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METHODS OF MAKI NG THERECOF 5 BACKGROUND The present invention generally

rel ates to Wwoexmidaleg74el ectronic circuit (FEC) articl es andpggiyhamdsosis2iraki ng
FEC articles. Mire particularly, the present invention relates to FEC

articles that include plasnma-deposited, silicon-containing |ayers. FEC
articles are used in a variety of commercial applications, such as 10
circuits for inkjet cartridges, interconnects for integrated-circuit
packagi ng, hard-disk drive circuits, and driver interconnections for liquid
crystal displays. To fUhEXIBEDE ZIEGUIRGENN CIRCYHeARTAPPESAYDons, FEC
articles generally require fMETHODSEEMAKING THERBOFW dt hs) and good

i nterl ayer adhesion. Good interlayer adhesion is required to prevent
interlayer delam nation, especially when the FEC articles are exposed to
high tenperatures over 15 tine. CoRA&HGBOAINIR echni ques for form ng FEC
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| am nat i on sputter neth ess re’exi s a ne

FEC 20 art i elaes t¢ REC aetidledihtt ihtlnde platrad-depesited, isilicenicay@iniagihgsison, and good
stability upon, and follow ng, heat i ng. BRI EF SUMVARY At | east one aspect
of the present inventifn aridcles piscused inoa ariely coft sospmercialsanplieations, sichi & e
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10.Q atomc percent At | east one aspect of the present invention is further
di rected t othess appbeations, EE‘é. arefelr:st generlly eequiading itchee bl ca nqmvywmdth@ and

substr at e, l.a r. os 0 and
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about 50.0 atomi c percent of an organosi bcon conpound. 006/ 068741
PCT/ U200- /0m2.827 At | east one aspect of the present i nvent| on is further

directed to a method Conventional techniques for forming FEC articles typically involve

depositing layers of conductive material on flexible substrates and patterning the deposited
layers to create circuit traces. Examples of such deposition techniques include adhesive-
based lamination, casting, and sputtering. Nonetheless, there exists a need for FEC
20 articles that exhibit fine pitch, good interlayer adhesion, and good stability upon, and

following, heating.

BRIEF SUMMARY

At least one aspect of the present invention is directed to an electronic-

25 circuit article that includes a substrate, a plasma deposited layer disposed on the substrate,
and a patterned conductive layer disposed above the plasma deposited layer. The plasma
deposited layer may comprises at least about 10.0 atomic percent At least one aspect of the

present invention is further directed to an electronic-circuit article that includes a
poiyimide substrate, a plasma deposited layer disposed on the polyimide substrate, and a

30 patierned conductive layer disposed above the plasma deposited layer. The plasma
deposited layer may be derived from a gas comprising at least about 50.0 atomic percent

of an organosilicon compound.



of form ng an electronic-circuit article. The nmethod may incl ude

pl asma-depositing a silicon-containing |ayer on a substrate, depositing a
| ayer of cWRRMGKI§H1Imateri al above the silicon-contai ni RGTIVAY®E/N4182
patterning the |layer of conductive material. 5 Unless otherwi se explicitly
stated, the followi ng definitions apply herein: "Above", as used herein
with reference to the patterned conductive |ayer being disposed above the
pl asma deposited | ayedecastreansspartyoflthe ptesan unehtibn wefuathemdissctedsuafmedodf t he
pl asma depﬁ ited | ayer that is. op 05|t t he substrat Thi s def|n|t|on
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means t hatudaceobl gt pl(aang depesited| loptir tde)s opmosie by anbstmte. el Thit deBnipon ent i al
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secti onal aw Jevataf be&w&ert the petdroet a:mﬂucmfe laye‘rlaa&tﬁmlpéasahsedﬁpnmmddayecl rcuit
article of the present invention. FIG 2 is sectional _view of g second
embodi ment of the fl|BW%FBEe 24288 14 dMrEallyc ioniagdt Sagepns o8 Brid; Hafepploduaite
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2006/ 0687 4hd Bfhet biw200 S8Ry and:hﬁlecﬁldss\’ﬁltfk@ﬁght@nalothﬂr exdiofonard typidally
enbodi nent of the flexible electronic circuit article of the present

i nveht i on.enptted frgng theplawes aoe sperss fermniag the plaseptelar g varioyhexdtedxi bl e

el ectroni ¢ States to lower, or ground, states. The plasma usually appears as a colored cloud in a

reaction chamber.
“Negative bias” means that an object (e.g., an electrode) has a negative
eleciric potential with respect to some other matter (e.g., a plasma) in the vicinity of the
20 object.
“Negative self bias” with respect to an electrode and a plasma, means a

negative bias developed by application of power to the electrode that creates a plasma.

25 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a sectional view of a first embodiment of a flexible electronic
circuit article of the present invention.
FIG. 2 is a sectional view of a second embodiment of the flexible electronic
circuit article of the present invention.
30 FIG. 3 is a sectional view of a third embodiment of the flexibie electronic

circuit article of the present invention.
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circuit article of the present invention. 5 FIG 6 is a sectional view of a
si xth enbodi nent of the flexible electronic circuit article of the present
invention. FIG 7 is a sectional view of a seventh enbodi nent of the
flexible eVOXPEWFWIcircuit article of the present invenPCHHS2O5E#1837 s 3
sectional side view of an eighth enbodinment of the flexible 10 electronic
circuit article of the present invention. FIG 9 is a schenmatic side view of
a system for manufacturing the flexible electronic circuit article of the
present invention. FFIG. 4i9aissctwngkhiewaifiacovitlewmbbdiaentpt the Alaxiblecelegtaingm f or
manuf act uri.ng.t he fk xi bl e electronic circuit article of the present

i nvent i on. CHBINARHGIS Of e PESTYAIYRERRI fi ed drawing figures set forth several

enbodi ments  of the pryentioRctildl§ieve BPHHIROLSRhEnttd iR FeRbRBLEAIESL as

noted herein. In all cases, this disclosure presents the invention by way
of repr esecitaitiapticlanfithnptestntnitatioon. It shoul d be understood that nunerous

ot her nodi fications d enbodi nents. can_be devi se b ose skilled in the
art, which fall wit WPl ris asses%@ailmfvgﬁmlﬁt ?mgwgmsmy @F@ﬁé@gl}relﬁﬁ@%
i nventi On'cim:?tﬁcﬂgﬁieﬁlﬁglae)éeﬂ%v %Ogr awn to scale. Like reference nunbers

r oughout '

have been “use the tigures to denote |ike parts. DETAILED

DESCRI PTI ON Descri pFiG@n7 af 4 kectidnakividve Jfl &cdevaiih Certhadimierit &Y theclflegib2d An
aspect of the present invention is depicted sectionally in FIG 1 as a FEC
article 1locleqipinencirapiiprialg of the pyeseridnygntiosl e f ormed by pl asma deposition of

gaseous organosilic npounds _and .ci rcui ti_zat.i,an. sho he, E
article 10 includes gﬂ}'gsﬁgs? Fgrg.onigsﬁgml%.og apo%gliiﬂrefnﬁ)g“&%%ﬁdﬁ%%&%%om
surfage 16eledthidaisRMUstic 6RO PrdseRdivertiohl con conpounds are plasma
deposited on the top surface 14 of the substrate 12 to forma

si li'‘con-cont ai ni ng | Bied i8® sehemapiae side yipwselr & ssten2 for mangdactirong the flexide

| ayer 22 i S then fornmed anﬂwgat_tertned ngj .e., circuitization) on the top
surface ZOGBWW%CIEWIE%QIEEE ARG TYEr 18 to define an el ectrical
circuit. In one enmbodj(mBntis alsBRerddtld GORN0EQRLAEMBINGE $3%E] fol hrandfa¥@ring the

2006/ 068741 PCT/ US2005/ 041827 includes at |east about 10.0 atom c percent
si licon. Tfesbieretactdail cgowtiatticteertl thy presad yehioon. bet ween the substrate 12

o e contiet e RS AR S bR Y bbb L e e
of the invention, other embodiments are also contemplated, as noted herein. In all cases,
this disclosure presents the invention by way of representation and not limitation. It
should be understood that numerous other modifications and embodiments can be devised
by those skilled in the art, which fall within the scope and spirit of the principles of the

20 invention. The figures may not be drawn to scale. Like reference numbers have been

used throughout the figures to denote like parts.

DETAILED DESCRIPTION

Description of the Flexible Flectronic Circuit Articles

25 An aspect of the present invention is depicted sectionally in FIG. 1 as a
FEC article 10, which is a multi-layered article formed by plasma deposition of gaseous
organosilicon compounds and circuitization. As shown, the FEC article 10 includes a
substrate 12 having a top surface 14 and a bottom surface 16. The gaseous organosilicon
silicon compounds are plasma deposited on the top surface 14 of the substrate 12 to form a

) silicon-containing layer 18 having a top surface 20. A conductive trace layer 22 is then
formed and patterned (i.e., circuitization) on the top surface 20 of the silicon-containing

layer 18 to define an elecirical circuit. In one embodiment, the silicon-containing layer 18



The substrate 12 is a flexible polyneric filmthat is desirably fornmed from
a 5 material that is heat resistant and electrically insulating. Exanples
of suitabl avoreseenssas for the substrate 12 include pol yipigesoosnngd:hi ed
polyim des (e.g., polyester imdes, poly- imde-esters, polysiloxane imdes,
and pol yam de), pol ynet hyl net hacryl ates, pol yesters, pol ycarbonates,

pol yt etraf | uor oet hyl enes, pol yphenyl ene sul fides, pol yparabanates,
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physi cal strengths, and are heat.. and chem cal esi stant,. The substrate 12
may be ext‘?‘[] i3 2agd @Hﬁ@éﬁ??%ﬂﬁ&l%l@(ﬁﬁlﬁi1?]%’@13@({06%{1%1@#&%13}35%1@“&t hi ckness A

bet veen the L0p SUr MaECuldAnth KhAIASL A FUAL BES (30 1; EXRIDL SRl B bl ©

. 1
| ayer thicknesses A for the substrate fom about 15 M croneters to

about5 130 nidgiemalcihaie hestsrefisouindOelecttitdlly fnsulatgut ERamplbs pf sihicibRvebierihlae
| ayer thickness A may v‘arﬁlJ as _individual needs may require. The

si | i con- cdat Bersuhyrateallamnciude palyimiles raedidedipgpipidat(edn nohestenBideatrely-12 in
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filled with one or nore gaseous organosilicon conmpounds at a reduced
pressure (nodyesters; epolysther rrolipiesy ipelypihertese maphthplgiesy prlyetbeneibge detopes, amd

| d h | d_adj . L i Lh, b
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a silicon-ihiighe PofieiRed, I Whkch RIS QRAUSHYRIGRBRSIJhE AR GRMPEANEHAS dhentiedli zed

mol ecul es fromthe plasma then accelerate 25 toward the el ectrode and i npact
on the topesstafitadde substihtet Hemgy ibs textinded1lsy. caBweniional dechiiqués © obitaipadayarg, t he

ionized I t owith, d l.ent bond . Ah trat . Thi
Croat o5 {HECEMRRbEREM Hetoh gy R 8 B PPRGP SUEerH 1 o SIPIohl BERER ¢ of
plasma deg 'tﬂc@ﬂeslké ANSr HRNRBERAY rl@%aﬁg%ﬂﬁbﬁx%ohﬁ’rlz FELRkdrD % GBSt 130

silicon-containing layer 18 are relatively low (e.g., about 10C). This is

benef§ ci almremaetse (dhogh0 Sempetoatantesmilel Ui owevef,dhe BYerthicknestA may deryosi t i on
t echni ques, .e‘cg’l.9 cﬁgerri cal vapor deposition) are known to degrade nany
material s BEVAB Befiymay FAWEhst rate 12, such as pol yi m des. 4 WO

2006/ 068741 PCTI USZG@{#&&J&%MHE% zaé,tkﬁ'?k o B{:ﬁla&l]ﬁ%l@ﬁosﬁ@@%ﬁ!tﬁé Qs

depend on a variety processi ng ors, such“as the conposition of the
gaseous orifairnsibatchavise progessnsh( S rontinmenpprsesiceA ahtintdierprggsess déshably
SXPOSUNe 1 T8 (8 ncrease mamituctuting cficioncy. T genoral, plasind deposition iavoles moving
20 a film of the substrate 12 through a chamber filled with one or more gaseous organosilicon
compounds at a reduced pressure (relative to atmospheric pressure). Power is provided to
an electrode (not shown) located adjacent to, or in contact with, the bottom surface 16 of
the substrate 12. This creates an electric field, which forms a silicon-rich plasma from the
gaseous organosilicon compound(s). Ionized molecules from the plasma then acceleraie
25 toward the electrode and impact on the top surface 14 of the substrate 12. By virtue of this
impacting, the ionized molecules react with, and covalently bond to, the substrate 12. This
creates the silicon-containing layer 18 on the substrate 12. One benecfit of plasma
deposition is the temperatures required for depositing the silicon-containing layer 18 are
relatively low (e.g., about 10°C). This is beneficial because high temperatures required for
30 alternative deposition techniques (e.g., chemical vapor deposttion) are known to degrade

many materials suitable for the substrate 12, such as polyimides.



provided to the electrode, the gas flow rates, and the chanber pressure.
These factors 5 correspondingly help determne a | ayer thickness B of the
sili con-con¥t¥] |2%&?€ JHayer 18. As depicted in FIG 1, the Ia¥er t hi ckness B
ext ends fromxt 8 surface 14 of the substrate 12 to tRET{USHOSUIBALe 20
of the silicon-containing |layer 18. Exanples of suitable |ayer thicknesses
B for the silicon-containing |ayer 18 range from about 0.5 nanoneters to
about 10.0 nanoneters. Exanples of particularly suitable |ayer thicknesses
B for the silicon 10Tkometertiifibe Playes dawsitigngea desndipbatvancd Haswetes s to
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layer 22. bhotdfligidetht @xposik@iifiengf hbaubsithlt 0%016ithd slasima,ate déwg WS pedenbove,
the silicon-containing |layer 18 may al so include at |east about 15.0% by
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| ayer 22 is forned on the surface 20 of the silicon- containing |ayer 18 by
deposi ti ngl1eondie topvsarioet @0icfl thandicpatemainingglayére! tle pasinpled of 20itddndayet i ve

mat eri al . osi ti of the conductive erial .may. be perfornmed b
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of suitable conductive materials 1nclude conductive netals such as tin,

gol d,10si | veogtamoppleyer thrampe unom aabdut £6 mhnoaticon® ttvet df naRatdtes.ni Tigseray be

performed by convenptional photoljthaqgraphic 25 techpiques to formthe
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20 of the gjild - i 0j ANEK a top surface 24 of the conductive
trace | aygirlﬁgg%{.mﬁx%gﬁ% e(gsanggﬂksui tggﬁage%%er t hi cknesses C range from about
12 microneters to abpatiditidf 0 eontdiheraboab0.0ts Qilbom 4sS disoudbdwbote, Mhd S) .

However, the layer thickness C may vary as individual noeeds may require. O
Accor di ngl yilicapceptaipmguteyet §# anay @pisodpeuds taf deast pbowt 13196 By abapic pesceaht i on

is a {d exi i r &\ J.nel an_ e rical  cj j ' .
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PCT/ US200i / 041827 the silicon-contai ni ng | ayer 18). The FEC article 10
exhi bi ts getunir pereent ayEgens dhe Eisphan pequp @ fatoac persertt catbenl2 and t he

conductive trace | aygf 25 a@ile Habd 1995 3¢ ARk ofr th@Wefh 20 of the siticon-

containing layer 18 by depositing conductive material and patterming the deposited
20 conductive material. Deposition of the conductive material may be performed by
conventional deposition techniques, such as sputtering, vapor deposition, vacuum
deposttion, electroless plating, and electrolytic plating. Examples of suitable conductive
materials include conductive metals such as tin, gold, silver, copper, chromiwm, and
combinations thereof. Patterning may be performed by conventional photolithographic
25 techniques to form the conductive trace layer 22 with a layer thickness C between the top
surface 20 of the silicon-containing layer 18 and a top surface 24 of the conductive trace
layer 22. Examples of suitable layer thicknesses C range from about 12 micrometers to
about 130 micrometers (about 0.5 mils to about 5 mils). However, the layer thickness C

may vary as individual needs may require.
0 Accordingly, after manufacture, the FEC article 10 of the present invention
15 a flexible circuit that includes an electrical circuit (i.e., the conductive trace layer 22)

disposed on an electrically-insulating backing (i.e., the combination of the substrate 12 and



suitable for use with fine-pitch applications. . Sonme materials suitable for
the conductive trace |ayer 22 (e.g., copper) are known to degrade

pol yol ef nswopiobetidsessf or the substrate 12, 5 such as pol yipghaRSeosAsisssch, the
silicon-containing |layer 18 prevents the materials of the conductive trace
| ayer 22 frominteracting with the substrate 12. FIG 2 is a sectional view
depicting an alternative FEC article of the present invention referred to
as a FEC g WA C [ o) E&]1ﬂ5
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conductive trace |layer 15 22 by conventional deposijtion techniques (e.g.,
el ect r ol esongctvé wacedayeralZdeam attgmiting \pﬂlathensgbstraw@ addi ti onal conductive

material may then b terne thc ntron raphi c
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pl ated | ayer 28. anpl es of suitable layer thicknesses D range from about
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mul tiple depositio pa terning steps may be use to manutacture a
plurality KEC edinkiuldd i Hewtavag:eftélahcecm@et}g: traczaaydnémemiépmredand paidenddyer s
22 and 28) for the FEC articles of the present invention, extent of the
deposi ti orfd éﬂl&nﬁe?pfi@r%r"ﬁgnewgénmowa} wpay be dapfsyed Gﬁlth%@@oﬁé‘ffﬁ%f‘ymr elgier e.
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FEC a§ticlZ 19, condesiidinb etbpatitve tedhnidues (&g Helseveless lgingEGhdreldctbigtid2
additional |y includes a tie layer 34 30 drsposed bet ween t he

si | i con- cantEghi ﬁlaler faidétron@é ca ctiyfe magiad ¢agyy@er rb&d@tqeagﬁérwxz}z conyeational | ayer
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sui tabl e when the conductive trace layer 22 is derived frommaterials (e.qg.,
copper) t hdt Examples of suitable layer thicknesses D range from about 2 micrometers to about 25

20 micrometers (about 0.1 mils to about 1 mil). However, the layer thickness D may also
vary as individual needs may require.

Suitable materials for the plated layer 28 include the same materials as
disclosed for the conductive trace layer 22. Accordingly, multiple deposition and
patterning steps may be used to manufacture a plurality of conductive trace layers (e.g.,

25 the conductive frace layers 22 and 28) for the FEC articles of the present invention. The
extent of the deposition and patterning steps may vary as individual needs may require.

