111111171121711111111 * 59 59* MULTI PLE- ELECTRODE PLASMA PROCESSI NG SYSTEMS
W TH CONFI NED PROCESS CHAMBERS AND | NTERI OR- BUSSED ELECTRI M“\ ﬂ S
W TH THE ELECTRODES Technical Field [0001] The invention r 1y
t-o plasma processing and, in particular, to plasma treatnent systiens and

met hods for treating substrates with enhanced uniformty.
MULTIPLE-ELECTRODE PLASMA PROCESSING SYSTEMS WITH CONFINED

PROCESS CHAMBERS AND INTERIOR-BUSSED ELECTRICAL CONNECTIONS
WITH THE ELECTRODES

Technical Field

[0001]  The invention relates generally to plasma processing and, in particular, to plasma
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, to 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] Inaconventional 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 to clean undesired

contaminants from the substrate’s surface.
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Background [0002]Plasma treatnment is frequently used to nodify the surface
properties of substrates used in a diversity of applications including, but
not limted to, integrated circuits, electronic packages, and printed
circuit boards. In particular, plasma treatnent nmay be used in el ectronics
packagi ng, for exanple, to etch resin, to renove drill snear, to increase
surface activation and/or surface cleanllness for ellnlnatlng del am nati on
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[0005] Plasma processing may be used during the manufacture of printed circuit boards to
process the panels during various stages of fabrication. In one application, plasma is used to
remove drill smear having the form of residual polymer resin that is spread along the walls of
throughholes and vias by a mechanical drilling process. If left unmitigated, the drill smear
may interfere with the plating process, such as electroless copper plating, used to form the
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
increase the wettability and lamination of plated metallization applied to the walls of
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.
[0006]  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 is

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

.



[0004] In nultiple el ectrode plasma processing systens, both sides of

nul tiple panels of material are sinmultaneously plasna treated in a batch
process. A substrate hol der holds each panel with a vertical orientation
between a pair of planar vertical electrodes, which are energized with a
sui tabl e atmosphere present in the treatnment chanber of the treatmnent
systemto generate the plasma. The environment between each planar vertical
el ect r addoamdy ddnessabl eteaturbur heaef obct frarpadiedved bypbhemtianilgeadesgiipcess
chanber in which the partially ionized source gas is present. [0005]Pl asm

pr ocesw&nmlfeeade@ﬁ% fémemniehsedyﬁg&%% 9§ag¢sul9f€dlé}ﬁ%Qtﬁ%hﬁoq&;]%&ﬂboar ds to

process”the panel s during various es’ o Ication

application, plasma is used to renmove drill smear having the form of

resi dué‘ﬂ‘%F%/WéWa$eet§P Aepsiytof the iglgreonpeds omthetriategeditcyit dpandh Powifiehol es and
vias by a mechanical drilling process. If left unnmitigated, the drill snear

may i ntchaileige isvo tuftifbhel ypteat the @ail A€ esch of Shicdi fldfenehReéss @h&gBersopper pl ati ng,
used to formthe netallization that establishes the electrical connections

of the Bbbﬂt ed 11re%8f’nen9§1?aflgﬂats a%%r%s cysys SO basleE)S%ﬂ%éeqP%C&%é Le the

surfacd prin %ﬁse t he
wettabilit and | am nati on of plated netalllzatlon applied to the walls of
t hr oug hlhtsmxﬁgi raRPse there ivh aeaddonmplasins prasessargrysieatithatis cepapleofimprodesi st
resi due when patterning fine pitch nmetallization lines on printed circuit

boar ds tadehif@mptk P BlcthrbOBsihP B th@é’rﬁfre @&rfatcte%xearm‘teﬁéﬂ Bifted SGH B¥ard and
polyi m des, for netallization. Plasma may al so be used to renpve carbon

residue resul tj t he. ted circuit board is la ed to form
bl i nd R4E ‘T‘Bﬁ@gﬁ‘ﬁ%gﬁ&ﬁ‘éﬂ Eo%fﬁ%&’roé?sée 1%%&"&5“%85?&65 @éPﬂ%‘%‘%ﬂ- tiple
el ectrode plasma processing systens nmay be quite |arge. For exanple, the

panel s may have a rectangul ar peri ratmmathat is characterized by a width of
about 26 inches and a |l ength of about 32 inches. Process wuniformty across
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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 is
Jocated 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.



[ 0007] Whi | e conventional plasma processing systens have been adequate for
t-heir .i ntended purpose, there is a need for a plasna processing systemthat
is capable of inmproving the uniformty of the processing over the entire
surface area of each printed circuit board and anmong nultiple printed
circuit boards processed in any single processed | ot of boards. Summary
[0008] I n one enbodi nent, an apparatus is provided for treating products
with pleH gdnaenathederhbahimentsauanperagasis pihadeddpatreating prodsictsdeish plassaz uum
chanber with an evacuabl e space, a punp port conmunicating with the
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gap between a respective one of the adjacent pairs of the electrodes. Each
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a flow of the source gas out of each of the process chanbers to the punp
port. 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 plurality 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
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[0010] In an alternative enbodi ment, the apparatus may further include a
plurakity of conductive nmenbers in addition to the gas delivery tubes and
flowrestricting nenbers. Each of the conductive nmenbers electrically
coupl es a respective one of the electrodes with the plasna excitation
source. Each of the conductive nenbers is electrically connected with the
respective one of the electrodes at a |l ocation inside the outer perineter.

Brief ROl ptTlemcodmpinyirs drawegs, wiiob atk]ifireparatedip and cogtititonparg st thishi ch
are incorporated in and constitute a part of this specification, illustrate
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t he invention glven above r|pt|on ven m/ serve
to explain the principles of the invention. [0012]FIG 1 is a front
pers pe@? thgdnyangan gfven abries sl the dptatied dersriptionssisen blaw nshre te\eaplain tha
accordance with an enbodi nent of the invention.

principles of the invention.

[001 2]  FIG. 1 is a front perspective view of a multiple-electrode plasma treatment system
in accordance with an embodiment of the invention.

[0013]  FIG. 2 is 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. 4 is 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_
electrodes in the multiple-electrode plasma treatment system.

[0017]  FIG. 5 is 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

electrodes.



[0013]FIG 2 is a rear perspective view of the vacuum chanber of the plasm
treatnent systemof FIG 1. [0014]FIG 3Ais a side view of the vacuum
chanber .of FIG 2 showi nhg one el ectrode in an adjacent electrode pair and a
gas delivery tube attached to the electrode. [0015]FIG 3B is a side view
simlar to FIG 3A of the other electrode in the adjacent el ectrode pair
and a gas delivery tube attached to the el ectrode. [0016]FIG 4 is an
enl ar ggQIOW]eW 0IG. 4 ipaperspastivé viEWGT tBArash ofvproguctieldpasthdi is us¢dotathiobhthaani f ol d
used to distribute process gas to the gas delivery tubes associated with
the di ff&neAlar BbAFEAOIRRIODid A8 phBteld dMaRibElsSRGECHE nRlIASIRILEA! fadha SYStem

treatment system.

[0020] FIG. 7A is a view in partial cross-section of the multiple-electrode plasma

treatment system of FIG. 1 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.

[0022] 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.

[0023] FIG. 9 is an enlarged view of another portion of FIG. 7A showing the details of the

conductive member connection at the junction block.

