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. ; defge3eh$J6Th WD 99112104 Flexible Crcuits and Carriers and Process for

Mehuf actvarsenbioel d of the Invention The invention rel at esp¢u$dsasizol e
€ircuits and carriers for flexible circuits nmade therefromwhich are
coated, either gsel: ?ti vel ont i nuoudsi) with at | east 5 one |ayer of

di anond- | i ke catB¥RIGEILCnts and Latrigrs anc VENcessJOR VANMACHESE 1 oduci ng f | ex
circuits having dianond-1ike carbon |ayers. Mre specifically, the
invention relates to anorphous di anond-1ike carbon filmand to materials
havi ng similar properties thaFiekhdfthenveheomerf or mance, nmanufacturability,
reliability, \i_ﬁrsati |.i t\E/q, and/ or assenhly 8f flexible circuit carriers, and
cor respondi ng 1Pf &xyegtien rlates fo flexible pincputsiand carpiersrfor ARl CHGWE of t he

| nventi o | ex] i1]: GUI on i i [ flexible
i o1 oot ¢ aade B i bk RoREE byt of Porftfiol . With Bleasl 1 01 E
one of nwhe layendfidiamusd-liRy Carbomsr sillilar Matesinl, Gat 4 pdocess fonsroicinidie maj or

surfaces or on both major 15 surfaces. The circuits often include

addi t i ondlexfciravity having diamend-likecagbon lagiensi Mare spacificatly, theiifivestione | ayer s,
encapsul at,| | ayer st.iffeni.ng | ayers and the like. Flexi.ple circuits are
Cypi al | geaRa fpipRow Sempibe parBis i Ao moteriat Bayibe S§hiBe: ghe “cont r o
and the Igrsr@dsqhatBARAdcR e peribriiahe, MalifaViatBiRy SelidifityOf&satiling X! bl €
circuits ‘al'so provi de cost advantagés associated wth efficiency of the 20
manuf act wanifog agsembbsaefdfiexirip copdtcantiers, anBaberedpohiding fleQibll &Gifcuitsli scl oses
circyits as 5’.{30\” ded on flexible dielectric materials. U S Patent No.

4,23 ,0154“?]13 $T6WHB- 5 flexible circuit with conductive traces on one or
nore layers. U S. Patent No. .4, 480, 288 di scloses flexible circuits with

circuitry on both major surf ound"-oPthe 1ab&RionNO- 5, 401,913 25 discl oses a
mufti-layer flexible ci rcui%ﬂg‘b‘?"mﬁi ple flexible circuits
stacked rel at iMexible oieitemeicheditsankich alecfofmsecil@dble diekatiet al | i zed

t hrough-hol es commonly referred to as vias. Al of these references

di scl ose suhftrasessugh pepelymeric magoriali Thejcireuits way bame ave e Meike nention of the
benefits of ilizing di nd-1ike carb or materials. providin

di amond- | ablve e TasCu AT By Gieuiee o e B inal 8 6t r LBl kg

f unctiisonadurfa¥esOfTHe|cBréuied 6f€dn ihdlude dddiddhbbRinctional Wpe@dé 27 Afddiattéd/ Li S9$/ | 5270
Vari ous tlypes of flexible circuits are known in the industry. Generally f
speaki ng, layérs. adbesivh fayers.cancapsulating bayersastiffaningclayersandsthetlikm f r om a nunber of
design ' reguirenents for, the deyi.ces that the circuit.ig.connecting

t oget her glpgf[l} GRS ?lﬁé)’l',‘lgﬂ& vsgﬁ\iSQf ?%ﬁtfamciﬂ"?f;hlfa&?? Hﬁ?‘e(ﬂe_xl processing

met hods. uegihf nfilend e 1ie it onén.ﬂm@# hieh volifind LifslibhE fiekibfeui t 1S
connecti ng sem -conductor of sone sort ntegrated circurt,

m cr opr oceiscuits also provideecdst kdvjantagessassdisted Hvitheffidiencyiof thea rigid circuit

board_or a component of a device, The design factors associated with itens
the 44 cumanyiactupng aracesses smeloyete, but are not linited to, the nunber of

nput and out pis Gl NoeRERs §EPRASS R kNI Alcd ditheifeds to be

connected, the frEans” . nd" process rrn nection of "the flexible
circuits Hplefftfhaerisls UUS Patehit N@ 423 eM4Giiscldsbea fleiblecaduit i@ and wei ght  of
the finished product, the environnental conditions under which the circuit
will be asewdvgliveiranesononeior mart layess.ddiSh ParenrNon 4480:2B8 disaleses o whi ch t he

i it owigll. .subj d. A1l qf th desi fact 1. . th
S Sy SR e IS RISV e
parti g8| Y aflelosisd Menlal Cllidxile sidlh RASRARE of RubiBfdNaRIVBRLERT the means for
e flexi 0 anot

i nterconnecting t ecirculrt t er'itemis a Ball Gid Array

(B&), ar saykaf reladnetoghepmdther and inedréonneaéd addisgmetallidedaldoughahsieher t he
circuit has one or nore conductive layers, and if so, on one or both sides;
i f the matcemmenly sséstedito apiashAfliof shesy referanges dislose variaws aspecofsi ng; or i f

h d 4.0. . ible f . 20 and | Y. L
and hon aifpRCOBRS B ke Eringeor T BBRR T UL e AN e Bnd usce

for them ga@oilos : ; i RS dil unber of
desirabl e pr gpgr ﬁagegf,l Y%br{gllgg}%ﬁdégﬁ?%dhnﬁiﬁ dnesgsrg)b{){g%dio@ﬁﬁ%%g?ﬁy, | ow

frictBOn, perfgimdreeandifuncdoshlicy ofvfléxycirdaitgh di el ectric const mﬂ%wmm@mﬂmm]
e

chem cal stability) |ow gas and vapor perneability, 25 and

properties. Furthernore, the conpositi-on of dianond-like c

nmodi fied to control the nmeasured value for many of these propeff§%5. The
typi cal properties for dianond-1ike carbon are presented in the table

bel ow -2 VRO

*GoO002*



Typi cal Properties for D anond-Like Carbon 5 10 Density) g/cm Har&r?ef{)B 2002
Vi d'kers) ‘{} /ggiﬁ Young's Modul us, Gpa Dielectric Constant Electrical .

Resi sti vi @)" YA/ cm Excitati on Coef Fci ent Index of RefracRGRUSHENSI0~m ,
Optical Band-Gap Thermal Conductivity @25C, WmK I .6 - 3.0 2000 - 9000 I
00 - 200 8 - 12viHsh 4oid : Qe-lﬂd : 0 - 5 (between

200 and 1000 nm 1. SMgSA 0. 8bl_@%%f:%1@sev 4 %Wﬁﬂxgégd% me)%%erfd?)f(e carbon
coat i ngs aspeakingnthekay diféerémmesnithendridepesiuite dtehy froh atinibepsB&SRE USi NY

hydr ocar bon or car b?n ﬁoHr ces. Carbon source deposition nethods include ion
beam sput t ERUHEREUS {9TdAe dpyees thatthe FirgiHt iseparscting togethsnaloag withdks st ed

carbon eva i hti,on t hods ,i ncl ude i on beam
i r ovave Beeits bl BEAGRHC0 (O eI AR Ieol RS o istity
pl asmaa$si ypidalty)ehe fietibldepesit id cohns&inpaiemilddicctbr FIbRmBGY P! asma

deposition, cathodie arc deposition, and the like. U S Patent Nos. \
4, 698, 256; (Integratedcirpuitymaggprppessors, eothe dike) toandther fev6citdd, aliigidl ose

processes fQr. . i dianondz | i,ke carbopn fil and copatjngs, D anmond and
provesses, batPANNEL PendbalBNdd hied RO B AN 200 i8S, D arond

appl i cat i OB cirtBR $£coMRBEEAhtRAS, b GleiflR li%@ﬁ't&%ﬁéﬁmﬁﬁ%ﬁ@’&gﬁ ors,
drilling and machi ning tools, beverage containers, and many ot her
appl i cat i onutpned(@)rleady frdme agempeonduesoralift aeetizdo by cohmoRA0ht ideanscar bon. U. S.
Pat ent . 5,508,071 discloses an_annular interior surface having a | ayer

of di ahBnd2RLBILH ferintereanngctionsefithe flexiblecircyita tranothen sirewtaritog | s

deposi ted : . n eramn cs. cause

cheni cal vgg‘(’)l?é’l ep%g}al??doﬁyf%ﬁmgﬁ I‘Z‘%%ﬁgﬁhﬁﬂ%@?@?g&( &‘ﬁ&g"‘b‘f% t very high
t enper at ur espdiliénsamdaowhizh thes cictuiowil MBI WssaabIEdBA GsedUkiRithaligg such as
polyi m de which will degrade at the el evated di anond-form ng tenperatures.
Further, t Hanssissien jatesdp|whieh thgtoiricuit o¢ill GyBubjeetadndlldif theat design very hard,
brittle coatl i LWtle flexibility. 1 -, 2 FEB 2002 The term

" di amond- | gﬁkaé&gg%@a; T?}BP%saﬂ‘f}q&lP&X?"éasﬁdom aelyre the; qrguitilky i a) s,
especi @b y at Reg paillMdeeiniRidiRR A6 hiahe | - S.
Patent No. 4,576. 964ng scl oseé barriﬁ rrlgfi I rr{s}gsrma%g I@%’@?f@%ﬁs%g ymeric
subst r at es ittergpmecting thetHtaxsble airbuintocamatlien famdsl A @allrGrid Aap(BGAY). S. Pat ent

No. 5,508,092 discloses opticall .ransparent abrasi on wear resistant
coat ed sub?FP%\Ptéont‘,ib‘Pﬁ)W% ?fgseﬁ%éﬂééﬁﬁfe@ gy Whethergheciguithes en¢ ort er | ayer s

and a top Gowb| svdi - eled OV Fr.iction material.
s, “pat ent i EUEEYBGR i T 6 U ol STl aelint bedlle B
el ectri cal Ichemivally sthblelte priventiduitfissing £o¥ i€ tief weédtoShe ddmpatibie ifsHiise NO.

4. 809, 336 di 3cl oses polyneric beverage containers utilizing a coating of
di amond?Li 1889 assEmSly dtslevated demperatugmandibumidity develser meabi | ity t hrough t he

tainer. US. . 5 E i sl i.er whi ch i
Coyer of pol yt moiinohd eines Rone R fo R ApERies 5 AR 3% mot o 15 2o
with a | aydnowh. Thessicoatiigs dndFilnR Jossess a fimBasttdebirabid dp(rtogaﬂﬁggﬁi ve material

thereover. A coating of dianond-like carbon is applie netal lized j
substrat e drdluding high/hagdness, loptital ebsity flowlitiction] highrtherfitad condnstivigt e t hus
obtai ned is.uysed for furthey, al|izati.on and formati on of a_capacitor.
The curr enﬁ“ﬁh@g‘ﬁ%‘f;@ﬂ% ﬁ‘&&%‘?’%‘&ﬁ%@g% ﬁh“{ sarndomapepesmeabilitys nal

coatin ofand| g SR 1 0. (S ier far a flexible

ci rcui ? Sor ag@'to gigpPg)SgMégngt ruct |°g§md€ér| Sﬁ E%‘ oafgd;l)ér}lg‘%)d#f@feec qugﬁgn b’f t he
manuf act ur imagiedoapatrobthe nicasired &aluk i Rag o e propeian TRE gk i ng a
nunber of desirabl e physical and functional attributes not otherw se

possi bl e wiRFPPeEigsSer digmppdslikeicabgnarepresantadanitontablerbetaar.eri al s. These
attributes contribute to inprovenents in the areas of nmanufacturability,
performance, cost, reliability, and versatility of the flex circuit.

