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FLEXI BLE ELECTRONI C Cl RCUI T ARTI CLES AND METHODS OF

MAKI NG THEREOF BACKGROUND The present invention
wgeomroagisy rel ates to flexible electronic circeCr/USEES)41827

articles and nethods of making FEC articles. Mre

particularly, the present invention relates to FEC

articles that include plasm-deposited,

silicon-containing | ayers. FEC articles are used in a

iy SRR o LB
i nt egr at ed- ci r cuM RagihYAREYG IHEREQF| ve

circuits, and driver interconnections for liquid

crystal displays. To fu ' ately in these
applications, FEC articﬁé@ﬁggﬁggﬁﬁ#y require fine

pi t ches (Th@pl;esé}ﬁﬁﬁ@‘ﬁ/tlm @Eﬁb‘iﬁll}afb(ﬁat@%dldxﬁﬁle f'ele@lst@ihc circuit (FEC)
adhesi on. od interlayer adhesion is reqU|re

artiplasyask memOéﬁ |O§y@¢k% A piiclesn, Merpeastiewlps)y; herpreseat invention
E
S S R R R

t ypi cal | WHO\a@tioles ﬁiepmdtmn@ Viagiyigr & éﬁmﬁﬁmﬂa\lCﬁppheatwns, such as
materi al ., on fISX|bIe substrates and patterning.t

cua%sofgr ket icatpedges late&c@gf:@s éqrrle@gﬁate@r%&t Pa@%ﬁ%ﬂ ggrdzﬁisk drive
cu%ﬁi%h aflf BAGEL ih R dnBERAhg 1;{@1%1 @ig%gz Q?mon adequately in

ant nation, casting, an e ess,
thetsh apphcﬁmoss SFRC reedes gcneFeEIy mqturc Iﬁaas mﬁwhes &ehi trtovf widths) and

I ) : .
eofbFieHaf HPOh ngoohdBENAL: BREER SUTRRIPIAD Pl interlayer

deaﬁﬁnaiﬁ)ae%sp&fawh@haf BREPECI SRS Iafénex séﬁ ;@G80 tdnbetiures over
electroniccircuit article that includes a substrate, a

timg. asma deposi ted | ayer di sposed on the substrate, and

3eggtsit tegg,e%g;lgtﬁ‘o%% tt'gc\zl%lclélgeéa%od' 55 qgégﬂ?gyexﬁwﬁe@e tfplca?ly involve

defé¥itRig 18 9&rs af chreRstivarbartialléh Nexable Rttt a0 E)aﬁémi@aﬁé deposited
one aspect of the present invention is furt

layigrs: ocqreafe cicuih tiapese thxgmpdescoly igh depasition tgchigges include adhesive-

ba%erdciaﬂﬁ idh, Rk }’ﬂ&g‘ a;ﬁg s}M’R %t ggor?eﬂ%ie@? oflf @9%&;& Gheed for FEC

ayer |spése e po trate,
artlcles that exhibit fine pitch, good 1nter1ayer adhesion, and good stability upon, and

following, heating.

BRIEF SUMMARY

At least one aspect of the present invention is directed to an electronic-
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
polyimide substrate, a plasma deposited layer disposed on the polyimide substrate, and a
patterned 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.
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patterned conductive |ayer disposed above the plasma
deposited | ayer. The plasna deposited | ayer may be
wdeonioxesi4ir om a gas conprising at | east about BOT@S2005/041827

atom c percent of an organosilicon conmpound. At | east
one aspect of the present invention is further
directed to a nethod of formng an electronic-circuit
articl e. ATheasnatchmgdestayf tharplesehe ipleatom:sdiphei dlird(cg:dao a method
EI|ICOH contai ning | ayer. on_a substrate, qeg tin

include p

BB BI LR afnoa B ey asma-depositing a
sﬂn%r{ E&ﬁ!ﬁnﬁl NhGr Bk 'ag;ubﬁi/a? g&%t 1%5 E%Mnﬁﬁﬁlde%ﬁ&la@f&bove the

conducti ve nateri al se explicit
sﬂxsdn&tcadamhigdajan,l dnd\paﬂgnd@‘ thaildyenoscoagpdtive hnmteuai

" Above' d herein wth reference.to,t

patter ne&]ani% @Wl%e}fpé’ﬁﬁﬂry %aé?‘ﬁéh%fg MSPMY herein:
pl asma depgsidess havelioreiiBRAS r@B¥ntOtAtheOhttericatdoNfuclve layer
maj or surface of the plasma deposited layer that is

beipg plasposasl albﬁefesthbydasmaedeppmt@i haefsr, egans [anjy riccajwasretahée a major

s B SRRl G R0 PSRBT detiion

incRAlk eHeREteFRD @b‘ﬁ‘ddcﬂee la@'}tﬁbelﬁg tﬁé of3t HRABE ﬁlaSM@ Riepddatd layer, and
one or nore |ayers are | ocated etvveen the patterned

als@mut%pm&y@d enduetiie layasteencadiprsed sech dgeene or more layers
areé?%a?%d@e{wﬁ%f@gp x‘?&{cf (]:O%.d{lé(tl\}qugfe% ?igd 91%33 Tasna é\mlglc E{'l%rer.

alning reactive s
i ncl ude éPlaghi'onsans Qaﬂ?p,art[&llyt {calizedobeevheor fluidestate of matter
radi cal s,. and ot her. exci tcggEf state atons arld nol ?cul es.
conjRlgng rgaqt*v&wpecéﬁd\wggh apclydeglegtions, igpss n]_elg,tﬁq daapl pgples free radicals,

anc?{i@hgxt S&ithd Ol RS PLABAB1R81eb. h\%sﬁ?ﬁ%}ﬁ Sindl BFHEH ngha{tit&ﬁ are typically

ma relax fromvarious excite ates to
emgtedufmlm the gtlassa dFhihe ppasion fusiiag the plppmarslaastan varlous excited

sta%glgﬁ rgggvﬁlgltoggg(%o g@Eees?éf[hﬁ pqas%?@ag%)ugﬁy raléage&? }ﬁllé\ée%lo ore cloud in a
reaBEARHaY et ectr| c potential with respect to sone other
matter (e.g., a plasma) in the vicinity of the object.

"Negat i vENsgitive bizg "meanshthaiegpebject ¢ .gnaeletactiode)ehaarmdnegative
pla . Teans a t|v bi as_devel oped by .

cleGpBIHCRAT b AU B CHEHeP LI NETIPRIT Gl A NATID, B b ycipity of the
objettasna. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a

sectl onal view of a first enbodi ment of a flexible
el ect r oni'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.

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.
FIG. 3 is a sectional view of a third embodiment of the flexible electronic

circuit article of the present invention.
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circuit article of the present invention. FIG 2 is a
sectional view of a second enbodi nent of the flexible
webhewtocgmiic circuit article of the present inveariusmos/o41827
FIG 3 is a sectional view of a third enbodi nent of
the flexible electronic circuit article of the present
invention.FIG 4 is a sectional view of a fourth
enbodi NeFIG. afis 4 Bectiohedviblvafealfeadt embedigiehtof the Aekibtd Eectronic
of the present invention. FIG 5 is a sectional view
circgft aglicl¢ f the pieBIHILRSREIOBS the flexible el ectronic

circuit i I :
secti onallai@vlsg\%v%og Etl& Si )\(/E%ﬁa? gﬁgtggt:h rr}i‘le\ﬁﬁet;&iIl Qltlth(g % ﬂgxl Fe Gectronic
c1rcaitactid1@nfthepnesmumveanbhcl e of the present |nvent| on.
FIG 7 is a sectional_ vjiew f a.sev (élh enbo

the f1 exkiGh 6 18 AEERHO H1ed Pkt pedides Oﬁtﬁ%ﬁeﬁaﬂé@eﬂ?cﬁomc
Clrcluﬁ\éﬁ[}# gf;%og]}eggmqm; #@nsSectional side view of an

Iment of the flexible electronic circuit
art i cl e BIG. thes pr ssadinnal mientafon.seFnBh @nbaliment of the flexible

schemati ¢ Si ew of a tem for manufacturing the
eleqtjopig Hreyitare %?%‘h? QreéF‘?tdﬁY%‘%g?tl cle of the pr esegt

i nventi ofiG. il & a $&tioPaPsias RERRRLE Gn Wigh AmtRkiment of the flexible
alternative systemfor manufacturing the flexible

eleattoptt ¢initaritie eliihe PmS@Iilton%en@f)n t he pr esent invention.

VWile t ove-identifi t .
sever al h@{g’gg df fess egn%t%c %l e vi e}z]vv g %8 Inggrrenslansu?actur?r{g 1jﬂe flexible

ele&f@ﬁﬂﬁdlfﬂﬁﬁta&w@d@ftﬁb@ﬁbs@ﬁﬁh&ﬂiﬁb@t ed, as noted herei n I'n
all cases, this disclosure presents the |nvent|on

way of rBisk 88éne sehemntisridenof an pligrngtiveotystem fog ﬁ@w@wwng the

ﬂe;}i'@rg%({]e%{ré? ?Cﬁgﬁ{ ar@gfgg{a o rgg%g?{ntv difications and

S can se skilled in the
art, whi whilé ahd abvdviehidentified dia\omg fandess gt foth sdvetdh @mbodiments
ftgrl nci pl es of the jnvention. The figures my
(o)

¢ Atentien.<xher embodieents A AEd: %em)éedbléeéﬂnuﬁa&ﬂ cases,
th1sEEl§%g{%%b%ﬁEﬁ§ the IEFoh By RAPIE depltSelatidnS andPEIAilE Rt ion.

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
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 Electronic Circuit Articles

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 electrical circuit. In one embodiment, the silicon-containing layer 18
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Description of the Flexible Electronic Crcuit

Articles An aspect of the present invention is
wdepicbgdisectionally in FIG 1 as a FEC arti cPeT/a82005/041827

which is a nmulti-layered article formed by plasna

deposi ti on of gaseous organosilicon conpounds and

circuitization. As shown, the FEC article 10 incl udes

incldsydastasedtul 20 bavéng RrdeapsiBeod. The prévidedgavdiatetlayer adhesion
surface 16. The gaseous orqan05|llcon Si |
L

on )
betwesrptentbstipte 18| axhi vedrs e top Tixa rliBfe grticle 10 also
t
exbfis g8 SARRRETh Ry baplfl ML GRIC F TR FA0) Aylicafoly e
22 is t hﬁte dubstretel 12 hda flevtlble [pobaingric. félm thei is demtalbtyaformnd from a
the t surface 2

| t
matfga][ thabisrieRtresistant @ES reﬁae%ca M }rggiaglgg 1 XgPPg % IrPg%Bft%éﬁtmatenals
for Eﬁbesﬁb'stlrdt@ o9 1&%%ﬂl%ésaﬂl§&ﬁ%§ IBGiMERS é@g., bﬁlggstteﬁﬁﬁ@és, poly-

atom ¢ percent” silicon. This provi
1m1dﬂtssimtsay<dy811mkhn$ iroilehetndepmyanhide s lplgg{rnthdmmmaawybawsh @olyesters,

polgGaRpaes qpthRaAgnThRTe | SPBBnrR oA AR PP RBpabanates

pol;'é%'ferg' dPhdrCHuIRRRY, | SAfINEne fﬁiﬂlﬂ‘fdﬁl&t r}ﬁ)‘l}%ﬂﬂ@? dtlferdketones, and

| exi bl e po{%nerlc filmthat is de3|rably formed from
condolmnc@mtbctreq abxpmplse af pagiruiransuighle sleseelsfonithe substrate 12

1ncf§1HS o‘?yél g&i’z | nglféyngblg fgf)?/(!f %géafl %ﬁ?@%ﬂgﬁﬁp& heap gnd chemical

resié@n@- TheRObstREd €2 mayi tesctruded B/ Fébd@enﬁ@ﬁﬁl&é&mlques to obtain a layer
pol ysi | oxane i m des, and pol

thw;lfapgﬁn%t ﬁweﬁ@ﬂhﬁa@muaﬂaé% 6\@5&0&0@ ey dar beAmples of suitable

lay@ro1:h¥ékﬁgsrs WURY: R E‘Xk}s 9feSt2 R\‘ﬂké’ ﬁ’lltl‘) ¥b&te oS ![cfrélﬂgt%rs to about 130
arabanat'es, polyesters, yet her Su ones,

mmmﬂny‘etsﬁyb(m’ﬂ@ imﬂh tchdtcmt éSnllSD]OHy)%hﬁ‘[ thetliner thiétneseA may vary as

. .an ombi nati ons thereof. Exanples of particularly
]nd§W%F§B#@SﬁﬁWéWWEF% for the substrate 12 include

pol yi m dgg, 5Bk 9@0&51%?' 1 egq%dme;mé éﬁé’slmasae?@ﬁﬁgd% thRNbstrate
are heat and c em cal resistant. substrate 12 may
12 e aehataherdioel poyceso nw e reohomaius tpeadess. qlﬁesontimu(mt alionesa is desirably

uselg(% ?r%;ﬁ%ag%%g ?@@ng 3 }fﬁ%ﬁé; rggérgegqlslgl%%frgg e&)}]?é?il%pl Involves moving

a filPoF KRaSBemt N ﬂfro& €1 SaRvkf A& Wah roﬁE‘ G?mE s@ml&gah%smcon

m croneters to abou 130 m croneters (about
comlmlmlds)@ﬂta &dmddsgzessm/@d@tnve tp hlémbmbemc prisskae @W&r magrowded to

on SR oo R PSR A 5 R Bien 0. G botomaipre 16 of
thetsOBstEpHBE. I'Etie ciedtek rén%le‘@ﬁlcq{b‘l&\ﬂ Wb CIR fRrERSSsilonaich plasma from the

conti nuous process. A cont i nuous process is desirably
gaseous organosilicon compound(s). Ionized molecules from the plasma then accelerate

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 benefit 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
alternative deposition techniques (e.g., chemical vapor deposition) are known to degrade

many materials suitable for the substrate 12, such as polyimides.
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used to increase manufacturing efficiency. In general,
pl asma deposition involves noving a filmof the

weoeubsitocgtse 12 t hrough a chanber filled with oneComsamse41827
gaseous organosilicon conmpounds at a reduced pressure
(relative to atnospheric pressure). Power is provided
to an el ectrode (not shown) | ocated adjacent to, or in
cont act Thd éxterithd thoplaana depoknioa by ddpehdien auhsttyatfgrocessing
12. This creates an electric field, which forns

factors, isughes the LopIPRsivAN fof $he gaseosagRnsisPy SRRl the presence

of %QPE%@Q (tfid 'exé\gs%@ﬁ e ltﬁg W G$rald 0Nt MR PLERABHENER] of power

acceferate toward the el ectrode and | npact on the top
prosidetl dc ¢hel dlectroddn ¢hes gls flowtreted, 2andBihevihaimber pfessuné.s These factors

co P e O o RSB DEB ok oy e 5. A
depidibd FPRICE qr)tﬂ'?é Ry SOl RHESs Blgxt&mstﬂéﬁmstﬁ@ﬁﬁors%}ﬁcelﬂ oRR substrate

benefit of plasia deposition is the tenperatures
12 tethe topdufface depdshe siigon-hentainingcloperc bht Exaplgs lodysuitable layer

.18 are,relatiyvyely | ow (e.q. bout 100Q) . IS IS
ik dey B i o atFateonrinn SRt ARl Wy Spdghneters o bout
10.8!dag60@tisv EELARAISE bE PRrtic@aNisai8sie (8ycd thicleleests Rifor the silicon-
vapor deposition) are known to degrade many materials

congaihingdhxer {1 range fsumsbpeit b0 manowgiers tesahswf yitharosneters.  These
rangéstr oF ttheOfl?);eliJ ethPc'k%éélaBdﬁég@fﬂgIﬁg@@ séﬁ:%ﬁ g@&?ﬂ& Qnion Fletg/ﬁen the

I'et’y” of° processing e conposi
subgfrate he ag@gravadastgenast layed®. conpound(s), the presence
of ot her_gases, the expqosure tine of the substrate 1

to the piaddditionfa qosiaspng fbREWED-Opt siicote g2y, gisgyised above, the
siligtglﬁg(SrﬁﬁHiﬁnghggreg?%ng}, Mo Miaki16Ge a@rll&gal r&ﬁo&h@.‘@%rb atomic percent

t
ressure. act’ors correspon sng y help determ ne
oxyzehayRertidulirksvétableBoofpositienssfiol theasili manbaiaming)ldyay B8 include one

18. depjcted in FIG 1, e |layer thickness
or i RGP BT Ie. BFPGabiih R LHORRC PRSI G apieless sbgut 250
atoh i€ pdrOfht %H#}é&?&ndzﬁs%aﬁ E@ou%Bb.b%ﬁii@B&%&it%ﬂ%nJ ayer 18.

Exanpl es ot suitable | ayer thicknesses B for the

si |'i con- Tontandvictige tragelayai822 infpemtd om thd swtfae@. ) of the silicon-

nanonet ers . to, about .10. 0 nanoneters.. Exampl es of .
corf iRy 119 8l (HBTEE AgBRRERE oA Se5 A Pt the deposited
cordfubii O RERHAT NTRGodiaNEe of 1Be ddact v MatkRUtmdy Gbe performed by

nanoneters to about 5.0 nanoneters. These ranges of

cortviational edepphitiol nteshnigudse| chr e i sputtefinge  Yapoer deppeition, vacuum

adhesi gn bet ween.t he supstrale 12. and.th o) ' -
PR ARRACIST L Bk BT ol o SRR Y Ggpaucive
mafdrialsC RBludd Scolid G SiAES £l taBD OMR, ad i@, $bld, Giivere @0pBdrNch®mium, and

| ayer 18 may also include_at |east_about 15. 0% by )
corgbippiiansjhereaht Patterning may be performed by conventional photolithographic
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.