FIG. 3 is a sectional view depicting another alternative FEC article of the
present invention, referred to as a FEC article 32, which is similar to the FEC article 10,
discussed above in FI1G. 1. However, the FEC article 32 additionally includes a tie layer 34

30 disposed between the silicon-containing layer 18 and the conductive trace layer 22. The
tie layer 34 provides additional adhesion for reducing potential interlayer delamination

between the substrate 12 and the conductive trace layer 22. The tie layer 34 is particularly



generally exhibit |ower interlayer adhesion to polyneric substrates. The
substrate 12 and the silicon-containing |ayer 18 of the FEC article 32 are
formed in t\bgzﬁﬁ%@? ﬂgnner as di scussed above for the FEC article 10.
However, affter ¥RE silicon-containing layer 18 is pl asREVYSHEE18Y,
materlal for the tie layer 34 may be deposited on the surface 20 of the
silicon-containing layer 18 by conventional deposition techniques, such as
sputtering, vapor deposition, and vacuum deposition. Exanples of suitable
material s ﬁuéﬁlblﬁ meen the peRduetigtrpgeclatierel Arist dariyech A nhEraerialy (eogscoppadthats

chrom um i er eqf Ions t hereof, and
conbi nat i cﬁ%lsle %ﬁ‘ggﬁl&%&g&,&%ﬂ%ﬁg@%ﬁﬁéltg l|ymteﬁe(gltglfsﬂmflayer 34 is dep05| t ed,
material for the corfidcdubdente 12 a6€ theddiBEoreoniiyink SaydeNQSIfiRE FEU drhige tihe
| ayer 34 using the techniques di scussed above for the FEC article 10. The

conbi ned |agHrmedin tbﬁtSénxeamaIméﬁaStdi@cumddab@w fﬂetherlé&@ artigled 0.2 Blowand, after tie

| 34 tt . b t | t | j.t | gh

o fof m ¢ B SURATER BT Ea Ty dlastt disiite iy 8 dpelnedit g8 HEprEia in
FI G 3 Asde 0sHRRW thé Brfide () @Mﬁé s%oﬂ@@ntﬁmlﬂ%ﬂ@ﬁertl@' W@&ﬁ%mﬁoﬂ?ﬁ%ﬂm heht op

surface 20 of the silicon- containing |ayer and a top surface 36 o
tie |ayer t8hnidixsmukck sscputeringalyhporl @pemtiom mndkvaeamasddﬁomange BExampleabgfut 2

WAL EN T TR X T AL T M T
require. %ﬁc{i Gickdl- l:l%roﬁn&zﬁC&18’é§%er¥61§¥‘ﬂcﬂ&th&%dg”zgasdada&%no% hﬁ‘e fgtive FEC

article of € present invention, r artlc e 38. The FEC

artithe 38 conbi nes Sfremstbrialtfbethieast iyesidok depasittEGnatetinlcioe tikbcondtdtivgone of
the features of the FEC article 32, which are discussed above in relation

to FIGS. Zraspdeysr 2Adnashbswienositad en the tiq lagerrdaising the|techmaques discuiged al@fn'@
plated |aygr thé%f:q%“ ER%Fe Fq]o’fhet {b‘%ntﬁﬁ@cf’ %ﬂs o?r&a'i% gléf%}{{go;?cﬁ:gu?%@acc*ls | ayer

34 25 di spose e sili1con- co ainin con uc ive

trace | ayeinddfe tid her EE)Cm@y thedl R RSterm) b@&:oﬁﬁdiﬁ"oﬁ!ﬂ' phofnqmar@gdaplﬁb teBnigad¥e
manner as di scussed above for the FEC article 32 of FIG However, after

t he mat er italfofmthe sendustivie diarsy Layer 3¢ eanrlaty@ tieAgyer at aﬁtfheptq‘r@ inallér. 334 Aar e
Sepondt o0 SRR AR b gl AL U 5 TR SRR
article 3&%ptMiheesect he 48 "ﬁbt'oﬁ%ﬂrfb&“% bf theQe lfaﬁ?é 34. ek ales 3f stable fah& use
of nmultiple conductive trace |layers (i.e., the conductive trace |ayers 22
and 28). Tthwbn@eG6, GegE4tonPaiul SZﬁmsmate;s 27 abdalt @S mibrBoeiers (Fwot 0.0noills wi ews
depi cting a %ﬂ{ in?ﬂél oluge%rr,]t e ayer tl“:hcl:ckalllregsl El may also vary as individual needs may
require. -
20 FIG. 4 is a sectional view depicting another alternative FEC article of the
present invention, referred to as a FEC article 38. The FEC article 38 combines some of
the features of the FEC article 26 with some of the features of the FEC article 32, which
are discussed above in relation to FIGS. 2 and 3. As shown in FIG. 4, the FEC article 38
includes the plated layer 28 disposed on the conductive trace layer 22, and the tie layer 34
25 disposed between the silicon-containing layer 18 and the conductive trace layer 22. The
FEC article 38 may be generally formed in the same manner as discussed above for the
FEC article 32 of FIG. 3. However, after the material for the conductive trace layer 22
and the tie layer 34 are deposited and patterned, matenal for the plated layer 28 may be
deposited and patterned, as discussed above for the FEC article 26 of FIG. 2. The FEC
0 article 38 provides the combined benefits of the tie layer 34 with the use of multiple

conductive trace layers (i.e., the conductive trace layers 22 and 28).



of the present invention (depicted as FEC articles 10', 26', 32', and 38'),
which are simlar to those disclosed in FIGS. 1-4 (FEC articles 10, 26, 32,
and 38, rewpembd/owsty). However, in FEC articles 10', 26%pcTaR200530@288 , the
silicon-containing |layer 18 (depicted as a 5 silicon-containing |ayer 18')
is patterned along with the conductive trace |layer 22 and/or the tie |ayer
34. This exposes the top surface 14 of the substrate 12 to the atnpsphere,

and provides increpgedl £4 gxl Q)'c(*%rlﬁa? vidwstdagich gtubﬁ%xled?teﬂl it PE at?ﬁt.qgé

invention. This increased fle ity cofrespondingly iIncreases
versatil |d)fytheﬁaretshm lﬁEﬁtxan (depiowl asfFE(B\artqo}eeﬂﬁntZtS 132V,eantl 381, Which asesiinilag

vari ety of tgl ff n%ﬁéﬁrl al pI i.catjons. 10 As di scussed above, the FEC
articles ©f %55356{1 ent Bk @k‘h‘?lﬁ‘i 10, &éo@k 4od 38y ¥eé9"ecflv‘§bﬂhe§PWﬁVeénd good

stabi lity;upp fob | 3 a AN

characteri SFI csmﬁegst@le’ C@gftl ?I %$s o) tﬁﬁ%g)r es%&;nas%%ﬁ?é gdepmg(l] aae

i nitisal peltorstomaigingSagd 183tis beAshed Ul @ﬂﬁth&ldeﬁ@xﬁ@ﬂfs/ﬂfae@weﬁemaﬂdmﬂ/ cm
(about 3.0 pounds/inch), peel strengths after exposure to a terrperature of

250C for BedieHayer 34t This oxpases thejentsunface lgyfdhe %ld?tﬁtsatﬁ 1240 ﬂle@trp@iphd@z h),

|'s st ft 150C for 200. h f at
Peast abolfovieds i Sh BERETEY 5 &% GRRR 3 mfeend ROGA % ieFihces o
at |east [848ilit f&ﬁﬁé&&ﬁm gl inefeh@gSZmeEo@smh@s oPthdFEA GHicRE | of tﬁé"ﬂr@é&h@

characterlstlcs for the F articles of the present invention include
initial pwebntsnkongsdia aofriely dféﬁmelabudustr@l &pplmatlogﬁr ans/ centineter (kg/cm

b 4.0 ds/ 0
of 240 Tor "one. houredsouREs abdte’ BROEC #iled gt B PR i SnBor OuMaL B ey
peel S StrgRgAer %&%ﬁn%ﬁ@%&ﬂ fabiftPuf ATREN RIBHE L heARBC E)@fn ROQ bR Of at

| east about 1.6 kg/cm (about 3.0 “‘pounds/i nch), and | nsul at| on resistances
of at Ieasharﬂ@élﬁtmh fm/th@E)EC aiticldsrdithe BrescTihmvprtadn schdngiing peél stieagthREGS

articles of the e |nvet|o.nref r to the el s t hs betwenthe
Subst r at ediisash ot d-ockiRsR SRR tmel oLkl it T QapRHSgHY, Pesb SrReet
articles gm—@%@att &l HDARE HAPR G Y AdaBSARRAL Y oRing P @ant
degrees o%ﬁ Proment%q]&exposure whi ch |ncreasae tEtZ versatl itigé(‘)j?1 t he
FEC Erti cB@q:whdﬂhehppeeiemengtm\aﬁat exqrsurDese tanpierainreaf! 166°€ ot 26Grhoudepdsi ti on
Process 30 FIG 9 is schematic side view depicting a system 40, which,is a
sui tabl e aklgsttahoytdr] bi/amrtebaté g dspavindg/inchle asd iniselahom eaststannésry af bopetr] 8 o
the substrate 12 in a ? WD 2006/ 068741 PCTf US2005f 011827 conti nuous
process. Asmprelimilkingte isEﬂS@EES thearnadﬁué)r spdplde Cdiﬁfﬂ@ﬂﬁéstpﬁe@érthe ifRfent i on
(e.g., FEC articles 10, 26, 32, 1d0 ? §2 E :‘% are manuflactured
via plas narticles of the présent 1nvent10n mclu ¢ mitial peel strengths of at’least about 2.
kilograms/centimeter (kg/cm) (about 4.0 pounds/inch), peel strengths after exposure to a
20 temperature of 250°C for one hour of at least about 1.6 kg/cm (about 3.0 pounds/inch),

peels strengths after exposure to a temperature of 150°C for 200 hours of at least about 1.6
kg/cm (about 3.0 pounds/inch), and insulation resistances of at least 10" ohms/100

millimeter”. The peel strengths of the FEC articles of the present invention refer to the
peel strengths between the substrate 12 and the conductive trace layer 22. Accordingly,
25 the FEC articles of the present invention are capable of withstanding significant degrees of
environmental exposure, which increase the versatility of the FEC articles of the present

mnvention.

Description of the Plasma Deposition Process

30 FIG. 9 is schematic side view depicting a system 40, which 1s a suitable

system for plasma depositing the silicon-containing layer 18 on the substrate 12 in a



deposition. ThH thls regard, tne system40 includes walls 42 that define a
chanber 44, although the system 40 may be any apparatus capabl e of
providing a controlled 5 environnment. For exanple, the chanber 44 is

desirably %@?M%s&f evacuation, containnment of gases i n%éﬂ@g%‘g%&ﬁ%?eri o

evacuation asme creation from the gaseous organosilic
accel eration, and supporting filmdeposition. Alumnumis a preferred
material for the walls 42 because aI um num exhibits a | ow sputter yield,

whi ch di 42. Ho
ot her eig%ﬁﬁﬁ"” Vil PaTE R S LS R A1 RIS 0 RetSaitc G S & e,
copper, }e%s FEC 3l @SR, eesh, 39npb 391b naONe) LReRAoreh Vi pldifa

chamber 44, “the system 40 may include a drumelectrode 46, a plurality of
reel mec hahpesn’somB In ahls crugaré, gwogkte5040 anthdas rvesdksi 44 ot sipmmd a&ﬁam&m 44bl e
et at ent

systens w e ts are disclosed in P

Nos. 5, ssgﬁtggagqa ghg SR 4ma§t@?uan)‘/ %HP&%“%&SP%X% C(f PRI ﬁ%‘éfmf’d) and
Yang et al Patent ("ath t sed in
tho - Saq ™ savinoprent O R eRaple R enaifinl 44T R ARSI Sl ol et
be fed fr Cumnfahkﬁnﬁﬂuusfcgaﬁpommcﬁﬁe@&f&r feivhamation tplesrdalmntmﬁlﬁ@hrmdega%ousv\her e
the plasnma deposition occurs. The resulting film (cont aining the substrate

12 and t he&HOsUisAD CRMPRUNTF gD I265RbFTat®Y ands SyrmeR ot denysiiant MAUnEWE] ¥ ng

spool 20 52 he . f.i4,m

pr ovi de t éng rF%érrll% %Faﬁ&%gmg gagthlgeoaﬁ\&f‘ﬁmflkgﬁgg olrlog‘trﬁphﬁgr dE db gﬁﬁj’l n the
594 pat endorrebftdinkHP rdddt@néontandingtidh GomSBe walsedd. , Héwees Ysth@rexatpisYyofal so
include a drying unit 54 to renove noisture fromthe substrate 15 The

dryi h¢ unisatge rmytelb@s dony they websndd uneludd erapbite.deqppay glins, siginless isteeb angd,
Prior to thehﬁ S| hde%) sition, the substrate 12 may pass the drying unit 54
25 to red (P THEOMIETO e concentration in the substrate 12. Excessive

noi sture in the sub@ithat@e tRadiBor 44t stbRei®ihe GhéM@NE FRunPblet e @ am
deposi tion. An exanple of the drying unit 54 includes infrared Iarrps t hat

di rect i nfplaradty ﬁ‘émehmeolmsmaﬁ%l & pautd speel POeanst edewm@yw%ﬁa) Suilable

di d ab t bl f t 46 d
in’ Che - 59 RHESHED HeRLCOaY e A Cooatl PHO W 6Y Sl P et otAr fon
and 1pri Or(;;’ééfé ‘99@%&%11@?@8@'5@4‘8”166 ﬁlesli’éé ﬁbﬂt@ Y PEnSUAE U, §sz§t9ntrIQ

air fromt chanber 44, such rrean of vacuum punps (not shown
connect ed 4,071,597 ¢hizentiér pa&n\‘l\ip 2‘050615616@61411 tﬁ&‘l’i%&mﬁﬁj e I8 patéut, ahd ther t he

air is pur %89 p];{e(rjl{n 1! ehgub%tqgtgbﬁrmay be dee ﬁ%%stﬁg lfJ,(S)ur(():fr: POO S§0| zlscaotn Im tonHmouA-l dis)
electrode 46, where the plasma deposition occurs. The resulting film (containing the
substrate 12 and the silicon-containing layer 18) is then wound up on the receiving spool
20 52. The reel mechanisms 48 direct a line path of the film and provide tension to the film.
In addition to the components disclosed in the ‘594 patent, the ‘166 patent,
and the ‘597 patent, the system 40 may also include a drying unit 54 to remove moisture
from the substrate 12. The drying unit 54 may be any system suitable for drying the
substrate 12. Prior to the plasma deposition, the substrate 12 may pass the drying unit 54
25 to reduce the moisture concentration in the substrate 12. Excessive moisture in the
substrate 12 may reduce the effectiveness of the plasma deposition. An example of the
drying unit 54 includes mfrared lamps that direct infrared radiation toward the film
(denoted by rays 54a).
As discussed above, suitable systems for the drum electrode 46 are
) disclosed in the 594 patent, the ‘166 patent, and the ‘597 patent. During operation, and
prior to plasma deposition, the system 40 may be evacuated to remove air from the

chamber 44, such as by means of vacuum pumps (not shown) connected to the chamber



may then be introduced into the chanber 44 at a desired flow rate. The
desired flow rate nay depend on several factors, such as the size of the
chanber 44wanmbod/bus78i ze of the substrate 12 surface areactth@abeosioliszr ecei ve
the deposited ions. Such flowrates are desirably 5 sufficient to establish
a suitable pressure, which typically ranges fromabout 1.0x10'6 Ton to
about 1.0 Tort, for acconplishing the plasma deposition. The gaseous

or ganosi | izgo f lsas ifd

or ganosi | 'con SETRONP S ByretE e BE Ao A7 IR SRR ILANILITIBRAID o1 e
chanber 44nayBhempt esrodficesiintoatht ehanlgaddsit lai desinedc iowaamd Shieniekivedeflow rate

trinmethylsilane, 10 triethylsilane, trinethoxysilane, triethoxysilane,
t et rame%/hﬂ‘f’é’i 11%%_, OPé‘FY%'%It %ﬂ%%l%&ﬂé?g ﬂ%eeﬁlfz%ﬁéﬁf'o%@f’é’i‘%eéﬁé,m’tde i é‘g{eﬁg%g%i | ane,
hexaret hy lsﬁys‘é#a%t 2 ﬁﬁ#&&fﬁ@?that bl FRBwE ﬂ%ﬁ:l %g%i%ﬁqgﬁ@%+ﬂﬂ6%tes are desirably

tetraet hyI c_yc_ ot etrasi _oxane, oct arrgt ot etrasi oxa_ne, _
hexaret hy lsgffRidn@ xPaablith & khitdped ﬁﬁe%;s%fé, WHiBL §pially e R Ml Pos1dheseof . An

exanple of a particularly suitable organosilicon conpound includes

t et r amet hy sbéwane). Tdrt) fohecomplshingthe phemgalspasiyorconpri se silane. In addition
to the gaseous organosilicon conpound(s), one _or nore gaseous non-aorganic
conpounds nmay al so B&eigsewEudenosiicen cRmpenatBle pseator gha plasare denssiipasma
depositio aml es_ of ..sui t S - i 0 n j.nc

oxygen,  ansditeR GRabatn bORR SRR R AT R e SRR DS AT HRE

t hereof . Thembéom r at:enflest BL suf iR SLAUSsI NS ehBpahiEs Garmas nEsthylsyney/ar y
depending on the desired rati o of gaseous non-organic corrpoundé; to

gasebls ortgethplsilatec ofrimethporias ) . ngbwesdene, t Hetramethylsilansw tetegedy!sgane, he
gaseous nqp-.0rgani ¢, compound(s), and. t he..gaseous organosi lJi ¢on, compound(s)
are desi ra%qwm‘gﬁ(fxfy?l Pent to estta?%?%%%yaﬂ%ﬁ’tabl e pr ?‘satﬁeéhy?%".cbﬁ{‘f" B about
1. 0x10 6 TekdmdtRylcpétiastioRantORotrkllcasofiikilGhhad odtheeBy RS IBetaARSAd ON. 25
Exanpl es of suit@able volunetric flow ratios of the gaseous non-organic

conpounds hesamétbyldsdesns, bisgiamikylsilyboethanpad sandinatiemgdereod m A examige 1

(i.e., no .gaseous .non-qrgani c conpound(s)).tp about 10:1.. Th seous

b ganost | 1Py eSS Okt RER Gaebied insels BhmE DAt RBEET TR be

i ntrpducedyd gadiBgy ChgRekilatt4 as a single prem xed gas, or alternatively, as
separate gases that substantially mx with 30 each other within the chanber
44. For exanpl e, thdngddtont thegaseoss digenosiloownpompdusd(s), may obmoiergasadisced t o

t he chanber 44 at a gas flow rate of about SO stapndard cubic. centjneters
per i nut dORTEHYC SAPIRES JRE BT BHOTISGE T Be CBun () o aysiihe pagmg
2006/ 06874‘]%})55@&619%%%1&4&%&]316 gaseous non-organic comnpounds include oxygen, argon,

hydrogen, nitrogen, helium, ammonia, and combinations thereof. The flow rate of the

20 gaseous non-organic compound(s) may vary depending on the desired ratio of gaseous
non-organic compound(s) to gaseous organosilicon compound(s). However, the total flow
rates of the gaseous non-organic compound(s) and the gaseous organosilicon compound(s)
are desirably sufficient to establish a suitable pressure (e.g., from about 1.0x10° Torr to
about 1.0 Tom) for accomplishing the plasma deposition.

25 Examples of suitable volumetric flow ratios of the gaseous non-organtc
compounds to the gaseous organosilicon compound(s) range from about 0:1 (i.e., no
gaseous non-organic compound(s)) to about 10:1. The gaseous organosilicon
compound(s) and the gaseous non-organic compound(s) may be introduced to the chamber
44 as a single premixed gas, or alternatively, as separate gases that substantially mix with

30 each other within the chamber 44, For example, the gaseous organosilicon compound(s)
may be introduced to the chamber 44 at a gas flow rate of about 80 standard cubic

centimeters per minute (sccm) and the gaseows non-organic compound(s) may be

10



introduced to the chanber 44 at a gas flow rate of about 320 sccm(i.e., a
volunetric flow ratio of about 4:1). As discussed in the 594 patent, the

" 166 patent %n@{t%e ' 597 patent, the drum electrode 46 ma¥ be a

cylindri cal VEIRYUYIL having an annul ar surface 56 nade ofCTAISH/041827

el ectrically conductive material. Exanples of suitable materials for the
annul ar surface 56 include alum num copper, steel, stainless steel, silver,
chromum alloys thereof, and conbi hations thereof. An exanple of a

par ti cul arinjrodugded &bthe ohatéey 44 atragastilvey raggmaiiabout 320 scepe(iBs 4 veduadss flow

al um num due %o%tup%]gase of fabrication, |ow sputter yield, and |ow costs
associ at ed™ W Ph*¥Hki'dum  The annul ar surface 56 allows an electric field 10

to perneate radial |l ya9uisw@sed il ©RN SOL peleHiMiBd exder ikt Aénd tHae sor yan@l et r ode
46 may al so include non-conductive, insulative regions that preven

el ectric fdmindelparode 6 may b¥ rugylindidad shastrddep baving en ansgulpi mirfasd Soonadeeof

annul ar surface 56 .of th rum el ectrode 46. The. el ectri.cal

non- cgnducﬂyvgﬁftgﬁ‘?lg’n@‘ﬁfgvgﬁﬁ nf‘ag?r d g§?’ﬂée% %’HP@QBP@‘SEF]@C#}/@%WI”

i nsul ating rqga C p r - Qpa I t Lafd.u vl .
Suitable w ‘gtpdhg 5lc?f ingllﬁlﬁeﬂgﬁmlﬁ%r ‘585)}15?5?aséf“(’eé?’Sgmtnlkgl%gaQﬁg i g%{%rbgﬁ%g{rlg%hgpg% ar to
a pl ane t hdiereof apdrcahbalatibos theeeol i ewerdmplElob.a SErticialy shigdhemaleliyl foe tiad

| east equal to the]g vviu%it hs_of the fil to be coated (e.g., . about 16.5

cent i met er dynulaysartage if Bckides ghwnimgnafiotogthercasa i {abfigatiand dew sputssyaslds ur e
trol f ' . | 4 i d :

el ect rode §8 B Qs e HEE W M EIRE Bl bl shitge SO doibdid Rl

dr umjel ect toostemédic adidllgesiedarddonhte dirttmelcaot¢ 06l eTHOdMaselactr iR B ARy aldoe
tenperature that supports plasnma deposition. In a preferred enbodi nent, the
t eﬂger at ur Bickigpthesicordustize, mgulptiveareaionp Abat M@k Aleaicniie!d pewpedtiant Fhugi d.