Al t hough di anond-1i ke carbon is the preferred material to provide the
desired i nprovenents and enhancenents, other materials having the
properties conparable to dianond-Iike carbon could al so be used. Sunmary of
the Invention In the broadest aspect, this invention provides a carrier for
a flexible circuit conprising at | east one feature having a) at |east one

| ayer of polynmer dielectric material; b) at |east one |ayer of electrically
conductive material thereover; said terial having a Young's Mbdul us of
from 100 to about 200 GPa, a dielectrft constant between 45 MHz and 20 G
of from8 to 12, and a Vickers hardness of from 2000 to 9000 kg/ m2. The
invention also provides flexible circuits conprising such carrier and

el ectrical traces. The circuitry may be forned by any conventi onal
processes, and of any conventional materials. ..4_




. 27 FEB 2002
. Preferred carriers for flexible circuits of the invention are those having
at 'I'eastwongzod yner dielectric material or electricallypcuonssgiseuwe | ayer
'of.” di anond-| i ke carbon deposited on at |east a portion of one surface or
feature thereof. In ope .eny di 1 al | ayer of dianond-Ilike
carbon is deposited pxcd : Bt — OV RALRAN | aver of the carrier
or flexible cirqgyks g’,‘;ﬂ‘;anot her enbodi ment; sa;hayer is deposited only on

sel ected areas, suc%’ as around vias or through-holes. A conformal coating
of di anond- | i ke Heaindse Yidkery, kglined be deposi 21 -8000f eat ur es ot her than
surfaces such a e i wal I s of sugh, Woal or throughholes. In yet
anot her enbodi nzyr?%&sl%{/bﬁé@éhg{ di anond- | i kgsbcar on are deposited on 10O a
plural Pty of | aytlestrig€onsiint circuit struct §reé2 (betwpani4sMHz pnd 20 @zembodi nent ,
pol yneric flexi Hi&uied Resishilis, ARGegarriers qps tpe invention are formed froma
flexible dielectric material, and include a first internediate | ayer coated

thereon) and a dOAPBMREEMEFSNoNd- i ke car b9h- S206MEeT 290 ardd@A e | ayer

coat ed t hereon, iadidoefadiee@Nnogal |y conduatgi-ga | ayer coated thereon. 15 In
anot her enbodi ms(gpt. Sn vercoated flex ci rckui t0 {,s useful for

envi ronment al | y SERPREPEP appl i cati ons and’®5P%8¥pl i cations where a mask for
a | ead® a porti Crherofal Gdaductivity @A58C, VemiKeededno Aogdnf or mal | ayer of

di anond-1i ke carbon coated over the flex circuit insulates the conductive
traces, and elimnates the potential for contam nation from outgassing. The
invention al so RaRYhELERe é‘ar_Bé:P&ﬁﬁﬁ%s?andfthsW&!U%%ﬁédﬁf&'d&#a@si_ﬁ-,ﬂflﬁu' t carrier
wherein features to be subjected To laser dfilling or ablation are

st r engt henpeocesses tubiag hagecarbbn oi cantemdolbicke Carbtwosnured dapasitign frethddspr oved
features to bg created. Such feat ulrgses Bﬁ\ée etter planarity .a% surface
char act er i18¢iPe&ionpsamSRELEE derosttipnelaser aplatign dFROSWIGN, YoRDeRBFHMERI | ayer of

mat er isal . f k A i I sed herein.
25 | .I%Thec-gtggornneg/ laé“%:}gﬁldr]‘lgeIIrh'eH rg%rdgb%fsl%‘é}flpgf@&%@%@&#@?@? i{gﬂ?&%ﬁ’ a package
usef ul f ormiréwaxipdstaandditected Pplasmatdischargeaarioes types of fasnasi rcuit traces

formed thereon. The term "aperture" refers to an opening in a | ayer of the
f1exi bl e caspister chemicpl depositipremetbeds, radio frequeasy plasma Hepasifionacaibedic on of t he

| ayer, or may.30.extend,c I Qu N (P 2s may be
formed by agcéggqsg{o)?, %?‘*j‘?‘%@%‘ﬁﬁgéﬁ?“ﬁ&&d‘%bf%cﬂ%éﬁé&?ﬁggﬁ%#sﬁg chem cal
ml1ing, angodap®andldl7akisas disclase précessdstdr ptB@ing MéindAE-1iké @4rbon _
PCT/1JS98115270:- 3. The term "through hole" refers to an aperture which

ext end®) cofiimsand|opatingsough a | ayer of the flexible circuit carrier exposing

a metal trace op.one side, 4. The term_via" refers to a netallized through
hol e t hat conne@f"é"%d'ang%mdg{kﬁ‘ié’%ﬂ‘g!:‘@s 6 cﬁﬁﬁﬁthebe‘% d®Pve trace or

pl ane. 5. 10l b e St i R whi ch does
not ext endI%%ﬁ%ﬁﬁpgflgAdtoﬁrg’oxgﬁegﬁiﬁgg{el?nsol d?%i%?‘é%(éleé’fs‘eé Cl rcg#'? ﬁbar rier. 6.
The terns ddilmgand mackiaingaodlsbeveragk contaiiepn and imahy btherhpplicatisnsnonynous and
i nterchangeable in the industry, and refer to carbon filns 10 primarily
consi st i ngresmitngthe propeisnatfordeshby diamgad-hikesarbom &y PatentiNac| osed in Pl asma

Deposi 4ed Ei Mt oand B Jo . r . n, FL,
Tos6. 257 FiuBRL) Reiofer A int BrifiDar RORRF Ryt oRaBaR IR s anc
refer 1otk imprdWRlabABidndeifaiRE Y THEEMAHg & depbsitedionGubitratdssuh ashe terns
"etching" and "mlling" are used synonynously, and include nechanical,

chemni cal ametalpalloys,and cerpgese Betause chanpival ivgporateposition (CYB) afii ng cheni cal

etching, |aser | at i op, chanical mlling and the [ike., 9. The term

"f eat ure" M@%QW’% @ceﬁvwﬁrs&éﬂap@a TSl cannok i“é"‘rd,fgofﬂ‘éphdi ng such
itenms as p j tal. h | ayers, 20
Sol der _bal PR TRris bRyt Blyi e Siicn AfiCachbde 3 G2 il ' VLS

lim taBOondialﬂondﬂhﬁntx@ﬁéﬁx?&@tﬂfe@.gFuﬂmmie poliytysalling datur®@6eCVDAt | on of the
coating by introduction of another conmpound into the surface. All ratios,
parts, and diumensidietatde s yetythac, hattlsi coatingwitly litksiflexibilitynl ess ot her wi se
specifically stated. 25 Brief Descn_ption of the Drawings FIG 1 is a
cross-sectional view of a carrier for a flexible circuit showng a | ayer of
di anond-1i ke carbon deposited between the dielectric |ayer and a | ayer of
conductive material. FIG 2 is a cross-sectional view of a carrier for a
flexible circuit showi ng 30 di anond-{3tke carbon deposited on both sides of

the dielectric layer. -6




WD 9911404 PCTNS98/ 15270 FIG 3 is a cross-sectional view of a ca2r7i egrEa‘ 3002
a flexible circuit show ng a | ayer of dianond-Ilike carbon deposited between
.the non-circuit side of the dielectric layer. FIG 4 is a cross-sectional

view of a flexibl I rcuit sh wa nd- 1 i car bon
deposi ted over thgr C|t?rf:nU|dfa"f°|na\§dé‘§gar§? yﬁplcolyapgfﬁ‘ggo@éﬂ??%ﬁ view of a

carrier for amblefMbRbgciaily Gésé inSdAW legalRdlabdighorf boddapredshnihik ey sar bon
deposited on the circuit side of the dielectric Layer and a |ayer of |ayer

li ght absor bi Ryenidloet.d #-94Jedisodases bander|fbpemadst fram Saghle-polyrstiear bon and t he

1 oxi bl o o r PR g Sk SufbafbR BB WoaRA wbe B RS AR T " °

deposi ted on 5,568,692 distidsessopiiealBf trankysareht Eﬁrmdnrw&hr ke3isint coardd sublstptey  Of
di anond- i ke carbon between the | ayer of | aser dght absor b| ng material and

t he conducti v&”‘!‘ﬁ?@ﬁapﬂe& supstrate, &“%?UE%‘%‘&'HW%&!‘ ytoprosmeaf carrier for a

flexible circiahoRNaN Ao of SirkA8ELBlod ARGl UHPaBRIW Bissghgmteri al

deposited on e clrcult side o ctrlc ayer a Tayer of

di anond-1i ke dnaa:lbmmt}flm}msf dmnbrtddxkcharbummadncrrmally insulake levklstwhithindi el ectri c

| ayer. FIG 8 is a.,ross:sectio fle |ble circuit having at

| east one apef{MHFRAPHETSHi- ?‘ﬁ@"’gg‘él gﬁ?@dlpfjgpﬁ polymengbeverage i anond- | i ke

carbon deposi t&hiRs @flizia dSQ{thdfrd%HotndﬁlkElﬁ'ar&fn tBl?@duEé {hsgast daskq.ra | ayer of

| aser |ight absorbing material deposited on the layer o dmarmn -l1ike

carbon. FI G permsatalityrthroygh dag cemginery UeSy Ratent Nol éx571619§5 olischoses a fraxrieng at

| east one apewhisheomprisas ghlayércofopalyimades i.c. 4 pylymer dieleayrier matkrialj svhizhds | i ke

carbon deposi metdllized with anlayer off mbwiiviumj de adhyer o eleictricailyt condnetiva rhagtial  of

Laser |ight athewpixrng coatingoif dlamdbd-tikpcsbdndsiagphied kethe intetalliZed Sutderaefand he

di el ectric | alasra lajférGhicliss of abofit 1 gim. fTha gasnhr@rthuspebtameicss ivsel for &wvtlef one

enbodi ment  of mefaizatiatand gormppiair eftalcapaeitot he present invention. FIG 11 is a

second fragnmentary_ perspective view of the apparatus of Fi | Otaken from
a different vantagEhessmentinveptors haveymwdissosnd tRomewgnorsconformak| G 12 is a

fragrrent ary p L | L!&P | f g appar atus

of the presen(a;awge‘'Iﬁﬂtdlya?(;r?\o\{’fi 3‘#3\% 8%? ?[etd %%gga%%g['%?rﬂe%xﬁﬁcﬂ% r'} FIG 13

i's a second pedbgecohstRctvonadiiring didhppn@pﬂﬂdstepsnifﬁmfmﬁugmiuang prscass

results in an improved construction exhibiting a number of desirable physical and

functional attributes not otherwise possible with existing flex circuit constructions
or materials. These attributes contribute to improvements in the areas of
manufacturability, performance, cost, reliability, and versatility of the flex circuit.
Although diamond-like carbon is the preferred material to provide the desired
improvements and enhancements, other materials having the properties comparable

to diamond-like carbon could also be used.