Detailed Description

[0024] With reference to FIGS. 1, 2, 3A, 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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[0017]FIG 5 is an end view of the electrodes and the product hol ders of
the multiple- electrode plasma treatnment systemin which the products held
by the product holders are omtted for clarity of description. [0018] FI G
5A i s an enlarged view of a portion of FIG 5 with a product visible

bet ween the adjacent pair of electrodes and held by the product hol der

bet ween the adjacent pair of electrodes. [O0019]FIG 6 is a perspective

vi ew ofis attashedadiacshit torthel acsesshplediegd 8thiydtinges pasitidnédoalbved ohet dide @igodfities at
treatment positions in the process chanbers inside the nultiple-el ectrode
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of the multiple-electrode plasm

when the chamber door 15 is in the closed position. The latch 20 is used to secure the
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, a
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.



treatment systemof FIG 1 in which the conductive nmenbers used to power
one electrode in an adjacent electrode pair are shown. [0021]FIG 7B is a
cross-sectional viewin partial cross-section simlar to FIG 7A of the in
whi ¢ch- t he conductive nenbers used to power the other electrode in an

adj acent el ectrode pair are shown. [0022]FIG 8 is an enlarged view of a
portion of FIG 7A showng the details of the conductive nenber inside the
el ect r 40@26Ind Theplesmeetredtmant systemphyiscludes pluradicy dOeleafodeh 28, tvwipctofiret he
conductive nmenber to the electrode. [0023]FIG 9 is an enlarged vi ew of
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junction block. Detalled Description

the representative form of a radio-frequency (RF) generator 30. The electrodes 28 are
electrically connected in parallel with the RF generator 30, as described in detail below, and
the vacuum chamber 14 serves as an unpowered, grounded counterelectrode. The RF
generator 30 includes an impedance matching device and an RF power supply operating at a
frequency of, for example, about 40 kHz, although other operating frequencies in the kHz to
MHz range may be used. The power supplied to the electrodes 28 may range from about 4000
watts to about 8000 watts at 40 kHz. However, a person having ordinary skill in the art will
appreciate that the system 10 may be modified to permit the delivery of different bias powers
or, alternatively, may permit the utilization of a direct current (DC) power supply.
[0027]  The electrodes 28 are suspended from one of the sidewalls 13 of the vacuum
chamber 14 with a uniform spacing between the juxtaposed pairs 25 of electrodes 28. An
individualized process chamber or cell 52 (FIG. 5) is defined by the space between each
adjacent pair 25 of juxtaposed electrodes 28. Each electrode 28, other than the peripherally
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 25.
[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, L, 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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[0024]Wth reference to FIGS. 1, 2, 3A 3B, and 5 in which |ike reference
nunerals refer to |like features, a plasma treatnent system 10 includes a
cabi net or enclosure 12, a vacuum chanber 14, and an evacuabl e space 16
surrounded by sidewalls 13 of the vacuum chanber 14. The evacuabl e space 16
i s accessed through an access opening 18 in the vacuum chanber 14. A
chanber door 15 can be opened to reveal access opening 18, through which

t he evaedabilativhakigh teringl condestivelt to arunatt effiibnt beat trppdfyr. alHe eléctrotiés @& seal
that isolates the evacuabl e space 16 fromthe surroundi ng anbi ent

envi r opfedHangdd LMK reB@BAshiPin WK Bdjabdht 8lebRG{28 98 3 EARGR]actR phit®saccess
openi ng 18 by hinges positioned al ong orie side edge of the vacuum chanber
14, carries a,latch éo thﬂ%:egga es anot her portion of the vacuum chanber
14 whefrs S8y ppented Jpparaliel PENES, t he cl osed position. The latch 20 is used
to secure the chanber door 15 in a seal ed engagenent with the rest of the
vacuum{@®fiber Ad Yest shaveaini HiGSnE ahd 6, tA2 plasini cleaterent §ystens 10 helydes i plek3y  of

t he chanber door 15, nedi ates the seal ed engagenent. The vacuum chanber 14
is for ; i I i r I | r hi_gh-yacuum
appl i car g TP Ep AL hURE LY, FRRH IR hA Bl bt JUhh ARLE sl Bn ik
connected with electrical ground. [0025] The evacuabl e space 16 defi ned

i nsi de 11 FFETSPSRIGILYR OFR é?nﬁ%&q igsidg Mhe vpcBum chasbyH 4a Esgupt hepanedg40 is
penetrating through a bottomwall of the vacuum chanber 14 by a vacuum
punpi ngnssjtatile ift@ Gne JNbe prtutiRoddsTPB 8 th B $ARB62 B he WHdkCI® iRRN e oh@Gated

i nside the enclosure 12 or on the floorspace adjacent to the enclosure 12,

is con ' t - l.ine 27, which ingcludes a
cont carieowih vt BFupt SBBEDE g Y T 08 ety RBsH OB
punmp port 23 and the vacuum |ine 27. The vacuum punpi ng system 26 nay
conpr i §&kaivds pppiiated withadaheheigbsofiraneln §0.dhe orpsben dodrold iandersgand theon
recogni zed by a person of ordinary skill in the art of vacuum technol ogy.

For  exaaml 3% is tags Mae oM ERIrNG tE¢RS 6Nndlle MM uUINEN AR 24T PERSWinY aRe punp
and roots bl ower that cooperate to establish and nmaintain a vacuum pressure

wi thin the vacuu %anber.14 that is in the | ow nlorr range. Durin
pr oces&PAYe ﬂheera%g FrROSHigAEE S'%ﬁ t}?'FaVCB‘émé?S%fBﬁ?itlg](fott%? ClTaﬂ'?DeéQ%‘?HPé:, Na
vacuum pressure in the range of about 200 niforr to about 300 mlorr. The
vacuumbpglgsedty myside mseded envirsenientoreadyafon avauaiondspthe veauugagespihgom t he
evacuabl e space 16 each tine that space 16 is vented for a panel exchange.
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 each 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. The other surface 50 of the panel
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[ 0026] The plasma treatnent system 10 includes a plurality of el ectrodes 28,
which.are nomnally identical, |ocated inside the vacuum chanber 14 and a
pl asma excitation source in the representative formof a radio-frequency
(RF) generator 30. The el ectrodes 28 are electrically connected in parallel
with the RF generator 30, as described in detail below and the vacuum
chanber 14 serves as an unpowered, grounded counterel ectrode. The RF
gener at4drcogoitne kudes Sdmfitpatiendchamktpbseg elieniodes 2fid each Raqeatir Zuppl y
operating at a frequency of, for exanple, about 40 kHz, although other
suppl i ca o FRSREFLES ek 1B g e p LR P PR 203 s T ABRERE Al 5000
40 kHz., Ho , Q. p¢ having ordinary skill in the art wll
Q'SH o ieEE QU RARE RS Srisad ¥BK Sgen%emgmqt@d%qf tﬁ%@dﬂfqent PR 08 very of
different bias powers or, alternatively, may permt the utilization of a
]gi rect ebaatr?eﬂzzz( Exﬁ)g pp@T/llleno ?%mﬂ:cayflhe[cﬁﬁﬁﬂif ﬂhair% ﬁn%té mmm taﬁ]@é’l&tﬁ)@?@%ded
romone o e sidewal |Is o] e vacuum chamber Wi a uniform
spacin j airs 25 of electrodes 28. An individualized
pr ocesgngﬁéalt e?o%@%&g%%@%@ﬁﬂé& 5) is defined by the space between each
adj acent _pair 25 of juxtaposed el ectrodes 28. Each el ectrode 28, other than
t he peﬁpgﬁﬂr al Withggfessnes & FKre 8t dBed g 5 iparhichlikatetesencs numsradgijeirdat pai r
25 with its nearest-neighbor el ectrodes 28. Each of the peripherally

out er nkk f@in@e@,rﬂ@ﬁ@asraﬁtr@aihwnmgtanciqqa&maesms@r&i aaldeliagy aeeah ety 25.
[ 0028] The el ectrodes 28 have the representative formof solid netal plates

- b i nch . i . Lhi ck and
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The metal form ng el ectrodes 28, such as alum numor an alum numalloy, is
char actiextepased plgctzodes P8t iThebgured ges delivery sygterh indwdhs @tsowvict gas supglyaS6, a
relatively high thermal conductivity to pronote efficient heat transfer.

The el egdsk adRScoABoRESS2E LANUSEILL PmhABRIN 60Gndi & RE VAR Ehahibelh Giqad) acent
el ectrodes 28 in each adjacent pair 25 are generally oriented in parallel

pl anes ‘multiple gas delivery tubes 62 also disposed inside the vacuum chamber 14. The source gas

supply 56 and mass flow controller 58 are connected by a delivery line 64 with a single gas
inlet 65 serving a channel 66 defined by a cavity inside the gas distribution manifold 60, as
best shown in FIG. 4. The gas distribution manifold 60 and channel 66 run along the width of
the vacuum chamber 14 and an opening (not shown) at one end 61 of each gas delivery tube
62 is connected by a fitting 68 with a corresponding orifice 70 penetrating through the wall of
the gas distribution manifold 60 to communicate with the channel 66.