Exanpl es of,_sui tabl e. coqgl an upds_incl ud r t hyl en lycql,
chl or of | uoiﬂgﬁn&;‘r' gg%ogﬁl%ylgr%f‘frﬁé)lrmoe%h g?ar%W§a%%a$§3fé§%gg & egf.%,o X‘? ?é‘ui%he
ni trogen), cieftelcalB5 n6RFBAMRLIVONBebRE MRS -bePf&hREabliNg e shigderepdctcalgont r ol

system 58 punps the coolant flurd (not shown) through'the drum el ectrode 46
t hr oughout inshletifumaterioh su¢h ahe pplymsimée-ge pobyitetiafinoropthytaney  Buitahdd wikhs/ef y

Grum'al ect FEEBNE PERGES? B oD Sevuabady » s vt FE i Clpaiedhet "2
is in 3 diprgt 9)%9151@%6118&!1? Heh® 16t BY@d 86 HRO UGS of BRA%IIAS RNBE Shatdd @ I he
pl asma to the substrate 12° is managéd by this cooling approach and thereby
al | ows pl ashmut dépositimeierspn t enperature sensitive filns. 11

The drum electrode 46 also preferably includes a temperature control
system 58 for supplying temperature controlling fluid to the drum electrode 46. The

20 temperature control system 58 may heat or cool the drum electrode 46 as needed so the
drum electrode 46 has an appropriate temperature that supports plasma deposition. In a
preferred embodiment, the temperature control system 58 is a coolant system using a
coolant fluid. Examples of suitable coolant fluids include water, ethylene glycol,
chiorofluorocarbons, hydrofluoroethers, liquefied gases (e.g., liquid nitrogen), and

25 combinations thereof.

Preferably, the temperature control system 58 pumps the coolant fluid (not
shown) through the drum electrode 46 throughout the duration of the plasma deposttion
process to selectively conirol the drum electrode 46 temperature. Suitable temperatures
for the drum electrode 46 range from about 5°C to about 20°C. Since the substrate 12 is in

J direct contact with the drum electrode 46, heat transfer from the plasma to the substrate 12
1s managed by this cooling approach and thereby allows plasma deposition on temperature

sensitive films.

11



WD 2006/ 068741 PCTI US20051041827 The drum el ectrode 46 al so includes a
power source 60 electrically connected to the drum el ectrode 46. The power
source 60 wy20e0ravi ded on the system 40 or alternati \peiyustesobes2pr ovi ded
on a separate systemand electrically connected to the drum el ectrode 46.
In any case, the power source 60 may be any power generation or 5

transm ssion system capabl e of supplying sufficient power to the drum

el ectrode 46. An examRl 8nfh dechbhid A QIROWRINEROW GRWeP shlikUstE IR @AY
frequency (RF) power source for supplying RF power. RF power exhibits a
frequency qonmctadstorthgﬁruenolggmdet% floe powensyate Gemby e poyvided @ppe epttemt el y

f d f the d trode 46, but t
Candt ng WAETRRRRY PG Sef G hacrast i s0B e e hed N, ERBFar I Wecr oace

pl asma deFtRﬁfntéléE?m%E fdeciiengy caég':tﬁéog@&reﬂ %ﬁ&a&@ﬁlaﬁ‘( l;eoén)hp&nercéb?kia'ﬁgn dut put
(e.g., wide tilnms and rapid |Iine speeds When RF"power is used
negatj ve brasmissiontshserd capabdd (ﬁ'csupplgfmg@fﬁcﬂexa poegatol thedsed éleh:rc&ﬁs 46i .e., no

separate power source need be_  used. .to induce the neg%tlve as on the drum
el ectrode 46). The poheramplePEe syrbleaROws Rpre SRarcludisraced:

M. pr o aroat s 88 sty KGR B Oﬁﬂ"]%isgf?ib{@%@‘?e%%%*%né? i fpfg

t her eof . TﬂalmeIRE rie@AYRIe, bidsS orf Wi Rpregriattly don€igaied WesicRcsrthddndb clectredd 46 a
silicon-rich plasma fromthe gaseous organosilicon conmpound(s) within the
chamber 44but Aot highagsioaglRito exeatepitanding MaEepBVIBE rewlfingeplegna.i SeandidswayesRF

30 vid o vt Brdect vt DS RE Pk Rbe AT MR BalP, REMCRRRbor, ™

with that @fiputidg., Widnsmssidanpitilne spvdiisg wihen R&FL{ﬁJ\a}eY 135@5eahms né@give biase) and
t her eby effectl vel y transmts RF power through a coaxi al transm ssion |ine.

Upon appl | @athechunfel®irode Wéris aoeghiavedsalifrbias éct .rndecpatie peweospugigamed bes
formed, whic ses. t he eI ectr 6 t come negatively self biased
relative t¥° Q%mﬁﬂ%eth?%g?gm g‘?‘?% FFWOg H cessary to obtain and
support ion bonbar dnept poWhi Sdired BOL WkMan KF @ﬁ@r%@dr&’e tlﬁ iFr;Q)WéPQh@ &emsel y

packed silicon-containi ng | ayer 18 on the substrate Hi s negative self
bi as1bs gea:iectmldb V6 imitht fnequeamgseraogmg(fﬁ)m abdut @0 Iviolabsyt %MHzapE&'ahlhéB 59aseous

organoei 1 cgp Sompeundl ), o, go a0, Lermee ol Ll con @ubﬁfﬁ;@zﬁs‘aﬁrxp&@@??
TS oy i g s Y OO, A,
causes | onsompouhd(d) wihirs ithe dambet @i pAammblbd{F araepler ¢t the tpomer dodithe 60
non-insul altnglqldgsoa[nt lllfqréeggrattop %u((:jhr EllJSn;. Ief-ls gg tl\/r[I?Iz('j gsclllllatogi coghéctédht% t%fr:] I?dll'fylrna&glec’a'ode
20 46 via a network that functions to match the impedance of the power supply with that of
the transmission line (which is usually 50 ohms resistive} and thereby effectively transmits
RF power through a coaxial fransmission line.
Upon application of RF power to the drum electrode 46, an ion sheath is
formed, which causes the drum electrode 46 to become negatively self biased relative to
25 the plasma. The ion sheath is necessary to obtain and support 1on bombardment, which, in
turn, 18 necessary to produce a densely packed silicon-containing layer 18 on the substrate
12. This negative self bias is generally in the range of 300 to 1400 volts, and causes the
gaseous organosilicon compound(s) ionize and form a silicon-rich plasma with ions
therein. Once the plasma has been created, a negative DC bias voltage is created on the
30 drum electrode 46 by continnously powering the drum electrode 46 with RF power from
the power sowce 60. This negative bias causes ions within the silicon-rich plasma to

accelerate toward the non-insulated portion of the drum electrode 46 (ie., the annular

12



12 WD 20061068741 PCT/ US200S/ 041827 surface 56). The generation of the
silicon-rich plasma also generally increases the pressure in the chanber

44. For exa%% @ 2{ie-pl asma pressure of about 5.0x10-6 Ton within the
chanber 44 P4048&se to about 5-10 nilliTon during pl adSd/\GRNE4I820n .
During formation of FEC articles of the present invention, the substrate 12,
5 after drying, is fed around the annul ar surface 56 of the drum el ectrode

46 such that the bottom surface 16 of the substrate 12 contacts the annul ar
surface 56suigeo?lli ngihy, sengeation oafs thef sifipen-peta Phasnivo lsar gereally tibpreaiesfhee 14
of the substr . i twth d | e IS es
coval ent b%’?\e& ﬁg H(%fh et(ﬂlél%l ?Dg%]?geg Olsftiﬁie}l}é@%-% %ﬁéﬁsﬁ?ﬂnggeé%g%gﬁgbdgg@v@ tlﬁ"%'t.lﬁ Iy op

surface 14wigietheeRsabtentmacneshid ©abekt I MemsiiToaairieg plaaighgkrh@yer 18 on
10 the substrate 12 to forma film63. The resulting film®62 may then be

wound up onto the re&birngdgtionlof FEG aticles obide grrsant idepdont the aubadte 12,
atternin f the congductiv race ,l ayer 2 t | at e ayer. 28 nd/ or
Phe T 9ol e e ol ahé ARG e ki€ 55 orlile Bl Blrckftrels fiboanffer oo

the pl at ed pohay&frfads 160HRT subbigatd 118 doB¥REs B aABYaPSirfA8P38! LeLoRBndIN the
resulting filme62 | eaves the drum 15 el ectrode 46 in a continuous process.

The cont i nuasfphoplessa bémbdre teytep emmfd® lidsof thalwdstraigd@us chigad wath ihe dalrh ows
mat erial to, be geﬁ sited on the top suyrface, 20 of the silicon-containjng

| ayer 18 béfesiads o i WscaB?estCHEalﬁ‘Ptg‘%‘}?al@toiﬁh? fopazed-licon; GoRfAmIAG EoTppRHNdS
adhesi on of,: i i £ - [all : . whi ch
corres pondi“ﬁg‘lh@eﬁﬁ@%ﬁ%@g4ﬁgﬁ?§§8§&égﬁg‘%@yg é(;f]?t'ﬂ? %gﬁpg-scghtg?#f %’2% gg?{) Pcl e.

20 FI® 10 thessubstaed? kefsmadihn €v of a pl anar el ectrode 64, which is an

alternative el ectrode apparatus to the drum el ectrode 46, and may repl ace

the drum el ectrode Ad&eiresutting THysqZemaythen bg yyaynd 8P GRIOSHHE FHBIVENESPOPEIEIR or
ne < . : : t '
ERELE R e e o

6, 696, 157. pl anar 471 nc

pl ate 66 amgd@nitientubpdrizag Aleyetively, mattrahfoe iRGohiigalve tradbladyasit, Aieplated
conductive plate 70. Also included in the planar electrode 64 is a conduit

72 for suppleyRigand/adbe Halayen i may bedeperdted enperrauliieg Gbmo? daves e dmmBs and
Pover oM iealaly FRURERTR bOski, Phe MhaSlSE S Sl eI S
9, where t hgviRiReiAbEéRsE aNAlIs AXEr@Mo $8 RPHAEESo IR {pRekad 0 fOfhet he

pl anar el ectrode 64 and the power source 60 supplies O power to conductive

plate 70. DBiiiongohteimng layar 08 befde aht iwises! bf plasenapsiebiting. iThemciwsgs Gkt er

drying at adhesion of the deposited material to the silicon-containing layer 18, which
correspondingly increases interlayer adhesion of the resulting FEC article.

20 FIG. 10 is schematic side view of a planar electrode 64, which is an
alternative electrode apparatus to the drum electrode 46, and may replace the drum
electrode 46 in the system 40. Examples of suitable systems for the planar electrode 64
are disclosed in David et al., U.S. Patent No. 6,696,157. As shown in FIG. 10, the planar
electrode 64 includes a backing plate 66 and an insulating layer 68, which electrically

25 insulate a conductive plate 70. Also included in the planar electrode 64 is a conduit 72 for
supplying a coolant fluid from the temperature control system 58 and power from the
power source 60 to the planar electrode 64. The temperature control system 58 and the
power source 60 are each discussed above in FIG. 9, where the temperature control system
58 manages the temperature of the planar electrode 64 and the power source 60 supplies

0 power to conductive plate 70.

During formation of FEC articles of the present invention, after drying at
the drying unit 54, the substrate 12 may be fed across the conductive plate 70 of the planar

13



the drying unit 54, the substrate 12 may be fed across the conductive plate
70 of the planar 13 WD 20061068741 PCT/ US2005/ 041827 electrode 64 with the
bott om surweeeoslesafi the substrate 12 di sposed above t hepcomdrwsnygzr pl ate
70 by a separation distance F. Exanples of suitable separation distances F
between the substrate 12 and the conductive plate 70 range from about 2.5
mllimeters to about 13 mllineters. The separation distance F provides a
non- cont a : - : t ive.pl ate
RS- S i A e RN A B a e
contact s tphate BObY ameparaticcdisthbiecoF. EHrempleb of paitabld @paBidcadsenods F hetwephanar
nat ure and non-cont gct arrangement, the planar electrode 64 is efficient for

form ng HESUuhsEate 1dandthe qopdpstegpate i/ vare i aPew % Bulimetiisinaliupddss.
Al ternati e t . . 1t.h rat t he
conduct i v\éﬁg%%%t‘géljg]?Oﬁfa%sSE? emgrﬂgfssﬁa?‘g g%fg%fiéss gfghl_? é‘fﬁta%aag{a}lgﬁga}glbcaeﬁgér&e &ctrode
64. Upon 3piptiatald il ¢ cRiduptveplate07d, e conprasiuotthy enpll@tserfddd SEof thedngheat h
is formed, which causes the conductive plate 70 to becone negatively self
bi ased r elelgeirode #6 Whink contaeishe Roiferm seHagepks olithe subsigate d Bis siasanssonfethe As

di scussed abaove, the.ion sheath is necessary t.0 _obtai,n . S t .ion
borbar dre Rt SO GPas e BernBE o DA o el Beas BHGIRL R JoimibReq

si | i con- cHEARLIRY of MY PresdB iAVerfidd wWitPSdnAihBods?proddik s ARb@ativdy,ahs Bottom
generally in the range of 500 to 1400 volts, and causes the gaseous

or ganosi | isudace Honhthesustipte b2 ey qestacbibe zedduatios pilate g as nha hbsfrateri@tison of

a si|icon-rich plasnma wth ,igons therein. Once the plasma has been created,
a ne_g ti vée‘%ﬁlsbﬁ’ﬁfiwyﬁﬁéoqesﬁacreat ed on the conductive plate 70 by
continuously poweri ”Qp&d“ﬁpgﬁ@ﬁk%iﬁ&ﬂ@p%&tt% KO c¥dulti R pRRVRY, a8 Qorf SR B

power source 60. This bi causes 1ons wthin the silicon-rich plasma to
accel er at domnmadamitidhhruses tihucdariduetiye piate 7900 bAcwoe dégagively selfibidsehselgiomiiar d t he

top surfac 14 of the supstrate 12 di sposed ,above the conductiv ate 70.
Thrs” usdes BIBR Uhihe CHOMRR . o TSAHTRD oot CHCHE L GRp T S OB BrAE 16 t op
surface 1 t j td . NI - € Wl 18 on
the subst rSva yrs O YRR up PR AL bl e B LA, R e RS, 52

fromiihe @ domely pioked mdten@édntanyng herr H8 wouhd sobdtatd 2 r'Ehigi hands apool 52

(not shown in FIG 10) for _subsequent deposition and patterning of the
conduct i veZensrally IPa‘jiér’aQ@, of fﬁg)opFOatl g0 |va§§rmz%,cau%ﬁdbergaﬁmwtwsawglaonszx.

Al [ I: - 2.t d/
the'tie | AP COREMER (XL B LENE ool By Btah B gt nBL) 0y

el ectrode igfk thérelr) On&Qaht phiyMiashapbegessated i feghtivdBO bigdWdtapy idi&ehtedl checause
of the plapar, non-contact ) ) ) ]
the conductive plate 70 by continuously powering the conductive plate 70 with RF power

20 from the power source 60. This bias causes lons within the silicon-rich plasina to
accelerate toward the conductive plate 70. Accordingly, the ions bombard the top surface
14 of the substrate 12 disposed above the conductive plate 70. This causes covalent
bonding of silicon-containing compounds with the top surface 14, and consequent
deposition of the silicon-containing layer 18 on the substrate 12,

25 As with the drum electrode 46, the resulting film 62 from the planar
electrode 64 may then be wound onto the receiving spool 52 (not shown in FIG. 10) for
subsequent deposition and patterning of the conductive trace layer 22, the plated layer 28,
and/or the tie layer 34. Alternatively, the conductive trace layer 22, the plated layer 28,
and/or the tie layer 34 may be deposited as the resulting film 62 leaves the planar electrode

30 64 in a continuous process. This 1s particularly useful because of the planar, non-contact

nature of the planar electrode 64.
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nature of the planar electrode 64 14 WO 2006/ 068741 PCT/ US2005/ 041827

Anot her suitable configuration for the system 40 may i nclude both the drum
el ectrode 4& ai[(]&ﬁthe pl anar el ectrode 64 within the same chanber 44. This
allows the"@rIMWWPEtrode 46 and the planar el ectrode 64PCHUSZOROEERT { he
same reel nmechanisns 48, source spool 50, and receiving spool 52, and

t hereby reduces apparatus costs. In use, 5 either the drum el ectrode 46 or
t he planar el ectrode 64 may be used for plasnma deposition, while the other
el ectrode of the twoAnedar ssitahie senfigusetdin faanth | systeted? ceay fnstudgepiBithe ng

t he conduct,i ve {rac er..22, the ated, | ayer .28, and/ oy t i-e layer 34
my & so. ban sleRER R et Rl S BT S PR Rhy P TS AN

articles ofhetdiBnPdesRAt 46iMdant pRRat AedRddFAASIchelfl ubdtha s&AB rkd) WdtBaliEQS eSS .
10 Overall, plasma generation and ion acceleration with the drum el ectrode

46 and t hé8ploarrerspedleds padiccciving sogl Batang tharefpyl fediend apparhips snes.eleute; ode
is used rather than a our el ectrode, and,a.tarqget electrode. .The.powered
el ect pode. I 1o aaredeatinde 4P 4L M B cheroris Rag Be b or bEFPa grrSulin
thereby accghighid ok 1 D AIOE M iR Rl $RsddO VR Hib B8y, RINRE§S &peghingde

for bonbardnent of the substrate 12. This DC biasing voltage also 15 sérves
t o densi fy thcheordepiosi trad lepat 22 ghe whitahlagahadcasl/dhithe preolpeert 34 smagyf altchbe

silicon- containing |ayer 18. scriptign of th nductive Laver Deposition
Process anéPcpled @tfﬁﬁdg? i@é‘ﬁ‘g%%rted’é@@’ 8’5& ]laé‘i’rst%et%giﬁﬁcééﬁl‘:i??n?f\éﬁﬁ PgS9thy er
18 is plasgr, &gﬁ)lgeq{%g&eh?ﬁg?%&@jogg oced 12, additional material may be

deposited on e resulting and pafterned to formthe conductive

tracelgl ayer 22, the plvatatigplaaye peddaticinohiqon héreldrattonl wiytethe 3um Bldcsrope 0w i des
the , conductive portions of the FEC articles of the present invention, which
function agnétheqtlanag elegtrodef4 are greptlyisgeplificdd Onbowre cleqyede snegd Father thamee

| ayer 22, 3 I r /,Qr [ r
deposi ted gﬁ‘gcgé‘%‘g"?“ﬁé’@gs‘?‘%ﬂ %{gés}g)rd ?‘egﬁegjf% W(?é%ﬁ%l{?@?ogiﬁ bﬁ%‘ocq%esgtﬁgp %)allgll%f'i ﬁ%%r aphy
t echni ques besdiedy Rpasvell elf ibiged etheeby bodldratiny ffnks NGithifi €% Blas@X POShrdGthe

resi st devel oping, and etching. The sequence of such techni ques may be
vari ed as ®eweredceleciiode gar bprbirdmenppf theagubsiiate 1Bx dinsl BE bifsiagivoliage also

technjques are disclosed in the /597 patent. For FEC articles th resent
| venton: SHAES haPtE e cdtebated, GuafinB I Eith eobBhocs dhe BednefiCo ooy
32", and 38ohainRiBydral. for the tie layer 34 is deposited on the top 0
surface 20 of the silicon-containing |ayer 18. As discussed above, this may

occur in a continuous process before the ions in the silicon-containing

| ayer 18 stabili.ze, j C ) .. T
y escription 3’}‘% (h,onductwe Laver Deposition Process and the Circuitization Process

Afier the silicon-containing layer 18 is plasma deposited on the substrate

20 12, additional material may be deposited on the resuiting film 62 and patterned to form the

conductive trace layer 22, the plated layer 28, and/or the tie layer 34. This provides the

conductive portions of the FEC articles of the present invention, which function as electric

circuits. As discussed above, the conductive trace layer 22, the plated layer 28, and/or the

tie layer 34 may each be deposited and patterned using a series of deposition and

25 photolithography techniques, such as sputtering, electrolytic plating, resist exposing, resist

developing, and etching. The sequence of such techniques may be varied as desired for
particular applications. Examples of suitable techniques are disclosed in the ‘597 patent.

