 88 and coaperate to support one of the panels 40. Atleast one 0

the cross members 89, 90 may be vertically moveable along the rods 84, 86, 88 to adjust the
area of the opening framed by the rods 84, 86, 88 and the cross members 89, 90 and, thereby,
to accommodate panels 40 of different sizes.

[0041]  Each top bar 80, each set of rods 84, 86, 88, the bottom plate 82, and each adjacent
pair 25 of electrodes 28 collectively bound or surround one of the process cells 52 and,
thereby, cooperate to confine the partially ionized source gas of the plasma within each of the
process cells 52, Each top bar 80, each set of rods 84, 86, 88, the bottom plate 82, and each
adjacent pair 25 of electrodes 28 retards the ability of the partially ionized source gas to escape

from one of the process cells 52. Injecting the source gas from cach gas delivery tube 62 at an

injection point inside the outer perimeter 24 of the electrodes 28 also promotes the
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[ 0041] Each top bar 80, each set of rods 84, 86, 88, the bottom plate 82,
and each adjacent pair 25 of electrodes 28 collectively bound or surround
one of the process cells 52 and, thereby, cooperate to confine the
partially ionized source gas of the plasnma within each of the process cells
52. Each top bar 80, each set of rods 84, 86, 88, the bottomplate 82, and

o 266 s Vghent BiRERLpEST o e BP LA T pResER dpb b B 8

the source gas fromeach gas delivery tube 62 at an injection point inside
the owt@tibipetrbsefier oPdonfe gahenépleme bebvecaghaiErgr orprescdlné?, dgnf i nenent
with the different process cells 52. The solid nature of the el ectrodes 28,

whi ch c%fe@%tpés {ogcé)(ﬁﬁgf fielbQWe Ofs SAWISEnHAK AP REaRWH RelWRRNat Bed giakher ent

process ‘ce So cooperates to confine the source gas and plasma and

sl ow escape of the saurc as an S romthe cess cells 52, The
bot t o#iop) BE@TEESS Gk o- iTgle gP%an Qﬁ%g%g?dwn}giﬁ%‘ &e'se Bﬁ@?é&@gaa%peéat?ﬁ 50 ert er
that constrains the source gas punped fromthe process cells 52 to flow
about giepepthhiorReiihiiieabu8a chnpummpadsiromttie preepwes pdtd 108 abJutatsoatitict i on
in the escape rate is believed to pronote increased uniformty of the

pl asma Lo REOL GAREAS % t}{agnpg Bk fgﬁik%eﬁ@ﬁ EANOEsBAC MuPRNRleAQ th N

conpaPfSoR € resu i eved by conventional processing systens.
[0042] The top bar 80, rod 84, and rods 86, 88 agsociate% W th %gcgbof t he
pr oduptorhak drarease@upifa il el Ak REERT Vet MSASAEPISIRE PUEC ST A TP T8 hect i ve

portions of the gap, G between each adjacent pair 25 of electrodes 28. In

one eﬁg&‘i’iﬁtﬂ‘?ﬂ%mﬁﬁ%nt\@ﬁi hares8is fascvad Wydbhvefticabloprtedssing simiehes (about 4. 4
centineters) and the separation between surfaces 49,51 of each adjacent

Gap ol RN <TReBma r o fRP b foly L SR sb Rt Bul RV IR Shoy gt The

centimeter). [0043] As best shown in FIG 5A, a top surface 81 of each top
bar 808 bperatcatabsirudtione eifediian ta METOVE 5PREH VPPN theagds CoPeBggesice2, 93
of the electrodes 28 in each adjacent pair 25 by a distance, d. The top

edges QPR ROELAQ NS Ofn biCerRisdiRhe kadfkoplhat BBL& LwidtiodLsHodB i n each
adjacg%%u%gp%'ZSOaﬁd éonnect t he opposite surfages 49, 51 of each el ectrode

28. I n_one enbaqdinent, the t rface 81 of the tep b 0 be | ocat ed
2t | eAde loct o A KT EES] T 08 “GRET M T PO PASS O ve ¢ op
edges 92, 93 of the adjacent pair 25 of electrodes 28 or lower, which is
bel i ex@dcdnd peinbatieerddee 28 #saboonl imvbeetubowi 1. hicantimesers) srdestheabp oBgachThe
rear rod 84 is approximately co-planar with the side edges of the adjacent

Pai T 23, Qb 2165 bROHPS about 0.125 inch (about 0.32 centimeter).

[00431  As hest shown in FIG. 5A, a top surface 81 of each top bar 80 is located, lower
LT "% a =

than the respective top surfaces or edges 92, 93 of the electrodes 28 in each adjacent pair 25 by
a distance, d. The top edges 92, 93 form a portion of the perimeter 24 of the electrodes 28 in
each adjacent pair 25 and connect the opposite surfaces 49, 51 of each eiectrode 28. In one
embodiment, the top surface 81 of the top bar 80 may be located at least 0.375 inch (at least
0.95 centimeter) from the respective top edges 92, 93 of the adjacent pair 25 of electrodes 28

or lower, which is believed to enhance the gas confinement within the process cell 52. The

rear Tod 84 is approximately co-planar with the side edges of the adjacent pair 25 of eiectrodes
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28. Simlarly, the front rods 86, 88 are in the approximately sane plane as
the side edges of the adjacent pair 25 of electrodes 28. The rear rod 84
has a greater dianmeter than the front rods 86, 88. [0044]Wth reference to
FIGS. 7A, 7B, and 8 in which |like reference nunerals refer to |ike
features, the plasma treatnent system 10 includes features that cooperate

to bu he. r from i i ; of the
Sol | A28t SUTFBRe0e S Buhap TSadar rar B HRshety kiR e o8 BN % b v
of high-voltage electrical feedthroughs 100, 102 that penetrate through one
si de dldadiBenfpairtis ofatastradiesintidie 19ar. roF1$4 hap grersasr diagecte e the drnt

f eedt hroughs 100, 102 transfer the RE signals through the sidewall 13 in a
vacuumdisghgg manner. CGuard boxes 101, 103 (FIG 2), which are attached to
the exterior of the vacuum chanber 14, operate to shield the exterior