Summary of the Invention

In the broadest aspect, this invention provides a carrier for a flexible circuit
comprising at least one feature having

a) at least one layer of polymer dielectric material;
b) at least one layer of electrically conductive material thereover;

said material having a Young’s Modulus of from 100 to about 200 GPa, a dielectric
constant between 45 MHz and 20 GHz of from 8 to 12, and a Vickers hardness of
from 2000 to 9000 kg/mm?>,

The invention also provides flexible circuits comprising such carrier and
electrical traces. The circuitry may be formed by any conventional processes. and

of any conventional materials.
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S froma different vantage point. Detailed Description of the Invention
Flexible circuits and Garners of the invention are those having coated on
‘at least a portion of one feature, a confornal |ayer of a material .having a
said material having a Young's Modulus of from 100 to 200 GPa, a dielectric

const ant fn AbibIeRHcRR (BHES iVenfiso MeBthbse ARing@Adleast\dneker s
har dness %rg fc?‘%%%?%%&goélgﬂeﬁ%o& tgl;%é ly Jﬁﬁf&é@f By &Rt hiaﬂlé,l;ldjm: dappai ted on

t |east RONETY d flexible circuit
of the | n%@mlreﬁr?“taﬁfe.sﬁt&ﬁ"a‘é% (il Suffadei o Rlnbre BERAEE (S D1 B P Gl Ver

circuit. Layers may be deposited on features such as 15 surfaces) of
pol yrmeri c or mhtere dnshodimentya esnfors] tyer ofdidrmondstiké Eabea 5, depositedi t traces

and the like. Flexible circuits and carrjers_of the invention may have a
si ngl e coAt HFFVEFCoRLONST 0B enjirg dayer plthe gargiesorfigxable gizeyit; an angthesonf or mal

coati ngs I e ti Rl n I, |l ayers, of the materi al
may al so géb%lgghgaﬁgérslgtﬁéogﬁ%%g roélge%ﬁt%%smge u{}’ﬁ% e ?%ds‘"ﬁ?:rl ude

di anond- | ilseughtidieN), A sbhfofifdl Rolidg’ dfiftam&t-Wiee kol Sy alb® beBepdsitéd | uor i de,
silicone carbide, silicone dioxide and the |like. Preferably, such materi al

i s di anonen feakwesethershar sirfares sick as thedniariorswalls of sich vias ar thooughi ch coat i ngs,

di d-14i b ti . tain twa t f bon- car. bon bonds;
L1 gonal | JPEbIORt BUNEE TuBajeiaer St pLReBbAT ThY SbAhaoSeBoNeL Pe3) | wi ¢ h
tetrafedr ghpARYor gﬁ%@ﬂﬁa&}cﬂﬂsﬂ&ﬁmﬁk bgﬁ.thus exhi bit many of the

, a

properties of diano e.g., It 1s quite rd, chemcally inert, corrosion

resi stant and Imueremisudiment, palymeriv flexibleaiduiteandaarmasof the ieveafiod he
properties of graphite, e.g.,. snpothness, and straong_ adhesjon to polyneric

mat eri al s arqfprmgdsiiom aflexible diclestra material, andapelpde a firg intermadiale layerand opt i cal
i . l.. <l i | f
1 oxi b SoatedhEteo, oot gihoh B cabR HiBRY Wdinc i er, 595 ° 1"

PCTNS98| 153atéx thérebhitanidrmeéckivalip dbshtivbigknwaedthertérom 500 Angstroms to
3000 Angstrons, preferably from 1000 Angstroms to 2000 Angstrons. \Wen

t est ed5agai nst Inprotbar embedinganti anovercaated flae cisenitisgisefill forons, a | ayer of

di anond-1i ke carb havi.ng a t.hi.ckness, of 1000 Angstrons .cpated onto a 50
o me (2 ST e ek Aol BRdlof spolieous SR Aat R P Itesh

concent r i Gigowiohtt thedictitlidhécdRd OR doAfdtmaPRy&loTdiaRsidliieSadn as much as
95% decrease the transm ssion rate of water and oxygen by as nuch as 92%

and 93% rcestpdavarvhd flex cmuitdpsdatestthe sorgductivstades,tand elimitatespbe yi i de and
copper by as I cfh as 969% .i nerease t he fjpgx.ural.st' ffnes.a by as nmuch as
43% and WPIEBHE TPy COAMIAROL PR URISRS-o DS IKEPLSP ANPTRHASS TPRESAur | ng
Procesgi Nor ﬂm&kiﬂ%ﬁ fiekibR QRGN chAILP InbRA fehififestb bE WitliScdPib 18&y Sel ecti vel y

coated to provi benefits I n specific areas of thé structure, or may be
ful | y coatdeidlirngorgblation ard supngthenkddiyrtbe taybr afitiarhémd¢likeocabdn, alleaing Dependi ng

on the application, it is desirable for the circuit or carrier to possess
enhanced ré&:‘%?‘f?glf,ca‘?‘ﬁﬁm cregied cPyghdgptures hayebatter plaparyyaad swfacsr operti es

15 such | i v
et B 0 RS A A TR

per meabi lity, dhxerfblwwinglte'this|Ha%’thebl@ﬂﬂec5ﬁ1&ﬂﬁ@bshvh@n§e@h&em properties.
Enhancenments to many of these properties has been exhibited by providing a

conforffal coatilng ofThgerms* camier’ angdy Elexibls cirguiteamier’ inkan zpadkege on a
flexible cirgujt rr. er. feature,of surface. In.20 so cases, a | ayer
or Iayers Upulfox adicettic EiEcuit, PGHRIGR Apes ot yet JNs cizchitaceniormed o y

thereon.

2. The term "aperture” refers to an opening in a layer of the flexible
circuit carrier. The aperture may extend through a portion of the layer, or may
30 extend completely through the layer. Apertures may be formed by a variety of

techniques including mechanical punching, chemical milling, and laser ablation.
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polyimde filmprior to formng of the circuit. In other cases, iz 7WF£B %@2 ;
desirable to coat an internedi ate | ayer or |ayers of dianond-like carbon
bet ween WREW2#P4 ous circuit forning steps such as devel oY% Ri ng, and
pl ati ng, or between each of these steps. A layer of dianond-|ike carbon may
al so be coat ed3ont o TaBXerdh GhRfubh h6le? Refb@XShin SpeehiredRhichexiRde! | i ¢ | ayers.
The desired attributes of the resulting construction dictate the design, /
pl acement complétety thyewnglod laykheofithe flexitilel ditcwit carriboexpbsipg psnetdltracaddi t i onal

| ayers nust al.so be flexible enough to bend with the flex circuits to
facilitat89M88essi ng, handling and assembly without causing cracking or
causi ng danagegto t i j,:f 1 i I j conpri se

di anond-1i ke cg'r bonhﬁ]gﬁgﬁrgwé%a{ezﬁs gayé gﬁ%/aho&fapﬁzeﬁ%‘alwéé%{ %(?ﬁlren%?ﬁods (ion
beam) $I| asomductive traice/dol anbteavenduetive trdte or plat® 99/ 12404 PCT/ US98/ 15290

devel oped to deposit_such |ayers including those using either solid carbon
or hydr ocar bon3sour dés. terpheblingdyda’ xefesh tompiglizedgpaserewhichwosenaieposi t i on

or conti nyous,depasi t;i an | t hou ORpti.puous .depgsition is preferred for
manu act u R EPRPR dfough BSET BERAPHRIRUEEIRE | ocescet of L he
invention, di agdnd- |THeReid RindaY RkScatbdh”A8H OGrbRkidhSfila®’ @e CONt i NUOUS

pl asma process coupled with ion acceleration. In general, the carbon rich

pl asma i s synenynewsland appichanggable i the ihdustyycandyefet toctarbon filimsl d t o a car bon
cont ai,pi ng envjronnent b Wer i. rot at abl e .el ectrode .el enent. |ons
wi t hi 0t h PTG ARSI Ieif SRrhan yitouLlong tangs glomic prier A fistloteB e wher e
th tri 1l t 1.4t i r Th

ey stri ‘ﬁas‘?nasﬂggéﬁit?%fgﬁxﬂf ??21 ggogt M JbdeF OREPAE, BOGF A FL, The

di anond-1i ke car osition 1S made onto a noving substrate,
and the cd#®86ng apparatus, by providing an electrode in contact, at |east
in part, with the nmoving substrate. The el ectrode becones negatively biased
with respect tod-the bhetsras "taprrupmatad bandingtand JTARS aresdiopyMeNsd t he

| t rode, i i t.r at [ ti i
Gepos £+ orfairett o e i 3hd kS ek EnERAL RPmR KRR 20 oo L e e thin bLC
coating in whi ) fl akhdi@rig “stehihg Zxﬁﬁﬁmiﬁﬂ@”taféﬁxs@@f},?doﬂyﬁuﬁslw&ﬁess al | ows
|

discrimnate coating of substrates rather than indiscrimnate coated of the
entire evaocadethechanitadchemical and opfidahprocesses forf femovingapateridduced waste, and

the like. .The di d-lLike. b Li be 20 f ' iety of
L e T S
thickness. Detayls Ofpi REMPHOLGSSRR ygggﬁpgfftéq]etxpgé shQliccatri&, t aught ,

infra. The di anond-1i ke carbon may al so"be surface functionalized with such

mat eri al s imslulingeuch @emsiak polymeriodayges) mesal ldyens, andi surfagssof sedplppers, chr omi um
titanium 25 and nickel. Surface functionalization, can be achieved using a
bl end & siﬂ%%ﬂ?f“ﬂs’déﬁs% SH%F‘M@ EFoRadmIFngs, @9§§é$eowtﬁ?l§mtwke car bon

deposition. by gadughlidi GioRas" ikah GBS RREMNAARR FAPERlAG! | 00 and

decreasing the carbon pr rsor concen 1on. process is al so

cal | ed " doby igrodudisiiiof dnetitte BeEpdundinioheaiface.n a continuous node, as by
the preferred 30 nethod, the surface functionalization can be acconplished

by installing aAblortiespars.rindperchunts dessribediheseinarabyt weight aslesef ore t he

di anond- 1| i Ié&cg%gg&c&?caahggm\{ﬁ? -10 w0 99l 12404

25 Brief Description of the Drawings

‘FIG. 1 is a cross-sectional view of a carrier for a flexible circuit showing a
layer of diamond-like carbon deposited between the dielectric layer and a layer of
conductive material.

FIG. 2 is a cross-sectional view of a carrier for a flexible circuit showing

30  diamond-like carbon deposited on both sides of the dielectric layer.
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2
PCT/ US98/ 15770 | eaves the coating zone. Suitable silicon gases i nca udgEB 20

are'not |limted to silane SiH , tetramethylsilane (TM5),
tetraet NP1 HUhe (TECS). Suitable oxygen gases include BGT’Ué?aé‘SF@t limted
to oxygen. water vapor, hydrogen peroxide vapor, ozone, SO, and S03