For FEC articles of the present invention that include the tie layer 34 (e.g.,

the FEC articles 32, 38, 32°, and 38”), material for the t_ié layer 34 is deposited on the top

J surface 20 of the silicon-containing layer 18. As discussed above, this may occwr in a

continuous process before the ions in the silicon-containing layer 18 stabilize, which

mcreases adhesion of the tie layer 34 to the silicon-containing layer 18. As further

15



i ncreases adhesion of the tie layer 34 to the silicon-containing |ayer 18.
As further 15 WD 2006(068741 PCT/ US201b/ 041827 di scussed above, the tie

| ayer 34 nwp hes/elspasi t ed by conventi onal deposition techgirguessosgoch as
sputtering, vapor deposition, and vacuum deposition. For exanple, in one
enbodi nent, material of the tie |ayer 34 may be magnetron sputtered onto the
top surface 20 of the silicon-containing layer 18 with a direct current

(DC) magnefid-atk.R e, #Rtd ] r%4%?ﬁ:9é> podP WaldnSentiths) 3@}6 LBk it&%ﬂgﬁé(s take

pl ace in a chanber that con al ns drgon‘gas at” a pre-sputtering pr sure

| ess t han sadout spuibetiil, 6/apor degdsitemns pud tecumg @eposiss. gEnerakhyle, imoneases
t he pressu;_g)gl n the char]bet%ﬁAgThe chanber may be the chanber 40, as

di scussed EMHOGERENL IpFtETR! &) e Rygloth manaaéna;gpmsyu%reﬁﬂm tedop 8rfase FEC

articles, or,MpL Elh@fﬂ'?coﬁtﬂﬁ{n?%yequg ﬂgzrﬁﬁr‘%gteﬂngnyehgg@(g} fn%g ?tfadnffom thﬁﬁﬁ . the

chanber for sputterln ayer epara hanber

40. A ter dffaboiti7e0 Meatsr 134 sﬁﬁﬂdﬂﬁx@@x@ayttﬁkb plaed @rd élamber thehertAnsagbn Y& dir ace
| ayer 22 is deposited on the surface 36 of the tie |layer 34. As discussed
above, the piespitiyog ;3dssnwlesdaﬁ1adeabmu¢| i éadlﬂoyTom(ﬂzerﬂpuUmaxhg fEpesi genemlly

t echni ques, such as sputterin or_deposition, vacuum deposition, and
el ectrol ytm%rezpspsaﬁhp REESSYESAn ghe 5) Ahe pleareles seyheribe chamber .454 asxlsscmﬁdt he

conducti ve trac a be de 0Si ed in cess t

i nvol ves A8Kodt %éﬁ sgeg’H ﬁ%y"é‘ﬁ queﬁs i aplag e‘é‘%eﬁ%@@ a@n Fatl B IOPﬁe seed
| ayer is ttud%@fabf the bR@entSAVENIBRL AlteRlatitd§dhé Charhite fHpattehng e teandyghi ve
trace |l ayer 22. The seed Iayer of the material for the conductive trace

| ayet0 22 rmegy tresepargtedtany esqblambetrféh onto the top surface 36 of the tie

| ayer 34 with a DC r.o ettin ut,, 2000 he
sputtering may taker‘\%i%égbee tlleh1 \gﬁdﬁﬁ@(’s’ﬁﬁg ha? g rfae ‘é?rﬁjé‘\é\a}j%gacglayﬁr 22}
pre-sputtgg Hé&si@éd@ﬁﬁ&ié Qurfa®S®, SR ARQ 3. &% éﬁc&sé@bbvé the+tis IPéereF &4 3P
process generally increases the pressure in er). The'c arrber fo
sput t er i ngpetdeposied dbylcapeentionyl depotitien tﬂuhmtlea:s Aﬁ);h Ea$putiex$r(g,|svsmi dzposrtagn, wWhi ch
allows a contin ousgoapsto uactur the FEC articl or 25 portions

t her eof , ofRCHH@ SpRQE @@ﬁ?? gc a%féf‘mi’ r 'L £ P@l’&‘eﬂaén@’é | ayer
MRy 4SO Be: YR RAIE; &F@mgzﬂy&% mg% %gfd@ggl h PRULRE ' D e fifiolyer 34

Thi s al | ows rraterla for e tlie esee ayer of the

conduct i velepostey 4 ayeelr lagar fod)lobed bt;ieeﬂm:tnol}ed }slemge NThakded laperaisagpmtaliyuibus
process (but separate fromt deposi t gy Al ternatively, the
&t

chanmber f crmgpgudtere jused fordhe @é& @fatiae CORgHFTINR teeb 821 b sert lypaphide 30
40 and framdhg (GNAMRGdAbe ﬁﬁ’éétlgﬁ‘} b9 %J}J\% ﬁlﬁﬁl&hgﬂgﬁu‘t&ﬁad onto the top surface

36 of the tie layer 34 with a DC magnetron power setting of about 2000 Watts. The
20 sputtering may take place in a chamber that contains argon gas at a pre-sputtering pressure
fess than about 5.0x10° Torr (the sputtering process generally increases the pressure in the
chamber).
The chamber for sputtering the seed layer may be the chamber 40, as
discussed above, which allows a continuous process to manufacture the FEC articles, or
25 portions thereof, of the present invention. The chamber for sputtering the seed layer may
also be the same chamber as the chamber for sputtering the tie layer 34. This allows
material for the tie layer 34 and the seed layer of the conductive trace layer 22 to be
deposited sequentially in a continuous process (but separate from the plasma deposition).
Alternatively, the chamber for sputtering the seed layer may be separate from the chamber
30 40 and from the chamber for sputtering the tie layer 34.
After the seed layer of the conductive trace layer 22 is deposited, the

resulting film may be exposed to a series of baths to prepare the seed layer for electrolytic
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After the seed | ayer of the conductive trace layer 22 is deposited, the
resulting filmnmay be exposed to a series of baths to prepare the seed | ayer

for electr WD 20061068741 PCT/ US2005/ 041827 pl at.i Eo anpl e,
t he resul ts&%tzﬁ‘ml%fo?ngﬁrrlay initially be placed in a solution E‘gﬁgg?()g?/ﬁ‘BS%S%(by

vol une) deionized (D) water and 25% (by vol une) of an aqueous conposition
conprising 15% by wei ght sulfonic acid and 15% sodium salt, which is
conmerci al |

. avai labl e from Learonal Inc.,. Freeport, NY, under the trade
desi gnat i o RIERRAEPERRTEFCbO BRI 1 BaY Bl PORGVEL IR SRINEO, AMRN R
residue fr ‘?5‘%2(9? X@W%@ioﬁ}ﬂehgﬁﬁ Witer Eﬂ?z%ﬁy LaXHe) of B aﬁ&édﬁlstggﬁlg%sf.iﬁéﬁ“ ey

then be pl ace Yo by wel ght” sodi um per fate “solution, rcrally
avai | abl e tomprdigad 6%aby eight undedtic taerl tuichd 8% dediugn atltowhicRONABTGHrcidinal |y,

the resulting filmmy be placed in a_10% sul furic_acid (H2SO4 sol ution.
The resul tm‘?glablmfmlgghqa Fsadregnsrt, é‘ﬂ‘écw%mq Eadsy agsigngtion I%C?W-Qéﬁéﬁ\hi ng

portign 19@6@% SThS !}ﬂt&?iéh ¥§n<§\;e§18§idre§¥ﬁﬁe o%ﬂxggg%l&% i?(?mttﬂge)?pg)gfgdr é@%ﬁ%ﬁ{/ be

Material for the 'remaining portion o ive trace

el ectrol yt ile spédlaget. UieResu@pVRIRL i Slen@eglddeliyi 1% HY RtihOsddREN PérgeSe FOr
exanple, in one enbodinent, copper material for the conductive trace |ayer

22 may be polatied evmmisidbedvalaerfiogn preaontg lnheundss uthe rigde i derignation

| ut i i Si | . S% H2SO4. and 5 23% QuSO4* 5H20, t
RS L R e e R A
| . Th ; l.ied b i | h
e over st PaEy thd e BB 1 fin Rad- SREHIOLG SRfhs RRIRRR Gt °°

104/ Big- 20- 6PRrashraVRRhE IERMED cRUBPbTihecosImIG! al |y available from
Dynatroni x, Inc., Anery, . Once the electrolytic plating is conplete, the
tie layer 34 and theManat drdbe rimeaning godidnagiche eondarave wakdylayear22gaas be ni ng.
Patterning pf the tie layer 34 d .the conducgtive trace |ayer 22.my be

por f or e Sy blefid G con s BPar BTN MEHgrRiEs: SERRIAGRE ™ PR one
enbodi ment embBiiRfeRt, @8pSt Smatdih] F5 AR XoRGucA BASIaPEr BOMUPBE PRASEE: RNdedBY be
negative or positive photoresists, are |am nated on the bottom surface 16

of the subdiyenbe pklirgndle thaltingilsuinf Aedlulon 2dmpisiidigborondUcH, Y@, hidateut ayer
22. The photoresists may be applied using standard_ |am nating techni ques
with Hot raB¥eCsSOS5iLabl & ctitertiags abbar200henphnstar e giptied ange sbiution tabout
35 to about 50 micronmeters. The photoresists may then be exposed on both
sides to plate heisetdelayén ghite owrentyway bk epplider lgualy canvemtionel pprstsotioalsuchhi s

oroesl ks 1o ROELLENS CLup e BIONe! Skt il BT EPIALe
104/PR-20-60 Programmable Power Supply, commercially available from Dynatronix,
Inc., Amery, WI. Once the electrolytic plating is complete, the tie layer 34 and the
20 conductive trace layer 22 are ready for patterning.

Patterning of the tie layer 34 and the conductive trace layer 22 may be
performed by any variety of different photolithographic techniques. In one embodiment,
photoresists, which may be aqueous or solvent based, and may be negative or positive
photoresists, are laminated on the bottom surface 16 of the substrate 12 and the top surface

25 24 of the conductive trace layer 22. The photoresists may be applied uvsing standard
laminating techniques with hot rollers. Suitable thickness for the photdresists range from
about 35 to about 50 micrometers. The photoresists may then be exposed on both sides to
ultraviolet light or the like, through a mask or phototool. This crosslinks the portions of
the photoresists that are not covered by the mask. Because the bottom surface 16 of the

30 substrate 12 is not patterned, the photoresist applied to the bottom surface 16 is flood
exposed. The unexposed portions of the photoresists are then developed with an

appropriate solvent. In the case of aqueous resists, a dilute aqueous solution (e.g., a
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30 substrate 12 is not patterned, the photoresist applied to the bottom
surface 16 is flood exposed. The unexposed portions of the photoresists are
t hen devel wpedosmetyran appropriate solvent. In the casepof/usgusous2r esi sts,
a dilute aqueous solution (e.g., a 17 WO 20061068741 PCT/ US2005/ 041827

sol ution conprising about 0.5%to about 1.5% by wei ght sodi um carbonate or
potassi um carbonate) nmay be applied until desired patterns are obtai ned on

the top s : i tdo Fond esi st
2%t or e CIpREPphfpiting B SADTUEIMAE 1 IRRE wedMfisodlom Chbilad (FpRIGHAEED
et ches t hearporidt¢)ansy bé appledamtitl destined @ati¢ras erel cdbyined®an tettop cudace @4y the he

crossl i nked ({)hotoresi st. An exanple of a suitable enchant solution for
et chi ng t RENdUEBYRINRAS l9¥T2lace | ayer 22 includes a sol ution conprising about

10. 0% by wei ght FI | : t@gg@gg#lts% %se?o%%ﬁeﬁ, %Oﬁh%“g%@%ﬁ pﬁgg{a&ed—@\% m'll'he

et chi ng exposes certaln ar op’ surtace e layer 32

(i.e.5 therchandubiiodewhitReRhéMe poridnt 8f P lchbRtutad: traa_&ﬁﬁ_ét(kmb@ﬁ@&i By s may
be renoved at thi SﬁfOI nt or retained for subsequent etching, depending on

t he phot oltiet trosbalsed pheterssist. qdeseriaspde ofifatsaitablh encland sohitivn for elebingaher 22
is patterned, the tie |layer 34 may then be etched by placing the resulting
filmin acerRisHYe Bpes kel 2oi06iudsha SRRTHOR COmBPHEEEL eutpb<5)-9 Toobs Weight HaaOy i e

| 34 by, th | i.nk h i.st. A le of
Su tabl o F5Y aNOH s 4o RRR G0 Gy A HRG ot ISR FHpFs S EPARcRs dhe

| ut i isi . 4 0%, b i ght K d t,2.5%b i ght KM
non The TERRRRGY AR s i W T R AR e 3P o g
aboutp 10. Q¥pteyesivel BB bERSHYvAIOL thie Hoifttd: HbBBled TOUSIRE RAL bteKing Wi@Bn@hE NI NY

is conpleted, the photoresist may then be shipped fromthe top surface 24
of the corddie photolithegrephtut technigque2isethd t he bottom surface 16 of the

el ng. Che i m i O B ORAEe SaferoBerar B et afercana it g °°
steps, dryiched bi@lakinghe AREHAE REH in & 9086 kIARR sofutlol) WhiRRRicAE: BE Bfiond NE

resulting filmmay then be separated into separate FEC articles (e.g., the
FEC arti clofshe3ide 1a§8y 3420t canarkd38’ thefeorsshislediphotoremasti ety exfmple dfistspitatie

he. LEnauenpal S, iieibini o S legeront BRARLS SoRMOR EPPBHRGHStE L ¢ 22
{race oi rowi voigh Rt BB ABmuctvieaPS BT dRQky T oDl R ™' e
di scussed ahoy §n T thitd 10N MGt Snd WRGE . dSUY watent WBISRS, AF pofetdifife
neutralization. When etching is completed, the photoresist may then be stripped from the
top surface 24 of the conductive trace circuit 22 and the bottom surface 16 of the substrate
20 12. Other steps may also be included in the process, such as rinsing the film with
deionized water before and/or after the etching steps, drying the film, and other
conventional film cleaning steps. The resulting film may then be separated into separate
FEC articles (e.g., the FEC articles 32, 38, 32°, and 38”) for use in a variety of industrial
applications.
25 For FEC articles of the present invention that also include the conductive
trace circuit 28 located on the conductive trace circuit 22 (e.g., the FEC articles 26, 38,
26’, and 38"), material for the conductive trace circuit 28 may be deposited and patterned
in the same manner as discussed above for the conductive trace circuit 22. Material for the
conductive trace circuit 28 may be deposited before or after the conductive trace circuit 22
30 is patterned. In one embodiment, material for the conductive trace circuit 28 is. deposited

before the conductive trace circuit 22 is patterned. In this case, the photoresist may be
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conductive trace circuit 28 may be deposited before or after the conductive
trace circuit 22 30 is patterned. In one enbodinent, material for the
conductive trace circuit 28 is deposited before the conductive trace
circuit 22 YQ2PU%¥Ehed. In this case, the photoresist nmafCthyS2Pa4F7
20061068741 PCT/ US2005/ 041827 fornmed and crosslinked on the top surface 30
of the conductive trace circuit 28, rather than on the top surface 24 of

t he conductive trace circuit 22. The conductive trace circuit 28 may then
be pat t er n&dmgt gng cwisslinkeden deridp sifacs 0oddhe einduciite tpre cheuitiis ¢atberdtiambove.

I n anot her enbodi ne e-gonductive trace cikguit 22 and the tie | r 34
5" ar e patt € NEACBATBrS & PRyt ati S At ey 62t riped ottt dhohtFenife
produces t QR hika bedfattb Gle@8loR8 widBhe ¢6nducittr' circad® 28 NAWischitcfhRe. 2, 4, 6,
and 8. In this case, after the conductive trace circuit 22 and the tie

| ayer 34 are patt er nbdanothes edbotlimyest, tbé corgluetiveatradeonircuit e andrikuae layer 34 ace
circuist 28 may he deposited, fol]owed by electrolyti ating,

A Ler it | vEIRyRtEeL R tindp dPIRg 17 CoRBetYn A FUBTL PRoal e PEGREES B FRE ( he
conduct i Vet ReeclAschicuhd 338 RraubAenadesuat g snhed lsaVRr vadhes] ap ket ween
the conductive trace cifcuit 22 and the condlcfive trace circuit 28, the
seed | ayer cominctiee rade diguit@quindete tidflhyer 3daepopaitenamni, atshed bgadefahateralt foace
circuit 28 may then be patterned in the_ sane nactféﬂer di scussed above for the

conduct i vether serduetiye diage parcuikc 24 maan §e ydepgsiteds dgHEWEH divo elesiraly igrajatfig.
formed and [ Lk t [ . : i - 1T

cirout t - oa RBREYUT T Balerfls SRLE UhARE Hodd bR SEBM AL adennL AAES
trace®, andirtdie28 phetidd eddgphtenBierlabenaddesist bepred, thasotdustus sact abane22 The
FEC articles of the present invention may al so include additional

conduct i veand hgaonilyctiye tracehatearid 8t the seasHaves thapebe ndde requitédi t 22 and t he

conductive trace cirncuit, 28, .The addi.tional conductj.ve trace cirtcuits may
be deposited and pat fagtéﬁg?qsﬁlqnhgl]%@nggﬁgeﬁtﬁ%ﬁecgrgugyscf?%%ﬂlggg)(ﬁ 56 gdfl%r t he
conduct i ve e e @lahfieH discddscangbdvb ot dbsiduk@ye trh@c Bir&iif S tAc%Bl'diﬂfgl%,4EEC

articles of the Brese_nt invention that do not include the tie |ayer 3
(e.g., thes&Badgphotordsist map be Fermetloind capnslini@d)on thiéorpmthoe 89 vbthecaodudtiager 22

may b deposi t.ed.an the top.surface f the silicon-containing | r 18
e 5k t er HOGE FEYED: SEeak Rt oy Tierdetiiegdn deBB0 B bRt Rett a8 o of
the presenphb@xaRt P uidi¥e shiled s dildigepabdwr ned silicon-containing | ayer
18' (e.g., the FEC articles 10',26', 32', and 38'), the silicon-containing

| ayer 18' may be et cAéd FOrgtivled lof tthe présentl aywenti@y naaydaler indlede eddidoti ve

trace layer 22, follow ng.the sa atterning steps discussed above.
y conc? ctive trace cuc%lts beyondnt%epconductwe tr%ce mrgmt 92 anél ?he conductive trace

circuit 28. The additional conductive trace circuits may be deposited and patterned in the
20 same manners as discussed above for the conductive trace circuit 22 and the conductive
trace circuit 28.

For FEC articles of the present invention that do not include the tie layer 34

(e.g., the FEC articles 10, 26, 10°, and 26"), the conductive trace layer 22 may be

deposited on the top surface 20 of the silicon-containing layer 18 and patterned in the

25 same manner as discussed above. For FEC articles of the present invention that include

the patterned silicon-containing layer 18’ (e.g., the FEC articles 107, 26°, 32°, and 38"), the

silicon-containing layer 18’ may be etched along with the tie layer 34 and/or the
conductive trace layer 22, following the same patterning steps discussed above.

After plasma deposition and circuitization, the FEC articles of the present

J invention have conductive circuitry on one side, and a polymeric substrate surface on the

opposing side. The FEC articles may be cormected to printed circuit boards or other

devices by a variety of conventional means, such as solder balls, reflow solder, thermal
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After plasma deposition and circuitization, the FEC articles of the present
0 invention have conductive circuitry on one side, and a polyneric substrate
surface orwoOheos/egposi ng side. The FEC articles nmay be cponesisestofie2?pri nt ed
circuit boards or other devices by a variety of conventional nmeans, such as
solder balls, reflow solder, thermal 19 WO 2006/ 068741 PCT/ US2005/ 041827
conpressi on bondi ng, wire bonding, inner |ead bonding, and the |iKke.

Accor di ngbymprefi§on E(ﬁf&n%[]fvhﬁa' %ﬂg,tﬂﬁ:r Péaﬁsr%ﬂmgméﬁ(ﬁ“tﬁeoﬂ(@r ﬁc@b%@ﬁxgi R

el ectronic packages such as ball grid arrays, Chlp scal e packages, single
and nul ti PE€ aratled of ﬂuyeneq@atkagmsaraatrd ustfel in Electr@ue macl@gmmf:h@sm&l gackages
can be desi for .use in an | ectroni v udi n ut...no

T ed ¢ 0B DY ® eheEeS SR 4 T g ¢ @i‘fayser ﬂ?@‘f st SHLPE Tk apuch
deV|ces r e
ke, - PROBEIY R e & RO S 5k (R BB e e Pame MnbUY, o

t echai quehmar:é tavedokdiy devioes, printihgdevicdsnginghdor iiltohaliadedcssz prgedttie, FEC
articles of the present i nvention. Several of the techni ques are enpl oyed
herein. AFRBSIRY. APEPPISH &ata sigeage dewisemnpiflids kel | ows. Drum El ectrode

Manuf acturing Method FEC articles of the present invention were manufactured
by plasma 15 deposition with a drum el ectrode, and subsequent
circuitization,PROYPEREY fANADWSIRIANY CHARKETERIDOTIONPHOCRIMSRESt € fil m was
provi ded on a source spool, where the substrate filmexhibited a filmlayer
t hi ckness of 50.8 nVen@ire tanakytieald terhpiques - «:gectamlaézle for | manifdetnriog czusi 2

cent rreter he.subst fihlmwas init fed.to

Vo iRee LR Bidt e i Griqle R gsfieht, fveriot” skierlred e EMitleh B 11 om
Staco 20 ERglaYd FEeRU MrSexpliadiGlof ke (RAMRRYRIIIHRI i ng) . The IR | anp was
contained in a chanber having a pressure naintained at 1.0x10-6 Torr to
renove noisture fi-omthe substrate film The substrate filmwas fed at a

| i ne speed of 0.61 meters/gl nute. te filmwas fed around an
annul ar surface of a drum Z&#B& fosition. The drum

el ectrode had a di appteh@fes50 %&? shﬂeﬁrﬁreﬁt1o@5wé130m9nﬁfﬁ€tﬁx%ﬁ) bRMkad

annul ar surface had a 16.5-centi ne 5-1nch) wdth. The drum‘el ectrode
al sd5i ncl deditmn ©&thg b odvudi sad:dna‘oge dmllsubseqmntacmumgzaaom obycﬁabhﬁﬂbuamgj a

t ubul ar anode w t h cutout or t Ias osition, e chanber was
purged of PHICPAUrEn A;PR)gumig ‘Frﬁ‘-:l 3%@1 Pa‘-?rw Sa% SQWCE e%ro e tWREH e

Exanpl es) (yas,then, aummed 4 A 1%?}&@1 SIRUDSE s iicldRLet 38 of QoRIQNiSHR 2

pre-pl asma pressure nai ntal ne orn
film width of 15.2 centimeters. The substrate film was initially fed to an IR lamp with a

Variac antotransformer, Model 033-3504, which i1s commercially available from Staco

20 Energy Products, Dayton, OH (60% power setting). The IR lamp was contained in a

chamber having a pressure maintained at 1.0x10® Torr to remove moisture from the
substrate film. The substrate film was fed at a line speed of (.61 meters/minute.