connect i ons en the eper at, or . a he high-vo rical
feedtﬁﬂgﬁghsqﬁggﬁﬁgﬁ?9eFﬁ? e9§ez$@%@%?&H@%&kgﬁﬁgﬁgﬁﬁﬁ %hﬁ%gsaé% ower
supply of RF generator 30 is a dual output power supply. Alternating

el ect kg &an28s, dreep busstechirheyeytien landclpdovicaiasesportsporsrate 80dwathodf phase
with the remaining alternating el ectrodes 28, which are al so bussed

toget hPgo PORL RALr&taaRb LihleSoBd Bbt@ddeons t heweposi te
sidesgggmirénggigfgg%ﬂ%os??ioned gétmeeﬁ each adjacent pair 25 of

el ectrodes 28. [0045] A bus bar 104 inside the vacuum_chanber i

el ect Aelewred, fremihreRE €aNSREIPR Y WetipaF %ﬁaﬁg‘i’t@g@g%ﬂwﬂ%ﬁ?f%@“%@s]1@8’ i de the
vacuum chanber 14 is electrically connected with feedthrough 102. The bus
bars &Qdpenk@atcanionnt oae siossall hofhdtvhciofm thembaddufbe highberltagd clebioivel t he

el ectrodes 28 to facilitate the establishnent of electrical connections

W th the.respectiV i I fibihe

el ect %683@50‘%18 ﬁﬁb’e@g E%%ﬁﬁa%eeg{ﬁ %% r %’g&%%stﬁg gﬁgg?? (la% ﬁlb?/%t?ﬁgl Uctive members
108, 110 with bus bar 104. Conductjve nenbers. 112, 114 connhect the other of
the emeuterodarrdencs 18hJRN3 4BjGenthishiare BBched 19 the eXEHer Cf GRS V4HBE6] A power
bussi ng channel 115 is foilled in one of the electrodes 28 of each adjacent

pai r b Al] GHekite toAsHRONETe RusBHE Benebaometddd the RFf genemtbridf anli¢heot her
el ectrode 28 of each adjacent pair 25. The channels 115, 116 may be a

Pocat bebnat gt HE Sarr g At B R s U e (TR0 E ety B3¢ %06 ana

intercept the respective outer perineter 24. Conductive nenber 110 is
di spop@deri snpblfefRifecqnomer 36us s idng cubrawn peen PP dlfengngdectoiecty des 28
in each adjacent pair 25. Simlarly, conductive nmenber 114 is disposed in

the poyw&Ly Q@&Eg&d%%@{?iﬁ@& %&%@r_a@fz gt OF PRAsefitd Mg r@hﬁﬁhﬁ@ﬁ@r&aﬂﬁgi n each

adj acent pair e conductive nenbers 110, 116 and the power bussing

channel s 115, 116 cooperate to EeLnit interiqg bussipg of .the.electrodes 28
in ea@gctrodes 28, which are also bussed together. As a result, the nominal eich rafe is Similar on

the opposite sides of the panel 40 positioned between each adjacent pair 25 of electrodes 28.
[0045] A busbar 104 inside the vacuum chamber 14 is electrically connected with
feedthrough 100. Another bus bar 106 inside the vacuum chamber 14 is electrically connected
with feedthrough 102. The bus bars 104, 106 extend across the width of the vacuum chamber
14 above the electrodes 28 to facilitate the establishment of electrical connections with the

respective sets of alternating electrodes 28. One of the electrodes 28 in each adjacent pair 25
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adj acent pair 25. [0047] One peripheral end of conductive nenber 110
includes a tip 111 that is physically connected by, for exanple, welding
with a region in the power bussing channel 116 to Pst4,11Ch a InePtinn at
whi ch the conductive nmenber 110 is electrically connected with the

el ectrode 28. The | ocation has coordinates (x, y) in a plane bounded by the

outer perineter 24 of the e ec 28.. Tip 1 is. located approxismately at
he gEbmsnRIERpy Babevnethgs o eanPautn Bubadbe RenPERh Eiii U

rectangul ar geonetrical shape of electrode 28, the tip 111 is |ocated at
(i.e. 14 esmeoathe otie) ofithpeoxirodess @Ryin each fddentpair Aewitbbys har 106. and one hal f
of the wwdth, W of the respective one of the surfaces 49, 51. In one

nbodi ot i 1 i ) o
\E,'\Vi tﬁi Léh%ﬂg i nzgﬁjogv:ppﬁngsé%ggg%{ﬁltgypg%fs%&i hmetlretd d104R 4882 8bf dch Qgjatdnen

center. Simlarly, one peripheral end of
conductive nenber 114 includes a tj 13, which is simlar to tip 111, that
i s physir@al Symilabhaeeredbwries caarrr@b?b% 1§ e 1%31}?&%’@6%@&?@6 g%%%‘?%&ﬁ‘ 116 to
el ectrically connect the conductive nenber 114 with the respective

el ect p@deer?air B, Thé Eanatis 1 es ertisaniyent gun-thidled bivsl Ablagewags. nlije bewer
connect'ed to the respective electrodes 28 wth a threaded connections or

oyl i BT S BB L e A LR e e "

relatively high electrical conductivity and a tubular sleeve 11§
28 and intercept the respective outer perimeter 24. Conductive member 110 13 disposed inside

the power bussing channel 115 of one of the electrodes 28 in each adjacent pair 25. Similarly,
conductive member 114 is disposed in the power bussing channel 116 of the other of the
electrodes 28 in each adjacent pair 25. The conductive members 110, 116 and the power
bussing channels 115, 116 cooperate to permit interior bussing of the electrodes 28 in each
adjacent pair 25.