Accordingly, after manufacture, the FEC article 10 of the present invention

is 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
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oxygen,. Particularly suitable conpositions for the
silicon-containing |ayer 18 include one or nore of the
woablemasnag: at | east about 20.0 atom c percent PETIUSZ®R041827
at | east about 25.0 atom c percent oxygen, and | ess
t han about 50.0atom c percent carbon. The conductive
trace layer 22 is forned on the surface 20 of the
theSdilidog @dafitiag Nayeg 18RY dhe T8O vrtitd® A8i dxhibits aiod uaterger adhesion
mat eri al . and gztterning t he deposited conductivg . )
betyrgersihp snbstisis b pd B pdedive Ese et ve srittaisigerd sipilise and is
suiPBlel B BRI HGORUEN b AR oleR O A BRNMEINE For B CBnductive
as sputtering, vapor ‘deposition, vacuum deposition,
tra legt 20I(egs cpprtr) ag knewd tetegradeopolyolefinsl saithblg for the substrate 12,
N
cokRERT tHTL 1@)&9 28 HERl ARkARRE Wiltethg SfbsuBRtiber ni ng may be
pertormed By conventi onal “photolithographic techni ques
t o for m Fie Aisndadidnakviewaepicting en alk@natve FEC hrgigkerof the present

. _thickness C bet th surface,?2 f . .

e BREEHP AT g P Br 2B ST T e e oo, diseussed

abdvRe HERNARE tthy FHT aiBle! BYRIdittohal IDIAMS S Shted UhferPR&isposed on
| ayer thicknesses C range from about 12 mcroneters to

theztoodictiy@ traps tayona? & profegh thgtcopdsuctive|trace tayghadadrom environmental
m. |l s) . However, .t I r..thiscknes . Vary

cofbioi st oeian” nly FRCotts FOAREEBe FafRy inf Bl manver as the

FEatiflecd ureowd e dffeCtirrdondh&@ivkGrat 1iyke 2priedepdsited and patterned,
invention is a flexible circuit that jncludes an

additienet ponshirtivg metariel (ot shown)eas: bhderositereon theciep suyfeqe 20 of the
i3 RG0S ALl BB AR o e
22 Shyl iconventionalaidaposiridnayehnit8ys (Fhe HEGAesi plating Gand electrolytic
GhDL O R AT RS BELIECDL LN, o comenions

ph(?téltﬁhp . r%?}gg %a?;‘gﬁ.ﬁ#@@{d fobth ’th@ﬁl%t a4 bB 3Rtes faQEr ﬂﬁ?&n@sﬁ]ﬁ‘o ‘Petween

I ne- cations. .  Sonme materials Suitable
thettbye surtaed Qdtdf\tke tomslvetivedyme 1@2r 02 agd p tapppéack 3aref theplared layer

tq degrad 0 lefins suitable far the bstrate 12,
258 BB prfaniedate ki D e Som tHt Loeltitsrg (0 sbout 25
mitB¥ElerslGbBiEY e thils ISRt ehilR! H¥fevil erLCRPEUMIIYEss D may also
trace layer 22 frominteracting wwth the Substrate 12.

varfFlaGindivifgal mesdsomiyoreglirei ew depi cting an al ternative

FEC artigl. f the.present inventio referred to as .a.
FEC art | Sl majgrialy, Tt i miglg tayep 38, dnClude dig’ spide dRanchials s
disdBsedd S UES e6naRRave tracdeiay&r 22 t he ckiedingly, | @uRip2S deposition and

additionally includes a plated | ayer 28 di sposed on
patterning steps may be used to manufacture a plurality of conductive trace layers (e.g.,

the conductive trace 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 FIG. 1. However, the FEC article 32 additionally includes a tie layer 34
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
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the conductive trace layer 22 to protect the
conductive trace |ayer 22 from environnent al
woanwioesans (e.g., corrosion). The FEC arti cl er2®/usanps/041827
be fornmed in the sane manner as the FEC article 10.
However, after the conductive trace |layer 22 is
deposited and patterned, additional conductive
suitiBt §fhedlthd RO RHOMTIcITRYeDE2 ke p@Biel €tbno Mdidigals OPg., copper) that
surface 20 of the silicon-containing Iayer 18 and the
gengralby sxiribih deverdntgrieyes pdeesionrto pPREMCHRGWRSHAlS- t race | ayer
22 by CcOpye, I ;
el ectroﬁghsssrh%%&%i?rl]% angﬁée%lgg ro(ﬁﬁ%iﬁfggq (1% (%&%FEC article 32
are gt 0 tel sapendaet aedinaissrd aaHoverﬁy thehEECbaethdatlﬂe Iﬂw@ver after
wi th conventi onal hot olit tc‘{ogra | c .t

e
the gijgonsrcoptaiginglager Hgls plagng Pl?ﬁﬁg tnilﬁ‘f 35%% %%ﬁ%x@fe may be

t
dep&é?%d o%ptg% Q{éﬁ?t?ez%()ggfstgé g]ﬂﬁt%ﬁ g@ﬁﬁg{fﬁegdfé %1; 186 c%)ﬁxyéc%glﬂ%a@ deposition

technfquesli duehlas dpaftening, Wapdxméfamelslom aralngza:uﬁmodqzmm@n 2Examp1es of

croneters to about .'comet Ist
sulE (LI o 5% PRV 37 L Er o SR tlops ugh aF glyomium.
mcléé@rrﬂcléﬁchf(‘)?dlﬂlhdéb@hesr’cﬁ&@& HH(szr 86O Bnd S3thbidRfidhs thereof.
materials for the tgl ated | ayer 28 i ncl ude the sane

mat er i al Aftersmaicgall fos &t ﬁmlaymh% @oi‘mg@tedvmatqr@b éor|thg eqnductive

Uacgg@lﬁg 213[9 Eg gépoagu ci t]ﬁ,@th agrgrf éeéI 551 gt%g e@lﬁ-i/ Ell?e,rsrﬁl&gssed above

for GRMTRC hitle: 10.2TEe taBihed (a@’e@ of nﬁahalal oofithe cbndudtivadece layer 22
| ayers 22 and 28) for the FEC articles of the present

andjthe 8ntassh 39 rmey dxnein pateredeYdepuertonahphaielithagrerhinfgegniques
to fI%}rS RRe % dﬁ’c‘ri’iR/ tfike '128%& \QQ l Q' {HH&R d[?\%épaﬂ M &sdiu &ed Tl EEG 33, As

a SeC |0na VI ew aepl cti ng anotner élter ative
shotvh} iheltie lafert Iehprehpat thidkvessth betweerefler topdutfacea?0 af thEGilicon-

article 32, which is sinlar to.the FEC artic
contgingag daves 1§Hde ton serfage 16 Of-lg?ﬁe%{;yert E‘é {fts 3? [shitaje layer

thlc?ﬂ%sé% ]?i i (%syfrdrﬂ GhoHSSmR F&h@tefsa% %Boﬁ@S%ﬁ:P&ﬁ&grst{%%@ 8N mils to

cont ai ning Tayer he conductive
abotit Aqmil). ayrweR2r, thhdayer ¢hiklayess E3map rad;sm vey additvidwahheeds may
adhesi on for reducing potential interlayer
ICqYE]- ami nat i on between the substrate 12 and the

conduct i Mgy t4 RGLse-BYRN vidv ddpiBtitd Aokl lltedthtivS FEC article of the
particul arlysuitable when the conductive trace |ayer

preAt irgredigon, refdrred @mimféﬂ a'tlgle(’a’é gthe E;Eﬁbpgrc)le B#gombines some of

the ge %3‘%%10% ﬁj ?ﬁ% o t I nt er%ﬁ%% o %ogse §%xgxn Pﬁ%’,‘ article 32, which

are SliscliEeN nBO @relaﬂ@h {oams b8arfaf 3.t Re stidvim &Y FIGE l4e (R2F R article 38
formed in the sane manner as discussed above for the

inclpge the plasedlayer 28-4orosed on fiq eqnductive trace layer 22, and the tie layer 34

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, material for the plated layer 28 may be
deposited and patterned, as discussed above for the FEC article 26 of FIG. 2. The FEC
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).
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the silicon-containing |layer 18 is plasnma deposited,
material for the tie layer 34 nmay be deposited on the
weoeundeaeg7420 of the silicon-containing | ayer 18P0OY/US2005/041827
conventi onal deposition techni ques, such as
sputtering, vapor deposition, and vacuum deposition.
Exanpl es of suitable materials for the tie |layer 34
i ncl ude FESAS avdestinal vizhls dypictisg addidend hitemativa FEC articles
ni ckel , nickel-chrom u oxi des_thereqf, all XS ) ..
of the,pregd¥ IngRUCRGFBICIRAES SRS LHEPRAY > 265 Bér RAPEY; Which gfe similar
to thdl@ dﬁéc?osleé'{%?FI(J?:‘D4 1.8 Qﬁiélé%dlo Q@ Iaf B%Ofesé]&ﬁvely) However,
conductive trace er may be eposited o
in FEQ exrtidds Ui, i’ th%’ twdh?ﬁ qﬂimssﬂimm:cmﬁadmgbkaye’ ﬂfbr(detm@ed as a
FEC arti.cle 10, _The conbi d | ayer terial (of
siliqon RUEIGE 10F0 1F ) ot B Ayl 99 RHG e CordEayare Bsr 22 andlor
the ﬁ@lfa}lep 8N BRisRABILS f}f%dcoﬁ’)!ul%&\’l@ Rif iIRNRIbstrate 12 to the atmosphere, and
hot™ol I t hographi ¢ techniques to formthe conductive
provﬂas:mcteay@r ﬂ@ciblhtydmtthe FECeartlely%of 8%, pregentiepentiand This increased

El. 3. As shown,. the ti a S ayer
flexihfihichePet R hdaiete BopRaritcel 5% BRIk of the present
invéitionTOfER A aivaiidtg of aiyf%ireriltgmﬁl@@aﬁaﬂpﬂéaﬁéﬁsf ace 36 of the

tie layer 34. Exanples of suitabl'e | ayer thicknesses E

range f réﬁﬂﬁb‘@@@d abayvecthe fgileptickes oh B present imvenidnneearkit good
inte%lﬁ?/er adhe31 gﬁc{ ood] sta%kfl?t tuy%n%d)fgllw}é\%aﬁéatmg xlal%i/gl%g of suitable

CKNesdYE SO V

chaf#2epsti€s foFt}@ FEEC hnsicRs 9€aid mraht mventicdeiptiatie ﬂﬁtlﬁlpeélh&éngths of
alternative FEC article of the present inventiaon

at lpast @ppwld!-b ddilpgramsincniineter dkeg/cmy (abmye Srpouds{ipghy mag! strengths
afte‘f’ % bRES 159 @tp%fatéﬂgeoffﬁgt@ n%fhoé.ggf E{Egaﬁrfc{b' g‘é £1 3#/ cm (about

sone o atures o article

2.0 @b&ndﬂ;}’lﬁch)sp@ﬁs salongths afterrexipaturoto & enfpefafire 21 a5 CFor 260 hours of
shown in FIG 4, the FEC article 38 includes the

at lfgﬂsta@wt Il dylexy/cnp éab@ms%}sga@@n@wn@lﬁea@owa@léw%esma@eé off g{/kepst 10

and the tie Iayer 34 disp osed bet wee

omlgﬁ/ 1@%@@1 lestetai nEﬁagﬂp awf PRt ﬁ@ta@éfn &b%r@?t@réstw dee the FEC
J.a 2. The FEC @& d

entig B o i o ol JnlFRY 5881 SEPHRS € e dpl Sbout 2.1

kilogkdrhgtentidtef(kftfa) (@oou’tﬂvﬁi‘p@ﬁlds/ﬁfchE rpeeheirdiptigrdf@t eksyusure to a
the conductive trace layer 22 and the tie |ayer 34 are

tem@é@@gﬁ o S8l [ anedrave of afdgash ahout fl oy keg/hm ﬁ@balﬂte?do pgyds/inch),

e g Th e T

kg/ﬁhoﬁlbgﬁt%Dhﬁoﬁgmdﬁ?darhﬁﬁh@ulatﬁn absitthgedsi 6 haysst 8¢ ohms/100
the use of nultiple

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,
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

invention.

Description of the Plasma Deposition Process

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

system for plasma depositing the silicon-containing layer 18 on the substrate 12 in a
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conductive trace layers (i.e., the conductive trace
| ayers 22 and 28).FIGS. 5-8 are sectional views

wdepictbsnay additi onal alternative FEC arti cl espof/uskms/041827
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,

conﬁﬁﬁmCﬁrb&@ls y)As }bi@m\dﬁfy d1$dilsdEEGharFE(C|a£lSclésOof th2 @reseBlinvention

i_con-cont ai ni_ng er. 18 (depjcted as
(c.co KRG RIS Dh A Aol e 6505, a0e) 0 6 HEBLEF ARG 12 plasma

dep}%ﬁgnt ggtﬁfﬁ%gﬁe&ﬁags s ?{ﬁd) %ﬁﬁde%zwﬁﬁdé@ rtha& %hh& @ chamber 44,

ayer e top surface
althsu@stthat stk 4o hf:ag a¢ na:tgrphp;raeatuartdtpgblevoﬂ @soviiding easedtrolled

flexibili in the cles of the presen .
enviIRpiRaRt onIE 8/rTI’??(%mP crg%ts%&mk’fsrexﬂbllf |‘ie§1rﬁ Vr fﬁlﬁd pﬁgq\@gcuanon
contBGHERSES ohie ﬁﬁﬁ*&?\ﬁ%ﬂl dfteY RhcdahinFEGasAat J:I%lit?o‘h gbnt BR gaseous

present i1nvention for use in a varlety of different
orgamgilgbnicampaypplsj vatacorisratids add sepEstog fibodeposithe. FEGMinum is

articles of th S |nvet|on exhj ood . .
o DR e oD T RGBS LB Up e SRt vield, which
corfe@ﬂ)éria‘m redi8& t@famEsAoPOm e WHlld abl However, other examples of
c aracterlstlcs for the FEC articles of the present

suitablgematetals fac thed@allp 4R mcluge araphitee aopnes. slpssastainesst steel, and

co % u[ 1 6 k|fl ograns/ centineter (kg/cm) (about 3.0
DIBRTELP EHYE peel strengths after exposure to a

t enper at Wigitothe 2h&R6erf 41, tengskauno @ﬁayaﬂncludastdrmb@wctrode 46, a
1.1 th cm (about 2.0 poundsll nch), peels strength
plusglite pT esep arsghanisgs 48+ & AYEFaiRACE 58 and @gecapng én@olrﬁ%r guitable

sys{%ins%ﬂ?fmn Cﬁ@&hg&% Ot ard - alsclb e E IR Dabauh 2. 0. . Patent Nos. 5,888,594

unds nsul at1on resistances of at
(“tlibO 504 Eiteh0Q) amﬁl 13 94&3166r (“1heE‘>1 afrphteat’0f apphivbng el ar, ny S Patent No.

h I
6,031 548kt DRI AT fivelordd: byihe Sk PHR UitoiiAG Pefiny and the
508 %%ﬁatnt 3ho E‘&bs%atl: K 41199 hRITEd GER tlBbEfce (96841050 as( 2Bt the drum

pounds/inch), peel strengths after exposure to a
electtmﬂeectﬁatmh@e dlfie 2}5@@ dapositiore obous. ofheatesbikiagtfilab (uontaining the
eels stre

1.6 t 3. ds/i
subgietier SR dGR B A BRSPS AP L ohed S8 FBrongf gl spool
52.0Th@eel B8SHanRRRUE dlrebt KBTI DAY tﬁhﬁ 4d ?%W&%St%hﬁ@rmo ,the film.

and 1 nsul ation resi stances of at |east 10 ohns/
mlli nethraddltmmdoﬁh@torapmnfgtdmlmd tththeF B4 aatentcthes 16 patent,

ond B8 BT PR LEHEMHAD 15 Sla PbEn Rias B PR, Mnove moisture
frohaﬂl@rsugarateb\qgormd@ﬂymlg e SEEﬁ‘a}aIbEI&b/e@S@ﬁl glﬁgbw@s@ﬂylng the

i nvention are capable of wthstanding gni fi cant

subgsgie d@s Pafor écmherm%ﬁm\@eawos@svp dbe ﬁ@strm thmaY] pss aedyg unit 54
to re%lilgea tthe In&%st&fe &HI%EIE F‘aq:ioﬁrﬁl' t‘ﬁla es%b&fraté hl% pﬁi?{%c%@ltve moisture in the

substrate 12 may reduce the effectiveness of the plasma deposition. An example of the
drying unit 54 includes infrared 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



10

15

20

25

30

i nvention. Description of the Plasma Deposition

Process FIG 9 is schematic side view depicting a
woeyaicmasZA0, which is a suitable system for pl aBawus2005/041827

depositing the silicon-containing |ayer 18 on the

substrate 12 in acontinuous process. As previously

di scussed, the FEC articles of the present invention

44, ( Qf@r theFdﬁqum&geQﬂ feemibe clifnbed 4, 38,gadddus o?@nosﬂié’on con”mli}d)und(s)
are manuf actured via Iasna deposi tion. hi s

may é@ealrlzf infrpdiced dpterthe; ghaupher 4162 5 lapiresl U exig Ta@firs%@daﬂow rate
magl g‘%}g{ éeveﬂltiﬁ&ggy sﬁgheass S ép 1B ePﬁX and the size of the

us capabl e of r0V| I'ng a contro
subetwﬂe rornxmnie. arﬁoﬁaewﬂmebave thh elepdtet alsns4f$uch; fldeshtesinleydesirably

capabl e of evacuation, containnent of gases introduced
sufﬁﬁne@trtoeasfableﬁém Htabls prevsarec waihi tppicallorngerciomn sbos - 0x10°® Torr

gon co nds, i.on acgcel erat d
to %ﬁgbgﬁ qflalc?ﬂ“ri;@bsg‘gigttp%ﬂlasw aﬁﬁc}ﬂﬂﬂ%r |Sog p?gf erred
mat er i al Tﬁ@r addofs ‘@édlﬁs1ﬁgorp€&ﬁﬁ§ﬁm(%§)uﬁ@eﬂuf@r edipRishd ®position
| ow sputter "yield, which correspon reduces

inchstaasrionganpsiicar eempdvad(shin 8 gaaeoumm@trthe ttdesd pressures of the

chfiNEF CHe Graphlocst oopBE Slegfic R ey oy wigpgyistane
eﬂ@lﬁilaﬁét |@1@§etﬁ6)@"sﬁﬁ{e Wdﬂﬁb)@fsﬂm Ch@i’dﬁﬁd’thy‘lﬁlan& Netetraethylsilane,

system 40 nmay include a drum el ectrode 46, J[ol urality
tetigfethorysilgabhani sms 48rachogsuitase. spool  50hexamg heﬂcyclotrlsﬂoxane

tetr%%%g#gﬁ@ge‘?%?gé gﬁg eoﬁlsdéé éﬁ?&ﬁﬁgéﬁ%ﬁgﬁn% &Qar%ggﬁggl?tehasﬂoxane

heﬂ}iﬁgéhyl’odliﬁﬁﬁfﬁa4)1{t11t5i&$1y'1ﬁ914rtlenﬁir&ntirtle gémgm?tl(ﬁlt%&héxﬁﬁf ( "Arhexample
1 .