Next, the substrate film was fed around an annular surface of a drum

electrode, for plasma deposition. The drum electrode had a diameter of 50.8 centimeters

25 (20.0 inches) and the annular surface had a 16.5-centimeter (6.5-inch) width. The drum

electrode also included an O, glow discharge device containing a rod cathode and a

tubular anode with cutout. Prior to the plasma deposition, the chamber was purged of air

and a gas (the composition of the gas varied between the Examples) was then pumped into

the chamber at a flow rate to provide a pre-plasma pressure maintained at 5.0x10° Tor.

30 Circulating water maintained at 10°C was also pumped through the drum electrode from a
temperature control system. The drum electrode was then supplied with RF power of

2000 Watls to create a plasma in the gas. This increased the chamber pressure to about 4 -
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30 Circulating water maintained at 10C was al so punped through the drum

el ectrode froma tenperature control system The drum el ectrode was then
suppl i ed WytdywoRedaouer of 2000 Watts to create a pl asm g ddiGosd@ssry Thi s

i ncreased the Eﬁan‘oer pressure to about 4 - 20 WD 20061068741

PCT/ US20W041827 7 m | li Torr. The substrate filmwas then fed around the
annul ar surface of the drum electrode at a |line speed of 4.6 neters/ m nute,

whi ch created exposur.e, ti to t | asma _of . t hree secands. . The, exposure
{1 e v, mbaSlT G Age: HESTHE ATk ARt RIFRDE A P IOtk PERIGE ¢ he
substrat e dbdyhias al M GRle@CHt M thletbBRniARRUWAchS MEABS %noéxpBElﬁe kM the

el ectrode and exposed to the plasma. lons fromthe plasma were deposited on

the top spinfrarcet thice séngdsibEhe atpesire hmetwasf measntedes ghd totd amoomt cditiniertbatl ayer .
The resulting filmwas ,then wound onto a recei.yi spqol . Ni tie layer
wns doposi BYCBAOTIE Liths SORUEBHIS: Wrne Sayes Wy PRadg Suwkee of i drim
(cont ai ni iy - Ra) g speed
SRR P S o A S L R S A et
was pur gedswfacabf tharsdbsttaen fif [td dadmnihe Bilaogapnainifig twer: allee ofsulding fdmomast o
provide a pre-sputtering pressure of 5.0x10 6 Torr. The tie |layer was
deposi t ed PREn&ONip ASFLEABRE 8P9-ng | ayer by magnetron sputtering a N Cr
material with a DC I ! ofy . 7. ; " i.ng
rocese i ner eased ¢ Ho aeoe et s REbEAsbihe SRS bl fave P BE iRl
copper ( Cuthe fBed(chigt¥@ingnths sdbaodd ariditheilidaa-doheidify Bivedyat faclae fged bE4.6F 1 I m
(containing the substrate, the silicon-containing |layer, and the NNCr tie

| ayed§ at Belersainutggaeyghf dhagmbpetRitos teispiiftesing hthg ghrmbercwsnpeged @raignd: o
sputterin t h r rged ir _and th fill wi_t h _arqgon at
Fow rat o b 288 S Fegt BF ARUEAE0E 2ho lm P arbAC posreBitictsk e
Torr. The Ogygreqodayee RSB e diidoh-dobir#f | 3%CEy BiefBEACt ron
sputtering a copper material wth DC magnetron power set |ngyo 2000
Watts. Thesmiftehiiehai NICiPhReehs Wiﬂﬂﬁqase@&agﬂb@roﬁaﬁﬁﬁﬂr@ﬂhig bhagoohamaher The 7.0
mlliTorr. After the seed Ig%%/er was deposited, the filmwas placed in a
sol uti on f#wttoripg praeess ingreapedihgipegssure e ths shamberrio ddhpillifed: 75% (by vol une)

Comr Pai g 5% by wehghh = SEFbEY Sl VB e asBO5 BRI GO 6 PUBRY feite e
commer ci al fiym gsg%i&hﬁ%ﬁlefswmﬁ@,alﬁeomdontcrb@uaimg ®dyel hed &H@dﬁ?ﬁﬁ%ﬂé}%{xﬂ e

RONACLEAN PC- e filmwas then sprayed for 2 mnutes wt wat er .
Then fil m speed et digppethinme chauRONAERGHecopgher tbaphiterngnthe chathbey was

. | : o . i
g\éfls{;?? the e{a&%&i Iﬁ?%rrogn tﬂe?lcﬁHBMitﬁharggr? 2t %to%vd ra% 0% 4]0-008@(3?1}/ té"%‘rcﬁf%e 2 %Cri(le-um

Sputtefing pressure of 5.0x10° Torr. The Cu seed layer was deposited on the NiCr tie

20 layer by magnetron sputtering a copper material with a DC magnetron power setting of
2000 Watts. The sputtering process increased the pressure in the chamber to 7.0 milliTorr.

After the seed layer was deposited, the film was placed in a solution for 2

minutes at 25°C, where the solution comprised 75% (by volume) deionized (DI) water and

25% (by volume) of an aqueous composition comprising 15% by weight sulfonic acid and

25 15% sodium salt, which is commercially available from Learonal Inc. under the trade
designation RONACLEAN PC-960M. The film was then sprayed for 2 minutes with DI

water. Then film was then dipped into a RONAETCH copper bath, commercially
available from Learonal Inc., which consisted of a 1.0% by weight sodium persulfate

solution. The film was then sprayed again for 2 minutes with DI water. Finally, the sheet
20 was dipped for 15 seconds into a 10% by weight H>SO4 bath. After the series of baths, the

film was ready for electrolytic plating.
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solution. The filmwas then sprayed again for 2 mnutes with DI water.
Finally, the sheet JO was dipped for 15 seconds into a 10% by wei ght H2SO4
bat h. Aftavotetwewesni es of baths, the filmwas ready forpet/eshoiysiic
plating. 21 WD 2006/ 068711 PCTIUS20 0-104 1 8 2 7 Electrolytic plating was
perfornmed by placing the film (containing the substrate, the
silicon-containing layer, the NNCr tie layer, and the Cu seed layer) in a 22

gal l on bath. The ba ' Pbgt : ang.al so

cont ai ned baskets \?\nﬁbtcﬁfgg% pﬁel?tg}%ﬁosp rooglgle(t}lu ggltgglig'aljﬁé @g’} 3?05%%“8‘6&3% sed
19% by weisgiwirate, HQSﬁMqoan&%dﬁMng\l@y@htth@lﬁOﬁﬁEH&@r afd thy Cesgbtlayef) ia a 22

carrier/brightener solution commercially avail able as Copper d eam CLX

Addib tive 2ABoR Rethm dh¢ bakinsontaiped ﬁoTﬂlletwnlvﬁtaéMaa@r eﬁtatedvmmdb@m)e@ﬁamm and
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/ D | 60
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Proogr anmabl’e mer cral | y aval l from Dynatroni x

filmresi deghrierislieadadbble fa@'Coﬂﬁerr(E]!&Hﬁﬁ@Lm Adﬂl@VdDﬁ@ih'R&nﬁj'aﬁ& MGEERErdfle 1 -
25.4 centineters (9.5 - 10 inches). Upon renmoval fromthe bath, the film

was ready Maerias Ceu Mar}imqugh VA, end 2% by wetahh PR Cearien, sorameRliabytavetable
Manuf act ur, t hod cl.e en nvent.i on were nanuf actured
by pl asmalfl (5‘258'\/51“[ ﬁ%ﬁ %: etil” ﬁl\é{% eéliagcggod %fﬁ-h %ﬁb@@ﬁ%@nfv‘tﬁ a Curtent

circuiti of3 ® m was
plr ov?hehzgtﬁhsg@sogupgtgﬁ p/g’%%t ' Og.gnepsﬁ?‘i%?? $ Pat A)*Ix?m e%&%&??ﬁﬁﬁ&}/ m | ayer
t hi ckness 20£5058ko SrafirfAbHTPLRESS @MY, aeo%rﬁ&%raﬁ‘f*(‘atvhlm fré3fh Dl[vhﬁ}dmdtxﬁt Ofrpd 5. 2
centineters. The substrate filmwas initial fed toan IR lanp with a

Vari ac anmdtimangfasy methe bathdet 43)38n135®xb11thvehpl@hng diseoomef 24. éH 3/5 ‘hv%]tllrr&ebﬁ&w from
St t 0% ttl
coﬁf g.l nede(‘? gy ﬁj’l@ﬁ%ﬁ?ﬁ)eppﬂ% fﬁ@aégg%@&‘ éﬁ@f%{mﬁgwﬁ%{? y fop WE‘@‘Z@]%Q'F"t 0

renove noi romthe substrate film The substrate filmwas fed at a

i ne spee of 061 meters/ mnute. 25 Next, the substrate filmwas fed past a
pl anar el ectrode at a separation distance of 0.64 centinmeters (0.25

i nchﬁqs for plasnma deposi was installed in a
Leybol d production netal | i & x8%8 from, Leybold Vacuum
Products Inc., Expo P h I C

surface vm'th a length C ﬁwlég Sf?}h@gﬁ%?eg%%g{/én%@eh}gx%t H%ﬁg @“gﬁ%"égt{)fg%(rgafl I m
of 26.7 celpoditiine fdth( i0p1511ar electrode, and subsequent circuitization, by the following

procedure. A polyimide substrate film was provided on a source spool, where the
substrate film exhibited a film layer thickness of 50.8 micrometers and a cross-sectional

20 film width of 15.2 centimeters. The substrate film was initially fed to an IR lamp with a
Variac autotransformer, Model 033-3504, which is commercially available from Staco
Energy Products, Dayton, OH (60% power setting). The IR lamp was contained in a
chamber having a pressure maintained at 1.0x10°° Torr to remove moisture from the
substrate film. The substrate film was fed at a line speed of 0.61 meters/minute.

25 Next, the substrate film was fed past a planar electrode at a separation
distance of 0.64 centimeters (0.25 inches), for plasma deposition. The planar electrode
was instalied in a Leybold production metallizer, commercially available from , Leybold
Vacuum Products Inc., Export, PA. The planar electrode included a conductive surface
with a length (in the direction of movement of the substrate film) of 26.7 centtmeters (10.5

30 inches) and a width of 38.1 centimeters (15.0 inches). Prior to the plasma deposition, the
chamber was purged of air and a gas (the composition of the gas varies between the

Examples) was then pumped into the chamber at a flow rate to provide a pre-plasma
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30 inches) and a width of 38.1 centineters (15.0 inches). Prior to the
pl asma deposition, the chanber was purged of air and a gas (the conposition

of the gas i tween the Exanples) was then punped j , nber at
a flow rat W@"ﬁfﬁ%gﬁde a pre-plasma 22 WO 2006/ 068741 PM@%&E‘%@/@}?&?
pressure maintained at 5.0x10 6 Ton. Circulating water maintained at 10C was
al so punped through the planar electrode froma tenperature control system
The planar el ectrode was then_6_suppl ied with RF power of 2000 Watts to
create a pleagwa mantaiedgd.0x1Phi ToirncCoagletng heater aabtainedra sNE evaalzo 0
mlliTorr. The substrate filmwas then fed past 5 the planar electrode at a
line speed"yped; Ugongh be‘sp{mru?lésﬁr E’Hmc? PRI SXHHY el n@ﬁetraa&aﬁe

plasima of clliref SECHRASupdR VREP RIS FR0MRWARARUEELe 831408 ihGhebadmount

of timet a glven portion substr I'l mpassed over 't

conduct i vé&hsundrasedalie thmbeppanaie e 20tmididEorariteexpasedfinowhbtheplfadpast | ons
fromthe plasma were deposited on the top surface of the substrate filmto

form% he &helinlews clesiods Al mling spped of £ metesy minmte, privgdherceled o Exnashte me fil m

(containi t b e_and, t i licon-contalnin ayer ) fuexg ast a
sputteri ng@%‘guﬁ%%&f gli ﬁ’%éeepsgg?lﬂshg%ae %Ip @&?iuéne! ‘5231/52 e‘?sr‘i'95 daa%tgﬁ%?t Uoug cess,
in the sanghecRa®elven PRSidnl & thadabstis i PASEE @teOhetddfdiitive GfaceCoMyal ni ng
| ayer by nmagnetron sputtering a NC material with a DC magnetron power

setting ofplan@oelverads anBregpdéset e (loplasihai hapstitesn theblasma weretdeposited on the

silicon-containin ayer Sthe NNCr.tie |layer) was then fed past a
second sp&ﬁ%’?ﬁﬁ%gﬁé\?isg@@%&ﬂ%tﬁﬁ??y}?gﬂlécoﬁfogé né [3%%er on the tie layer in
a COfif i NUOUS pr OCeS Shfier hé HashANBerflARACkhe AR (CUBIRRE HRYSHSWAS andERESI t ed
on the NC tie layer by nmagnetron sputtering a copper material with a DC
magnet r on sihiowecomtetningigyo) waofd past ¢ sputiafing detitefoCdepeatthg gl tisaayer in
deposited, the film was .wound onto abre I Vi n%y%pool for. el ect rol.?{ti C
plating. SEORHRUAUSIEOGRS 1Rt gharebesy ety yeewes ArRaiied ot eetlisqn-a

solution f 20 oM Egmfe they; N \ %. ( ol une)
dei oni zed ¢ Et)?l)%mv%ltag?[t gﬁé}%&é&g’( v%ﬁ%r?e l%ﬂlg%hglqnvgggbgﬁg%%ﬁ@oﬁyy o
conpri si ngetfibg@byoiVagtst Ehd filon{contadnidg drdubsdtie, slodsilicorsaintaining layer,iard
comercially available from Learonal Inc. under the trad designatio
RONAL EANTISC S0 Tae was thined neses SEORAFRHICHRR dSVIRF ARk EROHHRS 2 (S s5duat er

Then fihn - Chi i %p@@ I [
avai |l abl e lﬁg?ﬁa Pgeg}eglﬁg%ﬁﬁ%g@tﬂl Pgﬁmc?gs-r%gﬁ stp (g%&g% “‘%ﬁﬁﬂ%%? y V\é%gﬁ%}ésfév |Sum
persul f at eepcsiteditonothe NIt tel lagebs hipeeirsP spyREinggatsped mdtetal Wit EBCW t h

DI water. Finally, the sheet was dipped for 15 seconds into a 10% by wei ght
H2SO4 bat Fagnglres pewer sslinges 2000 Watts. After the Cu seed layer was deposited, the film

was wound onto a receiving spool for electrolytic plating.

20 Prior to the electrolytic plating, the film was placed in a solution for 2
minutes at 25°C, where the solution comprised 75% (by volume) deionized (DI) water and
25% (by volume) of an aqueous composition comprising 15% by weight sulfonic acid and
15% sodivm salt, which is commercially available from Learonal Inc. under the trade
designation RONACLEAN PC-960M. The film was then sprayed for 2 minutes with DI

235 water. Then film was then dipped into a RONAETCH copper bath, commercially
available from Learonal Inc., which consisted of a 1.0% by weight sodium persulfate
sohition. The film was then sprayed again for two minutes with DI water. Finally, the
sheet was dipped for 15 seconds into a 10% by weight H,SO4 bath. After the series of
baths, the film was ready for electrolytic plating.

9 Electrolytic plating was performed by placing the film (containing the
substrate, the silicon-containing layer, the NiCr tie layer, and the Cu seed layer) in a 22

gallon bath. The bath contained a solution that was air agitated, and also contained
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baths, the filmwas ready for electrolytic plating. -0 Electrolytic plating
was perfornmed by placing the film (containing the substrate, the

si | i con- comp aesioggy4l ayer, the NNCr tie layer, and the Cucpeshobspuesy); in a 22
gall on bath. The bath contained a solution that was air agitated, and al so
contai ned 23 WD 20061068741 PCT/ US2005/ 041827 baskets with
copper - phosphorous nuggets. The solution conprised 18% by wei ght H2SO4, 23%

b i ous : . : . ° 7 ) .

o ey O KRR it ol pRIUM ! iHacll SLELIEN RO e By gl

El ect r oni g,SM/Rt8LL HySwéight cwsdﬁbmﬂgi% Mwe%’lﬁi A% RyrrieRbaPhte PR Raidd er .
e

comercially avail abl e from Rohm and Haas ctronic Materials Co. The

bat h was ahaneeniilyialnladlecasrCepypier Glenns CLYK AfldiZo8 fianp Bbhmtaad HAaR Eleonpsid oot 2)
froma DYNAT I del P 104/ PR-_ 20- 60 Progra bl e Power. Suppl.

COMMer ci Mﬁ@ﬁ%ﬁ,.gﬁpﬁbqrp&% B@fha@ndo%%%,y W%htof%%%w,&pmgqraé Y .ﬁﬁalfai’q&e bat h
for 43 m j t L i g f 2 - 4 ! e 5 - 10
or 43, M kol hanpl LSl SHARGR, O, 2Fnd 1P Sad c6ROR VBHEL Sk S,
(i.e., 1Ry bE2OU Afs/m&er q0b WinfRtdah Rt hasy NATRIANIEMEBELSRE! Higek-
pursuant to the Drum'El ectrode nuf acturing Method and the Pl anar

El ect r ode2(Vah Praxghutiiablg Piich Stppl{ eomakictil ey afiubla Ueont Diydatréidix, k. fDhd owi ng
procedure_to formcircuits. Photoresists were forned on the_surface of the

conduct i vBlm gssideddn dhe bagh Futd3oniniestwidhen platingdigansstof dfd Wb H csntimgiges
desi gnat e . t Roller, damn [,..C rcialiyl v.al | e from
West ern g%(URk]O léﬁ%géégli?}gr?g or,gmo%i. éﬁ)ﬂ% éhefaéal%mﬂ\}\e/ag%rg”da %@@g@]ﬁgﬁu&%ﬁ@ ¥Sat

| i ngyspeeghtRinidd. 7 centineters/mnute (1.5 feet/mnute). The |am nation
tenperature was 127C (260F) and the | am nation pressure 20 was 414

ki | opascal s (60 pounds/inch 2). The photoresists contai ned a pol yethyl ene

liner, a poly(nmethyl nethacryl ate) .photo §i s layer, and a polyester
coversheet, and are conmmerci al IM@@E%M* ! 2 m MacDerm d, Inc., \Waterbury,
CT, under the tradehe dRfisOghifBduAdURNRLt B3RO Biun Eld ol M @8dr&ing Pri or

to lam nation, the polyethylene Iliner and the pol yester coversheet were
removed fMethodremdpthe Planes Elctrbdey dfanufGtukieg tMethhé wine pattessdds putkeantrdel then t he

oty 1 RS S0 bl RCRHAETIR PR B
substr at e WRRCEHCBS AHICHe Dot S0 SXRRSWIRHAE Wifa 'Idﬁ edefji\gnated XRL-

mlliwatt/centineter2 UV radi ation for the 15 seconds. radi ati on was
provi ded B30A Hot Roller Laminator, commercially available from Western Magnum, El Segundo,

CA. The film was fed past the laminator at a line speed of 45.7 centimeters/minute (1.5
feet/minute). The lamination temperature was 127°C (260°F) and the lamination pressure

20 was 414 kilopascals (60 pounds/inchz). The photoresists contained a polyethylene liner, a
poly(methyl methacrylate) photoresist layer, and a polyester coversheet, and are
commercially available from MacDermid, Inc., Waterbury, CT, under the trade
designation Aqua-Mer SF320 Dry Film Photoresist. Prior to lamination, the polyethylene
liner and the polyester coversheet were removed from the photoresist layer.