Sui tabl e sul f UPFI(DBS€8 ctdiseiRnAUiew 0Ba B&ttiet foﬁhmglbl&lﬁaﬁ,shm a> SO, SFD,
carbon disulfide CSZ. Suitable nitrogen gases include but are not limted

to NH,, Nayerofidizmenddikézarbeidepasited bgtvees thesionerisujssige of tied ude, but are not

limted t(? cop er acetyl acetonate and copper chloride. Suitable chrom um
gases mcﬁl& Tare not linmted to, dimethylchronmium Suitable titanium
gases i ncl ude o} L @ rdiesedtiofhit gl bPa ik A laverl b @bl € ni ckel
gases i ncl ude, ut %O l<';1re <rilotoﬂ%lll ma?edat 0 1ﬁlle’c (e glé%tn(%% 2 db{;ll ckel

chl orixde. dibshd-tike cabew dgmsited evertioy dfcail tracessput t ered from their el enent al

forms during the final stages of DLC deposition. The substrate is a

fl exi bl e pol yn%lﬁ (,5 ‘F RICHRSAgEional V‘WPEHciﬂ'éle"sf%é@&h‘tbiea‘f‘TcyltfsbPWG@ur ed. Usef ul

organic i i mdes such
g@gr ) di es M% ca?l?clnyde %&‘eﬁ onr{ﬁc]: Eﬁjéuﬂ% cfgooqﬂtné & glgg't%r%q%ey

as polye esters, yS|ona and
pol yanmi deandrwﬂayémmwemgmwbmg%ateﬁémﬁﬁ&h$he51uy‘éi o@alaminuqn&yl ene

t erepht hal at e}, pol ycarbonates, pol ytetrafl uoroethyl enes and m xtures
t her eof . d&nborpmd}hmmcavfelamref erred, with an espeC| ally preferred

pol yi )y de poly ng made. fromth romellitic acid and
o’ B o o) Bl )F 2 SfasdectionalClry 26 p SapiFb i & Hexbg BEst SHEMiidour s and
Corrpany URJE! ofll md%m 41 -d te d Kapton E
and Kapt 0%9\/0 agn%%ggot ers gﬁ@% her © ‘(?;ssy?rbr%l grcgghfrdsgfﬁ??lg so avail abl e
f r om DuPohyercandRylayeriof dna‘ﬁimxddd«ed:aﬂton\het\#ecyehesl)ayamé laspmlight hbgorbing ned from
conductive netals uch as . tin gold, silver, copper, chrom umand the Iike.
The t hi ckmaesiabang E‘Y‘bh}'% of such Iayers is highly dependent on the
particular typ f i |Ied
Description of ?]t(ﬁ / %r C%ES sc&[gngt\?ig& 7d cgrvrvsﬁ?g&?l exﬁqb?%e&cgﬁrsgu n%car rier 1

havi ng5 a pebyérdadet hghteibecmammtaﬁﬂrdegosuea lon #he ciieait side off tiediéleettic ke carbon 4
deposi ted between the polyneric 30 dielectric |ayer_ 2 and a _conductive

trace | aytoyemm‘méwragf@mmndcﬂal@mrhpnldepeslwdm)tbn nppesirgeitside of act i onal i zed
region 6 ? ! é t conductl ve trace layer 3 for enhancing -11 WO 99/ 12404
PCT/ US98/ A hond strength between the | ayer of dianond-Iike carbon

and conduct | veFlGa@ﬁal@as%tseénonIhexeMmim@clwuﬁ%vi ?Béﬂeag{ ongcl udes a seed
| ayer 8 of conductive material and an el ectroplated layer 10 of conductive

mat eri al . aﬂ'drmxrsﬁmmgmyedwﬁbcmiam, dbigasmﬂdwnmldg; dagwinrdegosiedsuch as

sput t in vapor depositi yacuu ositi r. ot her. known net hods
for dgé WPQ“E‘WPHSd;ﬂ ‘B’r’ Eoﬂlﬁ’tﬁ:n%?"?fé)ﬁﬁ hgpgso pgmaterial shows t he sane
carrier sﬁ mm&afér%‘ﬂﬁﬁmi]o liﬂ%cﬁrﬂoﬁyer of di anond-1i ke carbon 4

dep05|ted e non-circuit si e of the carrier 1. Figure 3 shows a

carrier 1 for FI1G| @i Deressssectional vieavofoflexiblayiesuitavitigarisast dieke car bon 4
deposited on the non-circuit side of the carrier 1. Internediate |ayer 12

i s provi dégernge thyopghohs diclertmielayema laveneltiamend-liketashan depositedon al 2 and

seed | ayer, 8. F a.flex] er_5 hayi ng a | ayer of
di amond- | iR&NQ #gchhtsﬁl ?S;JIB W‘%ﬁ%‘fagaé!?’t?cf&?ﬁgh ht%ﬁ%eo RAE ge traces 11.
Opt i onal | ik &md%hm&cuﬁmm\wei&a«ﬁI&yekayer of di amond l'i ke carbon 4 on
t he non- CIrCUIt side of the polyneric di€lectric layer 2. Internedi ate

| ayer 12 is pr &lGdédisofirst fraghentanyipesspective vigvbef aneembiodimatitef thet ri ¢

material 2 and the conductive trace.|layer 3.
coating apparatus of the present invention.

FIG. 11 is a second fragmentary perspective view of the apparatus of Fig.

10 taken from a different vantage point.



7 .
Figures 5 to 7 each show a flexible circuit carrier 1 having a Iayzer gFB'ZUUZ.,
| aser |ight absorbing material 14 incorporated therein. Figure S shows a
-carrier WowMAIHoa | ayer of dianond-1ike carbon 4 having ar€ouses/Bsazl i zed

region 6 deposited on the circuit side of polymeric dielectric layer 2 and

a layer of I|as | i rial 14 deposi n the.di anond-1i ke
carbon 4 and t.EQG.C@%%éﬁggbgn{apa%%schlgvgrv? .%¥%§°gﬁlﬁ9%}§\§’§§gn%8fg’ea | ayer of ,
metal lic Mglaabarhm offhe iphdseritliAveitivh tdincvel oA itdPfastoatilifl | | ke carbon 4.°
it is preferable for the layer of dianond-Iike carbon 4 to have a

functi onachamhgrr egion 6 at the interface. Figure 6 shows a carrier | with

| aser |ight abgprbing material 14 deposited on {he cirgui i de of the )
pol ymeric 25 d?gq:"elét‘?f"’ée@&gé’f:rsﬁecé‘l’fﬁv%“‘l %@E’f%ﬁ"‘ﬁ?’&?ﬂo‘}fﬁg-ﬂé@%r bon 4 having
functi@nalg QiFRFnP t% :yeen the |aser light absorbing material 14 and

t he conductolzn\p?fei 1trageozﬁ-)a g%&.‘ Figure 7 shows a carrier 1 wth a |layer of

di anond-1i ke carbon 4 deposited on the non-circuit side of polyneric
dielectric layer 2. A | ayRataitell Deacriptioniof e labemmohi ng material 14 is

deposited on the posi ng side of the polyneric dielectric 30 |ayer 2
bet ween t he pofﬁﬁ’ﬁ? %""i!ﬁ“éPB‘EPWE’SI%;}Sr‘“‘?“éﬁEIa‘EeHB“\? WRgcPed ORdte | ayer 3

1~ ' S, i show a flexible
circuit céﬁa?%ﬁé&&%&%@a a%gééfggﬁqééggéﬁ ?gﬁ?e ’%Eg%‘ﬁﬁ%eﬁggﬂat erial 14
i ncor por aheateriahRavingla ¥ddngls Metahis of fiomAlldr th 206 GPa, 4 Bietidttit nstaiast t he
polynmeric dielectric layer 2 formng cavity 18. The flexible circuit of

figurd0s i(briwerncts Milzand28iGH2 of fxpey 8 o0l %; apd & Yickees hagdneseobfsem strength 5

bet ween t I ric dyelectric layer 2 and the conductive trace | ayer 3.
Pr ef er abl ?,80‘%’36;9@4&%&&% 16 of Figure 8 extends through the polyneric .

di el ectric | ayqhe ZodfBfndl M4yRr Htehbsiteti Bh @t B i0RE Geahdy BF thedlexfBl | Onal Iy, it
could extend only through the dielectric material 2. A |layer of

di anond- | ickeuitearbien and flexitilepirshiteaf thoinvemiondn poividaa varigtydef ehefitse pol yneri c
dielectric layer.2 and ont.o the interior surfaces 10 |7 of cavity 18. The
1 exi bl e &9 M fievitle B mPrtirouito Layes Fay Be JEOISHER o1 SBOEPLIED Shat o1 al 14
deposijged ' lebic S Eyi jafls Ak rdi 2 between
ho_dig estasty o bolihilio S iap oy big e MR el B R iyl B 2 e

t he | aser ahd ¢ietlilkeb Fdextible gircmtsand abrriks of tleansentioa sndychazahaimgie t he bond
strength between the dielectric material 2 and the conductive trace |ayer
3. 15 Eaclfopfognaldpyerof a contingosyy single fealiwe, Op conformal gpatings onmultiples g and 7

can be us i i or .gr_2- o &lpcuits. As
shown, ea?%atﬁlg%’r Iﬂ@ﬁﬂl%ﬁéﬂfgﬁ%}é})ﬁsﬂf\%&#p&%@ Téyagg&gé %Jﬁa)éﬁlaf%%eg side of the
carrier | feath#e. the case of a 1-nmetal layer circuit, the other side of the
polymeric dielectric layer 2 would not have a conductive trace |ayer 3

formedOon it ddisefid magrndsinelnde diamoad-dika garbon,silicone nitride, herosase of a
2-netal |ayer, circuit, the ot.her side af. pol yneric diel.ectric |ayer 2 would
e o o RSty Sliese At Slin iR TR S e WRELr | cat ron of
cireui t {races Kfekdbey, bidihatfislds dhihofl@Hke 62868 (DEC).| KASkngWA a0 the

conductive traces on the first side wou be connected to the conductive
trace | ayethinofiint ¢eebaeriadnubatingbe diairtohd-dike carbomooatingecaitdin 2wd typieasf One or

nore di anond-|i ke carbqn | ayers 25 nmay al sq be deposited onto the substrate
| ayer, spLﬁa?@r“eﬁ’l?ﬂé‘tab&“S?;éS} "oali %P%?%F@ghamg&@@ém°@nternedi ate
e B psDXElisGh ), ittt Clhas BRphRRNE, R ol 836l gl 240 S,
t he presentheipfopeiics @Ndidioha! &g.f it dquite hdel) thediioallCiatRWdrddiof eexidtdy processes
and appar atuses where plasnma creation and ion accel eration are caused by
power appl #reldmpervigusite water vapasraed oxygendangsoms of thepropetiensf graphien-ri ch - 13

Vo 99l 124Oég.?%é£tﬁn8<%§,/ a}l ?§t7rgng adhesion to polymeric materials. It also has an

extremely low electrical conductivity and optical transparency over a wide range.

30  Useful diamond-like carbon layers for flexible circuit carriers and flexible circuits
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coat i ngs occur on both the substrate and the apparatus rather tharz7 FEB 2002
" essenti @ld gonmpamat the substrate. Referring to Figures 10 sagukoshis2an
-embodi'nent of the carbon film deposition apparatus of the present invention

wi'th a compn, el epent for plasma, S creation and ion acceleration is
gener al | yofi ingsgtian have # thicknesp of F?% é@ﬁﬁn&%ﬁr%w%‘}%s&ﬁmmm udes a

support 1 N QB i Adeh A dgikng a front panel 116 of one or
nor e doofﬂgéfﬁa%wg?éel%v(\)/gl @}Sggond a/t‘) <U‘5ﬁ°'ate 122 defining an inner
chanber 124 t H&hen estid\dgaidst uncbsied pelyinidennder oy gasiet dRditidons, & 1ayerm 126
rotatably affixed within the chamber, a plurality of reel nechanisns

r ot at abl yofriamgnd-likgicagbemhayingathickagsseal 190Q Angsteamsspated optma pAHMYy as 128,

drive Jrechanism,l.37 rotatahbly.drivi um 126. idler rollers 132

r ot at e?bl y(aé?‘r'% é(gé&mvhd% ﬁ%snbeteﬂzou & réclr?as?ﬂ% a\%ﬁ%‘&ﬁﬂ\ %’aﬁ%ﬂﬂ%’b emdui dly connected
to the chaphgitiondIRRE hblaicdApbraires Bylds mclPayo IR afeerekdeane in the art for
supporting housing 114 in a desired configuration, a vertically upright
manner i rtrgrismigsiongetetofovae. andoxyged yhasvmudhras PR Yuand93%4) respectivelhousing 1 | 4
can be a two-par} housing as described, belowin nore detail, In this

embodi merfteer g10B 1955 Denyesn therqlyapdiand ‘E’PB%rsbys‘E;S‘ﬁ{f?‘t@ 9% attached to

each sid P j 2] i q 10.
Speci fi c(;lP %&gﬁ%gﬁﬁﬁ%ﬁﬁég@4ﬁﬁg{a&?§ /E%'El k’%}%’é‘g’?gﬂ’?‘?ﬁ&;‘# adj ust abl e
feet 044 dcpatching bfithe potlimidenduring poocessisd €t hasvaldo/beeapmadahatzhd 10. I n t he

enbodi nment, 20 shown in Figures 10 and 1 |, cross supports 140 are attached
to each stirraitymayheseisgtively coatediogrovitde henshitsin s Speci fical ly,

as of ghe
Cross sup ; i I y the
bof t om si ecwa?’]o?%a%;&a@p ggﬁ%‘ﬁ& é‘g‘é‘ggf‘%‘g%ﬁdsg%&ﬁﬁ Jé'ﬁcdregggag rts 140 on
the other si depgpendipsSortie hpplitaflon, icR@esifdbRAof theleaelit bt edrflertd2 by
attachment supports 146. An additional crossbar 25 147 is supplied between

cross suppessess enkanced menkani¢alithermah ¢lesirival, opticaband physical propertiess shown in
Figure  10. Thig can, provi de additi pnal structural. reipforcenent. Housing
119" o pmehy PrediaL Hsfmess. Syt tgrdpego HEFBR GBO Gy REHRCt hat 15 capabl e
of _evacuatdfihar, GBRRINIEHNA! ofifta) ishRANGRIpleRbilif) Bdiakhon. Pl asmm
creation :fromthe gas, 1on acceleration, and filmdeposition. In the
enbodi nenstabilitys bondstrengh, gud ethed propertied 1Entancements tbidantyasf theseer wal | s t hat
i nclude front papel 116, four, K side walls 1?0, and .a back plate 122. The
outer wal PEOPERIS Aas beepsxhikitpdhby providing aconiqeppl crgting QyonsaT 190184