of %P@?iulg@y? Qlyt%l?eorg@wﬁwa@ gﬁ%l%ﬂﬂ%@@@#%*&?@%ﬁh%ﬂ%lﬁé urthermore,

th abBeikise ilge 166 patent, and the '597 patent, the
esgégst at egllrée r%ayebe fed fromthe source spool 50 as a

filmto hi‘fﬂlddlanmehegasemﬂearg@OSMGD eompeurplQsone or more gaseous

deposj ti on occurs. resul ti film, (cqntaining.the

O GBI AOBPESGaARY AOGe 1 BUCED e e Hi U 2u 1o givist &he plasma
degRRIBNVEHAE IR of Buitdhee ga@e&is\ﬂoﬂgor%m@ L:oégeunﬁa @ndl% oXygen, argon,
mechani snms™ 48 direct a |ine pat | m and

hydmgan, ah@rqgn,shdmm oartumenipj hurd ccbmbmdtjms tlnnrepﬁ {Ihe flow rate of the

onents .di scl oseg( {n the '594 t ent i tge.' &66,[. £

gasﬁ%k‘ e OLRAY Ct PR Lﬁ%n‘{ary IE@%% 8P thro deifyd 4ptg, of gaseous

nont-Bfdalid@omp 6&ﬂd(_§|"ﬂo%‘séou§érg‘{aﬁosﬁﬁé&V@nﬁﬁUuﬁﬂ(@I EHbWwever [ the total flow
substrate 12 he drying unit 54 may be any system

ratesfttdgasequsrmogrargayc eotapound(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 Torr) for accomplishing the plasma deposition.

Examples of suitable volumetric flow ratios of the gaseous non-organic
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
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 gaseous non-organic compound(s) may be
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substrate 12. Prior to the plasma deposition, the

substrate 12 may pass the drying unit 54 to reduce the
wounimiogg@iconcentration in the substrate 12. ERCEAS2008/041827

noi sture in the substrate 12 may reduce the

effectiveness of the plasma deposition. An exanpl e of

the drying unit 54 includes infrared | anps that direct

intrb@ddea k& therchdindti #Natt LB IThvE hte bT houl dehedcad(ilky, aaysmetric flow
54a). As discussed above, suitable systens for the
ratigl ofi bt #dd-r ode 46 are disclosed in the '594 patent,

the '166,p ﬁ%ﬁ%%ed ﬂpﬂlet‘@%’ lpét%?l Hgé {¥s: ?MJ ‘59¥ patent, the

oper ati on, prior to asn% eposition, t gmsys
drudQele@odb el6emay bataeeylindricat rbactrode hading am taheulah amibee dmade of

such as_by ans of vacuu unps (not. shown) .conpeci ed
ans o e Ha ot REATES S BRI The oot

e : e r 0S4t l16Qn d
M R G o e A e

thefebfvand abmbinbBhensd ésiao€ dAf lepamplatad avparticidpbn suitablesmateriall for the

factors, ch the .size of the cha r 44.and the .
onyf 5, o REUE? pOUSS Gl 1LHG oA REEAIT (o Sputer vield,
and 1BGEIYR dsfiRiIHEPA3thl-BeninGMS - TIRUSThuldr QUERL 5 al8dvls an electric field

desirably sufficient to establish a suitable pressure,

to pehinedte tagpilly alutwyand drgethefdreamedgstratde 46.0%he drumoelectrasle 46 may also

: out 1.0 . Tarr,. far.acconplishing the plas :

incfidp Soptp BB eing Qe B Ry R o PreeD R eBuRo B aeperiony Thos

pladid depRitRinasNBnHEPas tHel AMmulAGubEe: 80 fahgAnasidlddt@te 46. The
conpound(s) in a gaseous state at the reduced . .

elegirieallyy ner-conduckse clisgiepe rmay  bepkermsdegsigg any suible clectrically-

. NOSi |:i C incl ' Il.ang,.: :
T
thetaghlarsifayd S6 (ianaliretitdn pepdndicildrana plane that is parallel to the view of

tet t.h il i
FIGH G RBR L AEL RIS (16, P Sl NSNS iR of the films to be coated (e.g.

aboh‘?'ié.é‘gﬁt[ﬁ(éggﬂéﬂ ot et rasi | oxane,

tetra ot et rasi | oxane,
oct anet hyhe yiehmt dectmee | 46« alse, pleforabigt inyludes ial Bxawrsture control
bi stri methyl silyl met hane, and. conpinations, thergeof.. An
SyERRRI 0T SHUBIS |98 ITBEIEBH P-BHPUER) BUir Galtbepopirorods 35, The
tenfpRIIRAE REntCIyRES 5§ Bl ARE BY b1 B Brunk UIebASA™6 85 nbd#ed so the
as may conprise silane. In addition to the gaseous
druor glactosiel 46cbas g apwuprikts Yemparatuoy thad seppgets gdassna deposition. In a

oA TR, T Db Sl 8l e o
codMnt Sthhil AP IFa BRKAOYS sHRIHIOT@DRRE HAP UG watdrUdehylene glycol,
chlc?;é)f/l%grg’car%gr?s?nhydroﬂuoroethers, liquefied gases (e.g., liquid nitrogen), and
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 deposition
process to selectively control 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
direct contact with the drum electrode 46, heat transfer from the plasma to the substrate 12

is managed by this cooling approach and thereby allows plasma deposition on temperature

sensitive films.
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hydrogen, nitrogen, helium ammonia, and conbi nations
thereof. The flow rate of the gaseous non-organic
woanpmdsd{s) may vary dependi ng on the desiredPCatiSe06/041827
gaseous non-organi ¢ conpound(s) to gaseous
organosi li con conpound(s). However, the total flow
rates of the gaseous non-organi c conpound(s) and the
gaseous Thgaitrasi kiectosdeC dopalyndinsiudey @ pfeser a&hrye 60 electrically
suffrcrent to establish a suitable pressure (9
comnegfgsl Shgidry: %@O%ﬂé Ilaf RARItSOYLCg 69dpay) be povided on the system

40 %P&lt?é%tivég)o 9 BQ | Sh rgeggﬁa'téé fé g‘fﬂaém!tﬁéalﬂrf connected to the

| 0S gaseou
drurm n}eonrqiam#@: hroarp'oazasdsthb paviee sgansecﬁ@smay glparamsn }bovwr‘generatlon or
ound%,[(%ﬂ range f.rom about no, gaseous

TR QhsRPlyIng su%rfaf rg%eriot ertigde 46.

or ganosi Ah%%ﬁm%&m%%ﬁlk Iﬁ‘)%r EhG 066 BRURIERadb 9“1%E1h&1cy (RF)
conmpound(s) may be introduced to the chanber 44 as

powr:rrsgll@e rfmesnppbmn@% powrr.aRF @owat r:‘xheblgs a fa@rrsagaﬂat 5] h1gh enough

ases t ubstantially. mx w each .ot her, w,t
erceDis D o eoRientisfl’ cohfieyabih oF b e Megipde 46
butCﬁHmﬁ’?rU dhSughMycrfife kRAhARGUCARs iR thdRselRiagRisnfd Slanding waves
as flTow rate of about 80 standard cubic centineters

gerwrllymlwmaée (Prsm) deppgition ef@aMuBFnr@ﬂW%rlg aﬁrtleble for high coating

outé&trr(g un\glgig)f BérfuP Iealg{g {11993%83958 Qf\/% eng; hS‘&E’r A3 % flel r(l:egatlve bias

owra

on ftlhdl)&\i‘ufrﬁélle@tr@fe B nddaliye s& biHsSE. HS&Sd:epz&aﬁe%weS%éurce need be
patent, the '166 patent, and the '597 patent, the drum
use@ﬁggtd‘ug@glemg%\y:bé@ ok the druspelestapdedd®ct r ode havi ng an

annul ar dey o [ y
mat eri al %H%!’?’%F uﬁ? g%l %Sa%Fleﬁﬂﬁ)geF aﬁ%@tlclfe or n‘fagﬁgk}%ﬂ 4 drum
eleeatnotie! 46r with Iﬁfeqnemcﬁaﬁ ranpihgIftemadbomt G0into aloymp 60 MELgetbferably 13.56
alnles e |Iver chro eof, and
umllreré ibwﬁtemerheaeogaibrsgﬁ RPY§7> as supplied
to ?dé' clrﬁf?xl aeHPch‘crf!@lcréa@és %Ugﬁlcgﬂ ek 3S1ashbdl f‘r@ﬁleth%%gsspuwga}losﬂlcon

alum num due td the ease of fabrication
corgp@ind(s) amithih ahe clhmnlerabk od avitadlerRirexainple nfithe Poeer source 60

) nul a rface 56, al | lectric field.to

incHidPR At RE SREA SoBt e oor T b SHUTGF BRSPS LS Sipelrug clectrode

46 Thea HEWsHETRE 'ﬁ!&féﬁ@ns% MR¢h @lllesﬁ’n eﬂﬁrﬁdédﬁ tH@Pox‘z}&n%i%Iy' Wh that of
i nsul ative regions that prevent el ectric

thegransmission dine Thhish ipisughn S0 epws iresisive) and| theriebye dffeasivelydransmits

I f.th I de 46. Th
RFéq%gv(lf;'fﬁ{r%%q %/g(%%r? %%%%%??Wgréjeng?oﬁgt :rgyebe forrr:d

usi ng anypsliapplidatioR b RE p&abd i ths dhith ieR@trode 46, an ion sheath is
formed, which causes the drum electrode 46 to become negatively self biased relative to
the plasma. The ion sheath is necessary to obtain and support ion bombardment, which, in
turn, is necessary to produce a densely packed silicon-containing layer 18 on the substrate
12. This negative self bias is generally in the range of 500 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
drum electrode 46 by continuously powering the drum electrode 46 with RF power from
the power source 60. This negative bias causes ions within the silicon-rich plasma to

accelerate toward the non-insulated portion of the drum electrode 46 (i.e., the annular
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material, such as a polyner (e.g.,

pol ytetrafl uoroet hyl ene). Suitable w dths of the
wanmsloas74sur f ace 56 (in a direction perpendi cubPar/use008/041827

plane that is parallel to the viewof FIG 9) should

generally be at |east equal to the wdths of the filns

to be coated (e.g., about 16.5 centineters). The drum

surRk€c36) 0d&hd Grettrafo o€ f e adifigoni el pHemaaalbErgeasrally fikereases the
contr ol C%stem 58 for supplying tenperature

PreE otheichgmbeidde For RENs, ineristaorressues, offghout 5.0x10-6 Torr
Y

rum e e drume
has an aDprmg)fdrmhﬂoﬁ efrEECairmxrles difhhd: pEﬂS@'ﬂon‘tesﬁiph abergubstrate 12,

depositjo referred eatu
aftez slyipg lssfn 3 errpd ghe eanplarcriana 8&9 %15 Syh that the
bot{olrﬁI 'sﬁ’rfac%x e sQ‘Fstﬁa\%E tl@*%bﬁta@t@%@ﬁinuﬁdr%?ﬁcé 9@' E&@@ordlngly, the

wat er, yl ene glycol, chlorofluorocarbons,
10nhyﬂtmfplam1ad&nﬁtercttheltom &Hfaced4gﬁ$twubetraje 12 fib quitakt with the drum

clegindseftar his RO POFIS) PBRTE S iDL Zeh o1 gBeARpini e fogrpounds
with riHé ot QiMke tlh]réﬂéig&brfs@tﬁleﬁf gEposltRatIrane sﬁ@oﬂhbﬁ&ﬁﬁﬁf%&yer 18 on

the duration of the plasma deposition process to
the sebstrats %ﬂﬁomﬁﬁﬂmlﬁt he drum el ectrode 46 tenperature.

From abobts Bocs e thches bEPRE bREMEIAE Py 2gor 52 fo

subks&quiefit giposigibn afpaedrning ol thidendtttVeatee layed €2 4fe phtatlayer 28,
transfer fromthe plasma to the substrate 12 is

andherrthe B8 laygr Bhi élt@@@weﬂf} psrigdenthg sanductve bpcelay $Wg, the plated
lay%r%%gg?/gg ?{%Et dee A 3(3% : nc%&gﬂé@asstﬁg Sidubid fikd ](S:y;l% the drum

als €S a power saurce
ele@lt@iet 46 dal 4 yomtomoes tpeoceksn t Tiee dbmmueheqirasaedse ofiGhe Fhsgem 40 is
power source 60 may be pr.ovi ded on ég(g system 40 or

B EgF i begapsy WOWé 1PRigURdd b AeRpsiieth onathe 1) sPRReanl of the
siliCRES dhif R |%y&0f§78%%j oy 10'i1§1 %f d[ﬁé‘ LhBCHIRES. 4@his! Bereases the

any case, e power source e any power
adlgeioar af dre odepbsitds matsiiadn teysluee mlhcamactdnmlnmgs lgypt yi#g which

suffigcient power. to the drumel ectro xampl e
corgypapdingly smbe st e Bboh i Feraped GGk

frequencyiGRiT) ROMBEMSRUERR i o?UQFiJlézﬂaE‘%lﬂfroH@\mr whith is an

power exhibits a frequency that is high enough to form

alt@{nerte@atle&tmdgl gwagiusato dppdopn i decttoge i fandumeyd rmlacm dhe drum
electroc{ehé% mt rens%teel%tﬁl!b?dﬁxamples 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
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
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
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but not high enough to create standing waves in the

resulting plasma. Standi ng waves general ly decrease
wohewrmasdeposi tion efficiency. RF power is scabPablus2do6/041827

hi gh coating output (e.g., wide filns and rapid line

speeds). Wien RF power is used, the negative bias on

the drumelectrode 46 is a negative self bias (i.

elebi@odeePBivith EheIMRIN SIBEHCE € 6REEE Fbstiae d2 dkpodubevd ih% conductive
negati ve bias on the drum el ectrode 46). The power

plage (i} By asgpargiionaistrpeqpbndiamples ob suikile Fomktion ﬁ@twm between
theeblllg&t%g ?9 gﬁc@ Rlﬁzéoﬂdﬁ&ﬁg ﬂﬁ%}? '76 ia{ggwgb%ﬁtoi;% ﬁlki)l V#elteQS %I'about 13

mi Hivndbes. (léwg;eparéi;orﬂdlsmncéBF Im)l‘hﬂesp:h aot-kerntaci arraiﬂ@d:rﬁelRFbetween the
ower uppljed to the drum el ect 6, creates

sulS e oAk b COAEIFEE Ptsih HeCSga< o Mg SpiRatp of he drum

elegt%ﬁéof%‘ dx(d?}h WhAthLE b BoietRIREL 4T Pﬁdﬁ%%@tﬁtg 15F Because of the

exanpl € o power source 60 inc es an
plaganetat angd nelmchntaet aarabBerbént Mblz pamai ¢lbcitagie 6donefficiead fdrdorming

he.dru Iectr de 46 via.a network that fuynction
PEL oS b RFSEOE 0Pt CR HORBPOGE B h (HOPASTEprthe bottom
surtR@ 1l6r GNSEsSshare 13 ARy (el ToHWANE Y120 70T 8he substrate 12 is
resistive) and thereby effectively transmts RF power
fedi pasiothg plegacdentiode 6tr ansmi ssion 1ine. Upon appl i catl on
of RF po ectro
Por med e elifid dReaF i Gt Bl s e Bt Shearn i

forﬂ@g a\tvhﬁcﬁlcyu@e tHe dunds@tierghatiove béa)rﬁ&ﬁegahaayreelf bhged Rilative to
heath is necessary to obtain and support ion

theuﬁ e ehampler @, ag @alswsqﬁi aboge. né\c.s scapspdaboyss dipuien sheath is
R Y VAT Y —
a delneely rgked§ilioOH-contaibdl}O layet t18 orﬁmlds cabssiak the DasedusSis also

n05|{1| con cogpégund( Zr | on and form a o
gergﬁra ¢ &M & AH0Ghe tfb FRIsCEY{be pfROUp| tgRRpsilicon
n . .
cofRuPE 1, SEERLE it ARG B Rasidoh! 808t pasma wi
ionp dhezeinn @rich ¢hadplasme hec beendeeatdl, wittcpatiRfe POVieas \foﬂtraga: ishaeated on
r sou ce Thi.s negative bias causes ions wthjn
nefRBT T RRAE 76 Bi coPUSISD oREEar SR bRt 8 Wit RE pover
froffORe PSHbALRRACP GO | 9RisOhial NGudE Uthe vaalih OLH@ sﬂl@oﬁ hich- plasma to
t he annul arsurface 56). The generation of
acoslerate towari die @indsetiveatlste 7ge macaidn;gly,rthc mé)snfohel the top surface

44 F
14 BraBE shBgh 18 U R oyt eme s paORTHEED. CEb e covalent
borkYg 1dFC Elﬁ@cﬁﬁcdr@alﬁﬁguborﬁpdﬁdﬁn With & Mo UsirR@e PI42SAR consequent

gener ati on.
deposition of the silicon-containing layer 18 on the substrate 12.