25 Next, the photoresist formed on the conductive layer was crosslinked by a
15 milliwatt/centimeter’ UV radiation exposure through a mask for 15 seconds. The
photoresist formed on the substrate was crosslinked by a flood exposure of the 13
milliwatt/centimeter” UV radiation for the 15 seconds. The UV radiation was provided by
a trade designated JBA ultra-violet exposure system equipped with a 500-watt short arc

30 mercury lamp, commercially available from JBA Associates, San Jose, CA. The
photoresists were the developed with a trade designated ASI model TT-24 spray

developer, commercially available from Fidschun Engineering, Inc., Clearwater, FL. The
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a trade designated JBA ultra-violet exposure system equi pped with a 500-watt
short arc 30 nmercury lanp, commercially avail able from JBA Associ ates, San

‘Jose, CA. ezomgmgﬁresi sts were the developed with a tr?,gz{l%’?%%%as&;d ASI

nodel TT-24 spray evel oper, conmmercially available from
Engi neering, Inc., Clearwater, FL. The 24 WD 2006/ 068741 PCT/ US2005/ 041827
devel opi ng speed was 27.4 centineters/mnute (0.9 feet/mnute), the

el o RS S 3% SR 14 SRR TR O
pount o ah 1980 G945 SRS R e

' ' - bat h d of 9.1
Centi met or SPCTe FERI TR TR IR B BT R, 810 006 by we gt
H2SO4 and 2. 0% - 3. RUDhVEWINels2le fiHeB with GRE Mbdel @—Z@Q%W@e%ﬁvg)eﬂ"%ls

renmoved with a solution nmaintained at 25C. The sol ution conprises 50%

wat er 5 and &% af cteh bathdaaviésiaginaitSdC ReEI°E), et b ppaay BeB04if, 1 Rokigrasiald | y
available 9 from Toryon Technologies, Itasca, IL. Next, the FEC articles
Were cut | RAIPRRBRRIE e bafestord f S acemmekEdTiTIe (OshseVian The bah
multimeter. The FEC articles were then individually placed in a NNCr etch
sol ution feymprised AP Ak ks weighe HoROs ped R0y - 8i0& puyisht The2niAdier etcding deut i on
was prepared, by dissolving 4.0 grans of K ol r of KMh04 _in 100
w1 P e Sty et a st AT ramsmesd o85S Taf SORRoSHtRReet SO  ne
NG etch SpldtdrQfd sbNCoFEGaas hiFhfitd Rt SHifReE-24ul Blmyatiafly avsiapleaced
in a 10.0% by wei ght H2SO4 solution for one mnute to neutralize the N Cr
et ch 8ol ut from. Tofym Fehapgies | lescadk.e rinsed again with DI water for one

m nute and blown dly with pitrogen gas. 20 lnitial Pee r engt esting The
peel strengths (i. e&,@‘% ﬂﬂeeg kéfé‘gﬁ%\%‘ﬁicb‘hl@ﬂ‘flgwdg’h@?md#‘e Sh@ aﬁ%égeaflﬁa &Ples
wer e quantj iyel d : i f t t he
FEC art ol G B b Bl B N B o
gl ass sl i delwtiinnfyr v&CaTEHePar ¢veln dretNiDo tib | 1eyeSt Thle Ni&p etchcohmien ovaz| drypared

avai l able from 3M Conpany, St. 25 Paul, M\. Three traces of the sanple were
partial | y bedissdving 4t0cerams of KQH ahdrdSegrams of KMn@4 wt 190umnidlilews|of giterangd gl ass

slide_with the sanple nmoyunt ed o n | f Test .. Equi nt,. Model 5567,

whi cH3i's chpee & A0y A0k Bbrerenoga fore ﬁﬁﬁg\'&tﬁw tjognihe KEAnRHes TS A

clipis cophegted b et Wl s Ribel 329 195 b8 UEiHR 1930, %0nidg bf 85 e fo°
neutralize the NiCr etch solution. The FEC articles were rinsed again with DI water for

one minute and blown dry with nitrogen gas.

20 Initial Peel Strength Testing

The peel strengths (i.e., interlayer adhesion strengths) of the FEC articles
were quantitatively measured pursuant to the following procedure after the FEC articles
were manufactured. A sample of the FEC article was placed on a glass slide using
SCOTCH Permanent Double Stick Tape, commercially available from 3M Company, St.

25 Paul, MN. Three traces of the sample were partially peeled up to 2 — 4 millimeters to
initiate the peeling. The glass slide with the sample was mounted on an INSTRON Test
Equipment, Model 5567, which is commercially available from Instron Corporation,
Canton, MA. A clip is connected to a 10 gram load cell and to one of the traces of the
sample. The sample was positioned so that the peel angle was 90 +/- 10 degrees. The peel

30 strength of the conductive irace layer to the substrate was then measured with a crosshead

speed of 1.27 centimeters/minute (0.5 inches/minute). The peel strength was recorded
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sanple. The sanple was positioned so that the peel angle was 90 +/- 10
degrees. The peel 30 strength of the conductive trace |ayer to the substrate
was then nmasuwsed™ith a crosshead speed of 1.27 centinptpushoreyée (0.5

i nches/mnute). The peel strength was recorded 25 WD 2006/068741

PCTI US200- 51041827 when the | oad wei ght becane substantially constant. The
test was repeated with the two remaining traces that were initially peel ed.

The t abul | 4.5 [ 5
250G, 1 nenBE b A SEeEbGalo Wbt BGHEIAGR, Fhe <l Sk RGN o2 v
quant i t at fewmlnyngreass thed weptiinstirdiytpetiedt Mae kabuldtal reRdesl hebtin argghb atasgd 10,

di scussed_ above, after the FEC articles were manufactured and placed in a
250C oventhP@reRisE THBYr . This tested the stabili ty of the FEC articles after
exposure to a high tenperature. 10 150C, 200 hr Peel Strength Testing The
peel strengths of the FEC articles were quantitatively nmeasured pursuant to
the pnitial Peel Strength Te330°00) P&t Bgsedh Joqe, after the FEC articles
were manufactured and placed in a 150C oven for 200 hours. This tested the
stability of the 1Bherpeslaptréngihssofifthe Fik potidese wese hasmntitlisely ameasuragnded

period of tine | der. Ref | Peel. Strength Testing Jhe |, st.rengt hs of
Phe Pec apbpepbl e B e SHiardf deihire abeet Bt Sali P SO ALPE ThE Peel
Strength hasifhdtered Gnd GHER8Gn AP AEA €6r SRENGEC S teGl@ShMRBilitd Of the
manuf actured and placed in a solder reflow oven with a nitrogen gas amnbient.
Sol der r eFEGuitistpsiafienexpiodat yo abighperegeramtdiod of attaching el ectronic
corrgﬁnents to a printed circuit board. As such, FEC articles of the present
i nvehtion desirably exhibit good stability upon exposure to sol der reflow
condi tions. 25 Insul ation Regiost afiEk: ﬁ&?éir&%tﬂﬁ‘@stih%sm ation resistance of
the FEC articles were quantitatively néasured W the foll ow ng procedure.
50 x 50 millineter Bouped smengtiess obftheddC FEclay twert equeatiativelgameabuwidt h

t hi cknesses of t i1l rs. 00-volt DC. volta s i nhduced across
the tr aceBUatbipihs teitial PR et Totas drssussed 8Devs Biien (e FEG FERES HAE
measur ed Wahira@urad aﬁﬂgag’%:éﬁﬁﬁ 81509 vl fr 398 Hoas. ﬁﬁ?@@sté’é?ﬁg%?a*bﬁ}ﬂsr ke from

the voltage and the r ting currents. Sheet resistance (ohns/square) was
cal ddl at eHEQrtitiesiafienexpounitdc heat @sérstnaaxtsndby peried of time.

Solder Reflow Peel Strength Testing
The peel strengths of the FEC articles were quantitatively measured

pursuant fo the Initial Peel Strength Testing, discussed above, after the FEC articles were
20 manufactured and placed in a solder reflow oven with a nitrogen gas ambient. Solder
reflowing is a widely accepted method of attaching electronic components to a printed
circuit board. As such, FEC articles of the present invention desirably exhibit good

stability upon exposure to solder reflow conditions.

25 Insulation Resistance Testing

The insulation resistance of the FEC articles were quantitatively measured
with the following procedure. 50 x 50 millimeter square samples of each FEC article was
created with thicknesses of two millimeters. A 100-volt DC voltage was induced across
the traces at 25°C and atmospheric pressure. The resulling current was measured with a

30 picoammeter. The surface resistance was calculated from the voliage and the resulting
currents. Sheet resistance (ohms/square) was calculated by dividing surface resistance by

the product of the number of traces in the square of the FEC article and the aspect ratio.

26



t he product of the nunber of traces in the square of the FEC article and the
aspect ratio. 26 WO 2006/ 068741 PCT/ US2005/ 041827 The FEC articles of the
‘present invention desirably retain good insulation resis f | asma
deposi ti onW OB REI ati on” resi stance can be detrinent al E’?Sﬁ'ﬁﬁ@“}@@??or mance
of the FEC articles due to | eakage currents between the traces, especially
in fine pitch applications. 5 EXAMPLES The present invention is nore
particularly described in the following exanples that are intended as
illustrations only, erndeC adivasodsherpiséntoavintine desiepbly aetaiatgood snsmilationn t he
scope of the present invention wl| be apparent.fo those skilled . he 10
art. Unl e§551%¥"r?8r <L Pl ,poélpf’npt(?‘fv_sl,n&ﬁg?%f?f]ﬁ S5 c%gmrtgegliuggrﬂ?leﬁ)o ed in
the fol | OWeRBrmA%aWBHRSFBC ArlesPhRl 8 Mk4kaBE LGB BAMesn 1RNGaRL lespRBIRNLS Used
in the exanples were obtained, or are available, fromthe chem cal

suppl i er s fepich bpplidatbwsn, or may be synthesized by conventi onal

technj ques. The foll owi ng conpositional abbreviations are used in the

folloW ng 15 Exanples: "Polyimde": Polyimde filmconmercially avail abl e
under the trade designation KAPTON yipd de filmfromE. |. DuPont de
Nemours Co., W/ mington, DE. "TMS'i -grade Tetranethyl silane (Si(CH3)4)

commercially 20 avéditeapieserftramotiogni- Aotk ipahicGhelyi daderibadmanie fSAbwWing
Louis, MO "Argon": Utra-pure argon gas comercially avail abl.e from Si gnma-
Al drich Crigamples tbahgen yntendody gfe dlustiafionsy oplys 162 yHEACIGHS TBORHtAtONE| angd

i | abl : i.gnoR- 425 i ch i oM a
i tr ogen. o2t Bh g PhEbE R4 oRUER g T Bhieqpeh! Efhe st °
Exanpd es latl SUnlkes Gopaikahbiea, Ex@mi,qﬁm%nﬁgés, Ex@ i ®Sreport&® a1 e HEMowinki Cl es

of the present invention that were prepare pursuant to the Drum El ectrode
Manuf act urdxpgpivBtaio dnandiamie Breentibafizatidnll veagents, uged in the examples were

obtained, or are available, from the chemical suppliers described below, or may be
synthesized by conventional techniques.

The following compositional abbreviations are used in the following

15 Examples:

“Polyimide™: Polyimide film commercially available under the trade
designation KAPTON E polyimide film from E. 1. DuPont
de Nemours Co., Wilmington, DE.

“TMS™ NMR-grade Tetramethylsilane (Si(CHj)s) commercially

20 available from Sigma-Aldrich Chemical Company, Saint
| Louis, MO.
| “Argon™: Ultra-pure argon gas commercially available from Sigma-
Aldrich Chemical Company.
“Oxygen”™ Ultra-pure oxygen gas commerciatly available from Sigma-
25 Aldrich Chemical Company.
“Nitrogen”: Ultra-pure nitrogen gas commercially available from Sigma-

Aldrich Chemical Company.

Examples 1-15 and Comparative Examples A-C

J Examples 1-15 are FEC articles of the present invention that were prepared
pursuant to the Drum Electrode Manufacturing Method and the Circuitization Method, as

discussed above, with the exceptions that the RF power and the exposure times of the
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di scussed above, with the exceptions that the RF power and the exposure
tinmes of the 27 WD 2006/ 068741 PCT/ US2005/ 041827 pl asnma deposition were
vari ed as whomwnsigs7diabl e A, Table | provides the gas fl owchalsesesosfszy power,
and the exposure tinmes used during plasma deposition for manufacturing the
FEC articles of Exanples 1-15. TABLE 1 TMS Fl ow Argon Fl ow Oxygen Fl ow

Ni trogen Exposure RF Power Exanple Rate (sten) Rate (stenm) Rate (sccm) Flow

Rate Tine t -{ ' 1 4 le 2
180 170 opg&% ‘%éﬁsdﬁ&ﬁxaﬁp‘f“g‘ggggg%‘}ﬁlagmé@k 1%’%’86 ﬂéﬁ"é’%% 964%380%%9%]00 10
2000 Examp! govber] 3 the28Pofind tiRR0 GiseEranmyl sladind FopekiRA0fd rfand@Rfirinkxaep! e 7
180 100 100 O 4 2000 Exanple 8 180 100 100 0 8 2000 Exanple 9 180 0 0 0 4
2000 Exafipfeartides gbEgmple 812000 Exanple 11 180 170 0 0 4 1000 Exanple 12
180 170 0 0 10 2000 Exanple 13 180 %%L% 18 2000 Exanple 14 180 0 200 0
4 2000 Exanple 15 180 0 0 170 20 20 nparative Exanple A was prepared

pursuant tof the DAunJEl ectrodie Manuffact uringl Meihod ﬁrg*p(;;ﬁ&@ G rcuit] zation
Met hod, as Hgsssed W \Wgﬁnﬂﬁ‘é ORN8EN BRM N a0t | OflSe ARE, gen gl ow
di scharge device was |Foift8d | Baf BeBnY Rf&BNNUl@Ems ut f@egagf! tHESHrum
el ectrode, i ' VO o tHe GHanD a—a [ ow toa 500
sccm (no TN x%e redent ' The @um |-ectrode-was—poewered—w-th—3000-vol ts
and a curre ‘mﬂﬁj@ riﬁ%ﬂp“‘. 'ﬁ*ﬁi&rrndlﬂradfhn_agf\.r_ai' 0 sst® of five
milliTotr. .a;mpkliﬁwl Vi midé® suhst e flil mOwas fed ound_the IlmOQLPCt r ode
at a Speed @fﬁarg)_r[etl 180 170 0 0 10 2000

Example 5 180 0 200 0 4 2000

Example 6 180 0 200 0 8 2000

Example 7 180 100 100 0 4 2600

Example 8 180 100 100 0 8 2000

Example 9 180 0 0 0 4 2000

Example 10 180 0 0 0 8 2000

Example 11 180 170 0 0 4 1000

Example 12 180 170 0 0 10 2000

Example 13 180 170 0 0 18 2000

Example 14 180 0 200 0 4 2000

Example 15 180 0 0 170 20 2000

5

Comparative Example A was prepared pursuant to the Drum Electrode

Manufacturing Method and the Circuitization Method, as discussed above, with the
following exceptions. An oxygen glow discharge device was mounted adjacent the
annular surface of the drum electrode, which provided oxygen to the chamber at a flow

10 rate of 500 scem (no TMS was present). The drum electrode was powered with 3000 volts
and a current of 26 milliamps. This produced an operating pressure of five milliTomr. The

polyimide substrate film was fed around the drum electrode at a speed of 61
centimneters/minute (two feet/minute).
The FEC articles of Examples 1-15 and Comparative Example A were
15 tested pursuant to the Initial Peel Strength Testing, the 250°C, 1 hr Peel Strength Testing,
and the 150°C, 200 hr Peel Strength Testing. Table 2 provides the peel strength results for
the FEC articles of Examples 1-4 and Comparative Example A, Table 3 provides the peel
strength results for the FEC articles of Examples 5-10 and Comparative Example A, and
Table 4 provides the peel strength results for the FEC articles of Examples 11-15 and
20 Comparative Example A.
TABLE 2
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centinmeters/mnute (two feet/mnute). The FEC articles of Exanples 1-15 and
Conparative Exanple A were 15 tested pursuant to the Initial Peel Strength

Testing, t hr Peel Strength Testing, and the 15 00 hr Peel
Strength ngf’i?zﬁg“%’“r%a‘b e 2 provides the peel strength resurgfml’séw:’mf‘r’?%? FEC
articles of Exanples 1-4 and Conparative Exanple A, Table 3 provides the
peel strength results for the FEC articles of Exanples 5-10 and Conparative

Example A, and_Table 4 _praovides e peel strength results fqg

articles ofl Exanpl ¢ise!Buenety| Replbtrenzth Ekﬁl‘ﬁ‘gs}?gﬁlt PegbStERgiinp Pes! fyengTAR| feckBremgh y\O
2006/ 068741E}P€§P¥6US120(§'3}“62112§2ﬁaniéel (Y. d gk R Ped br & Pttt ha EP0°St 308 Agh h
Peel St rengLug:Bng= ! h_ BB o E ' ) f3/my _ { 250C,
Exatplsrl. | (FB0C, { 2002Ar. ) (18DC, j20@-8r.)] (géns/dm) EIOBs. /ind (

| hr.) (25
ranms/ cm (||Bsmplerd [ (gr7&hs/ cm @RBs. /i n.9p4 anplsd 1 575 8922 505 2.383 548
3.07 Exanpbemple257 4.78% 454 2254 589 785 30| BExanpl g 3 786 4.29 78%74. 28 655
3.67 ExangbEemgpled21 4.360 788 4641 8§04 43850 | Conpardtivesod 74 4. 3642384 1|31
246 1.38 Jexamplie] A TABLE STZ—eF Ttrezggt Peel_ Striength Peell Strength|Peel
Strength Peetanlersengt H Peel Sf'réngtih aml e ‘G ni tfi al )**i ni tli al ) {250¢, 1
lir.) (250C, I hr.) (150C, 200 hr.) (150C, 200 hr.) ( ams/cm) Tbs.7in. (
ranms/cm) (lbs./ind (granms/cm) (tbs./in.) Exanple 5 714 4.00 429 140 477 2.67
Exanple 6 663 3.71 279 1.56 418 234 I%)A% 7 596 3.34 411 2.30 445 2.49
A 3

R

Exanpl e 8 943-5-28- "‘5@ 3 5%,;%%’. 3R rEa] Ee Q741432 486 L’L?IQTJ-L%‘L .41
el-Str e ngthl] %t € %e %ﬂ lg) I%e; 1y ]
Exg(r)rpl EX ;O ﬁa&e O%Ieg' q?gf (mitiqséa a 'eqmitlﬁ;l)% (2?0‘@? s F 151??;“( 5'56 Oﬁhr.d(l éz%%gg;.)ﬂem
: M (rams/cm) | (Ibs/in) | (eramsicm) | (bs/in) | (erams/cm) (ibs.fin.)
Example 5 714 4.00 420 2.40 477 2.67
Example 6 663 3.71 279 1.56 418 2.34
Example 7 596 3.34 411 2.30 A45 249
Exampie 8 943 5.28 554 3.10 513 2.90
Exampie & 771 432 486 2.72 430 2.41
Example 10 7.00 0.04 0.00 0.00 0.00 0.00
Comparative| g 4.36 234 131 214 1.20
Example A
5
TABLE 4
Peel Strength  Peel Strength | Peel Strength | Peel Strength| Peel Strength | Peel Strength
Example (initial) (initial)  |(250°C, 1 hr)}|(250°C, 1 hr.){ (150°C, 200 hr.) | (150°C, 200 hr.)
(grams/cm) | (Ibs./in.) | {grams/cm) (bs./in.) {grams/cm) {Ibs./in.)
Example 11 477 2.67 545 3.05 579 3.24
Example 12 0.00 0.00 0.00 0.00 0.00 0.00
Exampie 13 525 2.94 448 2.51 677 3.79
Example 14 520 2.9] 321 1.80 509 285
Example 15 0.00 0.00 0.00 0.00 0.00 0.00
Comparative 2
Example A 779 4.36 234 1.31 214 1.20
The data in Tables 2-4 illustrate the benefits of the plasma deposited,
10 silicon-containing layer in the FEC articles of the present invention. In general, the FEC
articles of Examples 1-15 exhibited a combination of good initial interlayer adhesion and
good stahility after exposure to heated conditions. In comparison, the FEC articles of
Comparative Example A exhibited significant reductions in stability after exposure to
heated conditions. As such, the FEC articles of the present invention are suitable for use
S in a variety of applications where the FEC articles may be subjected to heat over extended

periods of time.