[0032] The mass flow controller 58 is used to establish a mass flow rate metering the
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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[ 0029] As best shown in FIGS. 5 and 6, the plasma treatnent system 10
i.-ncludes a rack 36 with multiple product holders 38, which are nomnally

i dentical, configured support products in representative form of panels 40
i‘nsi de the vacuum chanber 14. Each of the panels 40 is insertable into one
of the product holders 38 in the rack 36. The rack 36 is carried on a cart
(not shown) when | ocated outside of the vacuum chanber 14 for ease of

mov eneflthe stédne pf sduecer gos KroB6thie soywop plsatuppl wWiitt dndandtered by nat flbwabnpelieel s 40,
t he chanber door 15 is opened and the rack 36 is transferred fromthe cart
to tra e : ' rack 36
i's posi%t% ?%ﬁegh\)ef&ﬁsa?ggmgﬁgH@a%ﬁgﬁgﬁg?E@ﬁlg%W@ﬁgb gﬁ%%g;a% OourteotllES‘?%lgn be
closed to_provide a seal ed environnent ready for evacuation by the vacuum
punpi n@2S§isreRiionmaniield 6l fromHhejchanpeh bf & (Rgiditéereni gan Aelbgromben@. cBiis . Wil e
the panels 40 in rack 36 are processed in the plasma treatnment system 10,
anot henrmagdndnnpérnsiicvince ghvddli@erytfor 4186KkthdBraveys dells 5D adiedmedetdd ot her

bat ch of panels 40 and, when rack 36 is renoved after processing,

i mredi i vacuum chanber 14 for processing nore panels
40. [ogg%F%Péﬁﬁﬂﬁg%%ﬁﬁg?gﬁﬁe of the panels 40 is disposed in each process
cell 52 and, when the plasnma treatnent system 10 is operating, both

opposi 18033y 1 aFkastlops rateof grs psevifedbinide megs Apw contielicg 58apd thecpunvifing wte
supported by the product holders 38 of rack 36 inside the vacuum chanber

14, t hefpatehSpdehias Sytinh 26 bRAdRtdIes ?aﬁvtic'né/aevdzhaﬂep'ie@ﬁ@% @édh?r@@é’s@!:él?l to
respective planes containing the el ectrodes 28. One surface 48 of the panel

40 confuonts. a.surface 49 of one of .the.juxtapased el ectrodes 28 in each
adj acer??%b%ilsrs %&efﬁ?ﬁaﬁ%ﬁn&{?ﬂf’aé‘ét%s%eqwapﬂa%% ProgesS WMt s a surface
51 of the other of the juxtaposed el ectrodes 28 in each adjacent pair 25.
Each ofsustioed| Blag vyaguen ch@mbersl 4dm emagtiated pianilighequaly veittythe dntrqaieciioretithe 24 and
the outer peripheral edges of panel 40 are di sposed inside the outer

peri MetkglircdfaHo thitareafligaes ate &ﬁiiﬁu&@lﬁxcﬁ’dr@@%g@tgﬁitgtg?%%%g?g%%%} $4/40 are in

an electrically floating state relatrve tot and relative
to the um chanber. 14. 031]Wth reference to FIGS. 3A, 3B, 4, and 5 in
whi ch I[%i:g r ef ]glraztr‘?@é‘“ﬁ%ﬁ‘ﬁp‘gﬁ?e?‘%%‘ﬁ“m%gﬁ SeepPlies et shewny may b? setRgctef eat ment
system 10 includes a source gas delivery systemthat is configured to

del i vewitothe odetgashet gas diserition esmifor] 0. Stheirissgion @Rt sadjcagaidelpated 25 of

j uxt aposed el ectrodes 28. The source gas delivery systemincludes a source
gas su B ; i i byt i 60
et do 1S S22 TRRE mob MY Qh ElspREive B0 Gkt 4 4yBRy Tl

di sposed inside the vacuum chanber 14. The source gas supply 56 and mass

f1 ow conrdsdicated mmass flewonirelder duotishownkl dpiope sgecifiarmislimpnthihg pldsmgl e gas
inlet 65 serving a channel 66 defined by a cavity inside the gas

di stri lwehinght BREdnh 00 eha§Gnclade BBV HOWE flo dohfeollds add'BvORTestingtbhtidayt i on

mani fold 60 and channel 66 run along the width of the vacuum chanber 14 and
an opening. (n wn) at one end 61 of  each gas delivery tube 62 is
connect sy §he RS sQlsodiiin SHhUE mak 5B REHY Bpiifie cBtob 4RI Tr fy
through the wall of the gas distribution manifold 60 to comunicate with

t he chammnkiresgor 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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[ 0032] The mass flow controller 58 is used to establish a nass flow rate
neteri.ng the source gas delivered to the channel 66 of the gas distribution
mani fold 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 | oop control to maintain a selected pressure setting for the
source gas or gas mxture flowwng in the feed tube that is delivered to the
t ubul arordeed vl insthe gdhdistsibnd@anmerdifeld 60 candgmsthiet openidpes3al e6€ 68aBaguppl y 56
and netered by mass flow controller 58 is delivered at a single inlet to

the gasy,diishikhoHLE i t | stri.auted t,

di st ?i E)llj)tg fiugg 6%&%@%{@3@%&%@%&@ &ggc gr%)ggrfé l%gé%%b‘?ﬁeﬁdi%}é%ﬁ%g%g? t&‘é‘h very
tubes 62. Thi s arrangenent permts source gas delivery for all of the

pr oces$2dBfipdesgolissiiubalangecion 42 syminating gt e gaering pisadddne pesiond tubsiar

[0033] The flow rate of gas provided by the mass flow controller 58 and the

punpi nGectine7 Okriviastingiat BhegeAthgpa e s P63, ahe a @i dItbeRr t&1iBR 98 ceghety@acuum
pressure in each process cell 52 that is suitable for plasna generation so

' ai : . hanb
| < evad e BHE b RETRARE RSAOR TR R e e SR Pr S i T RO RS <0 ¢

fresh gases are continuously exchanged within the vacuum chanber 14.

[ 0034] IapPExiraatgkytrighe aMbmdgpé the interdection ef yhulassaspipne®?, (hend shasher) may be

connect ed
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.
[0036]  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 a result,
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.

[0037]  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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with the inlet to the gas distribution nmanifold 60. The mass flow rate of
source gas delivered to the gas distribution manifold 60 by each respective
addi ti onal source gas supply is regulated by a dedicated mass fl ow
controller (not shown). In one specific enbodiment, the plasnma treatnent
system 10 may include up to five nmass flow controllers and five i ndependent
gas supplies. The different sources gas supplies nay be used to generate
var i ouslhgascaoadings is spegjéisd as xtaspon bpaweersepponitellatdralredges 42, dd @ ther eci pes.
[0035] Wth continued reference to FIGS. 3A, 3B, 4, and 5, the gas delivery
tubes Gfoctrdhid SRaf Be HAUTLRRALY id 9&%‘1}3(?:@4 %o%ﬁt‘?orpﬁ)e{f'x &} qna Bofih e ?fgé’s 4he
source gas to respecfive proces Er%9 n gener al i Nsi de

t he out% peri nmet %4 of the el ectrodes 28 and between the surfaces 49, 51
of eachH &l threlrt mgsﬁ bsonsy erabedimenyiks opgning4dnaidhe enboyakeagh ipydaliyenubes
62 extends between end 61, which has the opening connected by fitting 68

Wi th ornebeod? ishecatedrappioaiasatdlg at thetdrem@aicatlediteriof te sarfaomam, i50lt6l whish iaRd

anot her opening 63a at end 63. Each openlng 63a defines an |nject|on port

into o t S el 5 62 |ncI

et Capaied MEa HRaR S Pt de RNl OFa B i oL 8 Mo EBR 6T

t ubul ar, section 74 ternlnatlng at the opening 63a at end 63, and a third

t ubul aris seled ithzgproimaelyithyinch of therasomatrabesnomef thesutfaee 61 itomdich2, 74.
Each gas delivery tube 62 is bent to forman approximately right angle bend

at the if Rtaaidee! Fomnthoteprésotiafive fefahb@aSgebmetriéil Meaﬂﬂebbé{mggﬁ Q’éh%gel y
right angle bend at the intersection of tubular sections 74

resul t, .t 4, 76 are angled.r ve t other
[0036] &4 ARG, LR Weé%?“g’&(’?&‘é?‘&b%ﬁﬁaégd BAPPEOX RO e %eﬁﬁéﬁtﬂ&‘&ﬁ%} b]; adset of
brackets 78 to the surface 49 of each of the el ectrodes 28. Another of the
gas delongelf of theewdBe W,of preyrsirsstiveonet afgbh eutfdoys 4hdtther set of brackets 78
to surface 51 of each of the electrodes 28. As a result, one of the gas

del i vergo8gpesTRLovcsalMRHEL & chdh %43%1&% &? k@248 u{té}lt}?ﬂh &g%ﬁeﬁv\gsaéﬂ% el of

each electrode 28 and two gas delivery tubes 62 attac e?ent
el ectrodes 28.d u s to ch process cell 52. \Wen one of the
panels%@bnﬁgmﬁﬁgi mﬁﬁgggﬁ ﬁegﬁgw§§ ?ﬁg6éﬂ Hhednelinggion of the bepdss mhaghy odes
28, one of the gas delivery tubes 62 on one el ectrode 28 of the adjacent

pai r 25s belevedtosbesoiactoeingmmbliciing kaspgropisad floa rateadigaotecadh of the psedekaces
48, 50 and one of the gas delivery tubes 62 on the other el ectrode 28 of

the adjagess ;Pak %%ﬁ%gﬁétg\éﬁ{ %ﬁ'r?egrg[(?eﬁgﬁgtﬁerfﬂgto atﬁeﬂg\/e%stg TN ltnh@rc{argee ot her

of the surfaces y one o as delivery S 62 is
attacheg to tg Berlpherall% out er nost el ectrodes 28 in the parallel-plate
el ect r Od&hegongyit gesddiyer3ubed2.1an evelling tisadiamesnefithg asifides Ter y
tube 62 is phyS|caIIy Iocated at

in the gas distribution manifold 60. In one embodiment, the overall length of each gas