[0047]  One peripheral end of conductive member 110 includes a tip 111 that is physically

connected by, for example, welding with a region in the power bussing channel 116 to
establish a location at which the conductive member 110 is electrically connected with the
electrode 28. The location has coordinates (x, y) in a plane bounded by the outer perimeter 24
of the electrode 28. Tip 111 is located approximately at the geometrical center of the electrode
08. For the representative rectangular geometrical shape of elecirode 28, the tip 111 is located
at (i.e., terminate at) approximately one half of the length, L, and one half of the width, W, of
the respective one of the surfaces 49, 51. In one embodiment, the tip 111 is connected to the

electrode 28 at a location within 0.5 inch of its geometrical center. Similarly, one peripheral

end of conductive member 114 includes a tip 113, which is similar to tip 111, that is physically
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formed froman insulator characterized by a relatively low electrica
conductivity. The tubul ar sl eeve 118 surrounds an outer surface 96 (FIG 8)
of the electrically-conductive core 98. The tubul ar sleeve 118 electrically
isolates the electrical conductor of the conductive nmenber 110 fromthe

el ectrically-conductive material of the electrode 28 that surrounds the

si-dewal | of the power .buyssi n : kRichlid codmectungsover ed by the
t ubul 8?”D§Ft€‘éyét%f1r§gwﬂ§n erpé)g%fﬂ‘{@éﬁ%agﬂ#g Itligggfffli@lgf %(ﬁ(}e conduct i ve menber

110 has an electrical connection with the electrode, 28. %@ndu%t%ve.qpnber
114, hidohtivesmenbin de wieh beneinetiivv elssinger S, Toaliapay s FHOGHBD S ROPR (not

shown) fornmed fromthe conductor and a tubular sleeve 120 simlar to

tubul | b8R8 G BsHEFecaYE Elaceodk 28heitls otecaded @40 ConutuTt ilte
nenbe?[&?éggﬁﬁends laterally relative to the electrode 28 toward the

perimeter 24 and through the power bussing channel 115 to a peripheral end
122 t FESCRY BHBoCIPEct®Sti p 111. The outer surface 96 of conductive menber
110 is located longitudinally between tip 111 and peri pheral {:nd 122. The
peri ploo48] erchniadiyrnfmbersl 10 iakeded by yhiagoerd corred ot er SFernFetier 28%¢ t he
el ectrode 28 and is not covered by the tubular sleeve 118. A junction box

126 canne REL1 . eNodd2 Ritycandughiaaldeabes 110 with
QQaipe&‘ Esady Z),F ﬁ?@?ﬁ%ﬁ?@% nRIEN &ltri 8N oA @t Rity

condudtVe e provi des a conductive path fromthe bus bar

104 1 ?or;[ngg from an insulator characterized by a relatively low electrical conductivity. The tubular

sleeve 118 surrounds an outer surface 96 (FIG. 8) of the electrically-conductive core 98. The
tubular steeve 118 electricaily isolates the electrical conductor of the conductive member 110
from the electrically-conductive material of the electrode 28 that surrounds the sidewall of the
power bussing channel 115. Thetip 111 s uncovered by the tubular sleeve 118. As a result,
only the tip 111 of the conductive member 110 has an electrical connection with the electrode
78. Conductive member 114, which is similar to conductive member 110, also includes a core
(not shown) formed from the conductor and a tubular sleeve 120 similar to tubular sleeve 118
on the outer surface of the core.

[06049] Conductive member 110 extends laterally relative fo the electrode 28 toward the
perimeter 24 and through the power bussing channel 115 to a peripheral end 122 that is
opposite to tip 111. The outer surface 96 of conductive member 110 is located longitudinally
between tip 111 and peripheral end 122. The peripheral end 122 projects outwardly beyond
the outer perimeter 24 of the electrode 28 and is not covered by the tubular sleeve 118, A
junction box 126 connects the exposed peripheral end 122 of conductive member 110 with

conductive member 108, which provides a conductive path from the bus bar 104 to the
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conductive nmenber 110. Another junction box 128 connects a peripheral end
(not shown) of conductive nmenber 114, which projects out of the power
bussi ng channel 116, with conductive nmenber 112 so as to supply a
conductive path fromthe bus bar 106 to the conductive nenber 114.

[ 0050] The el ectrically-insulating material constituting tubular sleeves

118, 1%?%?@’6 x?lgmggyﬁq%igkﬂloﬂeéﬁﬂ%g@%b&ﬁ@h@ c&ir%'c%cdtﬁeirﬁah&% &{d @bt shb@h) gxanpl e,

the ti sl eeves e conposed of "a polymeric fluorocarbon

material |ike polytetraf| uoroethyl ene (FIFE), which is honopol yr ner of
tetraﬁ¢m@#ﬁ%ﬁ%W¥%ﬁé”60ﬁﬁﬁ*é¥%?ﬁ9Oﬁvgﬁh%BV%&ﬁﬁH@Pgﬁ @“F}ngvﬂghe TEFLON(r).

Alternatively, the tubul ar sleeves 118, 120 nay be conposed of pol yethyl ene

t er ephhimkiice SsHBEr (IPEEE fo Wipbha tshduotivepath diohy theak bab1 G tariter t he
tradenanme MYLAR(r). In one enbodi nent, each of the power bussing channels

115, 116, has a dianmeter of about 0.25 inch (about 0.64 centineter), the
conduE?V%%UW%Wﬁ@bﬁn@68, 110, 112, 114 are conposed of al uni num or an

al um num al l oy, and the tubul ar sleeves 118, 120 are constituted by tubes
of PTHESMat Greelstigirdialangmpiend sauETAe worseslscverd] 31128 mygs511The

pl asma treatment system 10 includes a controller 132 that is enbodied in a

progr .8 oF 99 QiePRIIQLIEE nafd6)., Far elgiglal the hipnadr speesddspr20(BSP) , or
anot her cropradcessor-based device with a central processing unit capable

S b S T S A e

skill. The controller 132, which is positioned inside the enclosure 12, is
coupl ®dh¢ borhbigolyaer dustratowpotients mméreiafly asnteble watenthntiradpoe@m 10 to
facilitate control of the plasma process. A human nachine interface (HM)