TABLE 4 Peel Strength Peel Strength Peel Strength Peel Strength Peel
Strength Peel Strength Exanple (initial) (initial) (250C 1 hr.) (250C, |
hr.) (150Gy020@b6sH1(150C, 200 hr.) ( rans/cn) (Tbs./inpyT/{groanes181m)
(I'bs.du.) (grans/cnm) (Ibs./in.) Examle 11 477 2.67 545 3.05 579 3.24 Exam
Le 12 0.00 0.00 0.00 0.00 0.00 0.00 Exanple 13 525 2.94 448 2.51 677 3.79
Exanple 14 520 2.91 321 1.80 509 2.85 Examle 15 0.00 0.00 0.00 0.00 0.00
0.00 Conparative 7 | es
2-4 illustrate the gglﬁe %Sg o?legﬁéﬁ%%ﬁsr?]aﬁ@%%gﬁ%ﬁ lﬁteglggerq’?g%hdnzbgﬁtﬁgl ni ng
layer in tHEE ifiCleant iled pesct itveatiar ssedtcadnwvibet thermhebn—cg&ﬂﬁmag laytrhie t&dcC

articles of Exarrpl es, 1-15 exhihited a co nat on of 0 tiial (interlayer
adhesi on &Mgk d&bds sham Mlﬁ'y thg Sy ariglss &ff afn@qselé)taélégléo fﬂq F‘éﬁsﬂmql% of

reduct | ondTPh stfiﬁ??@‘%* b e T B e B AP BB e oD " 2™

FEC & ticlagg @fexﬁd@.&lcpﬁﬁféem 8 su¢emtlsi ORuAN&1E Uiht AEE driddle USeExdmple 1§ wagi ety
of applications where the FEC articles may be subjected to heat over

ext ended np@mfa@agecbwnhuarﬂﬁvlsmwezdd@%@nmnm@zmgatﬁ@iim3ccmrra@d data in

Tables 3 and 4 ustr t hat the,int

At cres orpeniiReebal SEnbEh e i ete Bt o AR R LR R RPeRTLPAY ng
layer is tdé@endt@d QKvariety §fb§)c§4391‘%nf a¥lotd) shiéle aF e adsrhp@shﬁoil of ttfex gshd 0 and
15. The FEC article of = Exanple was manufactured with a TM5 flow rate of
180 seem (empoaureh’mne gHgbs gpr entants)an3argn dopceskpoaue e MSmaddlie Sippewo tids:. is

Sim rly, FEC articl e of ampl.e .15 was . manufactured with a TMS flow
Car el O Y gt o0 ater Rt PO P SSpT PrObE SR G i M MEBGREE e of
20 seconds,r g sﬂic%ﬁié%ﬁﬁﬁuﬁgbmé@ Uit B¢ eticiel ott'ﬁaﬁlp?e%”?ﬂ daROS LN HRY
depend on a variety of processing factors, such as the conposition of the
gas and t helatieslpdsicic elhtomeontmmngHeyegamagcmdhmerthe antellayeg edlesnoe of tetFE0  of
TMS and the . exposure tine is 10 significant, a greater anount of ions wll
deposit o™ H&- substrate, increasing the thickness of the
silicon-containing |layer. The FEC articles of Exanples 10 and 15 show t hat

rel ag vely thick silicon-containing |ayers may reduce the interlayer
adhesi ons of the FEC
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articles. 15 30 WO 2006/ 068741 PCT/ US2005/ 041827 Exanpl es 16-23 and

Conpar ati ve Exanpl es B-M Exanpl es 16-23 are FEC articles of the present

i nvention that re prepared pursuant to the Planar Elec cturing
Met hod and ‘?ﬁé”'@?@dfti zation Method, as discussed above%'&nggﬂ’wﬂ‘gg%
exceptions that the pressures, the I|ne speeds, the RF 5 power, the DC bi as,
and the anps of the plasma deposition were varied as shown in Table 5. The
chanber was f| I I ed vvlth TI\/B at a Eas flowrate of 178 seem and oxygen at a
gas flow EAME 16+ Y25 gBVeLEampisy Bdds t he pressures, the 1R heating

t enper at ures, t he ??@@35%3 P%::C %gy\agst tmﬁﬁg’g pe g_:lsl Véa}lqg S used

during plasna deposi urtng es of anp ®s

16-2) 3. 1?@&8& bubsulxaipihe FRiRs Wc@oaahlt@ﬁifadﬁmdgl M%th%ldeﬁﬂl fRE (PRvwRizaf¥n Bi as
Amps (ml orr) (celcius) (meters/mn.) (watts) (volts) (seconds) Exanple

16 7.1 225Mptipd] godscusgl aboge, \E&athpleécep?iorzs thapthg pB:sguren dhey Bee pegls, tedbipl e 18
8.2 225 3.0 100 0 6,1 1000 11 le 20
5 5 350 o POYGoe GBI @d@&% 82 npadgogtidn YERO A4 ShEm BT ¢ 22
8.0 350 6. % %@Qhakﬁﬂe’r @a&ﬁﬂ@@ﬁmﬁasﬁ% 4 2201w 9at6 oF 13990l 46D 08ygen at a gas

Conparative Exanples D-0O are FEC articles that were prepared pursuant to the
Pl anar El edlbwore dbrfifsciour Tade Mytréradesaihe présswes, rtheiilRileatng renifletanoes, thes

di scussed _ .above, t he ex t t he ont ai ned | y. ar on (no

TVB), and élﬂ%sw@%%gg Powqaeﬁﬁmg e@@?thetwsgéﬁedp gpl@ﬂ@a%@%}t@g °hnd

t he anps Ofmaﬁaﬂfa tﬂhﬁgﬂ?elﬁﬁ?gﬁ{ﬁ}ebﬂ?]i%ﬁ es\féll’f) ed as shown in Table 6. Table 6
o)

provi des argon rates e pressure e IR heating tenperatures, the
| i ne ¥peeds, the RF power, the DC bi aé“ABiIRiSthe anps used doing plasm

depqs| tion forrmanufactuyringt QEECT#GL%S—?L—CG@WMJ—%S B- M
20 Example Pl:egsure IR Hegmg Line Spegd RF Power | DC Bias _ Amps
(milliToir) | (celcius) | {(meters/min.) | (watts) {volts) (seconds)

Example 16 7.1 225 3.0 1000 1180 49
Example 17 7.1 225 3.0 500 788 49
Example 18 §.2 225 3.0 1000 1160 49
Example 19 8.0 350 6.1 1000 1144 8.5
Example 20 6.8 350 6.1 1000 1148 8.5
Example 21 8.0 350 6.1 1500 1454 8.5
Example 22 8.0 350 6.1 1600 1142 8.5
Example 23 11.0 350 6.1 1000 1165 8.5

Comparative Examples D-O are FEC articles that were prepared pursuant
to the Planar Electrode Manufacturing Method and the Circuitization Method, as discussed
above, with the exceptions that the gas contained only argon (no TMS), and the pressures,

i the line speeds, the RF power, the DC bias, and the amps of the plasma deposition were
varied as shown i Table 6. Table 6 provides argon flow rates, the pressures, the [R
heating temperatures, the line speeds, the RF power, the DC bias, and the amps used
during plasma deposition for manufacturing the FEC articles of Comparative Examples B-
M.

20
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31 WD 20061068741 PCT/ US2U05/04J827 TABLE 6 Conparative Exanple Argon
Pressure IR Heating Line Speed RE Power DC Bias Anps Flow Rate (mlli Torr)
(celcius) wombey@émn.) ('watts) (volts) (seconds) (seepgTAormanakive
Exanple B 350 3.4 K225 1.5 1000 1258 2.8 Conparative Exanple C 645 13.0 1.5
1000 1232 2.8 Conparative Exanple D 840 23.0 1.5 1000 1214 2.8 Conparative
Exanple E 770 23.0 3.0 1000 1219 4 2 Conparative Exanp]e F 595 13.0 3.0
1000 1242 4 Conparative Exanple 6 5’?%8%}3%03 0 500 868 4.2 Conparative
Exanpl e H 595 12.2 225 3.0 1500 1526 nparative Exanple | 820 23.0 225

3.0 1000 [t@aRrada Exésopparf ahighte | Eprasdipt 6 1RIHeAAR | 2 21cCp@OQRAPOved|0QBial P5AmB2 |
Conpar atijve Exanpl e K 74BowRat (r&ﬂﬁoﬁ) 6(cASRY |(hbRBMERZ)| GanPpar @édlisy e(s&xaiRpl e L
580 13.0 {300 4.6 1000 13&(1@05) Corrpclr ative{Exanpl e {M 325 3.0 3P0 4.6]1000
1354 52 Tmﬁx :qﬁgg, (gTw |:71d281$5 ".EOI TEJ_ }_p_rrpjrqb@ qWﬁ:—e_g?“BfM wer e
St rengt b M Feee L P Bl T o e e LT
provi des [EH& R Exapple R 4y 340 “l? 0 £ of %V 2 _ant 0% 4 amdl ed 16-23
and Conp Raquﬂzﬁmmc 2% | TasE J pesl &t retibth |pei90 i JH8 I h 4 r dent
Peel Per ciepipaptiva Exapmief) 97 i fi t 1359) |(i 845t i 4l) bt ent il8¥ Ref¥At{ orf2
(grans/ cnlfﬂléwﬁlve/ﬁxﬁﬂaleﬁmﬁéér f1 0w (250825 1hr 30 Exdnpi% 16 8¥03] 4.4 70% 82%
Exanpl e 1jZog96ti% BAmy&Ho| 749 Exatdt e 1182784 (4. 390 71% 84% [EX2hple 40 1048
5. 87 70% |738paraBxechixphile D) 15006 |6. 1346 73% 7% |Exahpl e 210009318212 728 §0%
Exanpl e 22oipkthveédixdBpld 2% 77266 23.0 300 4.6 1000 | 1254 52

Comparative Example K 740 226 300 4.6 1500 1520 52

Comparative Example L 580 13.0 300 4.6 1000 1300 52

Comparative Example M | 325 3.0 300 4.6 1000 1354 52

The FEC articles of Examples 16-23 and Comparative Examples B-M were
tested pursuant to the Initial Peel Strength Testing, the 250°C, 1 hr Peel Strength Testing,
and the Solder Reflow Peel Strength Testing. Table 7 provides the peel strength results

5 for the FEC articles of Examples 16-23 and Comparative Examples B-M.

TABLE 7
Peel Strength | Peel Strength Percent Peel Percent Peel
Example {initial) (initial) Retention Retention
L__ {grams/cm) {ibs./in.} (solder flow) | (250°C, 1 hr.)
Example 16 793 4.44 70% 82%
Example 17 895 5.01 75% 4%
Example 18 784 4.39 71% 84%
Example 19 1048 5.87 70% 3%
Example 20 1096 6.14 72% 74%
Example 21 1093 6.12 72% 80%
Example 22 1105 6.19 72% 72%
Example 23 1107 6.20 T4% 6%
Comparative Example B 1482 8.30 2% 57%
Comparative Example C 1480 8.29 5% 51%
Comparative Example D 1532 8.58 8% 50%
Comparative Example E 1473 8.25 35% 16%
Comparative Example F 1429 3.00 34% 16%
Comparative Example G 1223 6.85 59% 4%
Comparative Example H 1514 3.48 22% 46%
Comparative Example 1 1423 7.97 37% 19%
Comparative Example J 1327 7.43 49% 3%
Comparative Example K 1461 8.18 28% 18%
Peel Strength § Peel Strength | Percent Peel | Percent Peel

Example (initial) (initial) Retention Retention

{grams/cm) {Ibs./in.) {solder flow) | (250°C, 1hr.)
Comparatjve Example L 1270 7.11 45% 8%
Comparative Example M 1305 731 32% 9%
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Exanpl e 23 1107 620 74% 76% Conparative Exanple B 1482 8.30 2% 57%
Conparati ve Exanple C 1480 8.29 5% 51% Conparative Exanple D 1532 8.58 8%
50% Conpay, @(ﬁ\ppl e E 1473 825 35% 16% Conparative Exa e F 1429 8.00
34% 16% m"ﬁ‘b%‘ﬁ'ﬁﬁ Vé Exanple G 1223 6.85 59% 4% Conpar at?Q/Tén%?fi?%'l 1874 1514
8.48 22% 46% Conparative Exanple | 1423 7.97 37% 19% Conparative Exanple J
1327 7.43 49% 3% Conparative Exanple K 1461 8. 18 28% 18% Peel Strength Peel
Strength Percent Peel Percent Peel Exanple (initial) (initial) Retention
Retention (grains/cm) (Ibs./in.) (solder flow (250C, 1 hr.) Conparative

Exanple L 1270 7. 11 45%.8% 0 9% 32. WO
D000, 068741 PeT/ us 2008 A Esaghat dablE W&é’&“ﬁ“}‘i‘?@i‘a‘ﬁ?t 0 B eRises 6t

i 11 ustrat gsydnhiaés 1623 REGHARE iCLaabRhtidX aﬂ@b@ds lﬂa@‘ia12§n%l%xbhd1ﬁ§'mﬁ aﬁfarrgcbcmat ion
of good initial interlayer adhesion and good stability after exposure to

heat ed corﬂﬂahliﬂmﬁtearwpfgmedt@rhaa@fdl @wditions amiwp@irimsmﬂout hin ¢EQariBomrthé ¢EEs of
Conparative i bi C ductlosm stahili after
exposur e t%“‘tgﬁ%nﬁge Fﬁﬁﬁl ﬁ@d%M%ﬁ]l‘g tgcg P]étﬂeg ’(99%?1“ Stﬁgq%@ﬁgr t he
FEC arti cl s08re td e h@it@&@éﬁdlﬁ&i’s%@ﬂ%‘so?de?léﬂw B Aé)ﬁlc]a'stﬁe FRCAHAR Gt Y Of

applications where the FEC articles may be subjected to heat. Mreover, the
FEC arti clths oésehhénenidsente suitabht fomsaline vemdzty bift apgpdioationt atidre ttye diiX] ng
sol der refla

)w, allowing the FEC articles of_the es 10 invention_to be
secured { AEAELEEY PESHNERCGIheh ol orqeéfew*{erfa%ﬂ agieisaof %@Seafe&nwm ajo
effects. (S r S
i nventi on%g}tﬁ %é?%%ta%éﬂ%r eplaFe%l%ﬁrléﬁgﬁt @ lg‘gﬁ%a{hél g%grar%}l%%? ? tgé %&%t
Manufiact urinngntivat tootle aemlirddhe ClreGitiHokiat dandnthe Milteh odkhoassighificas sitrimabeve,

with the exceptions that the pressures, the exposure tines, and the RE
power wer g5 ed as shown in Table 8. The chamber was also filled with

Examples 24-44

Examples 24-44 are FEC articles of the present invention that were

15 prepared pursuant fo the Planar Electrode Manufacturing Method and the Circuittzation
Method, as discussed above, with the exceptions that the pressures, the exposure times,

and the RF power were varied as shown in Table 8. The chamber was also filled with
varying vo_lumetric gas flow rate ratios of TMS/oxygen. The FEC articles of Examples

22-44 were manufactured and tested to determine what effect the altering of the process

20 variables would have on the interlayer adhesions and stability. Table provides volumetric
gas flow rate ratios of TMS/oxygen, the pressures, the exposure times, and the RF power

used during plasma deposition for manufacturing the FEC articles of Examples 24-44.
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varying volunmetric gas flow rate ratios of TMS/ oxygen.

Exanpl es

The FEC articles of
22-44 were nmanufactured and tested to determ ne what effect the

al tering ofWPR&6HFHdEss 20 vari abl es woul d have on the i neer/exesnaghesi ons
and stability. Table provides volunetric

TMSI oxygen,
pl asma deposition for

WO 2006/ 068741 PCT/ US20051041827 TA%%
Pressure Exposure Tine RF Power

t he pressures,

Rati o

gas flowrate ratios of

t he exposure tines,
manuf acturing the FEC articles of Exanples 24-44. 33
anple Volunetric Flow Rate

R O

and the RF power

used during

gen (mlliTorr) (seconds)

(watts) Exa 4 1. 75 [Holunktd@Rw R eri;@suQeS D Exdlasure Bmd | 1R@@owdrxdnpl e 26
1.75 7 1.5 15 anpl e [R&tiQof2AMSAxygen8 GONTorEX anpbeeonds 1] 75(wattd. 8 |500
Exanpl e 29 2. fg%?m: 00 Exgipt € 30 l’U;lTJ. - 4,%000 :1 1.00 34
3.1 1000 Exappt 11-:&; UZ0 20 {_SO —FExa TW$L1 +5 418‘J b uug 0 ITp| e 34
1.75 25 1.5 1588 Elanpto 356257151500 Ekarphe—36-025-284.-8 1500
Exanpl e 37 1. : 1.00 1813.112000 JEx 9 1.75 25
4.8 500 ExanpPePfd’1 7517 4 8 %300 Etanpfe 41Aﬂhzﬁ37 4_8 5080 Exdnpl e 42
1.75 25 4.8 1Romp28amml e 43 0.8 25 1]5 1500 Fxamile 44]0255% 1.5 500 The
FEC articl es gkamkedfpl es 124- 44 248re t est ed 1pur suant 3tlo t he | ni%¢ al {Peel
Strengt h Test |[Bngmplet3ie 250C, 1 hib0Peel $trength Testiérg, and tie0 15QC 200 hr
Peel Example 31 1.00 34 3.1 1000

Example 32 025 25 13 500

Example 33 1.75 25 1.5 500

Example 34 1.75 25 1.5 1500

Example 35 0.25 7 1.5 1500

Example 36 0.25 23 4.8 1500

Example 37 .00 16 3.1 1000

Example 38 1.00 16 3.1 2000

Example 39 1.75 25 438 500

Example 40 1.75 7 4.8 1500

Example 41 0.25 7 4.8 500

Example 42 1.75 25 48 1500

Example 43 0.25 25 1.5 1500

Example 44 0.25 7 1.5 ] 500

The FEC articles of Examples 24-44 were tested pursuant to the Initial Peel
Strength Testing, the 250°C, 1 hr Peel Strength Testing, and the 150°C, 200 hr Peel

5
Examples 24-44.
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5 Strength Testing. Table 9 provides the peel
Exanpl es 24-44. 34 WD 2006/ 068741 PCT/ US20051(141827 TABLE 9
Strength Peg"]i/

articles

Pee] Stren

Strength

of

B for

hr.) (150C, 200 hr.)

r engt

h Peel

Strength Peel
itial) (initial) (250C, 1 hr.) (250CF
( anms/cm) (Ibs.Im) (grams/cm (lbs./in,) (grams/cm

Uﬁ?()_()?/()

strength results for the FEC

Strength P

eel
?‘Woc, 200

(Ibs./in ) Exanple 24 636 3.56 531 3.97 453 2.53 Exanple 25 659 3.69 531
198 517 2.90 Exanple 26 154 0.86 201 1.13 275 1.54 Exanple 27 847 4.75 458
157 279 1.56 Exanple 28 375 2.10 539T4BOE B86 2. 16 Exanple 29 192 1.07 471

2 64 328 1 LL I_u L Walse) el D4 A 1277 217 1 o 4 e o)
324 1.81 '?}éﬂ% e Y " W &
165 0 92 ‘1 ( k S/z’l "QﬂﬁlSl’7 aﬁp
5.51 524 1%65? AMRiE 0 0049 1 YR
632 3.54 324181 9--61-6451-3- ':m
390 679 3. EPE2) 05: 5? Amqé 40 ) 35 2P3gg 3@ i”az 2 -
Exanpl e 4Examale 2 06 05&9 708201y o mpld-142 2l 17283 2 1.4 292 1.64
Exanpl e 4{Examge 841192 7. 03%8Exanpl €344 593 32K2 246 1.BY 233 1.31
The data prrewilddd] | 9 %410 ustraf¥®s that 3deveral céithi nati ons!bof
process vaixagdd 29s | pr d92 de |a dditbi nat i $M of | godd4i niti al 333t er] ayer34adhesi on
and good |Hasgledsi |ityveaftar exposdre 4@ heatedi3gondjtiods (e.g., the FEC
articl es Qixadpiedipl es 626, 25, 338, 34, 8B, 37, 3B) and 41¥s51 Thip denwnstriat es
that the pe@s@s® W ndow fdr abgainingoga silicar 112 0.63
Example 33 577 3.23 165 0.92 429 2.40
Example 34 766 429 376 2.1 529 2.96
i Example 35 985 5.51 524 2.93 437 2.45
Example 36 562 3.15 345 1.93 192 1.08
Example 37 632 3.54 324 1.81 553 3.10
Example 38 110 0.61 645 3.61 516 2.89
Example 39 679 3.80 371 2.08 545 3.05
Example 40 335 1.88 236 132 251 i.41 |
Example 41 724 4.05 547 3.06 532 2.98
Example 42 246 1.38 253 1.42 292 1.64
Example 43 955 5.35 193 1.08 192 1.08
Example 44 593 3.32 246 1.38 233 1.31
The data provided in Table 9 illustrates that several combinations of
process variables provide a combination of good initial interlayer adhesion and good
5 stability after exposure to heated conditions (e.g., the FEC articles of Examples 24, 25, 31,
34, 35, 37, 39, and 41). This demonstrates that the process window for obtaining a silicon-
/
containing layer that provides good initial interlayer adhesion and good stability after
exposure to heated conditions, is relatively wide.
10 Examples 45-56
Examples 45-56 are FEC articles that were prepared pursuant to the Planar
Electrode Manufacturing Method (but not the Circuitization Method), as discussed above,
with the exceptions that the pressures and the RF power were varied as shown in Table 10,
and the exposure time for each FEC article was 30 seconds. The FEC articles of Examples
5 45-56 were manufactured and tested to help examine the actual concentrations of oxygen,

carbon, and silicon present in the silicon-containing layers. The 30 second exposure time

was used to obtain sufficiently thick layers that could be analyzed. Table 10 provides gas
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I containing |layer that provides good initial interlayer adhesion and good
stability after exposure to heated conditions, is relatively w de. 10
Exanpl es 4G e00Exestpl es 45-56 are FEC articles that were mrepsoethipsrsuant
to the Planar El ectrode Manufacturing Method (but not the Circuitization
Met hod), as discussed above, wth the exceptions that the pressures and the
RF power were varied as shown in Table 10, and the exposure tine for each
FEC arti cl - K cle =