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

nature of the planar electrode 64.
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During formation of FEC articles of the present

i nvention, the substrate 12, after drying, is fed
wanosrvdstdhe annul ar surface 56 of the drum el eeCTw82004641827

such that the bottom surface 16 of the substrate 12

contacts the annul ar surface 56. Accordingly, the ions

of the plasma bonbard the top surface 14 of the

subst r at andtBer Buid a6ifighrdtiont e teé tmtehlem heeirtfude both the
Thi s causes coval ent bonding of the io

oni z
drugy elegtenle d6rang; the rpéar@bﬁlﬁewéé%wﬂhlm the spgp clé,wbeac"é‘ 1khis allows
[
the i AR08 B TR Blabisochipal B8 15 ealif Bk O Bl MshGhcchanismns
48 rseﬁmbtspmg 50) amd fe2eiving dpbelnsX) e.ndwhend)ylmdrmt appdretus costs. In use,
rece spoql 52 for subse t deposition an
el%éfh@#ﬂ@ﬁéecgfpg? B OF HiecRleer glecodeced w3y B usegl fof pigsma deposition,
Wh% ﬁ{ee(qhér%‘l’e%[roag of ﬁ{é%rreﬁlgﬁs bih&seliayelditdshally, devices for de Iposmng
ternatively, material for the conductive trace
the2@ndudie gtaat dalydr 32e the glatesinldy @r 28, hemdfarethe alyelay6434‘rayiy also be

be . de ed, as. th resltl fllm t d
locgEd CrTanhG hRLg ot el e grisb el e FEXE Sty G present
mv&ﬁtﬁﬁﬁ@%egép&shed Y8 ESAnABud ﬁo@ézlyant ageous because it
|l ows material to be deposited on the top surface 20

of t he s@Vq:r@kbmlemm a¢n¢r=ﬁ@nlaa§1 éon aA@elsedtionevitthibie idgerg elsictrode 46

e _pl as stabi,l | hi s e dhes on, of
and 8 Fpu e R B o Bt RO oo RET s B han o
soudé® elvdtiodd afid kR BE Nt @é. YT he poheasiagedtidie bothefates the plasma and
adhesion of the resulting FEC article. FIG 10 is
becgrigs rggativelyi erdf Diased. dhergbyp P%ﬁ%ﬂrat&ge’@m dﬁﬂnuszhe Wasres toward the
I e t
P 0\9‘%}3%6?% g&%&gﬁ rrg{i}gl?tep B ﬂéﬁ%l rlgm ect Sm%lé’ Oltﬁge also
ser“zeh;etos&esisﬁmtné) depxsatep| @ating, \Slhlbh abhencey she pﬁ)pfeﬂrestdfethe silicon-
pI anar, el ectrode 64 are disclosed in David et al.
contpinngdgee it No. 6,696, 157. As shown in FIG 10, the
pl anar el ectrode 64 includes a backing plate 66 and an
insul ating |ayer 68, which electrically insulate a
Desardhimhiof éheplaidmciite Lates DeporitiormdPebcess ant éhelianmtization Process

el ectrode 64 .is. it for, _suppl yi ng a .cool ant
T o d DBt me i Berroriathivind Jatet 188 Bhastortogsifidorp Biregubstzate
12 faﬁ@ﬁ?oh&]@naﬁ@ﬂ‘ﬁ TmayOst &‘é%oﬁ%dtdﬂ thé® ?esﬁitfi‘l@%ﬂm%ﬁcﬁﬁrﬂaﬁgrn@& to form the
he tenperature control system 58 and the power source

cor@@cmeetr@adawed@c tisspldted Bayee 28 narl/ @, the tieviagar S4t hEhis plov1des the

corfRELAHA 6B L DA G2 AR5 SGPREAEH & e

circﬁiﬂﬂ@F"AsQﬁscussed 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
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 tié layer 34 is deposited on the top
surface 20 of the silicon-containing layer 18. As discussed above, this may occur in a
continuous process before the ions in the silicon-containing layer 18 stabilize, which

increases adhesion of the tie layer 34 to the silicon-containing layer 18. As further
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power to conductive plate 70. During formation of FEC
articles of the present invention, after drying at the
wdnyierogsumni t 54, the substrate 12 nay be fed aecoas200he41827
conductive plate 70 of the planarel ectrode 64 with the
bottom surface 16 of the substrate 12 di sposed above
the conductive plate 70 by a separation distance F.
disbxsasiteve ahe Sigiliyahhe nssitar ddpbdeddysdoanagionkl dupbyiien techniques,
t he substrate 12 and the conductive plate 70_range ,
sughy gSRIBISTINS2 VBPOH flenosidioar and yaqpunt depesiipn.| i Rett exauple, in one
om0 R e O et RS 1 AP B g Grei iR Ao the top suface
20 of ticutlidonecontaniag 18yer ilf vatdna dastt duorehh@ @nunagmtron power setting
surface 56 of the drum el ectrqde 46, whjch. contacts
of gt BEEW3 SEP? SRHTCTRE Gy iHe RSP A Aham ey thlqoniadys g5gon gas at

t r r - et r

» SR e ALTE A, DA SO 38 ARE b hss enely

incdakdsahepre@durd BEHBICBSAPEr).| TNEEahMRr Wal Be BnCaiibeE 20 Sas discussed
process. Alternatively, the bottom surface 16 of the

abasgb shicht dlovs agyniswious erocestetocmanuaetingethp B angrless or portions

th bstrate.12 j.s f 5t 11 | anar el ectrode. 64.
sl ARSERT il R REDett. O BB Bt BT B 1ver 34
ma?®e séfardt® frogh@atchamberf40r med, whi ch causes the

conductive plate 70 to becone negatively self biased

rel ati veAtlsT thediedpyrsid iy fenopibede Riates it fordhe epndypiavaizasedeyer 22
G TSRO BN L1, SRR e AR
be idspasek by aoyventiopd] adpesiticn Welntiqles, pablkedputtering, vapor deposition,

siligon-contaiping |layer 18 on the substrate 12. This .
vaggiug, doPeS B oL HER EIFYE PR ok ﬁé@ngl_ > HoRng goigent, material
forVik tc%nd%{lgg ‘%%gé giye} o G985 B0URpiRa rlﬁ S Mogﬁﬁp Progess that involves

conpoun cone i 0ni zed, resulting
depositmgta seddéayea follbwedhy relectrolytiagr@ing t Thd saed leywarieitypically the

soro el PECE A AP e COBRUTLS Foe B 207 goed Taver of the
maSQ 1 fod HRUSINMuBPHEFAcR ayeh 82 ﬁﬁg%@%&gh@u&{ Shulerdd oMd thebp surface

power fromthe power source Thi s bias causes ions
36wiftthé tietlagersiq wetbre DG maghefsmapeweragstisigepfatleout GNAP dWatts. The

dyct i | 70. i.ngl he i b d
g 3%3’3%‘%%%%%6” i Gt i G D e ot p3EE P TGOk ressure
e e B R R0 BB inthe

chadberpnd consequent deposition of the

silicon-containing |ayer 18 on the substrate 12.
The chamberg for S%Juttering the seed layer may be ;clhe chamber 40, as

discussed above, which allows a continuous process to manufacture the FEC articles, or
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
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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As with the drum el ectrode 46, the resulting film 62

fromthe planar el ectrode 64 nmay then be wound onto
woOheoeroeg@i vi ng spool 52 (not shown in FI G 10) PEDMIS2005/041827

subsequent deposition and patterning of the conductive

trace |ayer 22, the plated |ayer 28, and/or the tie

| ayer 34. Alternatively, the conductive trace |ayer

pla%ﬁg F6E exnaple dihk ayRltingShiln@ By Ghitiale bk ipfack@ Y€ b sdhitidh Yomprising
be deposited as the resultlngﬁflln162 | eaves the

75 &b aeluene deiaireddl) Water aaheP UG OB $in apmpaus gomposition
coﬁg{ &ﬁ%lﬂi?r ‘3% \b@% uguhl&?% r gg(ﬁé 1@2’06 i ('1) : agalt U&?z‘hbfgnéo%ﬁermally

nar er sui
avaihblel @mmalteamﬂ diic. thlscystlém dfideraie tadd deldgimioh R@NACLEAN

drum el ctr de 46 and the planar electrode 64 with
PN BICVeS PdSS 2 @v%ant%r@ﬂéwdwa b eieeped segface of

th@nsgﬁfag& ph?erl«agulﬁﬁ fiink ﬁﬁg tﬁf}l Be&l&&ﬁgn H§9, bPfe g?od'u]?xﬁlpersulfate

I sms 48, rce S recelving spoo
solsfon, anoinnieemdby avadatdesframpé.reatamsl dost snddrn thesetrade  designation
either the drumel ectrode 46 or the pI anar_el ectrode

ROMARRGHp e Fipgdly. therrepl %@f‘é gy érwsbet plagsd inai 1080 saldurdn #rad (H2S04)

solflt o 186 Fesfeink M i Rucy SERY R KRG e Pfarnk o M defaiping portion

of theeofdatied rhey Ry er2B, orﬁaﬂ/o@thetsa@d layer. | ayer 34 may al so
be |located within the chanber 44 to allow the | ayers

of the Fibteralifer s rgpaiping poriderepf the sordiictize traee lgger 22 may be
elegﬁ"&gﬁé %ﬁged' Ui @o%@gﬁtﬁﬂ%ae& oqgtgcseq\]ﬂl% %E@llé{?eﬁ%%‘? r(I,Qample, in one

I'on an I'On acce era
enﬁb@ﬁiehf) Gbepﬂfﬁf rasteridlfer {hkaoadudtive ttacothge6Z atag tgrfatkd yn the seed
nplified. one electrode is used rather than a
lay@bby placigetbe rrwénmw@hram asgation ceppHBaR abqrﬁel 8&(@%8@@ and about
el ectrode both creates the plasma and beco

23%%&3@47‘#&205 epreupprided;. abpel %E&ma@%@ﬁfélf afs mplneé ﬁ@, the solution to

sma_toward.t he red el ect.rod
ol e s B o PR St B phABo St B i nBE 8P peyr source, such
as \WOpd G es ol &0 a PR aBRS utder 4B Siafly dehhgnﬂ&pmﬁwrmm Model PMC
whi ch enhances t he Eropertl es of the siliconcontaining

104/82e20-68. Pr@g@@mqblq AWeF Sﬂhl@lycgﬁmu@walbf gvajleple from Dynatronix,

mEPRARH L1 PORGETR: BUCL DR, SASH L1 AR FLARETTer 54 and the

coflRRt®d frast layernersieady foatpettélramgaddl ti onal materi al may
be dep05|ted on the resulting film62 and patterned to
f or m t he Patsaing: of ettiealagey a%é\ndzth? copicHy attege laype22 may be

pel%&meaw Ny \%ﬁfet}; b airyek pﬁétolimigﬁpﬁfcqgéﬂ?@eg.h %0 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
24 of the conductive trace layer 22. The photoresists may be applied using 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
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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conductive portions of the FEC articles of the present

i nvention, which function as electric circuits. As
wdizenussatd above, the conductive trace |ayer 2PCTHUIS2005/041827

plated | ayer 28, and/or the tie |layer 34 may each be

deposited and patterned using a series of deposition

and photolithography techni ques, such as sputtering,

sol @i RCESRPILIAE At DISNY o ARk 1596 %P Ui gle . sollRS 8drbonate or potassium
devel opi ng, and etching. The sequence of such

carbenebmirgie8e Arplich antihd¢sagd astteras preabtdiogd emthei top(saiface 24 of the
L [ anpl es of suitable techniques are

Conglﬂgcl: egtggézgqi{]}%rg%: '597 patent. For FEC articles of the
present Miieeriid photbReaist i Cdriwd, tHeefilnh anhyayigdn B4 sp@y@l with an
the FEC articles 32, 38, 32', and 38'), material for

etchan seluion. ayhkieh sghgsdhepersions efiths sondustive Baes leyerci o cefered by
: e ) ©ai i . . ) .

e P BGR0ke! AT AAMELs Ve ool PR ing e

condlctivtetrade lag@RXRetudbd h RElukidN Q:bmiaﬁsiﬁ% abbhi ZE0%WY hight H,SO4
i ncreases adhesion of the tie layer 34 to the

andSaHou€ 21096 entitaiun 31086 bayesight 81,0s Theretdhgidlegidssasitain areas of the
above, the tie |layer 34 may be deposited by _
topcopipen Bit cidhe tie post BLdhet dsheingueisve sagshlager 22 is patterned). The

utterin apor osition nd cuum deposi.ti.on. .
oI hE e YRS T R bhRn s Hfed B YR ETRRTURE dcpending

on thayotoddhdpaaphixetesragies ueal. sput tered onto the top
surface 20 of the_ silicon-containin I%¥er 18 with a

di rect cédieehe combrtiiagae lppw ZBonertosesd thegicdpyapdaay then be

etc ﬁ%oom%iﬁg.ﬂy]r%sﬁ 65 LD sB¥d Lkt Q{) £i5n, Whith %Qﬁéﬁt{ﬁé portions
at” tontains argoh gas at a pre-sputteri’ng pressure

of thes® hpandsahatutovire@»iGhd orasslinkled phptokéststi noh pramgeks sf a suitable

eneral ]y increases the pressure in the chanber). The .
encgﬂgrﬁaﬁﬁmﬁaﬂyr b dhe Ragelayersly ingludes & soluliencyppising about 4.0%

oy W SO IR LRSS0 O ML 6y en e

T : , . .

P b g G SRl AR IR ke I R cting

neudfaligdtionh EWhee elcBiviglis Sdmpisted o phb@ebsisi Bl thed bé ﬁfi%)ﬁéalefrom the
conductive trace layer 22 is deposited on the surtface

topzriage hef the ondipiive Bace wreuitiZ3and dhaibaiisgy surfachd 6tof ghe substrate
I r. 08l | O e i ti,on .

12, 48k HpTWap gt RORLAR0 Y, SN 0B LB Wi i

deivdiestl nvatep dsioré and/oansttel ¢et erhinki stepd, atidyiigy thorfilm, and other
exanpl e,_.in_one enbodi nent, material for the

conyBRige W A<eaee tepyerL i zoiRs Blnuapesherbe pepagated into separate
FECARTSLER B OEEEE, by 0oL vos e S5tk s
appliggiiaml |y t he

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
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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same material used for the bulk of the conductive

trace |l ayer 22. The seed | ayer of the material for the
woanbiwesi4ve trace | ayer 22 nay be nagnetron sprRCTAIS2@®S/041827

onto the top surface 36 of the tie layer 34 with a DC

magnetron power setting of about 2000 Watts. The

sputtering nmay take place in a chanber that contains

forded and gasslatkedoR (- 15p lsﬁﬁfﬁfelmg)flﬂ[ee&ﬁidﬁ@tv}ee@é‘cetchaﬁt 28 adther than
5. 0x10 Torrﬁéthe sputtering process general
on thectopayeface O%F}@mﬂ@ctwﬁ tiage cptikBer )1 heﬂ?@dWﬁﬁ@Pe circuit 28

ma (ﬂ{e R ahgfn' 2810h %Vlﬁl Vent?ﬁlcetb?rch ) Cﬂ%ﬂé‘%ﬁ&eé’r gbove
£ R EREIoh0 SBREE o AU

USSG OWS a conti nuous proces
t o manuf Branotier tehﬁo&iﬁ@rﬁ,rthé corelsictivg trpser ctlrom’tSZthmdrtb@fle layer 34

of the present_ invention. The chanber for s utter
are; pEfeEned Priogyfe L O%lpgaffl% S%@wflﬁeet@%ﬁrﬁlre%%er has pr ek the FEC

artlgfé‘g‘%er%f 6, ﬁ@%erdsr?lo%emtlﬁ@isl yar 63%nd gh' f @ld 92%@@ after the

material’ fof the tie er 34 an tﬁe seed layer o
cortdneticomaheatiicvi 20raadghé ay dayeR 24 ta03 battetiaqulp aiskedllayer of material for

uenti al | in a tinu ss. (but . se
ther FHPERE LS AR o JRP P98y B fsciroytic. plating.
Alt@ﬂl@ﬂbﬁg fr Qﬁe ﬁ)ﬂfé’fl‘éﬁ“srdﬂ"[ﬁe 'bbﬁdtﬁﬁ‘@éjtlb@ey &Ecm RSl BRRALAL@ive trace
fromthe chanber 40 and fromthe chanmber for

cirgpu?§ @mm@e edeguate emtealymr Blhesigyf b@frvveﬁh ghe @emducayfe traggf circuit 22

jve trac
and B8 sFRMGY T I D Be B SdB o AR BB, s 1
prepare IAJﬂ%r gerditioay e dodtudive Qidc@'c%hﬁ QB%a}nﬂlen e Jaattemed in
exanple, the resulting filmmay initially be place

thegsagngl mepess dewpiadsabeye 78odhensondaetiivee ragkeFigeil (Amcyldmgly, a
soolfl Bho @it PR DY NEH P oSy AR BREP D SEARZSH LR sopauctive
traceadifcuitViisi lehelrSSIﬁtﬁl{gﬁlﬁmnﬁbflt})bnajeéﬁtdzmﬁlte dfaﬁ@efﬂhle&&bmﬂ&hces, and the

Inc., Freeport, under the trade designation
phmmwﬂp@bgéﬁmpe@hﬁsg@wﬁ pRAYer enpves oxi des and

OTgaNi ©_ TSNS oA bieyEYRISSSUACET et i dadditiona

| ayer. The resul ting
corfiiyctiva yinte dwditsbeypmwdsthe fcandalc’emé traceo oy cm‘ommmd:ﬂoal doyductive trace