PCT/ US98/ it et : hapR&", af S | s 120 and
back pl at ia%%g)flaa%@aﬁéltl%n% og{)ogne%ﬁgesgf,ﬂ%iqg@%hg nan%efﬁétﬁrég\{n%‘?%et e art, to
ri gi dRg seerié easss,ddayeérlor Saybribfatiwindimiclkedasion wWillbetdeposited anahdlgdre i N a manner
sufficient to allow for evacuation of chanber 124, contai nnment of a fluid
for pl asmiolyirideifidm prigir sa fRrming-eft the pircyitp dnother eases itwillhe) desirable fa m

deposition. Front papel .l 16 i s not . fixedly secur SO0 as .to provi de access
o chanberoah ERake lave? B edermoL s raike FEBLS Petp@en iR ¥eoBLr or m
E?i' nt enan¢geuitforing? AR sudll &s dévebpHied€ eichiigaldMatiA beBetdRENOLhE Vi @

i nges 150 (or an equival ent connéction nmeans) to one of side walls 120 to
(ig](‘) i ne af phn‘s; lmps.ﬁﬁda)se; of ﬁ’ﬁmoiiﬂéiﬂke cdﬂnggmw@édo hzccoat:eé oat;twyaﬁeleutde‘o' _ vval) S

, preferably throug e use vacuum seal (e..g.. an Oring).

Locki ﬁa Bigh AchAS %@e?ilrcelew&eﬁe desired aiteipriol thg %?g‘lﬂﬂg%i de walls 120 and
can be an j f ' : . i n a manner
Co oo v SOBALAGH ISR SR iR, By S R AR 188 0%,
Cbodi Mot D ChaRer 150 | & ek vl ded by ool v, der a1 5a Ao two 1S
conpar t nerfisuils® faeititieprocgssipgshangling andhassemblg vitheupegusingsaacking\irdes f or
passage of fl.ui 85 or suRst.rate bet ween conpartnents. Alternatively, the

chanber cdRUHBE GAPI8RNCEHRAY t nent or three or nore conpartnents.

30 Circuits of the invention may comprise diamond-like carbon layers coated

by any of the variety of methods (ion beam, plasma, etc.) which have been

9.



Housing 114 includes a plurality of view ports 162 with high pr esguZeEEB 2092,
clear polyneric plates 164 seal ably covering ports 162 to allow for viewing °
.of the fj eposition process occurring therein. Housj 4 SO
includes“gﬂkﬁgﬂglity of sensor ports 166 in which variou?kggﬂéépgg%e.g.,
tenperature, -pressure, etc.) can be secured. Housing 114 further includes

i nl et por tdevéoPedtoalepokitycli ke dmdudihg thosnesing either bolddighibakbeh f1ui d can be
i ntroduced into chanber 124 as needed to supply an_environment conducive Yb
fi | m depodhvdresarbopsourcesy The depgsition methodimay bs batehyyissslepasitiomomnnd 172 t hat

20, Py ahices bR SRR LR Ao 4B ROL SR BBE 8, 7C bl y ho-

bot t om (asmaki@iuridy dffidieicy. | 1 ). Punp 134 can be, for exanple, a

turbo-nol ecul ar punp fluidly connected to the controlled environnment within
housi ng 114. ClngrefpmedusticleDarsl prhcessesdif telisvemiopudipmond-like gatbonps, can be
used to evacuate | ower .chanber 158 a&d to maint ai‘gcé)ev? ating pressure

therein. SPYSS g ASRPVEd ¥Smg p consiuopy BIANHA BIOSES CO4 B9/ 11 404

PCT/ 11598/ i L (. : I i pakersect or

bl ock fl ui%ééglqrr%ﬁr}i @aéc?%gé%%% r%)cﬁ%&'il}%fgﬁaétﬂ ﬁZ%Ph@%/%?&gf housi ng 114.
Slidi ng vafremmedciFelecriaficldid & carbeu contaipingentvirdrivers by ppbaveripg apotatable 162 can

be fully open, partially open, or closed with respect to fluid
conmuni cat §lefrode elemstindonsswithip ths ¢asborpmchplasres agseleratestoyvagd thendyr i cal

el ect rqde Lt hoar C: qm. . surfaces 184.
The ellg)gt r%lggm\g%’n‘mbegg%ggg& l(‘)‘?l agﬁgj/g% elgtcg’?%%tl y %h\gﬁ%‘g{éﬁé}\%%cﬁg%éri al and
preferably is arkediamosdlike @sbor (DLEYGiTdepositibn 5 MAdE ot BRRSvingt eel ,
stainless steel, silver, chromumor an_alloy of any one or nore of the )
f or egoi ng. subsegteang ithe contieg nperatyso by proyiding#n elestrodedn somtactodt least ease 10 of
fabrication, |ow.sputter. viel a I costs. Drum 126 Ls further

const r ot ot 1 TG RikRStind ibsate | The sRBebE R Eom A i st P 0,

el ectric fihdl fohe BlaSRA Rertbil XREErafiRg IR ibnPRWARIHE @RAHEAE, Weherd NSUl at i ve
regions for preventing electric field perneation and thus for limting film

coat i nkf t othepestrike the mevihgsubdtrate resuhtihgan demospwntdfdmsnafd-likecabact r ode. The
15 electricall n-conductive materi typically is an.insulator, such as
2 pol yoer  feregh. TRiRrReses RpYE: LA Db Roptihe it BB At FeMESSas 1 ol 1 11
this el ectyy = i 1 a small
channel , t%@gw‘}‘”@ﬁ‘é %Bﬂ#ﬁ%l‘(l) tﬁg‘g rgﬁ@ger%g?e %ﬁgg&%\é%sﬁgggpgbéna conducti ve
area can bindésoriiminaraesicdd\of dicentife evaduaied ghagibiet, lprovidingémprdaved20 Fi gure 10
shows an enbodi nent of drum |26 where _annul ar surface 182 and end surfaces

184 of dr usffieschredusedwadie.and thedikee| Herdiamand ke rbenpaating may bsr
| NSUL 236 VE el b 2baridt SARKO bidh Y ér.fnoc«{?&fyé'l»?éb ViAo Ping" surface 182

whi ch Temains ‘uncoat et el'ectrica con _cllve._ n-dddition, a
pair of damighpachickhess! Details 6f thePrda8ses aNtappatidus therefert averadgtiter i al on
annul ar surface 182, and in 25 sonme enbodi nents cover end surfaces 184. The

insul ativelft.erial limts the surface area of the el ectrode al ong which
pl asma creation.and. ne ive biasin occur. Howexer i nce the

Phaul at§ ve. i ofthe PRl faboR B g s ot B A vEh Mibar drrent
dark space pafiepl i Qbpptr! cHRbmibf, deasihat ed
mat eri al . ‘In?]dgésrg%%r ggg,ggxcéﬁ%@gghﬁg%gﬂggéé ngéﬁi%lﬂnrgt al’ such as 30

al um n2fn buahd diekelotSusfate faactiomalization cen beachievel) @siag adlértonf saitablsepar at ed

fromthe -16 2 7 FEB 2002 WD 99/ 13404 Ptr T/ US98/ 15270
gases during the final stages of diamond-like carbon deposition, by gradually

increasing the respective gas concentration and decreasing the hydrocarbon
precursor concentration. Such process is also called “doping”.
When the deposition is done in a continuous mode, as by the preferred
30  method, the surface functionalization can be accomplished by installing a box

containing the desired alternate gases before the diamond-like carbon coated web
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el'ectrode by neans of an insulating material (not shown). This 311 &&B 2002
confinenent of the plasma to the el ectrode area. Another g&Bodi nent of drum
126 i s MPoRH2A Fi gures 12 and 13 where drum 126 i ncl ude® Wflrrm&f

insul ative rings 185 and 187 affixed to annular surface 5 182 of drum-126.

I n sone dedveslihaeoiting zone.uBkaitablesilitatpgab8s/inthide, bud prewiok tithird té sitaneal so cover
end surface 184. Bolts 192 secure support neans | 94, enbodied as a fl at

pl at e or SiHy. dgsrameghyisilape (TMS, and setragBioxysitage (BE@Sk ubiitable arygens | 94 can

i st | i he . var. ts. of d 126. Th ir of insulati
Chge | BaRA R ol ot Y818 o el fler PR ARgert BErcRetvaRer. i ex pos e
el ect r 0dgyzBe, S0QnABTAiS8HALIE st fur GAS IRlludedht atehR Minied IS H,S) KoL rode | 80

is covered in sone nmanner by an insulative material in all "areds except
wher e 5t he8Gubky carben disulfide (GS, 1 Heitableuitnogetegasghinslude bilnars nanlimitgbs ed