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. 3, 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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spatial coordinates (x, y) in a plane bounded inside the outer perineter 24
of the electrode 28. The x-coordinate is specified as a |ocation between
opposite lateral edges 42, 44 of the electrode 28 and the y-coordinate is
specified as a | ocation between top and bottom edges 41, 43 of the

el ectrode 28. In one enbodi ment, the opening 63a at the end 63 of each gas
delivery tube 62 is | ocated approxi mately at the geonetrical center of the

sur f ac eadf]lySdnitedl sohitcetpas bf ihe plisiradivedl thel pocess akIShI Eaelirbdusmiolder 8RO
opening 63a at the end 63 of each gas delivery tube 62 is |ocated with

appr oxi IolC t 51 to
V\EPch |‘[l!t;gal|ta§1k g? '(t?sa#g %fQﬁQBOﬁ%gta?e%gggt eg#?rgleﬁrngc 6z:i)err1 H]lij{ﬂl% répresenfa lve i"éf“ shape,
the opening 63a at end 63 of each gas delivery tube 62 rra be Iocat ed at
appr oxidraredryod it ang vertighl mpabers fryth renreseatatve fanhef] & paif oftfromt vadgt8a, 88y  of
the respective one of the surfaces 49, 51. [0038] The overall |ength of each

gas delThéendk 36Hethéntisndésy @dttdnpgmd 82 thaxib @fsﬁ@seﬁ%eﬁ&’deld ihd AL ﬁoldefil 3¢l dual
| engt hs of the tubular sections 72 74 76 an t e inclination of the

bends, |chis V. |sh|n rlateflow
rate ofl géthse Rumpe%oib? ‘Fg%reeab?ogices%' t 1f ]soc%tﬁ ﬁar heereﬁf ﬁg?‘?ﬁ*ﬂ fﬁ&i nt system
10. Another factor is believed to be the inner dianeter of the conduit bent
t o f or rieedsh clgarber d# iwhenyhe table 36 &5, poattioned In the evdvaalle apeet d6, amntdieon i fi ces

70 in the gas distribution manifold 60. In one enbodi nent, the overal

| engt h cafi oeBRNoPBS Bkt BleYboliBRE1 82 825 T‘ﬁ@%ht 1ods B@Cé%ex%h(cﬂ u%foc d near

centi rreters) and the inner diameter of each gas delivery t I's about

0.15 8 t t I tub f t ed
ai ong IESCEEt ooty St SEe Yanbmrgimha s Was Biekpis PV G ibéni g 63a. | n

end 63. In an alternative enbodi nent, the gas delivery tube 62 may include
mul ti plesagableisppectta and thethinsbeatioah ffsfie chBtd, comakct ansppabit¢hd dfshd @PBah.
[0039]Wth reference to FIGS. 5, 5A, and 6 in which like reference nuneral s
refer t8@\b1('q{<§1hfb‘8%#d Segbhe plasma treatnent system 10 includes features
that retar e esc pe of the

[0040] Upper and lower cross members 89, 90 of each product holder 38 are mechanically
connected to the rods 84, 86, 88 and cooperate to support one of the panels 40. At least one of
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 each gas delivery tube 62 at an

injection point inside the outer perimeter 24 of the electrodes 28 also promotes the
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partially ionized source gas of the plasma fromthe process cells 52. Each
product hol der 38 of the rack 36 is framed by a horizontal top bar 80, a
vertical nmenber in the representative formof a rear rod 84, and vertica
menbers in the representative formof a pair of front rods 86, 88. The rack
36 further includes a bottomplate 82 that is di sposed between the product
hol ders 38 and the punp port 23. The rear rod 84, which is | ocated near the
rear sicoefwshientl ®itbfthe differeatpropess helth®. Tt sehidmatuneof the kledBodes 2ppshichoned i n
t he evacuabl e space 16, connects one end of the top bar 80 with the bottom
pl ate ok HYw i a r door 15
of the%§§Qﬁ§§¥%ﬁanbe?pﬁﬁﬂaﬁgﬁgﬁ%%mgggEm%%@?gggggﬁgwgﬁggm%ﬁgkﬁg’gggcuable
space 16 and the chanber door 15 is closed, connect_an opposite _end of the
top barcOSTaifs 1 CORBNGLBE SOwFp LAt ARdlasnTarnd 5l Ay pAPasiths swre Er558d PHsHBer

89, 90 of each product holder 38 are nechanically connected to the rods 84,
86, 88 fimndthe pogressadetis 52. THPpotdm praee 87, vitich Rawelassofi@ obftt, bpasies angflow t he
cross nmenbers 89, 90 nay be vertically noveable along the rods 84, 86, 88
to adj nj d h n he
cross. nvener oGttt ] o BRE DIl TR B it 015 3t o PR A uRD,
sizes. [0041] Each top bar 80, each set of rods 84, 86, 88, the bottomplate
82, an@cemewr 8jmicanstt totherpupm peft B. cEhg igdeeionpdn ghsl seapeirgteliybdisueditoor
surround one of the process cells 52 and, thereby, cooperate to confine the

parti alpkyméte Mcz€HeS MIFERIGRT tf plAdieh PEASER AMtdsh e aedsupfacd hea Bf &8ss cells
52. Each top bar 80, each set of rods 84, 86, 88, the bottomplate 82, and

each adjacent pair 25 of..electrodes. 28 retards .the ability of the partially
oni 2odv 0,40 in Baherfign U hE sk BT iR Y bR Bl sfeeuttelesBlemsy o) B2t ng
the source gas fromeach gas delivery tube 62 at an injection point inside
t he ouf@042er i hiet top bar8Gfrod B aei eadsrésd 88 ag@ciated ovifir ench bE thetpneduct bolflensement
with the different process cells 52. The solid nature of the el ectrodes 28,

whi ch pRORBEAL & JBs@Sdioht et Rive SOHLRRY BR5eANE pBHARTBS ﬁlgteg\ag,e@, Betgeddi dafier ent

(&
process cells 52, also cooperates to confine the sour as and pl asnma and

sl ow esgape of. the _sourc s_and plaspa fromthe process cells 52. The
bot t om2PI5FE p@??’\%?@’ﬁ”?"gsggsén anes‘%Pl?Qiﬂ‘gﬁ?teE%}l R BHTRVSS 3G ISRPYi vert er
that constrains the source gas punped fromthe process cells 52 to flow
about ilt'® iachee(abpat 4 drientim8@rs) and thaspdration Heeedqnusiipfapssr49, 2Bof ddok r educt i on
in the escape rate is believed to pronote increased uniformty of the

pl as mi.aﬁfa@@r{t 'E?ﬁto{" %féﬁgécﬁ:s t2§ 8s ?&)tui Q?ncgg{)éaﬁ&gt Sal g@tﬂet%@‘)cg& tﬂﬁr{ﬁé %83)0081%/ 2 Clelms

conparil son w e results achieve conventli onal processi

side of the top bar 80 is about 0.125 inch (about 0.32 centimeter).