. aval e from lear nal I nc. .under the trade )
cir @%aﬁ% %‘{5{ fﬁmk Cliys frage)creutymay é’&ffep?%fgd frd prttrgped in the
sanhe nﬁhﬁ&@ ds 'dﬁcﬁ’ssé@%&!‘él fou rthé%(ﬁl@ih@tn@'@&@ dircaift! t érf?inthe EBfductive

resulting filmis then ready for electrolytic plating
tragsf citcg 28emai ni ng portlon of the conductive trace |ayer

i ni nEORORC PRI ESRLR P U LG fdidegbe g pver 34
(e.é’.,e 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
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 10°,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
invention have conductive circuitry on one side, and a polymeric substrate surface on the
opposing side. The FEC articles may be connected to printed circuit boards or other

devices by a variety of conventional means, such as solder balls, reflow solder, thermal
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el ectrolytic plated using conventional electrolytic
pl ati ng techni ques. For exanple, in one enbodi nent,
woapp@csTaat eri al for the conductive trace | ayePCRASHWF/041827
be plated on the seed | ayer by placing the resulting
filmin a solution conprising about 18% H2SO4 and
about 23% CuSO4*5H20. A current (e.g., about 200
condpessidEb&Iding, ivireab@idied ifer 1 I&Sﬂdlyﬁg, @Adtthe Rkat @ cthdingly, the
seed layer. The current may be applied by any
FE@ et P%Wﬁlprﬁﬁ% mvepligredre usefith %gleatr%ﬁmacl%m gech as ball grid

Bt 0995551 5,0 B SRR IATRRN Sl s

cuatmmmd Phclabys eanabd ddslignell fanosByin ahy @hickronicrdevice Ailugling but not
Once f.he electrol tic platipng,is conp I%% the tie
hmvtaéi/ & resarding dpYiees sRaies Aodoey suelq qy Bpultppedip deyiggy projectors,
carhéths, BhbRER! @ s %wcésga&f th%hﬁ(et ie layer 34 and the
conducttve trace |ayer e perforned by any
variety of different photollthographlc techni ques. In

ol VAL A A RS S EORTLCHARAT TG R T p RO SR ES
phot or esyghsus amgivtiedl R&hRRueD 48 Jbgidbam fpr fr@ﬁﬁfaé{@rmg and

of the substrate 12 and the top surface 24 of the
chagatatizotd he k@ eatidlesyef theprestheipivotion esiesersl pltheblechniques are

empRPrL R SRRl BRERT B b BT R MM or eai €1« r ange

from about 35 to about 50 m croneters. The
phot oresi sts ma then be eXoosed on both sides to
ul travi ol et Iig pEledieds Marufachiripgdiethodmsk or
phot ot 0oy r h
photores#s §¢2$$2%%%%V§?g§ﬁ% Q?ﬁg na§ggc égaagephﬁna
depobigioh otvithm Sdmfr)a@&cﬂxﬁd@f arldneulsd¢aét ab1ecdﬁzahsn NoYy the following
pat terned, the photoresist applied. to the bottom
Progefhrg c A RPLYisNife sybsteake I@dwasmémaﬁ%@( ;985%&0%Pt91l’8ﬁ]s ghere the
subsfifte qﬁ&t %ﬁﬁﬂeﬁtasﬁﬁﬁ ?a}lepﬁp 1&1@%’5%195’@? et dls and a cross-sectlonal
appropriate sol vent he case o aqueous resi st
filngl mdllhe)fddu’emmame&'.rmt The} sqbetrgte,ﬁlaswhmmmllycfedm bs |Ingamp with a

Vafie: sueRimi chrboiaeh Orag G aHP RS g e Goerbale o Staco
End®8¥ tB6diRtsd 'iﬁayﬁ)tht EUPT %O%g%(;\%@ steﬁﬁlg? UrfIRCER 2@ fwds@ntained in a

conductive tracé |ayer he photore3|st I's
chafrdrenédying ree pfaskure magintaed el 8prGY @@nwtot tﬁnarveemoisame from the
sol u of. .tions . of uctive

sutgPayt g o S hall SR Yt 8 aBS ibe B2 Qe 0l6 SR AR e

Phot 0 tr eﬁN@it ttlﬁé‘ sEAAR AlRfwR fdi A3RhE ANGHARE HEhes P drum
or etchin e
electrode, for plas?na deposition. The drum electrode had a diameter of 50.8 centimeters

(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 5.0x1 0 Torr.

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 Watts to create a plasma in the gas. This increased the chamber pressure to about 4 -
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conductive trace layer 22 includes a solution

conprising about 10.0% by wei ght H2SO and about 2. 0%
woOomests1 3. 0% by wei ght H Q2. The et chi ng expBeeaIS2005/041827

certain areas of the top surface 34 of the tie |ayer

32 (i.e., the conductive trace layer 22 is patterned).

The photoresists nay be renoved at this point or

7 f@tiToeThé GubstHEs Emenhs Geghfedtarot@P edami@ilaNsukrfaBe of the drum
phot ol i t hogr aphi ¢ techni ques used. After the

elegBpdruat # Vaetspaed of ylemeeps/minyiat Which edcatechan texpogugg difne to the
pla%ﬂ’la'myhré felamE elthcéhi%g?sr&}[e A8 G gnetaptﬁﬁ{l gssltﬁhtté)tgpar{)&!lrmok fime that
ant es € portions

a second etc Ion, which e
a giferi oetidn of theysabstdde fibh ven\iarcedtablywith ehcammsitdrisok@et of the drum

phot or esi st exanpl e of a suitable enchant_ sol ution
el%ﬁ%ﬁ%?&?@%é@ #reaalésmaayi?n% omBe Rrsgagwers| dappgked on the top

suﬁ&l{@ﬁﬁ'tﬁ ﬁ%sﬂ@t‘%_ﬁfﬂnﬁtoof Xhé’"?ih?&}-c&%n Cia?é? Uthe2re AP, ﬁlm was

KMhO e resulting m nmay hen be pl-ace
theamzdfunldabnmodmcewmmnpki si ng about 10.0% by wei ght | HZSO

for post-e [ neutralizati etching.is )
conp! et ed. NTehBHBEbBE AN S i SEoLETI e Py eeding

thd fiBn "(ébﬁta‘ﬁﬁﬁ% WEs At hAhE ﬁﬁ@&&kbﬁ%niﬂgﬂﬁ?er% f &Yk s%ged of 4.6
and the bottom surface 16 of the substrate . O her

meﬁqrs/gsnmﬁlramgoa blearnbre| Beletita sputthleng: e eEgbes ek parged of air and

ipsing..the fi h d
theréllf @ielrd’]%ﬁ% aggo(%‘at g)\%{%ﬁs? ﬁwy?cﬁal ?BEI%VE‘#%”? P{r:jﬁi%p%gfﬂgg pressure of
5.0xe0Yentd ol +if iidyd) Glas AR RGeS HLERGe siliksh- Eﬁﬁéihfﬂgquér'ﬂy%agnetron

may then be separated into separate FEC arti
spiteerigg, a Ni€r iferdalt wﬁhesmma';g&etr&i powan detﬁﬁg)off P00 B#ts. The
in a variety of industrial pllctlons
Spmmguwsﬁfm?%seer SRS RA PR R 7 Qp@ﬁﬂw ude

the condugky \éecogf)&“(@ufée'é& %Q;E{ oAs h%h@@g&%et‘[{éﬁﬁ%ﬁr by feeding the

conductive frace circuit
ﬁhﬁE{g:oxﬁﬁmngﬁhe_; suettat8 8thy sllmam-eomtain1ﬂg)llay¢1hmd:tha ACY v @yer) at a line

trac ircuit 28 be deposjted_and patterned th
spesiingl. A HEFTSRiTuHS RsDds SHBVRCT oP HPhe SOHIETEE: (e Chamber was
pulde@CE &t raﬁ&”ther?%llea/%ﬁ{ blonf A" f&HeratopAUas 's\‘f@mtt’baﬁ%wde a pre-
circuit 28 may be deposited before or after the

Spuittenichy cptresuaet sfatex 10t Toirt TR Cs sped tagtneds deposite® on the NiCr tie
enbodi nent, material for the conductive trace circuit
laypg by gnagaplee SRIHCHEE Gr @PPHemetstiel @vtlﬁhveeDCr megnagioncpeiver 2gtting of

20%09 xga%t'ét gflg %glttg%lg% %Plcﬁ $1 gase? ?llé éqag%}é%}o z R gnlhTorr

conduct i Wetet flaCed ilfyetlinvas 38posﬁta¢1 htﬁé furhaﬁhsqﬂadehentamluuon for 2
surface 24 of the conductlve trace circuit 22.
migg e Gevhera dhe saltiogicompgised 75% (by volume) delomzed (DI) water and

25% (by volume) of an aqueous composition comprising 15% by weight sulfonic acid and
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
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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may then be patterned along with the conductive trace
circuit 22, as discussed above. In another enbodi nent,
woheostesducti ve trace circuit 22 and the tie | aRgeUS305/041827
are patterned prior to form ng the conductive trace
circuit 28. This produces the FEC articles 26, 38,
26', and 38, as shown in FIGS. 2, 4, 6, and 8. In
this cas EElecQIfo‘lﬁ[c blagng Q?V&Uﬁér'fcyrﬁleﬁr@f%la%irfgctﬂet ﬁﬁa @Bfaining the
the tie | ayer 34 are patterned, a seed |ayer of
subrgitagsy ithel sifiegn-¢ %éalnmgd@b@tn the NiCadis lovarc amlct thegCuragedolgyer) in a 22

shte f.oll o rolytic pl.at
e SRl o 1 RPERRY eGP TR bty lso contained
baklteBC &vithi £6) et-pB@spﬁﬁl@uﬁ hﬁlg@@t@duqlthﬁ)Idtfo&C oripiged 18%8by weight
provi de adequate interlayer adhesion between the
HzS@hd d3%a e weiglteCubOLBIH, 02 2%y tweezht @fidu cameﬁ(btlg]atermr solution
circuit 28, e seed | ayer be not be required
conpteariale SikbiegH CE CIAREUELIK/ASHR e B08 Renndd i plectronic
the =
Mg, E8. %%*S’ét MPeD 2P R PR RS B O availabie
frcsmd%uh[h pho tHoae Silsdtroney Magerfaty @ed &hd bethowsd lc]nkgeﬂ milth a current
he top surface 30 of the conductive trace_circu

demﬁté/ qf@@@mnﬁ@nfft?n Rhepryfesoh) Bronee EHEIATBOREK M@deerMC 104/PR-

C ui t tr hotor |st
203 Fibatan 29 FouBl Suirl? BT Fik et OB D3Pgronidne. The
filpresiesd in e ®ath 0 4P aYinales @wt}ﬂ'& bldtﬁﬁ% apkeinké enal 1 — 254 centimeters
conductive trace circuits beyond the conductive trace
(98ir Huinehesd  Hpan preraoved g thevhath, ithe Blne s tgady 2@ cirpigization (ie.,

paﬁ‘gﬂ ggonal conductive trace circuits may be deposited

and patterned in the sane manners as di scussed above

for the conductive trace circuit 22 and the conductive

trace circuit 28 FEC articles of the present

i nvention that &8UALEICEHRIG ManYIRuUNREMCHOdr 34 (e. g

the FEC ad g tﬁ@ t t e

trace | ayer %éﬁﬁa} é%o%?&egggﬁgghéergﬁgﬁgg céif% plasma
depdsitidue wathl iac planaro Bleailrasden garlda yetrseqidené redrc paitzh o) ebly ith]e following

t he sa ner, as,di scussed above, For FEC arti cl
Pr%fgwfﬁe"% BEBHPIen PENTHE T At HEM UGS dthe Baficcsprol Where the
subtttateCOIRT 6QbRENE @i‘l&nll?'e@rthﬂeﬁnes(s RF%0:8 hllforhbErsPdd §E1%§s sectional

10", 26', 32', and 38 ), the silicon-containing |ayer
filmgwidthagf b¥e?2 eeutfrecteral ding S\wb$ttat¢ fibn twae ihisigidy f@ltoaandiRolamp with a

Vaﬁlgi?tac ndu Ilg‘fﬁfgl‘pi\/l%qc Egégégé4 éofslc%vr\rn)me%maﬂy avaHPble 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.

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 installed 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 centimeters (10.5
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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After plasma deposition and circuitization, the FEC
articles of the present invention have conductive
WwOoiowc7y on one side, and a pol yneric substr aC®US2005/041827
surface on the opposing side. The FEC articles may be
connected to printed circuit boards or other devices
by a variety of conventional neans, such as sol der
pres*%é%e' BraittahéOW 50k eP TdherdRERAR rx@aﬁéﬂ %1&91&19&1 RY10% Fs also
bondi ng, 1 nner |ead bonding, and the |1k
pum’-i&dOﬂhﬁ}ug@ the flier RiCtadt ifdmes mﬁnpfefwulﬁrc&m&bt sigtatent Tlon planar
useful in electronic packages such as ball grid
elecaﬁoflaygas then ppreled with Rk pgwer ok 7Py Wakty do misets %)P]és%f%\Fhe gas.
This B¥% as&?ﬁllé%gﬁébéggegsﬂl% thiIKEmiRYoR, The SstritedH was then fed past
packages can esigned for use in any electronic
the pkama]cdcctrcrdel ahdiling spe&d o, 6Imem:1's/adnmte whihretkatgl an exposure time
ces intin evjces, single or nultinedia
to e platad of sy seconns - The ERiostte Dot e afsingden 1 ped gmount of
tim& @k %ﬁverﬁg&iﬂ)ﬁ‘ 8 K §ubsRRORERTYast AR ANRuctive surface of the
CHARACTERI ZATI ON PROCEDURES Vari ous anal yti cal
plartag @Mtrqdl@sn@t@oas:ﬁaiol thbipbasrar  Ioanfrbmcthe plasmaamete deposited on the
ract I zing .t FE articles of the present
top SRRt ane St B b Forihe Sfn SontRRedh i oy e
herein. AReeyg! %&a 4 QRpeditidt)ene fiIeC (Wontiasg fibé lsoErate and the
Drum El ectrode nuf act uri ng Met hod FEC artlcles of
siliqomecoptedeiaaiayenventied namrwuﬁﬁmﬁckwtce rfelddﬁWSI@ma@r?ﬁCr tie layer in
r
a cc%ﬁi?@éﬁ Za%%@bﬁlﬁh%yg#%g:}h?%ﬁ%?% V\A?ﬁg tl% r%% 9§§Qh on the silicon-

conmi)ﬂlmg e Wulsiteabe shulteiinges NiCo whatethl @Vlﬂﬁaﬂ@@m@@netron power
where the substrate fjlmexhibited a filmlayer
Seﬁtqg. kaﬂQQs\éfa%sr $he §lmi(eemipraingriae syhgtratecihs sdicepepniamme layer, and

the F[Qﬁlt?ﬂlgl&eli’)f gfgs then %e(f?%& a%%&(ﬁ{dsstp Qﬁ{f&@ﬁéé’ % %ef)ds g €u seed

to an
layawndhe dea&yor mer conlvbaals 1;@6(3353 50the satnke chamberc dﬂnaféhmeecﬂ layer was
avai | abl e from.Staco _ Ener Products, Dayton, éGOO
deppRidr o die NG tie HhiEr 9% MaRRPRRSSPUBHTLS AGRPPS WA a DC

madlR%bR $oeP SEESHEL200 Nats Nt tihd cP%bdd Bydiohks (ﬁe%osﬂed the film

fenove noi sture fromthe substrate film The substrafe
wasf woundyago hecbeaun@pophﬁ)rsbeedlyuf: pBiti6g. meters/ m nut e.

ls\lﬁ)r(% écé .suttgzt&xr a %trgl)ftlrcoﬁ@an g s'rh%gﬁzgs %gaﬁsg il Iaosr?lutlon for 2
minhifR o8 D50, Q1REL thO 961uNaA compH fetses WVO?&&% &ERIIRDES Water and

20.0 inches) and the annul ar sur ace ha
25% Ghpvaleme) aeaneaquesss @nppshiongotphisingHé Ydby me1ght sulfonic acid and

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 Leafonal Inc., which consisted of a 1.0% by weight sodium persulfate
solution. 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 HySO4 bath. After the series of

baths, the film was ready for electrolytic plating.
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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el ectrode al so included an Q2 gl ow di scharge device
containing a rod cathode and a tubular anode with
worbwies74Pri or to the plasma deposition, the chamuseoos/041827
was purged of air and a gas (the conposition of the
gas varied between the Exanples) was then punped into
the chanber at a flowrate to provide a pre-plasm
basRéte SWith ecopbérihak (%ﬁdo@d nBg sl 0" TheO kb lutibsh I dpRibéd d 89T weight
mai nt ai ned at 100C was a so punped through the drum
H,%0eci¥ody fveight &JuSé}nﬁéHa@u 2% byprweight ek ot emier/Hrghtimermsolution

el ect rode then suppli ed th, RF powe f 200 .
conpgeteially pvailablg as Goppey rﬂ& edguyre ﬁ?m§q%%?®a§%%f Electronic

Mald?Blsah@ npféflb&roﬁéﬁ LN/I%h bR 80O whight’ Plta% lda ] QY fonu%&%iafllgcaé/aﬂable

substrate filmWvas en fed  around e annul ar sur
fromf Role ahdueas| Blettrode Matedalk iGre Sihechhtinfwag. (ﬁilarged with a current
neters/ mnute, which created an ex osure tinme

del}ﬁ}%@ﬁﬁo%ﬁmv%%f@r s@dams/f W@%ﬁ’o@ IXv%odel BT 104R-

ured a al ,amount of a
20 B8 B g RBle e e el SO s a‘(%#aﬁeﬂ olroff Hgfiini dne. The
filnR Reditledlin Sty bk €01043 trliguted With @l R&idgodisaddofedposed 4 gentimeters
the plasma. lons fromthe plasnma were deposited on the

(9.% o 0dueltreak iy @ﬁ@vghﬁgmrth@ bath; thfile) Wesriepdshier circuitization (i.e.,
pat?ehhh%)on containing layer. The resulting fil mwas then
wound onto a receiving spool. ANGOCr tie |ayer was
deposited on the silicon-containing |ayer by feeding

the film (containing the substrat gndthe
si licon-containing | aMMspeed of 4.6
nmet er s/ t r
T fifs! HaRHGDkRedC BAIBR - 1o Pk OPrb? FRAUIGHEN N Bhfacturing

t he chanber was purg arr an
Metrogcandathe fPlapmar Eddotrodé MOMfatemgt Mephodede pattemed pursuant to the

pre-sputt r|n ressure of 5 0x10 Torr | ayer
ol Bbefiedd JR Hrcfy | CIRCSH N Tt By Stce of the
conldBENRL 1298 ﬁﬂ%%effdtﬂ%ﬁl BucCrof MR QLbsMateMith Pirdde designated XRL-
magnet ron power setting of 700 Watts. The sputtering

120@% dlot Bolltmiganeiasted, dohengriely avalable froe Whsterbdvagnuny H) Segundo,

CgeBisPRa iy his TrEBREGEe 87 WRCToRy X Ao T ippetersminute (1.5

feel/@@ik@ MHddathliRitish Rhparhttre Whikel B°CI (SOPFT aRt @b Mfihation pressure
| ayer, and the N Cr tie | ayer) at a line speed of 4.6

wasrbt ébkﬂdpwww (60tmundqzjimch )c HamphotoraBisisocontanespupdlpethylgne liner, a
t he chanber vvassfur ged of air and_then f|IIed Wi th
polypp@hylamethagiylatat ephoforans davem ead pp oR9lyestey coversheet, and are

cor{ﬁlhy < ?ﬂl\'xa%(l%l&%ldo rftf@‘g u 'i\/?ac?%rrﬁ O)gnqt T(’W{terbﬁﬂ’e 64 SGRr the trade

epPOosSi i e layer’by fagnetron
desggmative MiqpgMer 3R Drydtiln Phdtosssish  BriddGortaginetiom nhepslgethylene

liner%glé It}{]egpo?;ester coversheet were removed from the photoresist layer.