134 ‘ggﬁﬂé&@ ‘Aﬁféﬁgﬁ%{}?%tmg&l%@s EONDOA S bel@nicRe@okoveihyTaner . The

HM 1 may i nc put devices, such as al phanuneric displays, a touch
screen, and other visual. indicators, and .input devices, and ks, such
e & Wmeiabe caen BT Vhich s S arpi el P ealfb e e AR SATHAS G ce.
keypads, pushbuttons, control knobs, etc., capable of accepting comands or
i nput ofd @RbddaBeapeichtod theapdver basssrg dhtanngs § he dinthas edidnmpertoftaboutiielcent r al
processing unit of controller

inch (about 0.64 centimeter), the conductive members 108, 110, 112, 114 are composed of

aluminum or an aluminum alloy, aﬁd the tubular sieeves 118, 120 are constituted by tubes of

PTFE that are slipped over the conductive members 110, 114

[0051]  The plasma treatment system 10 includes a controller 132 that 1 embodied in a
programmable logic controller (PLC), a digital signal processor (DSP), or another
microprocessor-based device with a central processing unit capable of executing software
stored in a memory and carrying out the functions described herein, as those functions are
understood by those of ordinary skill. The controller 132, which is positioned inside the
enclosure 12, is coupled to the various components of the plasma treatment system 10 to

facilitate control of the plasma process. A human machine interface (HMI) 134 is operatively

cormected to the controller 132 in a known manuer. The HMI 134 may include output
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132. The controller 132 may be provided with standard conmuni cati ons busses
conpati ble with other automated equipnent utilized in a production |ine
with the plasnma treatnment system 10. [0052] Each of the el ectrodes 28

i ncludes a network of channels 136 used to regulate the tenperature of the
solid netal plate, which is heated when generating the plasma. Distilled
wat er _or, anot her i tabl e heat-e |1 oy 4 . ;

et vofRiGE S Te R Tah st a ey g AP o P

pl ates. One of the channels 136 is connected with inlet tubing 138 and

anot hdeviofs andeonhapnrotisasl8®uck-serepmserérendt APBIURAICRFEPAEd 1P WG ch have
associ ated fluid feedthroughs 141, 143 penetrating through a wall of the

vacuu HME@‘ f@%ad%ﬂpusHMtoﬁé,%ﬁtr&a@@bﬂre@@!gif@aal%f atdedtiagavMAIaRAs 6r b

heat - exchdnge fluid from'the atnospheric-pressure environnent into the

evacuabl e space 16 |n a seal nner. The.inle | et ..t uhi 8, 140
iy SABB Y PREifE CHARP GG B P ra T Ry iy ST be Shisa B, e
vacuum chanber 14. An inlet distribution tube 142 and an outlet
di st r i bt Thacdnmode 12 may bhproided riith stofdarheomapniraiiensdisess comppdipect i vel y
have taps that are coupled by fitted

with other automated equipment utilized in a production line with the plasma treatment system

10.

[0052]  Each of the electrodes 28 includes a network of channels 136 used to regulate the
temperature of the solid metal plate, which is heated when generating the plasma. Distilled
water or another suitable heat-exchange liquid is pumped through the network of channels
136, which may be gun-drilled in the solid metal plates. One of the channels 136 is connected
with inlet tubing 138 and another of the channels 136 is connected with outlet tubing 140,
which have associated fluid feedthroughs 141, 143 penetrating through a wall of the vacuum
chamber 14. The fluid feedthroughs 141, 143 communicate the heat-exchange fluid from the
atmospheric-pressure environment into the evacuable space 16 in a sealed manner. The inlet
and outlet tubing 138, 140 may supply the mechanical support for suspending the electrodes
78 in the vacuum chamber 14. An inlet distribution tube 142 and an outlet distribution tube
144 on the exterior of the vacuum chamber 14 respectively have taps that are coupled by fitted
lengths of tubing with the inlet and outlet tubing 138, 140 serving the channels 136 inside each
of the electrodes 28.

[0053]  The temperature of the electrodes 28 may be regulated by the circulation of the

heat-exchange liquid through the respective channels 136. To that end, the heat-exchange
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| engths of tubing with the inlet and outlet tubing 138, 140 serving the
channel s 136 inside each of the el ectrodes 28. [0053] The tenperature of the
el ectrodes 28 nay be regulated by the circulation of the heat-exchange
l'iquid through the respective channels 136. To that end, the heat-exchange
liquid may be supplied froma heat exchanger (not shown) to an inlet port

of t hg@i %&gt %&Jpﬁégfﬁbﬁ ﬁeﬂp&c%%%s?grg?tq-h%ﬁ]ng%qm& or@@?ﬁﬁe‘?ﬁlett he inlet

t ubi n exchanger ate and terrperature of
t he heat-exchange liquid to either heat or cool the el ectrodes
dependistgbuionttiie ]d’éﬁﬁﬂé]éﬁf@?lﬁé@to eapla e hiPsdnIgbRIDINSS IPFaldf 8FF &YC S‘?rrf&n
operation between the el ectrodes 28 and panels 40, the tenperature

regul ahijenhefokheeahe ¢dhReaares thdleatleschange ligeid tb @itharehi @icabl her equl at e
t he tenperature of the panel s 40 during plasma treatnent. [0054]1n use and

with referen d r. are
popul %@HO% taﬁ ‘é)?ﬁ% 132 28 Eideﬁlrfagsg C?o#%%%"{ggh %1?%&1?365%@&\:}12&3%@ %%@Eraﬁg

t he vacuum chanber 14 is vented to atnospheric pressure, the chanber door
15 i s bepenethd deaedesl8 stvpaacksddsthe prmpaipfuisregaiagon héthedqetradesi 28 may
transferred through the access opening 18 into the vacuum chanber 14. The

acces %58 Re 'ﬁ%&ﬂto 18néi ﬁﬁ,@leggla%@ {e@feRguehanhepadeor) dbingithsengagimett he