[0043]  Asbest shown in FIG. 5A, a top surface 81 of each top bar 80 is located, lower
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 electrode 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 rod 84 is approximately co-planar with the side edges of the adjacent pair 25 of electrodes
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[ 0042] The top bar 80, rod 84, and rods 86, 88 associated with each of the
pr oduct hol ders 38 operate as obstructions effective to narrow respective
portions of the gap, G between each adjacent pair 25 of electrodes 28. In
one enbodi nent, each top bar 80 has a width of about 1.75 inches (about 4.4
centineters) and the separation between surfaces 49, 51 of each adjacent
pair of electrodes 28 is about 2 inches (about 5.1 centineters) so that the
gap on 28adimyBdly tlyf frerieodsdi®, B8 aredo thesappbarina®lyl@me pare asabosite &g of
centineter). [0043]As best shown in FIG 5A, a top surface 81 of each top
bar 80 théadjReat £ 24 s fg 92, 93
of the eleétro es 2SQ?ﬁ&Qggﬁﬂggrg§2§?g§gF?Ygi5%§”§y9%§§§%é§%”ﬁeg$ﬁ% top
edges 92 %ﬁ gorn1a portion of the perinmeter 24 of the electrodes 28 in
each ad?%% 8 pair 25 and connect the opposite surfaces 49, 51 of each

el ectrode 28. In one enbodinent, the top surface 81 of the top bar 80 may
be | oc4d0@ddlat Watstfefend? bo Fitch 7Aa7B| @ats ir0wRibh Gk tdferen@ punidrdirdfeo
respective top edges 92, 93 of the adjacent pair 25 of electrodes 28 or

| ower, i i i . i t within t.he process
col | 53O RRES (D AN e B AR O RSN W B Heret IV 5 B oiges o
t he adjacené pajr_25 of electrodes 28. Sim|larly, the front rods 86, 88
are i nPPHEr B’E‘rths‘(f{ﬁﬁeé?rﬁt% aféo the aperierooficpeh of the selkplectiodes 2% Bayerdent pair
25 of electrodes 28. The rear rod 84 has a greater dianmeter than the front
rods 8@eliBied frofdki¢ RiFtdenerafoe B A€ piie oFhigh-voltdye el&trici oeBtHrdughlilob, lobke
reference nunerals refer to |like features, the plasma treatnment system 10

Lot he TP ER bRy aRlonE RBFNTA £ o PRt PR TA. ThERAR Ve AROSHEL T - om

the RF generator 30 to a pair of high-voltage electrical feedthroughs 100,
102 t hdeedgupeghsai0l. 102 teangter B8RS bigealathrough thé sidbeall 4% inanvaduamitéght 14. The
hi gh-vol tage el ectrical feedthroughs 100, 102 transfer the RF signals

t hr ouglndner. SGelRWBbkes1B1] 03 FYGCHUWhich @RS atRAGED th&MAELrRIPIRS 2t Qdm 103
(FIG 2), which are attached to the exterior of the vacuum chamber 14,

operate,to, shield th xt.erior connectians betwee e RF generator 30 and
the hi 5%@19%?@5‘@,8?%#839 f?*?l%lgﬁhef BN FB{B%EOEWW_E‘@Z‘HC &eﬂ%fa%éﬁpég‘i Meat i ve
enbodi ment, the RF power supply of RF generator 30 is a dual output power

suppl y high-vadtagaiengicel feedthodels 1B, 402 Inuks sgprdsageteasmisdimpitothe ®Fd  power  at
180 out of phase with the remaining alternating el ectrodes 28, which are

also b %%Psﬁp%gy%ﬂ@? éen%at@r f(ﬁi%'dldtual (;d?}glt @g%f;@\%g C/tﬁtgrﬁﬁtgl(% e?ec%jo{ﬂ:sl 298r ar8n the

opposi te sidés ‘of the panel position n eac acent pair 25 of

electr%pes 28. : . . :
ussed together and provided power at 180° out of phase with the remaining alternating

electrodes 28, which are also bussed together. As a result, the nominal etch rate is similar on
the opposite sides of the panel 40 positioned between each adjacent pair 25 of electrodes 28.
[0045] A bus bar 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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[ 0045] A bus bar 104 inside the vacuum chanber 14 is electrically connected
w th feedt hrough 100. Another bus bar 106 inside the vacuum chanber 14 is
el ectrically connected with feedthrough 102. The bus bars 104, 106 extend
across the wdth of the vacuum chanber 14 above the el ectrodes 28 to
facilitate the establishment of electrical connections with the respective
sets of alternating electrodes 28. One of the el ectrodes 28 in each
adj acens cgakete@ by comslucovarmemnbets b 98,cld Aduith buschbandfdbeCondi@8ye thtthbedstii2pus bar
104. Conductive nmenbers 112, 114 connect the other of the electrodes 28 in
each ad;j kb ] ; : | channel 115
di1a¢8tccPik o%&ﬁomte RIRHSIA% 1% chhf a{ogeg:ééﬁﬂ p%lmfth BH§§drrigg.

is formed in one of the el ectrodes 0 adj acent palr . Simlarly,

a power 8 éfing chan eI,l#g, i? formed in the other electrode 28 of each
adj acen? % i r 2powphRussigirhame! 1 hx1s fempedygyng of theflgsiradey 2%0f eaeh pdiacent
passageways. The power bussing channels 115, 116 are | ocated between the

sur f acemir29, Sthilady, hlpeweebpeiigichenrel etd, ioflem28irathe ottt elecefie I8ef cagispecti ve
outer perineter 24. Conductive menber 110 is di sposed inside the power

bussin 1 f f, <t . in_each adjace air 25.
0 | apaagl ob Bogt anels, R ARl e PR heP BT Bk e
116 of the other of the electrodes 28 in each adjacent pair 25. The
conducttusengeimpaels 1 134,16 aslogated betweppihesubiecss #Agd lcofthardspective elegtrade
cooperate to permt interior bussing of the electrodes 28 in each adjacent

pai r 293 dndodélcenendrspaties ahteepdimdteCon dusiduveyReRBE: 11505 Bi@ﬁééé&'ﬁ?si& tip
111 that is physically connected by, for exanple, welding with a region in

conduc TR AT S HRRNE 145 08 obP o §lsrecedf S ARl R B8 The

| ocation has coordinates (x, y) in a plane bounded by the outer perineter
24 of tchedustize mepther Pt isThgpogerlinithe payeaatbushirgpraoné! b of theaithdriod thgeonet ri cal
center of the electrode 28. For the representative rectangul ar geonetrical

shape Qiectb@&!T30HRadBadjdddBt fdif?2 5L Hind L1 ' at)
appr oxi rregtel y one ﬁaIfJof %é\dép%%ngﬁéhﬁ%nﬁgagﬁgx%cﬁr%g}l(?lé?gﬁgl]e\%?g?h W of

t he respective one. of e surfaces 49, 51. | n one enbqdinent, the tip 111
o conBa TR o LB CoOREAEE B InBERE PO AT G LT {

geonetrical center. Simlarly, one peripheral end of conductive nmenber 114
i ncl udedjaaeritippir%3, which is simlar to tip 111, that is physically

[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
28. For the representative rectangular geometrical shape of electrode 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

-17 -



connected with a region in the power bussing channel 116 to electrically
connect the conductive nenber 114 with the respective electrode 28. In
alternative enbodi nents, the tips 111, 113 may be connected to the
respective electrodes 28 with a threaded connections or wth set screw
based connections. [0048] Conductive nenber 110 includes a cylindrical core
98 (FIG 8) fornmed froma rod- shaped conductor with a relatively high

el ect r iconiectadryditica fegiomyin shropawar bissing chenaelvid 614 8lefimicabcdnneehther | nsul at or
characterized by a relatively low electrical conductivity. The tubul ar

sl eeve cAA&icHVE FRHIES] ﬂnwﬁh'ﬁﬁ:rre?él’:tﬁ@ecﬁec?@d@ PRGIn SlerRitivieehbodiments, the tips
el ectrically-conductive core 9 The tubul ar sleeve 118 electrically

i sol ate el ectrical uct or of t|v e 110 fromthe
el ectri iéi ﬂf‘} fe@h‘awrﬁne%e ?FeéPe%‘WeF trB‘iqf‘é&t%r ea@%&?"?&?ﬂ%‘tﬁﬂﬁ“ﬁ%e
sidewal | of the power bussing channel 115. The tip 111 is uncovered by the

t ubul arsetsdceswbasgéd 8onnkstiensr esult, only the tip 111 of the conductive nenber
110 has an electrical connection with the el ectrode 28. Conducti ve nenber

114, ?glri'a 3 ?bﬁﬁdcﬂ@e ﬁl‘ém%gf‘uﬂ%hkl\éﬂ’e rﬁe&@ an@(&or@égs 16§ YRS ?Oﬁ%rl%d-( hot

shomn) fom the conductor and sle 120 simTlar to
t ubul ar sl eeve_ 118 on the outer surface of the core. [0049] Conductive

menber shansdeendieter with arelativplyhigh ele¢tcalsonductivity @pd aa@b% es¥@l B8 t he

perimeter 24 and through the power bussing channel 115 to a peripheral end

122 t hgbmhel fogpas idstlatd chhfactbfided biherebatively our dletitcad Gofuct ving UTHd tvibulaember
110 is located longitudinally between tip 111 and peri pheral end 122. The

i ph 2 f th
PFectr Slave £ adfionll 8] SRESPHEYGE ik BEYAY ol Y SOn e SRR b Pl r°
126 connects the exposed ?erlpheral end 122 of conductive nenber 110 with

conductthdaniiepye d 18 oigctrigiiciiolgies tiegdectacal eprrnstarpé thesaondiatiymmenedes h$0 bar
104 to the

from the electrically-conductive material of the electrode 28 that surrounds the sidewall of the
power bussing channel 115. The tip 111 is 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
28. 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.