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 15
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
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 Eidschun Engineering, Inc., Clearwater, FL. The
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2000 Watts. The sputtering process increased the

pressure in the chanber to 7.0 mlliTorr. After the
woeee/dogier was deposited, the filmwas pl acedPCm/Us2005/041827

solution for 2 mnutes at 250C, where the solution

conprised 75% (by volune) deionized (D) water and 25%

(by volune) of an aqueous conposition conprising 15%

debdlop@k Ohiecs UWagNDE. 42 Glflifehs AR R0 40 WM fSéinkinuteh Qﬂib | &eveloping
commercially available from Learonal Inc. under the

terthpeadmradess gnatl ¢85 RONACIAEAbRCHaB0MmTied fi.§ 390 ysweigbnK,COs3,
sprayed for 2 mnutes with DI water. Then film was

ang Heerspeiypessuicrives HM@P@H(%—%WS@MIM commercial |y

1 0% by NEigHE CoaPUR et fihad VL 6 FOHEL Tk pitay developer

usi\f@sant qaMvSR rrﬁé‘iﬁﬁlrﬁ:aaelt '3135@ (118° 1“7 RHIES sPhaly %r@kmwfelrn kilopascals
Frnally, the sheet was di pped for 15 Seconds into a

(23 pStrkay/invdi g hhd kiPS@Ispeed bf 9. Aktsiméths/meniead.30ketatig:). The bath
the filmwas ready for electrolytic

comipaisedtf). Bloeyt weilghit HeS@4 and :hg%/»aso%eby metwde@z plAder etphing, the
the film (containing the substrate .

phgforgsishiag Bmiedi Wk # aglation PRI att2|5eC 1 desolutigicqrprises 50%

DIQxJat%F g !5@% ?)a {riePakTerdRl IKMisP gfrﬂgﬁ giOQ@f Qoﬁﬂ%&h?}ggvaﬂable

a so utlont at was ait agitate so’contal ne
frana$kstos Tetchrvlegipn émsqahBsphor ous nuggets The sol ution

oo et 55, Rt ot i g Aol and checked fo

sh&® Whth AN G Ald FE@ 4RI AR &e 38erCRRREualH) %@e@tﬁ(a NiCr etch
Additive from Rohm and Haas El ectronic Materials Co

solvtiph kfmrwghlnum tozmch theoNa(r tieilalet. Ebﬂl\&ﬁr etcke splution was prepared
bymsewﬁéa' £ ey RERDR fdied T BRI J08 e g of water, and
e R U e BT E‘éﬂ‘ 868 RGP E P rctes were

ringtP it DICRARE hitd Blak¥d avaii 8 @y We%‘i‘t %B@E 5ORtSn fdéne minute to
The filmresided in the bath f mnutes with a

nepiralizerthe MiGt etich sohftioR4 . The -FHE drtickntwaretrmpa] 4ghib withI0I water for
i nches) on rempyval, fromthe bath, the filmwas
OnPé‘HBVe\a’é@ blg’“fnc‘{Wt"YlEha‘?‘Fr%en(gase patterning). Planar
El ectrode Manufacturing Method FEC articles of the
present invention were manufactured by plasma

deposition with a pllaitial Pel Stengihldestared subsequent

cireuiti telp%gl stu%/ngtths (1]c ol ntefi\glyeg 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.
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
strength of the conductive trace 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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procedure. A polyimde substrate filmwas provided on

a source spool, where the substrate filmexhibited a
woiibosroesaer t hi ckness of 50.8 micrometers and &CT/US2005/041827

cross-sectional filmw dth of 15.2 centineters. The

substrate filmwas initially fed to an IR lanp with a

Vari ac autotransforner, Mdel 033-3504, which is
wh@ﬁ’ pREbsd Felght %@a}rﬂeaaib@taﬁﬁaq c%tné‘t%ﬁt Engy ey \%Qﬁéﬁé@étéd with the two

Dayt on, OH(60% power settl The IR | a

ren@a@mn@trﬁ@d that veere fritilbr pasked rialeatalpnléts@ tasalt ¢rﬂma'4rﬁ8@ gyerage of
th]t e(S) Torr to renove noisture fromthe substrate

°f i85 substrate filmwas fed at a |ine speed of

0.61 nmeters/mnute. Next, the substrate filmwas fed

past a planar el ectrode at a separation distance of

0.64 centineters 200°%%51ihnPeeldtrengdyTestingsnm depositi on.

The pl an t S I e

product|2%e§%§gﬁpgggh¥Q§o%ﬁe§%ba ﬁmnggm% Pﬁhﬁmnwbznﬁmaned
puls@y @l theMlatial MedrSichngthsTdstiag,, dlﬁlem‘dta,bO‘RA aftthehei B articles were

el ectrode included a_conductjve surface wth | en t.F
mappigcired ad Rlaeqdom %?Wr@v@ﬁ%@rﬁor 5Re DR < LS tpsieh e %‘f%l ity of the

f . s) and a wdth of 38.1
FE?eaﬁit%é?'rseatf%?Egéﬁieggﬁn}g%e%ﬂe%?@gr to the plasm

deposition, the charrber was purged of air and a gas

(the conposition qf jag vari tvveen t he

Exanpl es) was therpurfped hto tHe chante r at a flow

rate to pLOVILIE streRfifs mfaﬁﬁaPE@S SHicRs bRt JuatHa@lely measured
5.0x10 Torr.” Circulating water nmaintai ned at 100C wa

pualis tpimiid lﬁ’ledu%}mngﬂweT@Itlag,aphscelswitabgu% oot EC articles were

o SRS HCUERI B KBS B0 LRI Y o

FE0! #6418 aﬁbrfeiago@eesw hEi $vel BE RS8R pefigd 6fmieer pressure
to 7.0 milliTorr. The substrate filmwas then fed past

the planar el ectrode at a line speed of 4.6
met er s/ m nut e, CXRCPME time to the
pl asma of thr eem?gg%ﬁggﬁgﬁig?éelgﬂeu f}b’lﬁ%e was

nmeasur edTas 1?1 e shehgths ajfothst FEC faﬂfé&st tate gugititetively measured
portion of the substrate film passed over the

pugssH e thedaitial Pralodireneth hestige ofissusaidabore ddica e BRpggices were
t

g PLAE e 1S HLOTTIR GF et ahiae. s

reﬁdwmgidmacmﬂtﬂ@ri z[dcalgedi anyetliod & aMChtﬂgeelﬁﬂtmi‘mcdapmﬁntSi tong printed

e film(cont |n| the s trate and th
cirgR PERH. cORt BER REC) a%lie& e fPEBseBTag’t"e%“%“p desigbhy, ghibit good
| ayer in a continuous
w91 8ol pstp L Gabip | v, [0 2 e
dep03|ted on the siliconcontaining

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 resulting current was measured with a
picoammeter. The surface resistance was calculated from the voltage 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.
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| ayer by magnetron sputtering a NC material with a

DC magnetron power setting of 700 Watts. The film
wolcawstoas@ing t he substrate, the silicon-contai RCIES2005/041827

| ayer, and the NCr tie layer) was then fed past a

second sputtering device for depositing a Cu seed

| ayer on the tie layer in a continuous process, in the

sanme chamBeFECThgicIeY of R pleadtR inWaosl aBafblyethtalA dob@ insulation
NiCr tie layer by magnetron sputtering a coppe

r
resipianee et Riasmacdepesitien nledw dnsybuiear resistanet gapbe xpigmental to the
per%ﬁnta‘?iCe éf {h%rFéé] grtl(gtjes g QO lleaa%S%e Sen%elg)ﬁ(?\?svle%neﬂzie tt arégs,felsﬂeraally in

was wound onto a recelving spool 1or electrolytic
finpbad¢H aigplickidmr to the electrolytic plating, the film
was placed in a solution for 2 mnutes at 25C, where
the solution conprised 75% (by vol une) deionized (D)
wat er and 25% (by vol une gueous conposition
conpri sing 15% by wei ght E%%Mggfgg acid and 15% sodi um
sal t, whilab prssenorinentbal ik ymasaiphibhlerly r dsscililear anahe following

o i B, (A B R £ S
varidi®Bs Wiﬂhﬂll tll’@%c&%e& tﬁ% PRECht i feBtiBn Wﬁ@:&%&? ;ﬁgosp kifed in the

comrerci al 'y avail able from Learona
artc didesst gbiervfiseandted %llbgartse ipgieentsgeti amd patios ukpateel in the following
sol.ution, The fi.l mvvast hen s ra]¥ed aﬁtai n far %‘wo I
eXTRTIER B OF (h B GEBETt B 5, A RPeERSat el WF ppagples were
obtaikd,16r $€S REitabld)t o the %eHR¥nive | GPplidiE Adcrirlihbelo! 8F may be
the series of baths, the filmwas ready for
synshesized by yonvensipaglitergnigeesct rol yti c pl ati ng was
per f orme ye placi n S0 ntaining the, . .
substr at g}l‘?t%ogogii% g%llrﬁlltg %%Irﬁ?%@nﬁgbﬁogevﬁagV P, E%F &Ry & the following
Exhaples:, and the Cu seed layer) in a 22 gallon bath. The

.phath contained a solution that was air agitated, and
Polyigydesnt ai nedbask8eimiden ik p prrpmptsidlyh 6V eilabla rggen ghe trade
The sol uti on conpr| -89 ' 9
wei ght CuSOA* 5H2Q H%ﬁ@éﬁﬁ%ﬁ?@@?@;oo%% ﬁl%% é’o@ﬁ’E. I. DuPont
carrier/bright ener dsblemousCe. pWiktiagtah) PEavai | abl e as
Copper G eam CLX Additive from Rohm and Haas _
“TMSéctroni ¢ Mat er i alNyVIR@radenvakdtisarethydpilandyn(SiErlds )20 dopmercially

wei ght PPR Carrier, co cially avajlable fro ohm .
and Haas El ectroni Evaﬂ}&;rg‘re%rﬁps na- 102‘5\@;1@%@?]&5‘5?@&&: Saint

wth a current denghgi¥ oo 200 anps/ nmeter 2 (20
anps/foot 2) froma DYNATRONI X Model PMC 104/ PR- 20-60
“Amosgr ammabl e Power USupplny, argomges comiieyciamiabaibibée fromnSigma-

Dynatronix, Inc. Tg‘fdrich Chemical Company.

“Oxygen”: Ultra-pure oxygen gas commercially available from Sigma-

Aldrich Chemical Company.
“Nitrogen™: Ultra-pure nitrogen gas commercially available from Sigma-

Aldrich Chemical Company.

Examples 1-15 and Comparative Examples A-C

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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filmresided in the bath for 43 mnutes with a plating
di stance of 24.1 - 25.4 centineters (9.5 - 10 inches).
wopos/ocgaoval fromthe bath, the filmwas readpCtms2005/041827
circuitization (i.e., patterning). Crcuitization
Met hod The fil ms manufactured pursuant to the Drum
El ectrode Manufacturing Method and the Pl anar
plafh® @Eﬂc@,ﬁﬁ)nl\@&blfvaﬁédlﬁd SHwWELTRSIVEr FapRT BIoRRESs Fiér &Y 3w rates,
to the follow ng procedure to formcircuits.
RF mmearaézdi the gxprsiiee fimesreeedoduringeplasng derosyion; foe manufacturing the

I d the bottom surface of the
FE@ Cif\ﬁexa e? “trade designated XRL- 120A Hot Roller
Lam nat or, comTer cially avaiBranl e from Wstern Magnum

El_Segundo,  CA T vas—fed. p
E’@l@:ﬂge Sp ~Q§18@%ﬁ4 f{réorpﬁm Uﬁfg&rﬁc]ﬂ"' gﬁg@e&l g )%)1?25;6( RF Power
m nu [ er r C
(26Q0F) 2 ’1% ? Scp F ﬁér’?;{&?lg 1Q(Etr? E\Ssdgﬁr e \g\%;s (Seconds) (varts)
Kiahpledscal s (80 ppund® i n h ) 0. Thle phbtoreésists 1000
Eonpkizned| a pgl yel hylieme |inep, a [pol y@ net hyl 10 2000
pehprcr yl at elsophot or @z st |1 ayer, and ao pol yester 1000
Eougleaheet, asd afe cpmmefci ably avail@abl e|fram 2000
Maebeism d] Tne , Wategbury, Gy under ¢ he {rade 2000
p@rat i pn Agua- Mer &F320 Dryo Fi Iim Phot or ¢si s§ . RBri moo
QM Nat1ongo the pebyethyl eme I'1jner @and f{he 4 2000
BalypRsTer coqwsheet Wwerejrempyed [fromt he|phog or ési &joo
Ea¥kleo NEXT, j§he photgresist por med ong the conducti vaoo
[ 1§aS]| cr Q! T NKkedyby @ I5m ITfiwatg/ centi ngt er] 22000
n{gqllat O GXPOSUT §74 NToUgiTa Mesk fer 1% seronds. 1p00
(ﬁTpEr{glu eshig fprmgey omfthesubsfratg was 1, 2000
Rpri15 TREd hyy @ | TOqgyexposupe Of [ tHe 35115 2000
,.},{?‘Lm;PLeVI&l U TL:CIf III“ 3! —OVITag),gt |WW6 (AL 3.0 . 2000
SEPIIS. [MeaRy rpTap Ton s oproviTdeth oy ¢ thgte | 2000
5 Sttt et—o oAttt VvV O Ct—EeXpPoStUre—SyStett chl ppcu

with a 500-watt short arc nercury lanp, comercially

avai | abl eoifamidBAARPRE iABLBS preited 9§ﬁuar@°to thB€Drum Electrode

phot or esi sts were the devel oped with a trade
MadeBicmiageMefiod mubdhe TiccaifizeipmaMeibod| @fp@hspussed above, with the

f°1]1%?%vggge re%lF%’gllP t e&i ! q%ﬁg’geelﬁ—];gi(g\rgnv é?cglgﬁ%ggg%vb s eév%ggrrgblggéd adjacent the

anrR@4H JufREe 65 {18 diuinCelé@rdlef @BlchrProvitied ox{véb@l 16&!?16 |cﬁ>£ihm at a flow
tenperature was_ 29.40C (85F), the devel oper

ratg sser (00 98435 vgs w@,sgﬁ) ederdrodp avas @pg@led with 3000 volts
and®} G4l 5r \Q@‘?‘mﬁ a%lplé lTﬂﬁaﬁ&‘ﬂc%d Qﬁgpé}%‘?éjﬁ{e'sﬁﬁé‘ of five milliTorr. The

polyimide substrate film was fed around the drum electrode at a speed of 61

10

centimeters/minute (two feet/minute).

The FEC articles of Examples 1-15 and Comparative Example A were
tested pursuant to the Initial Peel Strength Testing, the 250°C, 1 hr Peel Sirength Testing,
and the 150°C, 200 hr Peel Strength Testing. Table 2 provides the peel strength results for

15

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 asticles of Examples 11-15 and
20 Comparative Example A.

TABLE 2
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spray devel oper

the Cu layers were etched with the nodel
using an etch bath maintai ned at 430C

TT- 24
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The data in Tables 2-4 illustrate the benefits of the plasma deposited,

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 stability 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

15

periods of time.

in a variety of applications where the FEC articles may be subjected to heat over extended
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15

speed of 1.27 centineters/mnute (0.5 inches/mnute).