| at ch of panel’s is supported by one of the product hol ders 38

(00551003 pHerE A S 1 BEPRRR TR § Ho VA CIANIe ERateothe 45 e ne

vacuum chanber
populated with panels 40 at a location outside of the vacuum chamber 14, the vacuum chamber
14 is vented to atmospheric pressure, the chamber door 15 is opened to reveal the access
opening 18, and the rack 36 is transferred through the access opening 18 into the vacuum
chamber 14. The access opening 18 is sealed by closing chamber door 15 and engaging the
latch 20. Each of panels 40 is supported by one of the product holders 38 between the
electrodes 28 Qf one of the adjacent pairs 25.
[0055]  Atmospheric gases resident in the evacuable space 16 inside the vacuum chamber
14 are evacuated using vacuum pumping system 26. A flow of a source gas is supplied to the
gas distribution manifold 60 from the source gas supply 56 and with a mass flow rate metered
by the mass flow controller 58, while actively evacuating the vacuum chamber 14 with
vacuum pumping system 26. The source gas is injected into each process cell 52 from the
opening 63a at the end 63 of each of the gas delivery tubes 62 serving each adjacent pair 25 of
electrodes 28. Each source gas injection point is inside the perimeter 24 of the electrodes 28

and, in one embodiment, is located approximately at the geometrical center or mid-point of the

respective one the surfaces 49, 51 of one of the electrodes 28. As a result, one gas injection
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14 are evacuated using vacuum punpi ng system 26. A flow of a source gas is
supplied to the gas distribution manifold 60 fromthe source gas supply 56
and with a mass flow rate netered by the mass flow controller 58, while
actively evacuating the vacuum chanber 14 with vacuum punpi ng system 26.
The source gas is injected into each process cell 52 fromthe opening 63a
at the end 63 of each of the gas delivery tubes 62 serving each adjacent
pai r 25DPemt & mevidedberween siEfich48 oliech pgas! 4Miedi-RBe PDH AN @ftwﬁéxgageééae
perimeter 24 of the electrodes 28 and, in one enbodinent, is |ocated

appr oxi BRLeb¥esals th BEHORIPIBLHaG i d-point. of the respective one
the surfaces 629, '51 of one t(%dfap[t ﬁea?lgl%gg{hre gg%ég?n%§88 ol Pﬁsé’%‘fl@‘? iwedas

i njecti int. i rovjded between surface 48 of each panel 40 and

surf ac e%%gac%]%' Ostie a%f 1g’)alnﬁle‘iq ﬁ%tséfb%%‘fe@ Be othsa of thegukiapesad klcatipds &btin paihr 25
and anot her gas injection point is provided between surface 50 of each
panel 48djagrhtpairface 51 of the other of the juxtaposed el ectrodes 28 in
each adjacent pair 25. [0056] Once a desired process pressure is achieved
and st afgdggged hAS - er. 14, the RF generator 30 is
ener gi zgd tﬁg su%%tl%yaqgels%%tegr}g%gklﬂ %ngmlg%]%{%b%ﬁ%fgééwiﬁt@gﬁ%‘gméﬁ? thy Wet¥ncal power
is deli ver&% 9% t’&cjogigucti ve nmenbers 110, 114 to a |l ocation inside each solid
el ect r odE I {7 tPp dpeeenel painestizal toapplyslsotridal powéeo tesgeatddeers.
perimeter 24 and, in one enbodinent, that is approximtely at the

geonet r Eleatricelgmivesr indelivedd poicohdiefive arhnplecid 9¢e, i$h HOUE GE.1d2
resi dent between each adjacent pair 25 of el eétrod%giofg@&s&gﬁéﬁ%a%gﬁ@d

i oni zeda by ddd [ 0 generate plasma |ocally in each of the
process cel | séégg ha'?%ﬁ%é%{a}g?%@%g”g t ffretsg"étlb’%@@@@e&é% ped, 5@ onepr esent s
partially igQnized source gas consisting of ions, electrons, free radicals,
and nelRdEERE [hasis approninasyly bathe @Bpmetith] settcrof ntiddsiB4f e 88, c18% ot he
bottom pl ate 82, and each adjacent pair 25 of el ectrodes 28 surround one of

the prodessuee!das r&ulcaMieIRALREG aldit ?Qi'?fzis 4§ e}epﬁ%&g?gh@llﬁ 2:1%1 a@g ni ze 8 hg our ce

gas of the plasma within each of the procéss ce 1R
escape f e partially ionized source gas fromthe respective process
cel | 5é5@%§‘8§9]%@68%{/ﬁ8|g§“ teéﬁaé“@jﬁﬁ?jléfdﬁteé‘jﬂ fethp peosats dells he The pems cel | s
52 for a duration

inside each of the process cells 52 represents partially ionized source gas consisting of jons,

electrons, free radicals, and neutral species. Each top bar 80, each set of rods 84, 86, 88, the

bottom plate 82, and each adjacent pair 25 of electrodes 28 surround one of the process cells

tn

atr nrapibine P Y o 3 .
2 and cooperate to confine the partially ionized source gag of the plasma within each of the

process cells 52 by reducing the escape rate of the partially ionized source gas from the
respective process cell 52.

[0857]  The panels 40 are exposed to the plasma in the process cells 52 for a duration
sufficient to treat the exposed opposite surfaces 48, 50 of each panel 40. The ionized gas
mixture constituting the plasma is conductive and highly reactive, which promotes the
plasma’s ability to interact with the panels 40 to perform the prescribed plasma treatment.