[0049] Conductive member 110 extends laterally relative to 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 nmenber 114.

[ 0050] The el ectrically-insulating material constituting tubular sleeves
118, 120 may be conposed of any suitable dielectric material. For exanple,
t he tubendactivt membsr M08 Anopiter pungtibe bex idd seheots agpepphgrateniddndtishowo)xa bon
material |ike polytetrafluoroethylene (PTFE), which is the honopol yner of

tetraf boiuegidireRBer CRITNRIGI Rbjetts dYPdf AObEW IR NS BRarhEROS, QaMe TEFLON(T) .
Alternatively, the tubul ar sleeves 118, 120 nay be conposed of pol yethyl ene

terephthalic este -TE), which is comerciall vai | abl e under the
tr aden&?ﬁ@“ﬁ/ﬁl‘%\ﬁfp‘j’?‘( rﬁ Ve AP HEM ,UCE‘é%PIatgfro ‘ge gBWéf’rr 19649 ﬁ’r?g channel s
115, 116 has a dianeter of about 0.25 inch (about 0.64 centineter), the

conductindctreerimemberl 08, 110, 112, 114 are conposed of al um num or an
al um num al l oy, and the tubul ar sl eeves 118, 120 are constituted by tubes

of PTFRGdWt afk aéétapﬁ@-iﬁ&ﬁgﬁr{ghﬁat&%c&uﬁétw@ﬁrﬁggagggeé@q181,%0 r#)ag' 1] The

pl asma treat ment system 10 1 nclludes a contr that iI's e led in a
programmabl e | Qgi c co Ir |ler, (PLC), a digital signal processor (DSP), or
anot heForHP%sre&??BE)é%us‘ loflidegrigaptcial wiron expnapintthafubplap sleevss g8 uRDmasapabl e
of executing software stored in a nenory and carrying out the functions

descri bedompoeidnf agslyniwmdl dotswattonnsatata 11k gerysdteddoRythyhns €PDFE pkdlichar y
skill. The controller 132, which is positioned inside the enclosure 12, is

I i t t t 10 t
ool 11 g hEB P SeE iR OE R Lo SRR AT s b Pece (1)
134 is_operatively connected to the controller 132 in a known manner. The
HM 132E%MPN ncilieraatiiely dhe tubeler deeves $ L& H 283nay hereomnesed of milwgthydse, a t ouch

screen, and other visual indicators, and input devices and controls, such

as a t easeihtisdlicasker (PEEE) a6fh ifforambRay BvAilsh] K 8NP Medraddnsifé MIYIMAREEH Ce,
keypads, pushbuttons, control knobs, etc., capable of accepting comrmands or

or 0oes SPPGTERTICRh cRunt’ B Pt S FASTba e leh T o1 Srios 8 HRyerst St dled w t b

standard conmuni cati ons busses conpatible with other automated equi prent
uti | i zewthi(abaut Bréddwgotimeter)l thesomductive memblessitg, t FGal 2elid asy sdrepostdof
[ 0052] Each of the el ectrodes 28 includes a network of channels 136 used to
regul abRintif®m or an aluminum alloy, and the tubular sleeves 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 is 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, 1s 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

connected to the controller 132 in a known manner. The HMI 134 may include output
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tenperature of the solid nmetal plate, which is heated when generating the
plasma. Distilled water or another suitable heat-exchange liquid is punped
t hrough the network of channels 136, which nay be gun-drilled in the solid
metal plates. One of the channels 136 is connected with inlet tubing 138
and anot her of the channels 136 is connected with outlet tubing 140, which
have associated fluid feedthroughs 141, 143 penetrating through a wall of

t he vaciguiees lvaghasralphanumibric dispiays, headhiscmagmd biter vistal indieniory, aad @phthe
heat - exchange fluid fromthe atnospheric-pressure environnment into the
evacuabjeg; ' Jp2Tls] ' - ing. 138, 140
may sug%??gfﬁgﬁﬁégﬁgﬂ?ggﬁggh%%grt fﬁ?“gﬁ%%é%ﬂ?ﬁ%“?ﬁ%ng%%@?%g%éghggm n the
vacuun1chanﬁ?r 14. An inlet distribution tube 142 and an outlet

di st ri BEVicEreYnYls, H%gb‘&FPntsh@néfﬁ?l kabsretef caprllevh acasniing eerpmendspriembect i vel y
have taps that are coupled by fitted I engths of tubing with the inlet and

out | et ftambthegptiBor ahd Grasemnittinpgtht bateadddnmelts the3@nirdlpré@sGAE tini0bf EdaGroller
el ectrodes 28. [0053] The tenperature of the el ectrodes 28 nay be regul at ed

by the ghr i - ' .qui.d through the respective
channeﬂgblgg%@¢gﬁgﬁggxéﬂlyggﬁgnﬁggpﬁgggﬁgﬁggu) i&ﬂFaﬂﬁﬁ uﬁﬁsgﬂﬁBﬁﬁ&a froma
heat exchanger gnot shown) to an inlet port of the inlet distribution tube
142 andVith ather awipreated eueripentatilizerein apreduction ling avithdhe plEbma reatmesksylsnger

can adjust the flowrate and tenperature of the heat-exchange liquid to

ei t her llbeat or cool the el ectrodes 28, depending on the desired effect.
Because heat is transferred during operation between the el ectrodes 28 and

panel s he rat.ure regulation of the electro 28 m | sQ be used
to ben Q?%? Ilggﬁﬁgu %?ngwgs?§H5%4%§ﬁP@”@%‘Pﬁgmﬂgﬂéﬁggﬁﬁ%dﬁféﬂﬁuﬁF sma
treatnment. [0054]In use and with reference to FIGS. 1-8, the product

hol der gergperafurg ¢icthe sdid B akplatepwhich as beitad wienpmenedating thegtlasma. ddistiliedn
out si de of the vacuum chanber 14, the vacuum chanber 14 is vented to

at nos pheférGorRhEHEWuRabIE RBatCRARRE 10N is §>§mb§d W%Q?iﬁet%ﬁe@# chafifr@ccess

opening 18, and the rack 36 is transferred thro e access opening 18

into t vacuum chanber, 14. The acc¢ess opening 18 is seal ed by closing
chanbe:]géo‘gﬁlc A8 AL ded {fﬁéo l‘ng@F?l P FCSEégY? odthegdands 43P jscorRgsisr t ed
by one of the product holders 38 between the el ectrodes 28 of one of the
adj acentitipialet sub2ig 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
28 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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[ 0055] At nospheric gases resident in the evacuabl e space 16 inside the
vacuum chanber 14 are evacuat ed usi ng vacuum punpi ng system 26. A flow of a
source gas is supplied to the gas distribution nmanifold 60 fromthe source
gas supply 56 and with a nass flow rate netered by the mass flow controller
58, whil e actively evacuating the vacuum chanber 14 wi th vacuum punpi ng
system 26. The source fgras is injected into each process cell 52 fromthe
openi ndide8kmay be sippbediirem alfeabexshanger (g shewn)delan videtyportudfeke Biktser vi ng each
adj acent pair 25 of electrodes 28. Each source gas injection point is

i nsi de didEbRRINItIRS B2 A4 dXtriblted &) Qeh bOGRInIéBmBRYs 138, ﬂ{%e?af'g&@l?ﬂ?eﬁkan I's

| ocat ed approximately at the geometrical center —or mid-point of The
respective, one the surfaces 49, f one of the electrodes 28. As a

resul t ,adBﬁEt%ﬁz@Wi rﬁ}ee@@fjit?}ﬂperﬁth%‘?fstﬁ%ﬁ?ﬁ"&?? ge h‘é‘i‘%‘é?ft}%h?aé@éc‘%é thF each
panel 40 and surface 49 of one of the juxtaposed el ectrodes 28 in each