The peel strength was recordedwhen the | oad wei ght
woeemwmmes@ubst anti al |y constant. The test was repealSams/ 041827

with the two remaining traces that were initially

peel ed. The tabul ated results herein are the average

of the three test runs. 2500C. 1lhr Peel Strength

Testing The daRah Tebleg RGOSt Ao RSB A BlefByMdd8esion of the
E%?antltatlvely measured pursuant to the Initial Peel .
FEG; aréiglgs T Thespricpriit iavesten segdugsdywhernthesiliconecon@ing layer is too

arti f dq :
L LSS 50 LSRR A0 LG 7 (5 R R it of
Exainplec] (esasahtrfactpd sulthen TRISAf16W ghite o€ MR@ Ecdbii(@. otA&@ASes present)

200 hr Peel, Strength Testing. The &éel strengths_of the
angepACeRRasye| Baewel 8 srgansi « Sepialyy el egtigarefubirampls 15 was

c T di
b 0B A BT B3P, v
expostEGRE of/Ahsdcond2 s disussed abbvs thesttad of the pddsali depbsition may

of the FEC ar%%cles after exposure to heat over

n
deRSpfletftB A APER| SuPBretiigeacter) durh re o fTpersition Pt s and the
exp&itd tife. THELPER! codliRNAI NS QBn&eBﬁaEﬁ'Fﬁiaf M‘S%@%ﬁmé"@)@% ure time is
quantitatively nmeasured pursuant to the Initial P eF
sig8ifrognig b lgrehigss tanmypt of isouwdbderastwe, thafibstrate hincfegGng the thickness

ticles re. mnufactur nd.pl ac i n sol der.

of s 151 Bou i e, (1 anC qaetht drathnls Bhand 15 show tha
rel&t@fell P MidkIsiliGorRc Mtalfing 1RREL R0 FedBREeNRE iRl Att AEHERES of the FEC

el ectronic conponents to a printed circuit board. As
artiglgsh, FEC articles of the present invention desirably

exhi bit good stability upon exposure to sol der refl ow

conditions. Insulation Resistance Testing The

i nsul ation resistance of the FEC articles were

quantitatively measured with the follow ng procedure.

50 x 50 millimeter square sanples of each FEC article

was created with thicknesses of two mllineters. A

100-volt DC voltage was induced across the traces at

250C and at nospheric pressure. The resulting current

was neasured with a picoammeter. The surface

resi stance was cal cul ated fromthe voltage and the

resul ting
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currents. Sheet resistance (ohns/square) was

cal cul ated by dividing surface resistance by the
wonrowwes74of t he nunber of traces in the squar epof/ushms/io41827

FEC article and the aspect ratio. The FEC articl es of

the present invention desirably retain good insulation

resi stance after plasnma deposition. Low insulation
Ex£185e$ 1608 ané &dniAraot ExkamplaB-hp t he performance of

the FEC articles due to | eakage currents between the

traces, Bypepleal 1623 mre iHRC miriels a}fpﬂhﬁ chrepamsinvention that were

pregé‘ségp lugﬁaﬂh% t?)%qﬁf%ﬂf lE(l)%\frﬁ)gt g\%gnr}llp céts l\/f gotrdlegrly L l 1 dlitization

Maedisod], hd disdussdd abose @Vlﬂythe&‘eb(moﬁsl (R (hd revoakict Itﬁ@hh@ﬁt&eds the RF
and varlatlons wi thin the scope_of the present
poyeFy BistlP o hiagi 11d He ampp aF Q?ﬁ»tpl@%n% depositigh Wererpried asigbown in Table
5. &b chdfb&SSaOhMa! W M’?%{EQ ]gaﬁai}]!)w%'ﬂé or178 %F&S %hé‘%? en at a gas
and ratios reporte oW ng exa a
floot i of I8drwemt Dade §,praﬂdeﬁtﬂe p’reag&ett&e l]RGCéatlﬁlg téi@eratures the
. exanpl e re obtai availab e, fromthe
ling. 4 ﬁ ﬁg’rﬁﬂvye&g Méﬁsb |aéq,ps Us¢ ng)g asma deposition for
maﬁﬂﬁ{stﬂﬁﬁ% %¢Maﬁﬁfé¥%@ﬁk&ﬁﬁiesq§@@n' ques. The follow ng
conposi tional abbreviations are used in the foll ow ng
Exanpl es: "Pol yi m de": Poﬂ‘WBﬁIﬁé filmcomercially
vat+t+abte u“.de%* he—t+aderdest "..miéf‘n KARTON-E
I S E—Ieat’ng d Yirell rgC é@s ’ Amps
| e () 0 AL il scond
EBripBH63) 4) | cofmrer ¢i a325y avai Babl e |f riond Si|gnas@l dri cip
emilcel Conppany, Haizts Loui s3.0MO " As@on'(: Bst r d- purse
axgnie gas conmeeci al 1ypsavai | abloe f rjlomo& gra-1180 dr|i chio
amlcdl Conpapy. [Oasgen’|: Uelir a- pur@o®xygensgay 85
mpy ol al |y agal [ ablsof r om Skgma- [ATdos chh Chegn dal 85

TR M. I tregen]: 1dhtra-pueg nifrogen dasiss4 8.5
R 21 al [y ayal | abl gof rom Sk@ma- | 1000 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,
the line speeds, the RF power, the DC bias, and the amps of the plasma deposition were
varied as shown in Table 6. Table 6 provides argon flow rates, the pressures, the IR
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.
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Al drich Chem cal
Conpar ative Exanples A-C
wanbicmicg1 of t he present

Conmpany. Exanples 1-15 and
Exanpl es 1-15 are FEC
i nvention that were prepaSam®s/ 041827

pursuant to the Drum El ectrode Manufacturing Method

and the Grcuitization Mthod,
Wi th the exceptions that the RF power

as di scussed above,
and t he exposure

ti mes of theplasma deposi A pere varied as shovvn in

Table 1. Table 1 provides the g flow rates,

CompgiRiye Exaprle t he 8% qsXipsure j | Hlea =d*1rk§l§?‘??ﬁck$) CBlas Amps
deposi tion fgFohd yf%@tTﬂ?l nGelEte |metersatin | V@gs) f(V01t5> (seconds)
Exanples 1-15% “fRBIE 1 Corparative Exanplle

CongaepertadngulB sudn® tlo BHe DOr umiSEl ¢ct riote I\/ariadiOact uzisng 2.8

Conletathedxande € he 6@ r qui ti.@at|i om7sMetf hodi.5 as |dils@us|s ezk2 2.8

Conaplranhe, ExantldD t| hes46 ol[l omd.ng [exempt ifonsL.s An [oxygen giiaw| 2.3

Conthasthrea@xgepldeVi ceo was spuntled2zad] acerdo t hd apswil|anzio 42

Conpaiafiv@@Rarifle It € sds uh elxet rjodexs Wi Chs r oVi deeh oxygen| 42

ContpraiRExghABEr 85 a Tiow rjat e250T S0 seem (fv9 TVRe¥As$ 4.2

Conipa@&RBdmplei€ Gb3IM| €1 €Lt T qder3was | povieg ed |Witkgy 30Q8he 42

Con¥fafalive FREHbIA GUIHENT 033 ¢ |M bisl AIPS.3 ol NT'Y I%&bﬂ Ceshodll 4>

Confafativl 1f §SSM € 10T 94 VE TR T JOT Ty g TITE F{%oy' M 52

Cor Hﬂe@&ﬁplék' MMS T?E’z.@(%?”@qo‘ My UTLT e ‘f%éo‘) C1%0_ ¢ 52

Co nﬁf&%ﬁ&éﬁ% 1: eLl ‘*%‘@6' TetHe7 L' 1800~ ,TWU4 eet et 15 A300' 1T 52

Conlparativi'Exa M | Of328X ”P'3‘6° l OF"‘V K LI1 Eix 'Y 52

7\ Wl © A Y
Test | ng,fﬁfﬁg 9%&??@# g CIEW’J aé]r‘ila(r‘ﬂnﬁaégttl EX g B-M were

testel @ukBERGo tROBith PB@ﬁl;tr@gﬂﬁm&m

strength resu
QsHae- wﬁwgr7wﬁw&eameé stagngth results

provi des

andgfhe Soldes MﬂOE’x%Wb Sergn

t he peel

e JOEH SRS 0 B AT B

§

ts for the

FEC

RibbReiEy,

8850, 1TaPR] Birength Testing,

t he FEC
le A

and Table 4 provides the paglLEstrength results for the

F. L1-15 and Conparative Exanple
- %?% et|_ E 2The dalt %eae({ L a%?éfb e"sﬂe(lgtfg;gﬂll | uB¥ Gealtfeelt h erfem Piel
b s of the ppl abif8 deposi 5 Si g&ﬁf-?j‘%m ?j
| ef a—the I_E\{p‘ag%_%rns"lngspn‘ a f l’nL,)pi’ :"eén H%V‘Y,en{%.&u ’tﬁ)?ﬁ“?
gﬂ s 16% he~FEG-art pat-estof éﬁm! PS 1!70'0" exhbi \: a
c .m.pﬁ%ﬁw. i or—of—goodSoRti-g—i ﬁm r-ay-er é%?{:asi on—aHd®
Example 18 784 439 " 71% 84%
Example 19 1048 5.87 70% 73%
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 74% 76%
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 B 1473 8.25 35% 16%
Comparative Example F 1429 8.00 34% 16%
Comparative Example G 1223 6.85 59% 4%
Comparative Example H 1514 8.48 22% 46%
Comparative Example I 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, 1 hr)
Comparative Example L 1270 7.11 45% 8%
Comparative Example M 1305 7.31 32% 9%
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10

15

good stability after exposure to heated conditions. In

conparison, the FEC articles of Conparative Exanple A
wexbticwesad signi ficant reductions in stabilitypraftuseoos/o41827

exposure to heated conditions. As such, the FEC

articles of the present invention are suitable for use

in a variety of applications where the FEC articles

may be subjected to heat over extended periods of

time. The data in Tables 3 and 4 also illustrate that

the i nt efhaylen prdvidsd dn Tﬁblet hdurtee lpstraiesethapthet REC articles of

Ex r]?l%% gﬁ-jé %’{?ﬂ% Eaglc:fs)gl Ina 181§ d f\é%)%?hiitn&e?l iqiﬁrl%yer adhehsion and good
staMilityhafitdieex Eﬁr@fd hedtes cofdifxrmpliesided réfwy. 15 cdhiparfdg, the FEC
article o g&ie 10 was manufactured with a TNS fl ow
articles of dfommertive divapresoBrYr exgdied spanaldent yedygigons 1n stability after
exp%?&r%jg I:d%‘l ﬁea C\%ﬁ%ﬁﬁ%ﬁw a?lgéajpeh?ﬁl&(/eq,}vgg F‘F%V%I%Q{Ee@o icles of
thelﬁt@seileﬁmfenaoﬂﬂlate’ Qgedablé |f®1Wu$eatIEaOfar1,'k55}00ﬁ apphicadon Where the FEC

exposure tinme of 20 seconds sed bove
artigleb brsupieetep (o beak: %58%‘{%{‘]6?11:%@ Althgresent ‘vention also
S n
ot H SRR JIALERARNE AR AR, ¥, %éﬂféﬁﬁnt%ﬁ U8 present
invantidratg de cenaedtto atitcort ofardivendatiee tike velﬁms wigmifidanie dgtgsimental
SI nificant, a greater amount of ions will deposit on
e substrate, increasing the thickness of the
silicon-containing |layer. The FEC articles of Exanples
10 and 15 show that relatively thick
Exginples dd-4dont ai ni ng | ayers nay reduce the |nterlayer

s ol T 10 A O i ot v

prephiedGhesuagf tot e mé&ﬁrﬁﬂhcttddi‘é%m&ﬁbtﬁﬂ?ﬁg M&h&i fidepar@gcvitization
pursuant to the Planar El ectrode Manufacturi ng Met hod

Medlasl, tanéh@wse@ iabp veatWigh theeedseriiong $haii the peessyesaplag exposure times,
am!’lrtJ e %wer %%t Jva%ﬁr%l atshs?:ﬁv}ngg IgaB?eS§ ur "?lze {:lil]ahl?oek L& oaflso %Hed with

POPive power
Va@irigsvﬁuﬂle@ﬁsgats Iﬂmv e @atmrdfems&xygmm The F’Eﬁfbelrﬁclﬁs of gxamples
chanber was f|IIed with TVS gas flow rate of 178

22-ddeviersroanyaptasd and épsgeéswfde&ﬁmnrr&t whijreltegh thecdisiingrgbthe process
oy R S b S, AR i
gaafipw rasadiicurfi TidShlxgsem thepesdutdspthef axpostaa tifas tamdi thg RF power

EC articl es . of Exanpl
usedh c?ur{;g plasmaI depossltlon for rr?anufaec%ur%g tge F E(-IE 1cLT'es of Examples 24-44.

33



Conparative Exanples D-O are FEC articles that were
prepared pursuant to the Planar El ectrode
wohomsioagtsur i ng Met hod and the Circuitizati on MeChws2008941827
di scussed above, with the exceptions that the gas
contai ned only argon (no TM5), and the pressures, the
line speeds, the RF power, the DC bias, and the anps
of the plasma depositionmweseggari ed as shown in Table
6. Table 6 provides argon flow rates, the pressures,
%Fﬁ heat i npvélengeefaiwRiees, Brbwsurk | @xsqa@eagle t HRE HRpwer
Pt he DO Bitiast TNSiexvemg émiiTousdd (et | aghgts)
SRARNEI40N TO[ manujacturing the FEQ articles |of 500
Mlﬁsive Exanpl eg,BM TABLE 67 The [FEC ag t1 clfes ofoo
B TRIES T6="23and pyTpar atl Ve ExXanpres Bs M Were 1500

~—+

teste L parsuat t—to ‘%e i tirar geetr |Strengtn Testisog,
ti?ﬁgﬁp, —r—Pee 79>r| ENgtiT Test o ang the Solsggr
R X'axgr\):f {9”"5 S |cngl 50|€bl| ng— Tabte7 plﬂ/roe Thgho0
pee] %1% Fenrgthrrestt 5o f-ot thirr-lﬁc arjtT—i 0
16295P e e M TABLE 7 dat

. i) Sk 1600
PSP i nThble 7Q2Mrt hef—Histrates—{pat—the FEe
altierey of Elanples—t6-—23—exhifi-ted—a—econbinatior,pf
g oy | nterl ki S-gf—ah ;cgﬁg—st ab}H%—%)y——
afiP@rrledhosure to hk \di-t¥ons|and E‘glfder {%#%O%ﬁ'r
| TEW@%}iI sonl the &ﬁ:i ﬂrfl ! SS7Of inrrpa}g{ I Ve 150
ExXEiemPe®6 B- M éxhi bi P3Y signj ficint rleduct? ons 1220
stBmpp 3% after expdllire t ol t helfheatled cahditilons 4%y

E

t Hexamgt ofer refiow ovBh_ As kuchl® t hel FEC-Articl es 28
t hExappled®nt jpventi S are spitab e flor udd in 500
vakiaeply40f appl i catidhs whefe tRe FEC arffcl es| may Ye
subjesgit ¢d to heat. MBFeover| th& FEQ art#8les pf t1a
priesept 43 nventli on allg§d exhi bit 2food st ab#Bity durilne
sqideple s2f i ow| al |l odhg the| FECartikcl esldf the 1500
priesept 44 nventli on t 02be seclred7to cjrcuild boards ¥fd
the Tike wthout significant detrinmental effects.
Exanpl es 24-44 Exanpl es 24-44 are FEC articles of ..
p resent iLho &G stclenat EWI@%?‘&% Mesde fsaled gurstantdo F nitial Peel

?t@a'hs l eCP{%n%?ﬁ gﬁxa%elil gg&ﬂyggg{gd ttf\%ﬂt',e IﬁOC’Ch 200 hr Peel

5 St&iﬁgﬁprésﬁﬁg t Dgle th@rgvides sthe q&el Ehm@h( pesslis dot ithee FECaadicles of
the RF power were varied as shown in Table 8. The
Exepatiséft-4fas al so filled with
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varying volunetric gas flow rate ratios of TMS/ oxygen.
The FEC articles of Exanples 22-44 were manufactured
wandeioesised to determ ne what effect the alterpagustoos/n41827
t he process variables would have on the interlayer
adhesions and stability. Table provides volunetric gas
flow rate ratios of TMS/ oxygen, the pressures, the
exposure tinmes, and the REappwes used during plasna
deposition for manufacturing the FEC articles of

Exanp|Res! SpanctidPopliisegtte Poh Sirepgtlc B?etjtf@vgéls Feel Big b el Strength
Exanple 44| wepial egt i plir 3 (AT {]H')t vy gi b ) [ (150°C, 200 hr)
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St + eng{Fams/em) | p Jbs/inde | Sigampiem), | (b (Ibs./in.)
Examdedi hg, 63hd tlhe SPECOE, 201 hr | PeetStr ng. 23

ExamadSe | 9 $60vi des 3ifle peel S¥trengt BBesu| ts FBr the EEE0

Exargri¢26c| es 164 Exam®8és 24- 4201The | datla3pr ovi ded?3 n _Tabl el-54

Exarfpld 47] Yst 84T es |t halt7Ssever a#58cont)i n&&Y7ons| of BrYcess 1.56
Exanvigir A8abl ess7pr ovi de.l8 canbi ikt i on of3.08o00d| i ni B3l 2.16
Exathgid 21 | ayep2 adhesilgn and génd stabidadty pftesB28&xposurel.84
Exathde Toeat edsgondi tioons (je. g244 t he FEG7art| cl esidof 1.76
ExadpledTpl es 624, 25, 338, 34, 3B, 37, 3X1 and 4151 Thi 3.09

Exar nstrapes tlhatsdihe [prooess W ndow fof obtiad ning a 0.63

Exargplé 33cPNcony ai i ng hayer that proviges gpod umtia 2.40

Exarhﬂ’]gﬁrl ayemps adnesiyon ard geogd Sstabidility aftersrexposurezos

Exathifle J3€Q1 €thge0NQi T15001S, [I'S kAl ali|VelypsWi de. Exgnples 245

Exafiple R0 | EXagpt €9 45,86 gre ERC anticigs thal wefe 1.08
ExalEPATEd @Tsuan@ F0 tihe Bjanarn Erggtrofe  ss3 3.10
Fxad %f ACTYRH 1Y Vetd (jbut oot the T cul tTzgig on .89

Ex %ﬁé‘v@ux Fs Ui bb%eu aboyg, Wt {f§e exCepkjpns That; os

Fx Itil';?}dJIEb%gSCb curu1 §8uc RF prEeT V\:elle32va| ed @5,1 sho Nn AR}

Exani é,)41c .L’L\J,zlzg\l :l t |r1€4i;‘AKE ?\uL.ﬁ 1 ! f uj,l06l:ab I I-l:\5,_,’gill tT¢tHe 2.08
Example 42" | > 246 . . 438 T~ 253~ 5> ”1,' 421:7‘“ LN 5% 1.64
T CT T ma— TS C IC (}é exXatt Tt 11T
Exanpl Dol e ontent ratt-dns-lof "@iger oo —ana L o
Brapgledont 293¢ hd 3'3"3‘“430 ol ni ng—-Ayers. THE 30 L
second exposure ti was used to obtain sufficiently

thick |ayge Sdatti‘?;tr(ﬁ_\ﬁl\%&aﬂl BELRNS! YR SThtes At CsedBraP rc%iﬁbﬂ%ﬁons of

gasflow rates o oxygen, the pressures, and
procés \%‘fmblmepromleoh dembingtigd @ mwodepitial fnteriaffepradhesion and good

ol AVLASELS0 LNe FEC.2EkL) 8% o, EXATDLSe, 45228 e 20,25,

34 Cz%r bong a4 ITiGOMnRRE SRS tHaf‘th'é'i*)?oo%éé Wﬁﬁewcfeflsahmr@% silicon-
ayer’s of the FEC articles of Exanples 45-56,
commaingzkautemvlhah peovidésegrtodoimitip euterlayse gyghedion a@@mdaﬁtablhty after

exposure%o Hneatgcllz' cc%ad)ltlons, is relatively wide.