R O e A L GRS A,
car bon, anttpssitibe for maredentringnht K& Saticiepof Eoanhplendhgol aiablest] frheid80tteecond
exposure tine s used to obtain stficientIy thick |l ayers that coul d be

anal yzed. CP%‘TDér\g%@nspP 0¥ e, gakon, and\ighoon PEgsoRigithe FHgoOSIBEBIRR E88 Off | ow
t f T ' - RF i 1|
onesi 1 onhPJARE SHAGEDE FhAfpf SO O wliheli NERaP AU ol SEABEGROFR 9

provi des tdigemicanoeyiaESonAs. of oxygen, carbon, and silicon present in the
silicon-containing |layers of the FEC articles of Exanples 45-56, as

anal yzed with an El ectron Spectroscopy’Bldr105 Chenical Anal ysis (ESCA).
TABLE 10 Exgnplte—TMSH 'Iul“&%lf:; 9ED F+ uxv ‘ Jrél;l%‘”‘rér‘trﬁ}taﬁipiév Rate LTCDJ?LH e Power
Rate (seem Batﬂg}e(see%r P o%iﬂ?é Y G 1Y PG 9" i} N anpl e 45
255 145 1.783 7 500 EXAWSEG| S8 S Rg??iff }veqn iﬁ% 5&%445 1.75 7

1500 Exanpl{Exafgle8 200 2525 2b 5005 Exjanpl e 149 198 80 2750}16 50000 | Exanpl e
50 100 100 Ieapk@s 1000 Bixanp|l e 320200 200 1280 34 10007 Exammbm@ 52 255 145
1.75 25 500 [phawgrpt e $3 2B5 14p 1.145 25 1500 7sxanpl g 547 50} 20Qsdd. 25 25 1500
Exanpl e 55 1B0m}RGs T Ty 200 bBganplie” 56 §s5320 0.[25 £ 0 500
Example 49 198 30 2.50 16 1000
Example 50 100 | 100 1.00 16 1000
Example 51 200 | 200 1.00 34 1000
Examnple 52 255 145 1.75 25 500
Example 53 255 145 1.75 25 1500
Example 54 50 200 0.25 25 1500
Example 55 100 100 1.00 16 2000
Example 56 80 320 0.25 7 500
TABLE 11
Example Atmcl;ic percent | Atomic percent Atom'ic_ percent Oi?;ﬁfo
Xygen Carbon Silicon Sili
ilicon
Exampie 45 32 42 26 1.23
Example 46 41 34 24 1.71
Example 47 35 39 26 1.35
Example 48 43 29 28 1.54
Example 49 31 42 26 1.19
Example 50 37 38 25 1.48
Example 51 40 33 27 1.48
Example 52 33 44 23 1.43
Example 53 34 45 21 1.62
Example 54 48 28 22 2.18
Example 55 36 46 19 .89
Example 56 42 33 25 i.68
10 The data in Table 11 illustrates the effects of the processing variables on

the concentrations of the oxygen, carbon, and silicon present in the silicon-containing
layers of the FEC articles of Examples 45-56. In particular, the data illustrates that the

oxygen/TMS ratio in a silicon-containing layer of an FEC article of the present invention
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TABLE 11 Ratio of Atom c percent Atom c percent Atom c percent Exanple
Oxygen Carbon Silicon Oxygen to Silicon Exanple 45 32 42 26 1.23 Exanple

46 41 34 2448 ,ddkocdRsampl @ 47 35 39 26 1.35 Exanple 48 43,29
Exanpl e 49 31 42 36 '1.19 Exanple 50 37 38 25 1.48 Exarrprggg%ﬁ’ﬂ% L A

Exanple 52 33 44 23 1.43 Exanple 53 34 45 21 1.62 Exanple 54 48 28 22 2.18
Exanpl e 55 36 46 19 1.89 Exanple 56 42 33 25 i.68 10 The data in Table 11

illustrates t effec af the 0 sing vari abl es on e concentrations
of the oxyawmeda?rsﬁﬁésbémacrsﬁlﬁl%ﬁ?ﬁs B tpctreng e o aﬁ{ea%%?,ﬁgg}or ayers
of the FECjaLt i 83 hfirebfiokRalhfd cul ar, the data illustrates
that the ngg%ﬂ@?/% rati o fi‘y% au3| I co(r)1 c%nt £a.?nl ng | ayer of an FEC article
of the present invention 36 V\D 20061068741 PCT/ US2005/ 041827 nay be

i ncreased by incr asmg the RF pover , by | ncreasi ng the chanber pressure,
and/ or  dedXamblesg /¥l neompaalive DN @) ow rate ratio. Exanpl es 57-59

and_Compar at i ve EXANplgs, N SO g ENATRL 85,5 TtSR A< GBI 5 Gl 1o

present | nvent ion tha re prepared pursuant anar

Manuf act ur ipagpaldalt figshaaneh theePlehdr AledifadatManufadveiihpetian! shdhesCiepaiphatye. The
FEC article of Exanple 57 was manufactured wwth a TM flow rate of 180 seem
and an ar géviethodgs rdeaczéSS@fl abope. s dbimt Efhertipe ol anae Séfvasaranfeduwss widsa

manuf act ur h a.T f 0 an oxYg rage Oof
170 sean. . mddiiad B PEE0 Qb sRordaR R TRENF 40 PO PR RS,
rate of 8E:aRGM ANFaARaMNESRA WiV TlﬁﬂSeﬂ&if' réi@ Of $&Rem and an oxygen flow rate

10 of 170 scem. The FEC article of Example 59 was manufactured with 2 TMS flow rate of

80 sccm and an oxygen flow rate of 320 scem.

The FEC article of Comparative Example N was a polyimide substrate that
was not subject to plasma deposition or circuitization, and provides a baseline for
comparing how the insulation resistances are affected by plasma deposition. The FEC

15 article of Comparative Example O was prepared pursuant to the Planar Electrode
Manufacturing Method and the Circuitization Method, as discussed above, with an argon
flow rate of 170 sccm (no TMS).

The FEC articles of Examples 57 and 58 and Comparative Examples N and

O were tested pursuant to the Insulation Resistance Testing. Table 12 provides the

20 insulation resistance results for the FEC articles of Examples 57 and 58 and Comparative
Examples N and O.
TABLE 12

Example Sheet Resistance (ohms/square)

Example 57 5.00 x 10

Example 57 4.55x 10" *

Example 58 2.50 x 10”

Comparative Example N 2.50 x 10°°

Comparative Example O 1.00 x 10"

{(*) Sheet Resistance measured at 85°C and 85% humidity.

The data in Table 12 illustrates the benefits of the plasma-deposited,

25 silicon-containing layer with respect to insulation resistance. As discussed above, the
polyimide substrate of Comparative Example N provides an insulation resistance baseline.

As shown in Table 12, the FEC articles of Examples 57 and 58 retain greater levels of

insulation resistance compared to Comparative Example Q. It is believed that the argon
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The FEC article of Conparative Exanple N was a polyimde substrate that was
not subject to plasma deposition or circuitization, and provides a baseline
for conmpaMWhporess74the i nsul ati on resistances are affect edTys2pdsaanz7
deposition. The FEC 15 article of Conparative Exanple O was prepared
pursuant to the Planar El ectrode Manufacturing Method and the
Circuitization Method, as discussed above, with an argon flow rate of 170
seem (no ?}@}n e 0 I : i

Exanpl es anciI EJ%&\AHE% ‘tg%}gdtlgdﬁglér isnt?g)ri togltﬁﬁlga%%gu %?%QRQ%?E§W$SSH ng.
Tabl e 12 pubstiattesf Cdepar@bel Kxgutipdd Oon resi stance results for the FEC articles
of Exanples 57 and 58 and Conparative_ Exanples N and Q TABLE %2 Exam | e

Sheet I Resi st ance (oHHiEalyethe detaqim Tables 2 shayys {hay the Ikla gficde gExampley 10

Ex 5802 1 i . . 1 i

Exgrrpl g 012 X ee e\éi stance measur at 85C an 0 u\r/n dity.
mp %f 3@%8( f%e(& ?ysscgﬁ&’%g(%gn i %FB&t%tJ}lu?mgﬁoéé Jrg/ %su&@%ggﬁ%&m%

The data irslafigdtethtdolylikiikt sudbiese bhE€ohphative ExapldF. pleRsindgnasidigen 25
silicon-containing layer with respect to insulation resistance. As discussed

above, thde gdibjiiing geod anstinesr eadbesicn mpardabiliey, theddiCe arichsoof dhss pragent

i nsul ation_resi stance,baseline., .As sho in ble 12 he, FEC ar.t,i cl es of

Exanp! s STVERAR=E S h POt R EvET S ROHEES ihF SbfEes A daiBipar ed
to Conpar qgﬂ&ge@&m%ﬂ@n Hetween R irvgd that the argon 37 WO 2006/ 068741

PCVUS200i / 041827 pl asma Fr eatment, without TMS may have graphitized the

surface of the pol yilhedeEC sarhglt radt BxapiplCofpanadividedndnbive ©pasattdiduatasal |y,
t he ta in Tabl e _12 ows.that the. FEC article of Exanple 58, i ch used
TV S oxFsERReg a0 Shis A R TbaB ARy SHRLA KOPRROFE S S5 ndat o6

rel ative tglibe }Bﬁli&ik%?%S%bSTﬁ@W(?&tﬁé@p@éﬁt te\éﬁdﬁiﬁ%ﬁté\'ithﬁ%ﬁﬁﬂioﬂw )C/:

in addition to exhibi'ting good Interlayer adhesion and stability, the FE
articl es diesistemcpriesany sevieralemhésonvearl b deychivhilt rgmactdiinsthé atveon Tade d8ance.
Thi s reduces the. chances. of havi ﬂg(ol eakage %ur er%tEs exi stipgxat}%lgggga_t he

traces.  provides the sheet resistance resu hms/square) for the FEC articles o
59%e.
15 TABLE 13
Exaraple Day 2 Day 3 Day 6 Day 8 Day9 | Dayid

Example 592 | 7.67x 107 | 1.68x 10" | 345x 10" | 4.06x 10" | 3.63x 10" | 3.63x 10"
Example 59b | 1.68x10™ | 1.92x 10" | 223x10™ | 329x10™ | 3.00x 10™ | 3.63 x 10"

Example 59¢ | 276x 10" | 3.83x 10" | 493x10" | 627x10" | 493x10” | 1.15x 10"
Example 59d | 1.64x 10™ | 265x10% | 493x10" | 690x 10" | 6.90x10™ [ 7.67x 10"
Example 5% | 1.86x 10 | 3.00x10% | 320%x10™ | 3.83x 10" [ 460x10™ | 460x 10"

The data in Table 13 illustrates that the sheet resistances of the FEC articles
of present invention plasma deposited with TMS and oxygen are good even under high
humidity and temperature conditions over a period of ten days. This example further

20 illustrates the utility of the FEC articles of the invention, which exhibit good peel strength,
stability and also insulation resistance, even over extended periods of time.

Although the present invention has been described with reference to
preferred embodiments, workers skilled in the art will recognize that changes may be
made in form and detail without departing from the spirit and scope of the invention.
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The FEC article of Exanple 59 was divided into five separate squares 10
(Exanpl es 59a-59e), which were retained in an oven set at a tenperature of
85C and a relative humdity of 85% The FEC articles were tested pursuant
to the Insulation Resistance Testing several tinmes over 10 days while
retained in the oven. Table 13 provides the sheet resistance results
(ohms/square) for the FEC articles of Exanples 59a- 59e. 15 TABLE 13 Exanpl e
Day 2 Day 3 Day 6 Day 8 Day 9 Day 10 Exanple 59a 7.67 x 10" 1.68 x 10 4
3.45 x 1014 4.06 x 10}6 3.63 x 1014 3.63 x 1014 Exanple 59b 768 x 1014 1.92
x 1014 2 28LAIMS: 3.29 x 1014 3.00 x 10 9 3.63 x 1014 Exanple 59c 2. 76x10
3.83x10 4.93x10" 6.27x10 4.93x10" 1.15x1015 Exanple 59d 1.6T x 10" 2.65 X
10" 4.93 x 10" 6.90 x 1019 6.90 x 1014 7.67 x 1014 Exanple 59e 1.86 x 1014
3.00 x 10 3.29 AnkGtdomdcBacKit AickR dmplsing10' 4.60 x 10 The data in Table 13
illustrates that the sheet resistances of the FEC articles of present

i nvention plasn#&$ B@§1ted with TM5 and oxygen are good even under high

hum dity and te V. exanpl e
further 20 111 uaprans dimsel B G5 s @ine Bk Rirah oL AR deRbiRa 01

whi ch exhi hdyer gmqﬂlsemlleast atengt ) atogtiapdrtdrit ynlnausmlmail 8% thmsabbatt S(D(m.atbﬁsd st ance,
even over extended periods of time. Althoug resent invention has been
descri bed RECHNt @R éﬁé%erpanedpwe@é?tmﬁ@%%meﬁrEhewk/é}l@ywami B¥4 n the

art will r ail wthout
departing ??Q%@%ﬁgningﬁfﬁngg%ﬁzgg%%“% rsﬁﬁﬂﬁH%gﬁgﬁgﬁhéﬂgsgg&CLAlNB: 1. An

el ect r oni c- ci r cabpbtteanad whduativmpayesdisppsed abosa it plasney depopted daymr.deposi t ed
| ayer di sposed on the substrate, wherein the plasm deposited |ayer
conprises at |east about 10.0 atom c percent silicon and | ess than about

50.0 atom @, pergeabctididOfcvRSrd@s 8f ShiREH Wherdth ety &haRpsdikdssepy for
Chem cal Analysis, and has a thickness rangl ng from about 0.5 nanoneters to

about 10. 0 campmee tieleast abgid 28 Ogarnie pAwenicdisanct i ve | ayer di sposed above t he
pl asma deposited |layer. 2. The electronic-circuit article of claim1l,
wherein the plasma deposited |ayer conprises at |east about 20.0 atomc
percent si I3l conThe electronic-circuit article of claim 1, wherein the plasma deposited layer

further comprises at least about 15.0 atomic percent oxygen, based on the total weight of

the plasma deposited layer.

4. The electronic-circuit article of claim 3, wherein the plasma deposited layer

further comprises at least about 25.0 atomic percent oxygen.

5. The electronic-circuit article of claim 1, wherein the thickness ranging from

about 1.0 nanometer to about 5.0 nanometers.
6. The electronic-circuit article of claim 1, wherein the plasma deposited layer is
derived from a gas comprising at least about 50.0 atomic percent of an organosilicon

compound.

7. The electronic-circuit article of claim 6, wherein the organosilicon compound

comprises tetramethylsilane.
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3. The electronic-circuit article of claimi , wherein the plasm deposited
| ayer further conprises at |east about 15.0 atom c percent oxygen, based on
the total weight of the plasma deposited |ayer. 4. The electronic-circuit
article of claim3, wherein the plasna deposited |ayer further conprises at
| east about 25.0 atom c percent oxygen. 5. The electronic-circuit article of
claim1, wherein the thickness ranging from about 1.0 nanoneter to about
5.0 nanoneters. 6. The electronic-circuit article of claim1, wherein the

pl asma deposited layer is derived froma gas conprising at |east about 50.0
atomi ¢ perdent dieglschpyarissyil artiels of elaipbutiberein thergns fanthes cowpiizes eng i t

ticl f d
Fet ramet nyi " 2F Tt JFEE Rt REARMIELM ERBOEAP I C°0F ciaim s,

wherein the gas further conprises one or nore of oxygen, ar gon ni trogen,
amoni a, a The el ectronjc %l rcuit article of claim2l further

d hydro
conpri sing “a rre'(tj[rz;‘f:I%Eétr?‘?‘é‘clr8VE?“‘°lG|°§E)'Gg’é(]:l WHhehe@RPETiee HMstallic Hda¥Ei ted | ayer

and t he pat i rticle
conpri si ng: &@@E@g&g{?ﬁﬂg@é g]\é%g% %%Extedi%grﬁ\iﬁngk?g%%@ﬁ%nﬁhg%r& S?Sposed on the

pol yi m de subst rate wherein the pI asma deposited layer is derived froma
gas conpri sj g |.east . ahout 50.0 at omc percent of an organosilicon
conmpound an ?'ﬁ%‘ﬁ’“&bﬁtﬁ“@&‘fﬂf E'8percent carbon as determined by

El ectron Spectrg%gpymfecgrubmﬂ cal Analysis and has a thickness ranging from
about 0.5 nanoneters to about 10.0 nanoneters; and a patterned conductive

| ayer disposed atasmadepogileddayar dispessd @@ﬂlelpaib@nldeﬂbstf’ﬂtﬂeWéﬂll@bltth@nias;fn@i rcuit

article of gl ai.m t he or anOSI- ri s

et r amet ny! PP e MO o PERE R f P R Y o R ES e o
the gas f urdragiosiliodiédngRene akd le@efthﬂ@ﬁiﬁm@ﬁ0.0&Mﬁﬁ@per@ér@@ﬂbo;ﬁlla§ d@afinedanmoni a,
and hydrogen. 13. The electronic-circuit article of claim10 , wherein the

t hi ckness rngjedronSpsetrassent for Coemisalhmatysis and hapathickness rapgisgeearabouti 4. A
met hod of f(?Fﬂld?)gqe?éPs 'a%%Etrﬂﬂ? Ean%Hefe%’é Tan@.l‘tl cle, the method conprising:

formng a silicon-containing layer on substrate by plasm deposition;
a patterned conductive layer dlsposed above the plasma deposited layer.

11.  The electronic-circuit article of claim 10, wherein the organosilicon compound

comprises tetramethylsilane.

12.  The electronic-circuit article of claim 10, wherein the gas further comprises one

or more of oxygen, argon, nitrogen, ammonia, and hydrogen.

13.  The electronic-circuit article of claim 10, wherein the thickness ranges from

about 1.0 nanometer to about 5.0 nanometers.

14. A method of forming an electronic-circuit article, the method comprising:

forming a silicon-containing layer on a substrate by plasma deposition;

the silicon-containing layer having less than about 50.0 atomic percent carbon as
determined by Electron Spectroscopy for Chemical Analysis and having a thickness
ranging from about 0.5 nanometers to about 10.0 nanometers;

depositing a layer of conductive material above the silicon-containing layer; and

patterning the layer of conductive material.
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the silicon-containing |layer having | ess than about 50.0 atom c percent
carbon as determ ned by El ectron Spectroscopy for Chem cal Analysis and
havi ng a thickness ranging fromabout 0.5 manoneters to about 10.0

nanonet ers; depositing a |ayer of conductive nmaterial above the
silicon-containing |layer; and patterning the |layer of conductive material.
40 15. The nethod of claim 14, wherein formng the silicon-containing
conprises ionizing a gas conpri sing an organosilicon conpound. 16. The
met hod of claim 15, wherein the organosilicon conpound conpri ses

t et r amet hyl%i | ahles mathod vhedaiethachersin frming hesiliggneeaitaining sompiighosi | i con

conpound c El LU | ! m c percent of the gas, based
on the tot %ﬂﬁgr{goar#ag%\?@%gﬁﬁggé o{gﬁ'ggsggcg.ggigpﬁlnr%é nmet hod of claim 15, wherein
the gas further conprises one or nore of oxygen, argon, nitrogen, amoni a,
and hydrog?n. 19. Thle1 met hod of claim 14, wherein patterning the |ayer of
conduct i vel®rat eFhepet e@)ﬁ%fflﬁ%éiéwfl@fsﬁ%@ep%npawn OIMPOBHHERIRPTASS mat er i al by
photol it ho&g&pgﬂg 1s8he. The nmet hod of claim 14 further conprising depositing a
metallic tic aygr on the silicon-containing |ayer. 21. The nmethod of claim
14 further conprising exposing the substrate to plasma for an exposure tine

ef fective pravide.the.silicon-containing l.ayer with t hi.cknes rangi ng
rom about 7. 0 1 BRBeEPEI LEGHERE: B attanufimicontppind contiitds & feas

about 50.0 atomic percent of the gas, based on the total atomic weight of the gas.

18.  The method of claim 15, wherein the gas further comprises one or more of

oxygen, argon, nitrogen, ammonia, and hydrogen.

19.  The method of claim 14, wherein patterning the layer of conductive material

comprises etching the layer of conductive material by photolithography.

20.  The method of claim 14 further comprising depositing a metallic tie layer on the

silicon-containing layer.
21.  The method of claim 14 further comprising exposing the substrate to plasma for

an exposure time effective to provide the silicon-containing layer with a thickness

ranging from about 1.0 nanometers to about 5.0 nanometers.
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