Plasma-generated active species perform physical processes through ion bombardment and
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sufficient to treat the exposed opposite surfaces 48, 50 of each panel 40.
The ionized gas m xture constituting the plasma i s conductive and highly
reactive, which pronotes the plasma's ability to interact with the panels
40 to performthe prescribed plasma treatnent. Pl asma-generated active
speci es perform physical processes through ion bonbardnent and chem cal
processes.t hrough radical/ od C I r i : | nt upon the
part i ﬁ&FﬁEHﬁF%%e%§§“@$l%ﬁ%@%ﬁ%ﬁ?%%‘%?g%%ﬁ¥%¥8§%£é%?%ggéﬁg%gggﬁ% reaction
can be caused to occur on the panel surfaces 48, 50. The process reci pe may
be vamiegttukccondt pg ereomhimation of wuste gaves, i diffeent reaglionessn. berapsep e nt ed
circuit board applications, chem cal reactions at the surfaces 48, 50 of

the pauglS,fle %?z?el Wil k@ 8¢l 500 The pRYRsdifdclde rEAEBE vald Jcesiife 16 Chumaand t o

increase wettability for l'ami nating and | egend adhesion. After the

treatnment is congleted, t he c&anbe% dogr é@ .S opﬁned Lo reveal ;the access
openi 1§ thepplagpairratiEgnis 6 OF BT ACHHROBT SRR SREPE UG 8hied from
t he vacuum chanber 14, and the processed panels 40 are offl oaded fromthe
rack 36rfacd 4808 eftht paraiotthee uplivalgssemgvs i enlca058] Resicicences therein to
terms such as "vertical", "horizontal", etc. are nmade by way of exanple,

and not . Dy WYt foﬁ%@h%t?{a&' anli%e 2ol aBLE S aakeATR tRhinl Bt & @RGReted, tthd S

under st0o0d vari ous o mes of reference may be enployed without
departing fromthe spirjit and ééope of the igv rniéyg Altho% h the d

el ect chagheraoal & 1y @ERsd 8deYs! Bs 2heish GPTEPE il EallF b i0HTEHe He BEKESRC havi ng
ordinary skill in the art will appreciate that the el ectrodes 28 nay have a
non- vertdisad iOkhertdirbnhe {ANHH]dhinber 1 henprks prtedsad patetsot) drastibedad
illustrated by a description of various enbodi nents and while these

enbodi_nents have. been cri ' [ able detail, it is not the
intenf?@hhgﬁaghgi% 5PP%§§{ék$§gpg§?§§§§h%§5in any way linit the scope of
the appended clainms to such detail. Additional advantages an gndifi ations
will [@e&8] y Bpfsecacestivreintsiersksuched "Vertiche, donzontae, sitasntiagh oy §ayte
broader aspects is therefore not limted to the specific details,

repr e%gﬁﬁdﬁfe,i M R BRALWS AN sR b establi andfridnk WS tdfathae Ttex angdresodhown and
descri bed. Accordingly, departures may be made from such details w thout

ConceptiowEdbeEsor rrentvent gretosr rob i R TR 1 (e
appended cl ai ns.
scope of the invention. Although the electrodes 28 are referred to as being vertically oriented,
a person having ordinary skill in the art will appreciate that the electrodes 28 may have a non-
vertical orientation.
[0059]  While the present invention has been illustrated by a description of various
embodiments and while these embodiments have been described in considerable detail, it is
not the intention of the applicants to restrict or in any way limit the scope of the appended
claims to such detail. Additional advantages and modifications will readily appear to those
skilled in the art. The invention in its broader aspects is therefore not limited to the specific

details, representative apparatus and methods, and illustrative examples shown and described.

Accordingly, departures may be made from such details without departing from the spirit or

-23 -



We claim 1. An apparatus for treating products with plasm generated from
a source gas, the apparatus conpri sing: a vacuum chanber incl udi ng an
evacuabl e space, a punp port communicating with said evacuabl e space, and
at | east one injection port configured for introducing the source gas into
sai d evacuabl e space; a plurality of electrodes in the evacuable

space, each el.ectrode incl udi. Si £l cand LERees]
_conneé?ﬁﬁcgﬁp@ngﬁt%?xz%H?ﬁ%%gg?ggg dT%ﬁﬁ?d#?%?ﬁggnéﬁectrgggg haviﬁb a

j uxt aposed arrangenent to define a plurality of process chanbers

t her ebetiwimd tiythe hppepded dlaiie space, and each of said el ectrodes incl uding

a channel extending fromsaid outer perinmeter into said el ectrode between
said first and second surfaces of said el ectrode and a tubul ar sl eeve

conprised of an electrical insulator in the channel; a plasm
excitation source configured to power the electrodes so as to generate the
pl asma fromthe source gas in each of said process chanbers; and a

plurality of conductive nmenbers, each of said conductive nenbers disposed
wi thin said channel of a respective one of said el ectrodes and connected
with said respective one of said electrodes at a |ocation inside said outer
perineter to electrically couple the electrode to said plasm excitation
source, and each of said conductive nenbers including a first end that

proj ects beyond said tubul ar sleeve to nmake el ectrical contact with one of
said el ectrodes at said |location inside said outer perineter of said

el ectrode. 2. The apparatus of claim| wherein each of said el ectrodes has
a geonetrical center



MOSELP i nside said outer perineter, and said |ocation for each of said
conductive nenbers is within one-half of an inch of said geonetrical center
of said respective one of said electrodes. 3. The apparatusigfgiglzai m |
wherein each of said electrodes is a solid plate. 4. The apparatus of
claim| wherein each of said conductive nenbers further includes a second
end projecting beyond said outer perineter for establishing an external
connectwenlawht h sai d plasna excitation source. 5. The apparatus of claim4
wherein each of said conductive nenbers is a rod including a cylindrical

outer sunhapsadt eRddAanPELURRIWARbRAsh b8leraABd reRCONd RS mand said
tubul ar sl eeve is disposed on said cylindrical outer surface between said

outer sypfaee.Ahgkid.si dewal | of said passageway channel so that said
conductive nmenber is electrically isolated between said first and second

ends from sai | i I r .. The appar at us of
oo m 5 whedafe D BERHK b AN B E FELT H6Rp ppl cof R RBRAL S
conductj.ye uch t ha aid seco sai d .canducti ve nenber

. Wi sargeewberab?e space, ai & 3 e encdo end of A ;
proj ect's ot wardly AR 841 T HbUIC AP S WL confguizd o jpasdie (g oy treating
produc%gm%éégiﬁg%g%%w Sggkﬁkgg;fron1a source gas, the apparatus conprising:

a plurality of electrodes in the evacuable space, each electrode including opposite
first and second surfaces connected by an outer perimeter, said plurality of electrodes
having a juxtaposed arrangement to define a plurality of process chambers therebetween
in the evacuable space, and each of said electrodes including a channel extending from
said outer perimeter into said electrode between said first and second surfaces of said
electrode and a tubular sleeve comprised of an electrical insulator in the channel;

a plasma excitation source configured to power the electrodes so as to generate
the plasma from the source gas in each of said process chambers; and

a plurality of conductive members, each of said conductive members disposed
within said channel of a respective one of said electrodes and connected with said
respective one of said electrodes at a location inside said outer perimeter to electrically
couple the electrode to said plasma excitation source, and each of said conductive
members including a first end that projects beyond said tubular sieeve to make electrical

contact with one of said electrodes at said location inside said outer perimeter of said

electrode.