adj acerdecpades 285 deprddingonhies dgasd efffec Becausphéants transfened iddgng bedrgan
surface 50 of each panel 40 and surface 51 of the other of the juxtaposed
el ectr I ' [ 6 LT

o easure e A e GRER R AR, et R T R LB A 28R,
generata&rg 30 Iﬁ\i ener&iﬂjzed to supply electrical power to the el ectrodes 28.
El ect r i4SQ1bes6d o heaeticiplixweriatathc emmeratuied thesnmpels 40 degng plaame reatmestat i on
i nside each solid electrode 28 in the adjacent pairs 25 that is within the

r espect{0084]per Innmst and 24thasidrenic® tooIE e MR ehambduct hbbrsi3g AR QX BRLRl Y at
the geonetrical center or m d-point of each electrode 28. The source gas

o 2o PRy IRa I RE B R TRRlor Bl fr Be et SRR SR P YR Bamtst ¢ e

.process cells 52. The plasnma inside each of the process cells 52 represents
part i alliys veried©cdtmesnhedc gressueo ks drambgr dfori 1dris opaied t reyedl the acsessr adi cal s,
and neutral species. Each top bar 80, each set of rods 84, 86, 88, the

bot t omopkihg 182andaRelaeREH iEArRELRY tRBLgh the a8fes@bfMAL IS A Be YHéfuatind one of
the process cells 52 and cooperate to confine the partially ionized source

gas of the, plas wi thin each of the,process cells 52 by reduci.ng the
escape Ci%lpggrol?;' {ﬁﬁlg 455t PRYYSE }gﬁisﬁ"’g'&d E-‘é fhosine §g@ntﬁr61ﬁ?rt ﬁsear}de"é‘ﬁé%‘f‘ "¢ process
cell 52. [0057] The panels 40 are exposed to the plasma in the process cells

52 f or latchid®.aEadrofganéls 60 ersupportdd teainetdieheprpdse toklppdsi Heewamrthaces 48, 50
of each panel 40. The ionized gas m xture constituting the plasma is

conductedtodhsirdk ¥r fiRaaldc g paibsh pronotes the plasma’'s ability to
interact with the panels 40 to performthe prescribed plasm treatnent.

Pl asma- ated active species perform physical processes through ion
bonbar Jﬁﬁgﬁ angtmosptherlc gasgs re51denten the evaCLPab e space 16? inside the vacuum chgmber

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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chem cal processes through radical/byproduct chem cal reactions. Contingent
upon the particul ar source gas or conbination of source gases, a different
reaction can be caused to occur on the panel surfaces 48, 50. The process
reci pe may be varied according to the nature of the plasma treatnment. For
printed circuit board applications, chem cal reactions at the surfaces 48,
50 of the panels 40 are utilized to renove drill snear and resist scum and
t o i ncrpeades previdad bttivteyn fwfack dfiofiadchnmneltd drdgerfdcedthefsinernf thf justapsdee
treatment is conpleted, the chanber door 15 is opened to reveal the access
openin ; | : . : IS d from
e Vg e B o s e e B o e
rack 36 d o%&gqﬂto notQﬁr rocessi ng stage. [0058] References herein to
terms SHERCSRD ohfarh pangl 40 andgyyrfagept gf the odhaer of Hiegurtaprsehpleargdes 28 dix aanhl e,

and not by way of limtation, to establish a frame of reference. It is
under stad@dentamir@ds ot her frames of reference may be enpl oyed w t hout
departing fromthe spirit and scope of the invention. Although the

el ectr 8 i-ng . vertical | y.orient a person having
ordinaﬁgggiflIéﬁﬁa%ﬁ%ﬁgéﬁgﬁ%gﬂﬁéﬁggégg%lg&%ﬁéﬁs#'%&g?gg Fgg%gmggmnay have a
non-vertical orientation. [0059] Wiile the present invention has been

i |1 ust rassbemht, ghedils geneptonoty) isfnergizedtssuppboalecitenl powatovthe tlecttdves 8.

enbodi nents have been described in considerable detail, it is not the

i nt ent iRectOéal pbeeipEkliCaed By téhdubiSid thehb&k 110, 138%0 Wa¥catibiMidsideRcis e of

t he appended clains to such detail. Additional advantages and nodifications
will readil ear Lo those illed.jn the art. The invention in its

br oadere?eé:grﬁéé{%t%gpr} @e ARIBFAY BPILS %éé a1 Pﬁ’{hér&ihtedestpﬁ‘étwse&?ﬂ”fefe&%g éPgiipone
representative apparatus and nethods, and illustrative exanples shown and
descr i atbodmeenss Wiatrighyproxiwsaly atrtbs geragettieal wanter ¢roid-gintofedettaclibarodet2Bout
departing fromthe spirit or scope of applicants' general inventive

conceptThe Ehfircs gAPRsREnt BV ARRT Adjikeht 581 35 QB Db Y ishRnelel iGde Py t he

appended cl ai ns.
the applied RF energy to generate plasma locally in each of the process cells 52. The plasma
inside each of the process cells 52 represents partially ionized source gas consisting of ions,
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
52 and cooperate to confine the partially ionized source gas 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.
[0057]  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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W claim 1. An apparatus for treating products with plasma generated
from a source gas, the apparatus conprising: a vacuum chanber

i ncl udi ng an evacuabl e space, a punp port conmunicating with said evacuabl e
space, and at |east one injection port configured for introducing the
source gas into said evacuabl e space; a plurality of electrodes in

t he evacuabl e space, said el ectrodes having a juxtaposed arrangenent to
def i ne chemplaat plocesyesathrappb ealial biymvbert shemeabRetwaeN Contifideat epachabl e space,
and each of said el ectrodes including an outer perineter; a plasm

excitatj i : I S.,: S,.10 geperate the
ol asma PR 48 Rt caitbilb oPRILe Lt M RTERIERHER BT ol a8 ° 4
plurality of conductive nenbers, each of said conductive nenbers

el ect r i%a1n 4p e ppndl pyfages &% 8¢ tTihe @rasnses 1sEips atay hslvaried achosding tothe aprepl asma
excitation source, and each of said conductive nenbers electrically

connectoftheplbdinsatamens FOe piived o€ OboS@hbIRhESLS! OtafcAteRtibACAhON | Nnsi de
said outer perinmeter. 2. The apparatus of claim1l wherein each of said

Focati oarese 2Saah HERE BT RnB Bl hahtts & tmiteit sl a M 67 an | nch

of said geonetrical center of said respective one of said el ectrodes.
increase wettability for laminating and legend adhesion. After the treatment is completed, the
.chamber door 15 is opened to reveal the access opening 18, the rack 36 carrying the processed
panels 40 is removed from the vacuum chamber 14, and the processed panels 40 are offloaded
from the rack 36 and routed to another processing stage.
[0058]  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 of reference. It is understood
various other frames of reference may be employed without departing from the spirit and
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
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3. The apparatus of claim1 wherein each of said electrodes is a solid

pl at e havi ng opposite first and second surfaces connected by said outer
perimeter, each of said el ectrodes includes a passageway between said first
and second surfaces, said passageway having a sidewall that intercepts said
outer perineter, and each of said conductive nmenbers is disposed within
sai d passageway of said respective one of said electrodes. 4. The

appar atcspeaff applidams3 gieedl énveneiac borebpts ditd scopedifehd eentmiers should belky
includes a first end that is electrically connected at said location with
sai d r%%BSﬁﬁ&Mﬁm%@% &%mgggﬂjﬁ%ectrodes and a second end projecting beyond
sai d outer perlneteP or esfa'lishing an external connection with said

pl asma excitation source. 5. The apparatus of claim4 wherein each of said
conductive nmenbers is a rod including a cylindrical outer surface extending
between said first and second ends, and further conprising: a tubul ar
sl eeve conposed of a dielectric material, said tubular sleeve disposed on
said cylindrical outer surface between said outer surface and a sidewal |l of
sai d passageway so that said conductive nmenber is electrically isolated
between said first and second ends from said respective one of said

el ectrodes. 6. The apparatus of claimb5 wherein said tubular sleeve is
shorter in length than said conductive nenber such that each of said first
and second ends of said conductive nenber project outwardly from said
tubul ar sl eeve. 7. An apparatus for treating products with plasm
generated froma source gas, the apparatus conprising:
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a vacuum chanber including an evacuabl e space and a punp port conmuni cati ng
with said evacuabl e space; a plurality of electrodes in the evacuabl e
space, said el ectrodes having a juxtaposed arrangenent in a plurality of