?:eﬁé? Lﬁgﬁo R HE G e Sutabie osed W SprPrC P ot AR o r@‘&dih_ tTES
Ceepoct H LS, GBHR ELMHORIE oF) EP el AR RARNE fartt U2 et er

prevent s ificlade) butf drk Aoiémned o, ditnethyltiremium.f Saiesble fitagimegases As a resul t,
deposition is limted to the uncovered area_yéyi’. e., that which is not
covered wvipelnde. hyiaranptlimited w5 Titl,. and JiGlel Suitabje nigksl gasesingludeabhty i s cover ed

by rel.atiy i ¢ teri.al e Il tq Figures 10 and 11,
df um1P26 au“’g}‘ar(‘cﬁ“gkegh@‘w’@f%{ %F%é%%dgn‘%%é Ehléﬁ‘é&eﬁ@%ap%é%ﬁ’geﬁ% ferrofluidic

f eedt hr oughpsrited bPsiItred TrdiA uilea&léxﬁémﬂrfoﬁﬁwutaigané firaGhpes snbLaf f i xed
within a hole in back plate 122. The ferrofluidic feedthrough and rotary

uni on pr olepositigrepar ate flui d.and el ectrical connection froma standard
coolant fluid.gonduyit and elegtrical .w.e to hollow cool ant. passages and
the 25 conduct THFGUBIERLS Fayflextbie pplieric A majeril Yhughy s FHosniely 26 clur i ng
rotation mily kerehCURLA) Biafic (BHHHER RRflde pbiifmidRl Rlotudifl fBaiHedC Supp!ies the
necessaryﬁyp%rcec to rotg%e tc;?g rumﬁﬁurierqgﬂﬁn{m depggﬁlﬁon, ewhi ch force is
suppl ised polyimidesysuch as/qolyestersmiies Andipolg-ilnidesdsters polyGSilexane dmides,or . However,
connection of drum 126 to hack plate 122 and the Cﬁnduit and wire may be

per f or mecRIyPoLynids: pelymetivdmethacrylats, polysstessisueh Yigthyésecti on and is not

limted t flud di LA anpl e of
such o e BpfrEd Pt irbES ot eblopihy el WAl Hikdhg ertq TRETD. 0,
PCT/ US98/ gélyiniifesaard prefarred)iwithan ¢spediatiypréfemnet palyiniité polytnet being shaf t

f eedt hrough nmade by Ferrofluidics Co. (Nashua, NH). Drum 126 is rotatably
driven bymads fremakeenhydside ofpyromelitic eeid apd 4shdiaminendinhenyl eheril or el ectri cal

le of | at i ' i S 126. In th
b odtrentuatpgarorhE & D 37 Neffols 0 crtiy YBabr e el o: o 135 wi ¢ h a
drive shakbptbR®MViaatiok inBludE K¥FtoR® 1 Ka Eald Kaptoeveaaineag | ¥ connect ed

to a driven pulley 139 rigidly connected to drum 126. Belt 135 (or
equi val enothetsr gbthee polyinids [patcessor 3taktoi ayaddblarfromddulPanoas Byialie®pul | ey 131 to

driven pulley 9. 10 The plurality, o eel chani.sng 128 are rotatably
affixed to bacﬁ%?‘ﬁ%’é'c‘i‘?zl?yef afﬁ‘MP‘&?‘SX {pr‘B‘Fd F’EE'I copdiehysinasials $98h i ncl udes a
substrate I [ ' -pai b 1Bl : .and 128B,
and, in sgﬂéﬁﬁégﬁgwhwwékggﬂ%@ﬁamc eulglég' thhég?ic. ngg\%e dlr e d%\s‘chani sm

Wi t h 25 pabf sueh I8eais highlelepeadent &n tStaradutar b f ciredit GRekettighivveb reel
mechanismwi th a pair of masking web spools 15 128E and 128F, where each

pai r i ncl pakkegodesirgd| i very and one take-up spool. As is apparent from
Figure 11, at |east each take-up reel 128B, | 28D, and 128F includes a

drive nmechani sm 127 nmech icd?ldl escgntnectfr-i héarieto such as a standard notor
as descri bed bel ow for st@%@%ﬁ—%—ﬁ—‘%@% e that selectively
rotates the re?kg@él@ﬁ&d@ﬁﬂ@ﬂble%cdﬁ?ﬂﬁ'eﬂﬁﬁ‘viné Qg@%éﬂc%le&ﬁ@h delivery
reel 128A, 128C,~ 20 and 128E in select enbodinents’includes a tensioner for
suppl yi ng layzu mathsa kagert df eiamsdisl-ldieddadionad dbposiedriethemn therpdifheriEach reel
mechani sm i ncl udes a delivery and a take- u;%hs\%(;ol whi ch may be in the sane

or a a0 f diclentricanerad aneneonduetivedsach layendr giofi damondrlikggarben pay not  be

h . the el de.is.in. h | i f tandard 2
b e, SRS TR FEhS B o L B o b Sor s 25,
defi ni ng 11-




a groove in which an elongated nmenber, in this case a substrate 0|2 MbFB-rzsﬂﬂz
wr apped or wound. Each spool is securably affixed to a rotatable stem . :
seal abl wex%bgngi Ng through back plate 122. In the case ofpcaRRbsshe be
driven, the stemis nechanically connected to a notor 127 {e.g., a

brushl ess DC servo notor). In the 30 case of non-driven spools, the spool
i s mer el y thecdwpd strength hetwsen thegpyenpd divapondrlgke carbopapd gonduptive wegENS98/ 15270,

t hrough a,coupl i 129 to b | gt.e ~and ude a tensi on {
rechan st b TOERerelriit SR nR Bafoiddi 88 BPHd Sohilae AT . b o
veb. Conmgpq xaegtdptattd RlyBOR) HdonABE Ve thitedal. TRekdAIARE 8§ cBRbyam de,

pol yi m de, pol ycarbonate, pol yurethane, or 5 polyolefin) webs and webs

havi ng at depnsited using teghigues Sunk hsishutigring.rmapelt deppsitiom, yacuumy, t hat can be
used tp define. one o re electrigal, citcuits. (See, e.g., U S. Patent No.
5527, §06 depition. g bt evmmePods Bf depisuis hideyervitnnddiibol of the
latter typeafalsheighs 24860 thd @it AnfsS RNHoRRRAAAES with 4 iagerngfesent

i nvention can apply a carbon-rich coating (e.g., a DLC coatfng) to one
surf ace ofdianmddikei daeboneindspbsitdd mf the nenwirbuit Side of the karieeb. Bigusrdy nateri al
coated thereon, such g}i an electrical circuit, can be protected by a

uni f or m c&p@WTRcaTen] fogadlsnble gircuibhavinga layes éfrﬁ‘mﬁlﬁq @porgharatus 1 1 O
al so incl " lers: Yy af fi il er and
purp 154 ERGRIES oF e e e S NN, FpiorERal a2 LR FHARCE! | 2
subst ngt e 16 prmdidsdiieion beiveen thadisletRicanspidll2 ahd@éed laydr 85 channel 190 on
drum 126 and from channel 190 to take-up substrate spool 128B. In addition,

wher e spaci ng WFigie 4showna Rexiglegitsyitsameyn ddgving @l layer phdinmond-liBe gui de t hese

b dth bstr at d iti bst | 128A and iti )
neb o o e Sl O AERER ORI RS, SRRt B dors o
substr at e capaRb haw3Bla9BbflddiRondllikeSdbdid VR theSiMirchi€ §de of iePect i vely. 20
Fil m deposition apparatus | 10 further includes a tenperature control

syst em f orpolymmgricydieigettie tgyer 2t Intermedinte ayed yispravidedito pedneate adiwsion80 vi a
ferroflLui 4qi c feedt 138. .The hg{r?er at ure cont rolé) system may be
'V

[ rough .
provi ded g’ﬁ“’éﬁﬁﬁéﬁ‘% ‘G@c‘%‘fé“%?“%ll and the PONAUEUYRIPACK daYSF dvi ded from a separate
system and pu t S wlalffexit ieb: : enperature
control fl ui dn?ggfr%??Fﬁ?%@éﬁgonne%%{?lgr?ﬁe\??ﬁgrsggﬁé%a?ﬁﬁ&nﬁe ltect rode | 80.
The t enperlighuatsorting material 54 mcompeyatédbehereini. Eigote Sedhook aedeiet 3dvithaa | S needed

to supply an el ectrode_of the proper errpeqragtu e for filmdeposition. In a
pr ef er r ed 1aYgs Qfidizmond-liks carhopfchaying, gienalredsegion § degosited @B thent  syst em

i . f ,
chl orof | uctseh P e Boferis i XA 1 4R Flye MM EBiER Y | 5

|'i qui @oni tdepgsitell-betwden3he diaMbn%iké 24:H6n RGHE KSR 1&ivE Brabd lagerdBefasi ti on
apparatus 110 al so includes an evacuation punp fluidly connected to
evacuat i orglkessessyherg @ layenpEmgiallys matgriplchas ap inteddapgwighadsyersfch as a RootsT"!

bl ower, a t.urbo | ecul ar .pu a,diffusion p or, Ccryo capabl e of
evacuat i ng‘s'?'ﬂgf‘qfﬁg%%g‘?“ {‘Hp’zfg%fﬂa&ﬂe tfof ﬂ}esla%qu?g%ngéﬁggﬁgﬁggp or 5 backed
up by a negheniftfkioRiiid rddibs 62Y AeUnletace. PiPRePhols 2 RAREt HRKKON appar at us
110 or alternatively may be provided as a separate systemand fluidly
connect ed Iasertlight abisartimg materihhi 4ldgposit¢d amthagreniasids oflthe palymeric ncl udes a
fluid feeder, pr ferablé in thggformﬁglc a nmass flow controller that

regul ates SiRkecriclayer 4apd adayes pEdiamonddikeicarbopid havingfupqtionalizéd g bei ng punped

into the c j : r -be. _provi ded on
appar at us LRSS VB Eh Y Ao doRThe Rlsierit B MEPHE ol UupERRECY T2 0
fluidly conpecl efghe 7 dpwehaahar 1 witlea 5etef dismbid-liRScdrbot 4dépdsitde pr oper
volunetric rate or mass flow rate to the chanber during deposition. In a
preferred emthgdiomsincyit side of pplymerigalielectiie layex 2 A layer bblasdrilight havi ng

di anond-1i ke pr.opertie 15, Thi.s filmis created om.a gas,. supplied by
the feeder? Sf’ﬁﬁ?é)ﬁ’&fﬁ“éir Hyislspetisden LF]%QQPQSH‘& %f&e"é@?%ﬂ“g‘i“bﬂﬁéc%dr ocar bons
are paggic r ; i ] ] rfull erenes,
vant e B e R 2R BT TR AI, s such ae
fl uorocar bons, chl orocarbons, and chl orofl uorocarbons also are potentially
useful . Hydrocarbons particularly useful 20 for rapid carbon-rich (DLC)
coatings include benzene, nethyl cycl opentadi ene, butadi ene, pentadi ene,
styrene, naphthal ene, and azul ene. Gd2es with | ow ionization potentials,
that is 10 eV or less, can be used and preferably are used for continuous
deposition of carbon-rich coating in this process. Filmdeposition
apparatus | 10 al so includes a power source electrically 25 connected to

el ectrode 180 via electrical termnal 130. The power source nay be provided
on apparatus 1 1 Oor alternatively nmay be provided on a separate system

e b




30 Al'though a variety of power sources are possible, radio freque%gnglgF?uuz
- power is preferred. This is because the frequency is high _enough to forma
sel f - WO3fP$ 99/ 12. f 04 PCT/ US98 15270 bi as on an apprgl T I§f1780nf i gured
power ed el ectrode but not high enough to create standing waves in the-
resul ting pl afifwes®adn ¥etlsdowe flexailé tigdBidardd’s HaihedeR9& dfilaxs: RF power
is scalable for high coating output (W de webs or substrates, rapid web
speed) . Vigbtabserbingwatenal i4siseorperatediiherainiand ableast opa apérturelléctrode is a 5
negative self hias. .i.e no ar.at e [ .source ne ed to induce
t he negatﬂ?'%glb‘;{a\%asbﬂ‘etpﬂy‘%qr c‘ﬁ&g Cﬁ%sggﬁgﬂwadmg ﬁg‘egﬁ"& red, the
r emai nder.; of; ' [ ' Ll vel he RF power
sour ce pgﬁlé&@%ﬁ?éﬁ%ﬁ%%ﬂ&%ﬁlggw gﬁﬁfﬁg&@#%ﬁ gﬁrécgﬁgépg%- 01 to 50
MHz, §r efbervaioh vhel ghiyrfierid-tielectrianiyyen2ahng thenondactive taace laker 2, or 3) 10
multiple thereof. This RF power as supplied to el ectrode 180 creates a

car bon r Pesfersblysthg aPF'&H’thlﬁ@%ﬁw ®8 sxtsads Groughithapolympdc dislestiier . The RF
- ] |
Ponnect odet 2RSS Eip AR Aot DA™ s AALRRERY 2 L ance

of the pomeugisthe@iclesti¢ Material 2.0 1hyt@ of dRARMAU ke @arboh Ads A¥pusiéd 6 usual Iy 50
ohns resistive) so as to effectively transmt 15 RF power through a coaxi al

t ransmi sd$hepon-¢iraaiit sigenf thppolymenic diglegiriciiryqs@vand ontp thhéntetiercurfacks, t he

I [ t abl i . . RF . t | ectrode b
DL, RO AR s B R IBR Bl S0 o0,
range of Qbd a4 @%&dt&? bh the clftui sme%%&ﬁﬂ&%dibﬁpéic%ié? hibetviencar bon-rich

pl asma to accel erate toward el ectrode 20 Accel erating ions formthe
car bon- r ithtdielzetricmyatenial 2tand shebeindacttéve trace tayens.t InFighresd, dlod lasedle 180 as i s

déscribed. in nore detail, below. In operatiqn, a, ,full spool of substrate
upon whi 3%3“&%‘&831“?3 BAteria) HhalRe Ssavesdo eniact s bovd e g?‘é‘f?F%g‘espool 128A.