2. The apparatus of claim | wherein each of said electrodes has a geometrical center
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MCSLLF a vacuum chanber includi ng an evacuabl e space and a punp port

comuni cating with said evacuabl e space; a plurality of electrodes in the
evacuabl e space, said el ectrodes having a juxtaposed arrangefEHLiin a
plurality of adjacent pairs, each of said adjacent pairs of said el ectrodes
separated by a gap (G to define a respective one of a plurality of process
chanbers, and each of said el ectrodes including an outer perineter; a

pl ur al iikyideofaidyasergetimeet,yanti ubiddodatisn fbe eshiof syidaondacihanmeernherséeach of said
gas delivery tubes including an injection port configured to inject the
SOUur ce vgasn bl PoMQSRECH MR RBRec@kalSBh@r PraeESspehanBer&.saigai d i nj ection
port being located inside said outer perineter of said electrodes; a plasna
exci t atdgQRo&RuUrce electrically coupled with said el ectrodes, said plasm
excitation source configured to power said electrodes so as to generate the
pl asma fromthe source gas in each of said process chanbers; and a
plurality of flow r restricting nmenbers, each of said flowrestricting

menber cat i I . e i e of the adjacent

ai e o RSt A A P R DB ARRCE MIERIRRT, T ompers
operating to reduce said gap (G for constraining a flow of the source gas
out of each of said process chanbers to said punp port, wherein one of
said el ectrodes in _each of the adjacent irs has a first surface, another
of sai d- SHCOPFBHSS F BN G EHD ARdsdcaficlss Pemhds RS EEIHRSHr f ace
confronting said first surface, one _or nore of the products are |ocated

bet weeleWaf nd pioicting beyore sHe OYlgr papaser fgpgstapfisking @ geemabiomiynt ubes i s
attached to said first surface, and another of said gas delivery tubes is
at t achedthiseidgadsehagaeidrignsovtace. 8. The apparatus of claim 7 wherein said
el ectrodes are solid so that the source gas in each of said process
chanbers is constrained to flow through said gap to reach said punp port.

5. The apparatus of claim 4 wherein each of said conductive members is a rod including a
cylindrical outer surface extending between said first and second ends, and said tubular
sleeve is disposed on said cylindrical outer surface between said outer surface and a
sidewall of said passageway channel so that said conductive member is electrically

isolated between said first and second ends from said respective one of said electrodes.
6. The apparatus of claim 5 wherein said tubular sleeve is shorter in length than said
conductive member such that said second end of said conductive member projects

outwardly from said tubular sleeve.

7. An apparatus for treating products with plasma generated from a source gas, the

apparatus comprising:
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9. The apparatus of claim 7 further conprising: a rack including a
plurality of product holders configured to hold the products in the process
chanbers, each of said product holders configured to hol d 6hélLiof nore of

t he products between an adjacent pair of said el ectrodes, and each of said
flowrestricting nenbers physically coupled with a respective one of said
product holders. 10. The apparatus of claim9 wherein said rack includes a

bot t om Pl Rb@n thahbedr snch@dindan aab@bmawﬁnﬂlags gt Egn@inioatir@rwiper i met er,
and said bottom pl ate di sposed between sai d product hol ders and said punp

port saafdhatcdiBRispidee source gas is constrained to flow out of each of said
process chambers about said outer perimeter of said bottomplate to reach

sai d p%u&aﬁ{ of elet:troérerag? ﬂmﬁ%@é&ta?‘% s z{cecéa?c!ha%c%g‘@@@ﬁ IE)L seg&lpggedsa' d flow

restricti renbers i n 0 n a portion of

sai d g%@fan e% maar igxaav\hn a%hacel%gﬁ;r (glhéfjgglldl i/%ergt afls I sal ga&;%ilz The

apparatus tric ers includes

a frana_mnt ) in sai.d gap ra |t of connecti ng
Tember s*@%?fﬁ%@f Fatp (3P aeEs as%%@vv?ﬁehofﬁa?%fahﬁﬁaf%ws LPAPBar Hocat ed
i nside said ou rimeter of said electrodes in each adjacent pair. 13.
The apﬁﬁ#h?%@“ﬁgﬁﬁggﬁﬁPﬁuaﬁgﬁ%Pﬂm%%%ﬁnqﬁ7sald flow restricting menbers
i ncl udes a bar disposed in said gap, each of said product hol ders including
a plur & ‘Er9ilfdf0f ersodedivery s dnsdnmidgiicem chpnabrspeich ofsaid eascdeligeid of t he
products, and said bar is |ocated between at |east one of said cross
menber suben dncdugin wungetipepirhetndicust (s ajat tlesotico dasiniqp wapdstivdprecent pair.
14. The apparatus of claim 7 further conpri sing:

of said process chambers, said injection port being located inside said outer perimeter of

said electrodes;

a plasma excitation source electrically coupled with said electrodes, said plasma
excitation source configured to power said electrodes so as to generate the plasma from
the source gas in each of said process chambers; and

a phurality of flow restricting members, each of said flow restricting members located in
said gap (GG) between a respective one of the adjacent pairs of said electrodes, and each of
said flow restricting members operating to reduce said gap (G) for constraining a flow of
the source gas out of each of said process chambers to said pump port,

wherein one of said electrodes in each of the adjacent pairs has a first surface, another of
said electrodes in each of the adjacent pairs has a second surface confronting said first
surface, one or more of the products are located between said first and second surfaces,
one of said gas delivery tubes is attached to said first surface, and another of said gas