adj acent pairs to define a plurality of process chanbers in the evacuabl e
space, each of said adjacent pairs of said el ectrodes separated by a gap to
define a respective one of said process chanbers, and each of said

el ect r Meslainmc| udi ng an outer perineter; a plurality of gas delivery
tubes inside said vacuum chanber, each of said gas delivery tubes including
an injection port configured to inject the source gas into a respective one

of said pr Ogmpmﬁfm@{ Pedtilg ptsius AP Taﬁflag g%jﬂﬁ tﬁplm%fso ?dg%ag,ltﬁ@t rodes;

a plasma excitation source €electrically cou sal ectrodes, said

pl asma i Lon. rce configured to power said electrodes so as to
genera?gﬁ%ﬂéggkg@ﬁ%%¥r0n1the source gas in each of said process chanbers;

and a pluralit of.fb?. restricting nenbers, each of said f]ow
restricti ng2méRpeEr §hq¥1&?§fr€ InE ALYRerghle FRACGHIAINIIP PUL IBTUDICAFEEVER t he

adj acent__pairs of said el ectrodes, and each of said flow restricting
member §3i85Eaaplg§pacs, askhideassenednigaiion port eenfieuredi far ingrodusingthesburchgasour ce
gas out of each of said process chanbers to said punp port. 8. The

appar atinfs safl evhauiableZpadeer ei n sai d el ectrodes are solid so that the source
gas in each of said process chanbers is constrained to flow through said

gap to reach phahldyRf@RcRodds in theDvadiliBleapRad, 3hil el cefroddsdating ofjHkthpRkd
conpri si ng:
arrangement to define a plurality of process chambers therebetween in the evacuable space,
and each of said electrodes including an outer perimeter;
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 electrically
coupling a respective one of said electrodes with said plasma excitation source, and each of

said conductive members electrically connected with said respective one of said electrodes at a

location inside said outer perimeter.

2. The apparatus of claim 1 wherein each of said electrodes has a geometrical center
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.



a rack including a plurality of product hol ders configured to hold the
products in the process chanbers, each of said product hol ders configured
to hold one or nore of the products between an adjacent pair of said

el ectrodes, and each of said fIOM/restricting nenbers physi cal Iy coupl ed
with a respective one of said product hol ders. The apparatus of claim
9 wher & n saif§ PRURIP ﬁgPla’é}éé whieiR eash o |S@}ti@1qcrfaties|1§a§@ld platedaviagbot t om

pl ate having an outer perinmeter, and said bottom plate di sposed between
sai d propgoste firell andrsscomd gudaded cmmptep bytsaigloutdrperitmegt, eatleoBSaid dectgalss i s
constrained to flow out of each of said process chanbers about said outer
per i netiscludds agaisshgbwiy Dawpdnadall fiGt sRPbosdduifapes)Fai® Bidsagewh hatin@ aappar at us
of claim9 wherein each of said flow restricting nenbers includes a frane

Wi th a shRky aﬁ'tﬁzﬁ%@t@ﬁeﬁt@ s@ld Befet _bl&ﬁn&fer 384 EacBaR saﬁ%b@c}tﬁﬁ( e 51% ibag @d E of

sllghtly | ess than said gap. The "appar at us of alm ereln

sai d (LML SabELALLAG RIRRT S LORES 8 AR YA @ bar sposed 11 sai ¢

gap an onnecting nenbe ing said bar above with

bottonlplate said bar | ocated inside said outer perineter of said

el ectrodes in each adjacent pair. 13.The apparatus of claim9 wherein each

of said flow restricti ngl nmenbers includes a bar disposed in said gap, each
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electrodes and a second end projecting beyond said outer perimeter for establishing an external

connection with said plasma excitation source.

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 further comprising:
a tubular sleeve composed of a dielectric material, said tubular sleeve disposed on said
cylindrical outer surface between said outer surface and a sidewall of said passageway 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 each of said first and second ends of said conductive member

project outwardly from said tubular sleeve.
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14. The apparatus of claim 7 further conpri sing: a gas distribution
mani fol d i nside said vacuum chanber, 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 comunication with
sai d chinnel Ananppratys fdidreagngpyefledtnyith plasma generated fonpes@or gas| ther
configured to regulate a nass flow rate of the source gas delivered to said
channel apphrages abngessingi st ri buti on nmani fol d. 16. The apparatus of claim 15
wherein said electrodes are oriented in a series of parallel planes, and
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for each of said gas delivery tubes.
perimeter;

a plurality of gas delivery tubes inside said vacuum chamber, each of said gas delivery
tubes including an injection port configured to inject the source gas into a respective one of
said process chambers 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 plurality of flow restricting members, each of said flow restricting members located
in said gap between a respective one of the adjacent pairs of said electrodes, and each of said

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

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

8. The apparatus of claim 7 wherein said electrodes are solid so that the source gas in

each of said process chambers is constrained to flow through said gap to reach said pump port.
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19. The apparatus of claim7 wherein each of said electrodes has a
geonetrical 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
sai d geonetrical center of the respective one of said electrodes. 20. An
apparatus for treating products with plasma generated froma source gas,

t he appar at uEhecapapriaiusiohglaim 7 furthey compuisimgchanmber i ncl udi ng an evacuabl e
space and a punp port comunicating with said evacuabl e space; a

plurality ofamtletichdites plordineofpraduahbespangursdichel e jrodess Maké ng a
j uxt aposed arrangenent in a plurality of adjacent pairs to define a
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respective one of said process chanbers inside said outer perineter of said
el ectrodes; a plurality of flowrestricting nenbers, each of said
flow restricting nenbers |ocated in a gap between a respective one of the
adj acent0. pai The appargtiis @f elain Orvdrbesin said dackdotludés stitenf plate thatss solit, said
nmenbers operating to partially obstruct said gap for restricting a flow of
t he sourat@engpistefhaoiig afiodted porirhbteg @hd Sdid Poftdth pldle disp&RBElwWLE sAAYrRfucsai d
process chanbers to said punp port; and

holders and said pump port so that that the source gas is constrained to flow out 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 slightly less 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 said
bar above with bottom plate, said bar located inside said outer perimeter of said 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.
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a plurality of conductive nenbers, each of said conductive nmenbers

el ectrically coupling a respective one of said electrodes with said plasm
excitation source, and each of said conductive nenbers electrically
connected with said respective one of said electrodes at a | ocation inside
sai'd outer perineter. 21. The apparatus of claim 20 wherein each of said
el ect r bdles 'ﬁh@a@aﬁf@miqlalm'l furthat @mpnssngle sai d outer perinmeter, and said
| ocation for each of said conductive nenbers is within one-half of an inch

of said geoaghydiswibute@nineiifeltl issdehafdesdeasini chembere esvh F3hid gab edivepdes. 22
The apparatus of claim20 wherein each of said electrodes has a geonetri cal

Centertdb@§bc9ﬁ1e§t€<ﬂ?h%H%Bmﬂﬁfnﬁéﬁﬁ%@%th%@ﬁ éﬁ@'dijstlet%x%%ﬂn%ﬂi)ﬁf each of said
i njection conductive nmenbers is within one-half of an inch of said

geonetrical center of said respective one of said el ectrodes

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.

17.  The apparatus of claim 7 wherein said electrodes are arranged in a plurality of adjacent
pairs, 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.

18.  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.
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19.  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.

20.  An apparatus for treating products with plasma generated from a source gas, the
apparatus comprising:

a vacuum chamber including an evacuable space and a pump port communicating with
said evacuable space;

a plurality of electrodes in the evacuable space, said electrodes having a juxtaposed
arrangement in a plurality of adjacent pairs to define a plurality of process chambers in the
evacuable space, and each of said electrodes including an outer perimeter;

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

a plurality of gas delivery tubes inside said vacuum chamber, each of said gas delivery
tubes including an injection port configured to inject the source gas into a respective one of
said process chambers inside said outer perimeter of said electrodes;

a plurality of flow restricting members, each of said flow restricting members located
in a gap between a respective one of the adjacent pairs of said electrodes, and each of said
flow restricting members operating to partially obstruct said gap for restricting a flow of the
source gas from said gas injection point in a respective one of said process chambers to said

pump port; and
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a plurality of conductive members, each of said conductive members electrically
coupling a respective one of said electrodes with said plasma excitation source, and each of
said conductive members electrically connected with said respective one of said electrodes at a

location inside said outer perimeter.

21. The apparatus of claim 20 wherein each of said electrodes has a geometrical center
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.

22, The apparatus of claim 20 wherein each of said electrodes has a geometrical center

inside said outer perimeter, and said location for each of said injection conductive members is

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