Access t%i%l?&ﬁ@m%&?ﬁﬁaﬁ&}hgrcgtﬁe% iﬁE‘P%é)\/\%?é} 5ower door 118 since, in Figs. |

O and 11) the spools are ca conpartnment 158 while

depogist i on oc @ach fleRiblepdiniteaniedl shewh id Biguresn, 28] i5( 6 ahd 7adan®8pt y spool is
fast ened opé)osi te the substrate hol ding spool as spool 128B so as to
f unct i on used fasdabricrting, lrmeialdayes pr aﬁnﬁdsmmr@nwhﬁ shewmr¢ashh on t he

bstrate, |f i s, desired shi an, t he . te duri
ot i ng. s Racd RRhegEline )BT A bR ool i ind due Bt festar Do
provi ded gfe SRR RaysfciddfGheBthet 3P of BletfaRHEtic dislet Bie dyePD wrhuld he spool's in

the particular |ocations shown in the figures is not critical). Simlarly,
i f film dmtbavead condustivédrice dayer B farmedon it duidgrabsequon pREESLIRDS/ | 5270

attern or otbherw se rtial nner. .a_.maski n b can be,.posi.tioned on an
Pnpufﬁos potFPsadn thssape ‘%%8%“%?% [lTaS'ﬁr IRty the pthar S%%Bgﬁ'ﬂ%ﬁé’ﬁ%‘% t ake- up

spool  as /PR wdd#have a conductive trace layer 3 formed on it following fabrication of

circuit traces on the first side. In most cases, at least one of the conductive traces
on the first side would be connected to the conductive trace layer on the second
side with one or more metallized vias. One or more diamond-like carbon layers

25 may also be deposited onto the substrate layer, sputtered metal layers, electroplated
metal layers, intermediate layers, other dielectric layers, and individual features of

such layers, i.e. bumps or vias.

Description of the Deposition Process

The process of the present invention differs from conventional carbon
30  coating processes and apparatuses where plasma creation and ion acceleration are

caused by power applied to different elements and where formation of carbon-rich

-13-



After. all of the spools with and without substrates or webs are podik iFEBa2002
5 the substrate on which deposition is to occur (and any masking web to '
travel tRgssyidd around the el ectrode) are woven or ot her pipRsiilshRd

t hrrough the systemto the take-up reels. Spacer webs generally are not

woven through the system and instead separate fromthe substrate just -

bef or e t hi ecatingsOegHEPBPoththe Hrostyatg apd thesapparatusrathey thasessentialihgust ubst rat e i s
speci fi cal {S)ed around el ectrode 180 in I O channel 190 thereby
covering t S%eed el ectrode portion. The substrate is sufficiently taut
to remain in copéRfinghoFigdrbe1GhRET 1, @ @ndbodink&ht BPIE cifibbh filie €l ectrode as
the electrode rotates so a length of substrate is always in contact with

t he el ect r deposition apparaius of the préBantsinvdnitiongvithacaminen element for plasmaat ed i n a
conti ngﬁuseproces .from one, end of rol] t thF ot.her.. The substrate is in
posi tioh f Eieatiqnand ionaceeisratiqn;ig gencrally iggicated a5 1 19. This deposiioney ¢/ osed.

Chanber 124 j Vi hr : ! Ltles. Once a
car bon- contﬁpgaﬁt%gﬂ?ﬁ E%lgdest)fseﬁip ggg\é@&glleglgg ; a ?@g[l) hgdnfl:l{r@gé t'a tk?geo%gvacuat ed
chanber, t psmehplfsfadnesorinsore dackg 1118, didggwalld 120 sdacaask plate F22| defidingosi ti on.
The RF power source is_activated to _provide an RF electric field to 20

el ectrode ammnerghiamber124 therein divided |ipto©ng 6 MorheompRarmeRtsed Arum h2thg nat eri al

to becone igQni.ae t.] i he f i f carbon ri,.ch plasnma with
| oneC s oy ol dtAtatf deroled Siih Bk ddnbE o RRY et mncBnlBaanly’ P ST B

al t hough ohffixed WithPME ¢R4mBettnll refibed fo/geneAl9 as 128, dPive HitBRhniAn¢¥7 t he pl asma
has been created, a negative DC bias voltage is created on 25 el ectrode |80

by cont i nufargotatablyoduiving dmne | 26; idlexiellexst 132 metappblycaffixephwithibithes causes i ons
to accel erat e ,t owar,d non-i nsul .el ectrod rtion, 190 of el ectrode 180
(Thass et PlrrbenrataOa o 3h Hidy Eftnetfer e Bel BB oni ol Geas.  The i ons

bombard the |en9ﬁ1§bd?fstﬁiéﬁﬁé'1§i%£n9 n?&ﬁ§ﬁﬁ$wﬁ@ﬁﬂﬂeﬁﬁ%bp&rﬁggﬂ$usﬁ{gemrOde ,
180 causing a densification of carbon resulting in the depoSition of a thin
di anond- | i k&4 BOa desirbd norifigunatiom, & werttichlgngpright masnérsn tatpeesenléase. AWO 99/ 12404
PCT/ US98/ 15270 Fqr. contj nu deposjtjon, the take-up spoqQls are driven so
as to iﬁn | shoym gw&ﬁémﬁﬁfaﬂg&%mW@W%Mﬁnsﬁégﬁﬁaw conpar t nent
154 and ov : 18 : [ sked
substrat o peef fGeAEad th 8 LBhaRERC o RLACAY fsBRuBRK GlTECRET,
maski ng weBuppdeeil¥e attiched ecaedehnide dfithewo-paichaushptfopduppoding Apsargtus | ed

t hrough t he upper conpartnent conti nuousl i a continuous RF field is

whi |
ol aced on (G Spesificallycorasksuppes I0ineluge besbriktiselsalin and adjusiabl fast osont

within the . Th i [ CAInD I.C jhg on an
el ongat ed s1 %gﬁé\gng ﬁﬁ%g'%g’gé{nghfﬁsgﬁcﬁg&gh{b&%?\ust ﬂg ’ gﬂg{s?tepfébt%g.%éegr bon film
deposi Rpon sHEWS inBigures ¢0andN 1 di6ss suppires IO PO htidcbEtoack Sige 6f ect r ode 10 nor

does deposition occur el sewhere in the chanber, because only the el ectrode
i s bi ased. honsingidil4 thoeughsitiackmentsuppamtsi 46uSaeaificalys efosssupporthktlgirect r ode

(i.e., annular channel 19Q) i er ed st or.entirely by the substrate,
ieie o iontrsliadp bRt ok vels T2 el e Botom i Malh S sishonenty <

el i m nat es i @,ggp@gr parts thereof
and repl acisggﬁotrﬁgqgl wfg[gi{l?%{ ggﬁg)gr)?%hcar k)g\% O%Crrggi?loggp. Inll??s;eés wher e
fouling of dohsectedstolbatieplaoi22i ymataciumerst supgorts 19padm alditiohalcrddsbarand | 88
can be provided to prohibit or reduce fouling, Dark space shields 186 and

| 88 cardbe W 1spripd between sross spporig i 49 ey theright-hand sidg of apparatus 419 he

duct i tial fould 0.t ' in Fi 10 and |
1 ar ks pere Rl B ERue 19 san Phobid® pGRBRATR R Mol 7 10 56
and the insul at ilgsusafy 11BRaR 88 anPResnsoP pEviding & bétfiroll8Pernidnrh8it thi inot  bi as

due to the insulative rr.aterial‘ t hat covers drum 126 |n.the areas where dark
space shi el cpati8ef evacuatigs, cootairmoent df gan ihp@iucghafied gvacustppmcplashd el ds in this

ring-1like enbodi nent further include t on each end thereof extending
iy 11 om CHRERER M the £ 85T i A QR 1A 1S COmRgRest ot i n

al i gni th it R ' enperat ure
o) o o8 | PhoSHSEIAE D SEARTH KPoud s R LARY soblipberperature
keep the el e, foue cidatvatls U23iah@d backplee AR The Juter wallsldéfind Hbsk wity®l ves
cooling the electrode with a cool ant as descri bed above, although heating
in sone cases nmay be desirable. In addition, since the substrate is in
direct contact with the electrode, hebt transfer fromthe plasma to the

substrate is 30 managed through this cooling system thereby allow ng the
coating of tenperature _?;




2 7 FEB 2002 WD 99/ 12404 PCTNS98| 15270 sensitive films such as 2 7 FEB 2002
pol yeth 55‘71;2 epht hal at e, pol yet hyl ene napht hal ate, and J Af ter
conpl et Wo‘ﬁ 0 sii“he deposition process, the spools can be ?épnﬁggdg%ﬁoom shafts
supporting themon the wall. The substrate with a carbon-rich filmthereon

5 i s on shalpw ihrsiBr, saootedas chaniperf 34 Side wallsrl@0 end bavkrplaal 2baref i | m coat i ngs
are used, .such, as for. electrical isolation for.chip cqoling, flex-netal

ci rcui t r yfaSEpgstoehsr; ’Esa,“y&?f‘l‘?fj‘t"o%é‘f ﬁ‘ﬁ@g togteidly se FFdS‘ﬁ?ﬁ nggsl 12hogr aphi ¢

masks., T CERf o Blall° %0 BRCaBRIt: B mﬁmafﬁ@%ﬂ allBW' AR B PO A5 VS,

orthopedic 1 nplants, thin tilmcapacitors. packaging f aser device
mount s, acichmiberTe240 usntaihivent afadkid fub plasiva creatidm plasina pRatoY, i@l gases can be
used to obtajn extrenely high deposition rates while still maintaining good

properd i edccelerating, andifimdsposstion Front pagel U 46 isgnot Byedly srcuredisoas 9ot ent i al

gases, very f enosition i i bl tow DLC.coat i filmstress is
pr oduced. peéﬁléi%%%ég‘:%a I Berpizl“i‘? g’??é‘%@“ﬁﬁgg‘ggks‘%mswc%m‘? Pogl?eﬁflo%rrpari son to
| to 10 GRainkédandeh Fréd Gadll 16 KldiAa&d ifPWolfsted ddnRERd AN Ringbl ShRoF 0AL | NYS.