delivery tubes is attached to said second surface.
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a gas distribution manifold inside said vacuum chanber, each of said gas
delivery tubes connected in fluid conmunication with said gﬁgﬁggﬁtribution
mani fol d. 15. The apparatus of claim 14 wherein said gas Pributi on
mani fol d i ncludes a channel, each of said gas delivery tubes is connected
in communication wth said channel, and further conprising: a mass flow
controller configured to regulate a mass flow rate of the source gas

del i vergedht epmedres @vdimel widreiaakd fagodissitd ddidtsoahat mBndoliadedas inl6. The
apparatus of claim 15 wherein said electrodes are oriented in a series of
par al | elyciphRaRSpro@RscisditdrsGh aniahink$ tfi WO hesu M dahi ghpsakhcBasd fusbri bution
mani fol d approxi mately perpendi cular to said series of parallel planes.

17. The,gpparatus of claim7 wherein each of said gas delivery tubes
includes a plurality of tubular sections that are angled relative to each
ot her, each of said tubular sections including a length selected to
establish an overall length for each of said gas delivery tubes. 18, The
apparagyﬁ.of %E&&”?%]WQ%”%kﬂw%@%Pﬁ%E said el ectrodes has a geonetrica
center T g?@%’s i outEr pe Preter, "and sai d injection port of each of said
gas delivery tuybes is |located w thjin one-half of an inch of said

Dot itk Melilpgr rifkaT PRCHEENTE GRBegrd sufdld MtPidins f5o” e
apparatus of claim7 wherein each of said el ectrodes includes a channel

ext endiPEgFers Gambars deasl pbiaihriofng hiaiiers sopligupd i PPORfBEIMEEN said first
and second surfaces of said electrode and a tubul ar. sl eeve conprised of an
el ect r ipteducispsinean on adincanhpaie piatarredlectigdes. fugt eavdrof sofplomsiesfcasl ural ity of
conductive nmenbers, each of said conductive nmenbers disposed within said
channelmapfbess phosipalést doupledvathof respictlv etrect sodasoduwstbdides. sai d conducti ve
menbers el ectrically connected with said respective one of said el ectrodes
at a location inside said outer perineter to electrically couple the

el ectrode to said plasma excitation source, and each of said conductive

menber §0i Tid 4p@hiagis af tlafn bRaderdi Qi@edcs ileyiend bsabd plaubtlaar ssh@evie to make
electrical contact with one of said electrodes at said |ocation inside said
outer RefhABIARS hRinSA An@lREMERH8nd said bottom plate disposed between said

product holders and said pump port so that that the source gas is constrained to flow cut

of each of said process chambers about said outer perimeter of said bottom plate to reach

said pump port.

11. The apparatus of claim 9 wherein each of said flow restricting members includes a
frame with a bar disposed in a portion of said gap, said bar having a width sllightly fess

than said gap.

12. The apparatus of claim 9 wherein each of said flow restricting members includes a

frame with a bar disposed in said gap and a plurality of connecting members connecting
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20. The apparatus of claim 19 wherein each of said el ectrodes has a
geonetrical center inside said outer perineter, and said ¥ggatjon for each
of said conductive nenbers is within one-half of an inch of said
geonetrical center of said respective one of said electrodes. 21. The
apparatus of claim 19 wherein each of said el ectrodes has a geonetri cal
center inside said outer perineter, and said |location for each of said

i nj ect iRl ROkbovieSyiM Bdiiom Kme; daal far 0fcart idsitehsaof csai (drigeamef sdi¢al center of
sai d respective one of said el ectrodes.

electrodes in each adjacent pair.

13. The apparatus of claim 9 wherein each of said flow restricting members includes a
bar disposed in said gap, each of said product holders including a plurality of cross
members configured to support at least one of the products, and said bar is located

between at least one of said cross members and said outer perimeter of said electrodes in

each adjacent pair.

14, The apparatus of claim 7 further comprising:
a gas distribution manifold inside said vacuum chamber, each of said gas delivery tubes

connected in fluid communication with said gas distribution manifold.

15. The apparatus of claim 14 wherein said gas distribution manifold includes a channel,

each of said gas delivery tubes is connected in communication with said channel, and

further comprising:

a mass flow controller configured to regulate a mass flow rate of the source gas delivered

to said channel of said gas distribution manifold.

16. The apparatus of claim 15 wherein said electrodes are oriented in a series of parallel
planes, and said channel is aligned within said gas distribution manifold approximately

perpendicular to said series of parallel planes.
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17. The apparatus of claim 7 wherein each of said gas delivery tubes includes a plurality
of tubular sections that are angled relative to each other, each of said tubular sections

including a length selected to establish an overall length for each of said gas delivery

tubes,

18. The apparatus of claim 7 wherein each of said electrodes has a geometrical center
inside said outer perimeter, and said injection port of each of said gas delivery tubes is

located within one-half of an inch of said geometrical center of the respective one of said

electrodes.

19. The apparatus of claim 7 wherein each of satd electrodes includes a channel
extending from said outer perimeter into said electrode between said first and second
surfaces of said electrode and a tubular sleeve comprised of an electrical insulator in the
channel, and further comprising

a plurality of conductive members, each of said conductive members disposed within said
channel of a respective one of said electrodes, each of said conductive members
electrically connected with said respective one of said electrodes at a Jocation inside said
outer perimeter to electrically couple the electrode to said plasma excitation source, and
each of said conductive members including a tip that projects beyond said tubular sleeve

to make electrical contact with one of said electrodes at said location inside satd outer

perimeter of said electrode.

20. The apparatus of claim 19 wherein each of said electrodes has a geometrical center
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inside said outer perimeter, and said location for each of said conductive members is

within one-half of an inch of said geometrical center of said respective one of said

electrodes.

21. The apparatus of claim 19 wherein each of said electrodes has a geometrical center
inside said outer perimeter, and said location for each of said injection port is within one-

half of an inch of said geometrical center of said respective one of said electrodes.
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