Examples 45-56 V
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
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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TABLE 10 TABLE I |

woanm@asat i ons of the oxygen,
pr esent

The data in Table 1 1 illustrates
the effects of the processing variables on the

articles of Exanples 45-56.
illustrates that the oxygen/ TMS ratio in a

flow! tates T TOISt M bEehaniey pREsudl, BRE B¢ RIChewed uiddeduring plasma
i nvent i onmay

ng th
depositien fohmainfestuang ty ke agiviasiod rEXpméessu’r%?&aﬁ@b%@rll provides the

I{?Oblg[g%egl&rg]il glgeo ﬁligﬁ%&zﬁ{tﬁﬁf-n@ ‘layers of
the BXBOPAr6led bf FxadiptesFEC 58] bl Ghaigzadl whiheapEls@fn Spectroscopy for

present

asin

co dectﬁagﬁogg 0, ?%ggen;r'c\:{%srlb%y%ecﬁsi

npar a

be 1 ncreased

car bon,

and

by increasi

Si | PCOAIS2005/041827
in the silicon-containing |ayers of the FEC
In particular,

t he dat a

e RF

invention that were prepared pursuant to the Pl anar
Chenisgl ApdlesivifAkt uri ng Met hod and the Circuitization

Met hod, as di scussed abovleA]?J'Nl'gq FEC article of Exanple
57 was nanufactured with a Plom1rate of 180 seem
and an ar qomvklrRw 1 ak@e@Flowt | Qo1eReH8 FidRarE EGreddite] [C IR Potver
EXai e 59 nassamnlfraetsee | wiib bt BMINE/Ed MwilliBk| Of(watts)
o A ,"Mgﬁ”m"si oW Tate piy 170 sgeny, 1Me
AT A o UORSOR  WA VAGCT Il A PR SRR
T i T SNt S el
SEimpeA8ae lsubely at o tHAb wab—not j‘?'a‘ eet—t6 2‘qmas.“.fa 200
SRS P or 4%1%%rc&LIL§%tLow, and>: f%V%de:U;ﬁias i QO
Esfmro¥parli ng  Wow tﬁe~i$kuﬂ—fLL4uLJ: i foslGy g 1000
Bd by pP¥smm ﬂp_p%@i tion  ThEOEEC ar 44?4[9 1000
}Sﬁﬁﬁﬂ’gtl\lp_[:‘;%iﬁnpl O ihRs D ppnr9H7§3||rsuan ot 500
l@&ﬁﬁﬂﬁrﬁFl gct r dtfe Manuf M5t ur ng Met-Bbd _andlt he® 1500
A ¥ zat i oP0Met Hod, 2%Ws di scuss® abovel wfih 1500
Eraante ¥ ow raf® of 11701%eem (no TMY) . The| FE® ary i cPa88
Gkangleaifpl els 5@%and |58 39d Conpar af-2ve Exanpl €s N and®®©

were tested pursuant to the Insulation Resi st ance

Testing. Table 12 provid
results for the FEC artic

Teblgn

Hnsulation resi st ance
Exanpl es 57 and 58 and

Conpa

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

oxygen/TMS ratio in a silicon-containing layer of an FEC article of the present invention

ative Eganples NJand O  TABLE 12 Ratio of
Atomic percent | Atomic percent | Atomic percent
Example Oxygen Carbon Silicon Oxygen to
Silicon
Example 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 25 148
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 1.89
Example 56 42 33 25 1.68

The data in Table 11 illustrates the effects of the processing variables on
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(*) Sheet Resistance neasured at 85C and 85% hum dity.

The data in Table 12 illustrates the benefits of the
wohewmmasdeposi t ed, silicon-containing |ayer w POT/US2005/041827

respect to insulation resistance. As discussed above,

t he polyimde substrate of Conparative Exanple N

provi des an insul ation resistance baseline. As shown
mdybelgPlkfseddy 155‘1%a E%:th@'ﬁf’ FoR& 9%' ikt 8Re SHardg pa&sure, and/or

retain greater i nsul ation resistance
degronsig the TMS/@@WMWTIE)?QWB@ r@io.lt is believed that

the argonplasma treatnent, w thout TMS may have

graphitized the surface of the pol yi m de substrate of
ExeRipR8 b atioved ExaipiraivoOExAfgidsnonad Oy, the data in Table

12 shows that the FEC article of Exanple 58, which

used TVSEsARDIRYHERD ate o Flot aréigles t afn thieabregentoswentipn that were

prééng%elﬂl % F e%{OSf’ 2 aﬁ?lécg&o@tfl Mg?ﬁfgﬁmﬁ% P 4‘[%(55%?& the Clrcultlzatlon

Meabed, tas Qﬁlsdlgseﬁﬂbbbd: t The F@ﬂbﬁi’tﬂcm &ff Erataple ad h\eﬁs ﬁhﬁnﬁﬁdured with a
st api | i ty, the FEC articles of the present i nvention

TMP dlovetait 1 t! 8§ c6emi a9d (Anaeem towe rale 95 dd0 speps FagifiEEsarticle of
I
R Bl PRSP HE ST REPHI g fov e

ofd7@isched The 6ELC ar’ecls ep Exahplesiim\aasema(nﬁxamﬁeﬂﬂﬁg aAMQ Epw rate of
g whi ch re ret nedeln(g Q oven set at a tenperature of
OgEeeanh o QXYL AN HiSESof 85% The FEC articl es

vere testigd s %@Etofmn{ﬂ'é@adv@%ﬁaﬁ{ﬁl@ﬂ WRsd }?61‘}%?1% substrate that
Testing several tines over 10 days while retained

was heotowudject Tabplesmna quwmm:@rMEugtze@on rasi prandss a basehne for

| t / F Ex I
coliping S’ MREEMEN Hhaleilcel W, AP vy PP LonntfR: e FEC
arfidié@toft 08mpRRAYe BSHIA T efadprdpatedFplastddti ) @ Panar Electrode

present invention ﬁl asma deposited with TMS and oxygen

Mmﬂ@acgémg M@&@dlﬂﬂéé e ﬁlrglﬁtlﬁajmnoM@ShOdn@B diggpgeadaabarve with an argon

It r| od of ten days. This exanple
ﬂO%Pra? OM%} ust %1? the utility of the FEC articl es of

the i nvermle PEC aficleh ofERdnbhls gpac peehd Shmpagtite Examples N and
stablllt and al so i nsul ati on resi stance, even ov

O syarerienadl puisnadsiootheinpation Riesisignes Hestiges dible 12 provides the
indul¥RR T QR3S REE ToRE FHAOGHM b E&%Bfeg BE€nli 38 and Comparative

Examples N and O.

TABLE 12
Example Sheet Resistance (ohms/square)
Example 57 5.00 x 107
Example 57 4.55x 102 *
Example 58 2.50 x 107
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,
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 O. It is believed that the argon
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preferred enbodi nents, workers skilled in the art wl|
recogni ze that changes may be nade in form and det ai

wonbdsmag74departing fromthe spirit and scope oPCTHS2005/041827
invention. CLAIMS: 1. An electronic-circuit article
conprising: a substrate; a plasma deposited | ayer
di sposed on the substrate, wherein the plasna

pladiR Aol Rt | %ﬁ%ﬁuthﬁ(gg | 385 nabe | ftiRROMe HfPfaBe @Ok Cpolyimide
percent silicon a patterned conductive | ayer

subdiratp of €dmphatiee Ekempledsnma deposited | ayer. 2. The

el ectronic-.ci rcuit, articl f .claim erei g

pl asna déﬁ%@ %5’ Iﬂéei/g?ta&%ﬁ:ﬁ& slgs 6}‘z§’t‘7" S%E%Nlﬂ gﬁgw ?llnﬁ% ¢ Example
58, RIth Cue S tand biypeh, did ddiesudb@AtAIRNIde Giny GHélation resistance

‘article of claim1, wherein the pl asma deposited | ayer

reldtivetth dhe p(dmmld@, subsitatel efSempdsefiice Hsamaplamh nﬁécqsém@bh fin addition

edo t he .{ ot al [ f oth I

o SEHBEPe RS up b Sk alESMEL DT 2Ry o gp presem
invehtddhiBo eﬂﬁlﬁb[tegdbdt ﬁl@ulﬁh@ﬁ Iﬂ@ls@e&ﬁ@SI Tigd rkdyey tHeuclidness of having

conprises at |east about 25.0 atomc percent oxygen 5.
lealpags caprspls euistieg betFV@@FHheé?aP?SCI e of claim1, wherein the

pl asma d I ehn |

about O. gﬂnanorre é:?%/%F get 5%10 % ﬁigﬁigﬁgl?g)rgge gE
(Exehgtdsr §0%- 19, | witidh tweas lretﬂ:lhed of arc badnsdd,at whempératurdref 85°C and a

t hi ckness is . as |ow t. 1.0 '
relﬁ}vghhlgg1dgﬁoq'ft 8500 ﬁﬁgﬁé&g&gc lesy we?% 2;855 %qlrsaglgt tloS the Insulation

Reﬁ%tgﬁéer ?gﬁtﬁl e(/&gl Lindlst dyiel @ 00day8! \@hﬁ@ letatBE LI Lh&. Table 13

asm layer is derrved froma gas
prowehfp thes sha:gt ramstaaas;tesa]m)(uﬁmﬁtsq@ral fomitice PEC aetivilesodf Feramples 59a-
9organoschon compound. 8. The el ectronic-circuit
GQrticle of claim7, wherein the organosilicon conmpound
conprises tetranet hyI si | apgpr8.13The el ectronic-circuit

te squares
the ™

article of claim1, wherein the qgas further conprises
Exgipie or  froreeyef gxxghﬁ at goBay i tlr o8 almoRPe apdPay 10 |
Exiygls oge.7k0x 1Thd ebecta®ohissiseilntui #.0ax 10l e3.60f 101 aji mos x 10™
Eximpl& 5o TET1 68 RTOF TISh Bl e LA LIg L850 x 10™ | 3.00x 10" | 3.63x 10"
Example 59¢ | 2.76x 10° | 3.83x10° | 493x10" | 627x10° | 493x10” | 1.15x 10"
Example 59d | 1.64x10% | 2.65x 10 | 493x10™ | 6.90x 10" | 6.90x 10™ [ 7.67x 10"
Example 59¢ | 1.86x 10" | 3.00x 107 | 329x10™ | 3.83x 10" | 4.60x 10" | 4.60x 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
This example further
illustrates the utility of the FEC articles of the invention, which exhibit good peel strength,

humidity and temperature conditions over a period of ten days.

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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| ayer di sposed between the plasnma deposited | ayer and
the patterned conductive layer. 11. An

wehewtocgmic-circuit article conprising: a pol ypParas2005/041827
substrate; a plasm deposited | ayer di sposed on the
pol yi m de substrate, wherein the plasm deposited
| ayer is derived froma gas conprising at |east about

CLa@\V&-atonmic percent of an organosilicon conpound; and
a patterned conductive | ayer disposed above the plasma

1. deposi t edunl edgetronici2rcuiflagicdd embproma-circuit article of
claim 11, m@%reln t he organosilicon conpound conprises
tetramet A& PEne. 13. The el ectronic-circuit article
of clai ”hlﬂasn’M" BéRkfled DeDATpbsddt HEkhL MMirhRE WhRReh @ie plasma
more of oxygen, argon, nitrogen, anmoni a, and
hydrogen. 14. dapvsited lewereominsises #tdenst b il810eatericdlestens silicon;
11, wherein the,plasna deposited | ayer has a thickness
rangi ng from &out 0.5 nanoneters to about 10.0
nanonet eh$attdded ddndueivRaky@rligposddrabuié tharplasedeadepbsited layer.
claim 11, wherein the thickness is as |ow as about 1.0
nanoneter and is as high as about 5.0 nanoneters. 16.

2. A met hod T?lfe efeg{rgﬂlpg 91511; glltl%f'ét (ff%ﬂilrﬁ 1 'wrh%i'gnﬁ IR rﬁlés‘ﬁjl Caepbdifed layer
met hod conprisi ng for coén- cont al 9 ;

cor@priges &Uteastraabﬁt ZDM) zﬂbmmrdfmn edicon on; depositing a
| ayer of conductive nmaterial above the
silicon-containing | ayer; and patterning the |ayer of

3. conduct i g, %‘bﬁ&lﬂ Ueir céhz artilREoMRER0d vier&Gh Bl Biddna deposited layer
wherein formng the silicon-containing conprises

furthen icminpgsea aydsascampt i $0romiv @rganosygencbased on the total weight of

The nmethod of claim 17, wherein the

ﬂw&ﬁ%ﬁﬁU@WP?‘@ﬁagﬁnpound conprises tetranethyl sil ane.
19. The nmethod of claim 17, wherein the organosilicon
compound constitutes at | east about 50.0 atomc

4. per cent dhetletreais-cirbuis adictofidieamt o tvdierein diei awha depesited layer

furﬁqer comprises at least about 25.0 atomic percent oxygen

5. The electronic-circuit article of claim 1, wherein the plasma deposited layer

has a thickness ranging from about 0.5 nanometers to about 10.0 nanometers.

6. The electronic-circuit article of claim 5, wherein the thickness is as low as

about 1.0 nanometer and is as high as about 5.0 nanometers.

7. 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.

8. The electronic-circuit article of claim 7, wherein the organosilicon
compound comprises tetramethylsilane.
9. The electronic-circuit article of claim 7, wherein the gas further comprises

one or more of oxygen, argon, nitrogen, ammonia, and hydrogen.
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20. The nethod of claim 17, wherein the gas further
conprises one or nore of oxygen, argon, nitrogen,
wamwricgr41 and hydrogen. 21. The net hod of cl ai RCTAS2005/041827
wherein patterning the layer of conductive materi al
conprises etching the |ayer of conductive material by
phot ol i t hography. 22. The nmethod of claim 16 further
conprising depositing a netallic tie layer on the
silicon-containing |ayer. 23. The nmethod of claim 16 o
10f ur t her ddaplecionts-wsepis sirfigle tofeclaimbbit fusther ¢asmprising agwagallic tie

[P ti effective 1o provide the .
B
about 0.5 nanoneters to about 10.0 nanoneters. 24. The
met hod of claim 23 further conprising exposing the
Hgybst r at €\ deqirpnig-cisqw artigle spmpsigisgure time ef fective

thi Gknese PR BB DL 1. 0 nanomet ers to abou
5. 0 nanomgilams deposited layer disposed on the polyimide substrate, wherein the
plasma deposited layer is derived from a gas comprising at least

about 50.0 atomic percent of an organosilicon compound;
and a patterned conductive layer disposed above the plasma deposited

layer.

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

compound comprises tetramethylsilane.

13. The electronic-circuit article of claim 11, wherein the gas further comprises

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

14. The electronic-circuit article of claim 11, wherein the plasma deposited

layer has a thickness ranging from about 0.5 nanometers to about 10.0 nanometers.

15. The electronic-circuit article of claim 11, wherein the thickness is as low as

about 1.0 nanometer and is as high as about 5.0 nanometers.

16. A method of forming an electronic-circuit article, the method comprising:
forming a silicon-containing layer on a substrate by plasma deposition;
depositing a layer of conductive material above the silicon-containing

layer; and

patterning the layer of conductive material.

17. The method of claim 16, wherein forming the silicon-containing comprises

ionizing a gas comprising an organosilicon compound.
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18. The method of claim 17, wherein the organosilicon compound comprises
tetramethylsilane.
19. The method of claim 17, wherein the organosilicon compound constitutes

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

20. The method of claim 17, wherein the gas further comprises one or more of

oxygen, argon, nitrogen, ammonia, and hydrogen.

21. The method of claim 16, wherein patterning the layer of conductive

material comprises etching the layer of conductive material by photolithography.

22. The method of claim 16 further comprising depositing a metallic tie layer

on the silicon-containing layer.

23. The method of claim 16 further comprising exposing the substrate is to
plasma for an exposure time effective to provide the silicon-containing layer with a

thickness ranging from about 0.5 nanometers to about 10.0 nanometers.
24, The method of claim 23 further comprising exposing the substrate is 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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