Mass deposition on the substrate is at rates up to forty or nore tines

hi gher t hamequivalgnt tenmeetion means)to ofic dbpdswallol20 toMefinesd patrsgfaleptsi on occur s
anywher e t on the substrate, .and, ..a resul.t .. mnipal flaking occurs.
Furt her m)fgac doqrs ffﬁfﬁoslﬁ%‘i"ﬁﬁé’f sxgﬁma}l%f%}faﬁger{@y %ﬂ“&ﬁ%%@nt r at her
than gy m xiif efl (&8N aR O ITBinPRilcahRhs 1385 88k: dition,
very fl(l)gh conver si(og yi el ds)(as 2n rru((:: gs s?}g‘yésagéuvg@s%?‘%%g?&gé ilm

out put, i to sidewallsi 120and cart heny ahdchiarsism ghpabll fisécuying dosrsilng tdwalfsr i or art,

can be obtained. O her benefits and advant ages of this process include the
abj ity t&2Qmamanner allowipg foy evacuatingol shargberdif osteragn m@n@fg’ i ncl udi ng

wi dt hs of . th er rat.e width is not a
limting i;g.é gkég?oﬁlggfa?%%wf%“%b%fg n%%?énégnn%émﬁé@%ggﬁ?' around t he

substrate in theosdetisdimén) damben B4 isddvided Byaldiviies hafli54Gntetwa. Accor di ng
to the nethod of the present invention, a substrate can be coated to a

t hi ckh®ss cerppartmentl 158. apassage aipoleobGOrinmwallyl 54 psovidesdfort i n, general |y
wi t hout regard tao,substrate w dth. Coatin hi cknesses ,n the range of Ol
to 0.3 p, R‘?S@%F gﬁlubéjsogdggsjmé%\fgq(gwge%%qm “"f'%l“&s ﬁ@f@i’é’e yahek?%‘ﬁ@hert hi cker 30

(i.e., upchPbeéhlyord c&ﬂﬁarhﬁ@di‘@?ﬂu%%&ﬁ%o%‘pﬁﬁméﬁt@. possible. r -24 WO
99/ 17404 PGTI US98/ 15270 Overal |, plasma generation and ion acceleration is

great!ly sinpli Homsing Oh# ynctudes e lphrality o€ viesv pratsd 62 awitheligh Ipeassure, obear ce
el ectrode apd a target el ectrode.. B The red el ectrode bqth creates the
pl asma anQOB!@&&wim%egﬁéﬁe%w csvmorgﬁgﬁéwﬂ% VisviE 96 e wi ¢ hi n t he
pl as to &n?ﬁ m{Q)@, i tact with
i tsen?p T\ﬁ?é&gic I lz;éseiszﬁg‘gc\‘/’ol tagé‘ga 'sqgo%gn Ql? ati%qgélﬁgésﬁya Ft]argt)ggpposi ted
coating, wskisohpershbitaasvhittevariots penepR(t.gs sempdestare prieksure, @fc.Xdaabear ri er and
Circuit-Mking Process The gr ocess of mmking flexible circuits and carriers
accor di ng seowedh Hoysingnt i4durtheripslpdesdniehporty K98 nsevidimgdas eandyitat | east one
| ayer of di - [ ke 10 . t her.eo i ch be ed i onj uncti on
Wih vari %ﬁ@%ﬂgﬁh@%‘i‘&lﬁﬁ@?mm be 1&0%11‘@@& fhto (HANbeF 124 §needed 1

supply an environment conducive to film deposition. Housing 114 also includes

25  pump ports 170 and 172 that allow gases and liquids to be pumped or otherwise
evacuated from chamber 124.
Pump 134 is shown suspended from one of sides 120, preferably the bottom
(as shown in Figure 11). Pump 134 can be, for example, a turbo-molecular pump
fluidly connected to the controlled environment within housing 114. Other pumps,
30  such as diffusion pumps or cryopumps, can be used to evacuate lower chamber 158

and to maintain operating pressure therein. Sliding valve 173 is positioned along
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such as netal sputtering, plating resist |amnating, resist exposidd, FEB-2002
devel opi ng, etching. and plating. The sequence of such procedures may be

wvari ed aﬁwgg%r;‘&d for the particular application. Miltipl ﬁ%ﬂﬁsés}ﬁéyoon ‘st eps

may be use ere nore than one | ayer of dianond-1ike car Sirabl e,
e.g., a layer-deposited directly on the 15 substrate for inproved planarity
and vi a cr énag flad coanattian lhay ean stEptsely adersdcopr Hockeflaidlcommayerioho provi de

h benefjt br asi i St, d . nt. T d
desor | bed HEMERPAPPILS SEHIENYSter GLHoREs L RN O L reasepe e (o
escri _ s _. 5 e

Ceauence op PLmbYprlTeY RN il ffeap bRl ek Yok dly S8R & (Y0 o

di amond- | i klsaiwitl feshadted flaitk coninehi¢adibl With, pumpd.34. pol yi m de side, of a film -
substrate. The substrate may be nmade by various net hods such as adhesively
bondi ngSa cur edDwNﬂérpmfsgagb i acylindsispleslectrods 18Q with an gnnulapsurfags| yi ni de on
copper foiloor the like. i.cal he,substrat.e 25 cqgnsists of a :
pol ymeric #?f?ﬂ‘{%e?la%ﬁ‘repaﬁﬁﬁf S :’lry%rtlﬁeetleé:ﬁ'ggi ?)anlbfgn?ﬂec St ers, “with the
copper | aygfecttighiNcdrdaBiive mteRaling pRTBABIY s 4 Mtk suchiX ! for &RumigIer i ng of the
polyimde filmwth a seed |ayer of chroime and copper is perfornmed.
Phot or esi stlmimictoppery steel, stgindessisteels silvet, ¢homitra oe dn abeoydofany dne omegat i ve or
are_the ted, onto both sides of a 30 substrate

ositive photoresists, | ami n
havi ng o pataysethe Toregoing; Reeterablythe glspindeds dlumingum, hecause afithe &2 i nat i ng

t echni gyes W ; lookess of the photoresist is from3~ to
5o 1D 9 grbbficaiftn. I St vlREdIRKARED 00 o 1ol 10 o erometers | The
phot oresi st i s Drem 26[9fiethep constridtediodadudemant-doated] cinductivegbgions t he |i ke,

t hrough a nmask _or phototool, crosslinking the exposed portions of the \
resist. Théhatalewyas elechis figldtpesmeats auiyeid aswall agnogreondydivedevel oped with
t he appropr] . i f | St i aqueous
sol ution, é‘.ksgq"’?“’%?%“&%gﬁ’ f Pll.egﬁ}? @géfeﬁ%ﬁof%ldpgﬁqégé%&n# ?zir“gsofﬁé renq@%u% fon, is
appl i ed untcbitirgas itheforPinktilated or dsRiueiNeionichs @f tHeddldtuddeleFhef the [ am nate.
The copper side of the lamnate is then further plated to desired circuit

t hi cknd§s. eldstrically non-sondugtive material typisaldy. isjar énsulatasosuchay a aplymebe deposi t ed

atop the c er if desired.,The di anond: | i.ke car er.in. the devel ope
area on thzggt’ H%‘P’[eéﬁaglgq% ; B’“F}‘ne_aréquéﬁ@ °{]Eﬁeﬂ‘§%&?$‘agh%5?ﬁﬁ"?ﬁy expose thg
pol yi m de sidhicBh@uctiVBPulpdst Shdio pRovidedhlPh SRAMchAARE, fphah tef widgencent r at ed
base at a tenperature of from50C to 120C which etchés the portions of the

pol ymeri ¢ fofithe substrate tebeecbaled, tdvwecandostpieiardecdn be endsionehhysoregfoses cert ai n
areas of the ori gﬁ(qgj hhi n copper |layer. The resist is then stripped off
both si des WfingySkilhinthea® in 2 2 | S 5% solution of an alkaline netal

hydr oxigge at T §ikd@G0lRolOtn eRb&ifeAinirh 298 MilrelAnblGurdiubegruent |y, the
original thin copper layer Is etc eg ere exposeg w th an etchant which
does not hainthehd sunfsdey 184 bfdiui 106 e goatedReitinzredlediricalyaionadohdudtive

El ectrochem cals, Inc. The final circuits have copper circuitry on one

si de, and dnaBive-matrEalcexceptfgr annusichanaelg®04pn prmde syrfaea82xhighposi ng

side, and a0 ANBETd AdinGENPAACAIRYEhucHFE OB AudflioRCh PRFDr bk S5d28'

shields 186 and 188 cover the insulative material on annular surface 182, and in

25 some embodiments cover end surfaces 184. The insulative material limits the
surface area of the electrode along which plasma creation and negative biasing may
occur. However, since the insulative materials sometimes can become fouled by
the ion bombardment, dark space shields 186 and 188 can cover part or all of the
insulated material. These dark space shields may be made from a metal such as

30  aluminum but do not act as conductive agents because they are separated from the

-16-



| ayers or on individual features. Next come converting and auditiznzg FsEBe;?QUZ
where the substrate is cut into snaller strips. In an alternate additive
.processwn9%n4eds preferabl e where very hard 25 di anond- | PREUS¥I52T® coat i ngs
are used, and there is a propensity for cracking during early |am nati.on

pol yi m aciey e Hfms bFn fQRRE Fllck) (R BRI XROREE ARl " 11,

t he renai §f the prk@RIo e didtrode afe@ss bei ng as described above. In an
alternate type of process called a substractive process, polyimde film 30

i s sputtered whAnpthar erabeflimgpief dyamdRe dsthosmdn Eiguesr12 andd 3avhesous
rocessi bl e oresists .are. | . nat. ed to h..Ssi des of a substrate
ﬁavi ng a M%ﬁ“&ﬁ?ﬁ 779@28?“15&&“5 @@dﬁ?ﬂ%iQ%ﬁ‘£ms%@ C8e and a

thi ck £OPPES ofdrilfty 1245 1A Yok 2nbBARnendIi3akhti POrid £ PETHs QUGS whichGachUbSt rat e used
in this process consists of a polyneric filmlayer 12 mcroneters to about

125 m cr oafst esver ehd sikefacetliB4: Belts b9 srcutesypporbmeany 194 pembcdiddoas40 mi cronet er s
thick (in_the additive B@r&gﬁss, t he cogé)er | ayer is 1-5 micropeters thick).
S The phofl#Riate of strap. {e, pedée BAlty iSHBROTE BeRist 194 $RBASISL N ght or t he

Li ke, thr ' iRk - & rLd of the
resist. Prntg‘ ZH# g@%‘%rﬁ%é&%ﬁﬁw% ﬂéﬂ@?ﬂﬁ?gﬁggﬁg uggs%ﬂdlc}??bn unti |
desired pahdeaiffitedtoanabliapbuitie 82, uetihe an egosaf clédidt poitioatembodied t hi ck
copper layer is then etched to obtain circuitry, and portions of the

pol ynt0 i cas ehpapneltlflds exposed. 10 The di anond-1ike carbon is then etched
usi ng oxygen plasma or ot her arabl e. processes to_expose the polyimde
surface. An aqkﬂ FPoFET ﬁ?%fgt;'é’#g?drg&&&%'ﬁ@“ﬁﬁ?&e&w%ﬁy?%’"?ﬁéﬂ"‘? am nat ed over
the first ygeiabin Qpaéikg‘e)&@?ﬂﬁ’ieéﬂﬂ%u@ﬁﬂt%&&%‘s't%ﬂ&&&ﬂﬁ TRRUeR¥GOSUre to a

radi ation source in order to protect exposed polyneric filmsurface (on the
copper si depxpasedrelectradegrortién thiatdanrtg. in intimsate ofmtachwithahe/substrate.f Then (on t he

filmside) nqt,coyered by the crosslinked, resist are then etched with the
Concent 1 oI oY Hie Sleqti o7 ciea DyanHRBIALTS Eatsstoh oW Byrlgepde
phot ok esi LRER LBRERE : ' ' ' e basic
sol ut ?gn. %ﬁrgdone C(e)%%/%{rrt I ng °§@§%§F§?‘?f‘i’é’$§§d§§§f.‘ Pe)&gec?\ﬁ'u% ﬁkt he additive
process, dsaltaitplang; thikelapehohickdysmtativaynatesiabprevams &obai fild i ni ti al
| am nat i n% and sputtering steps are conpleted, with_ other processes

13

remai ni ng depRsitiancgisthe sudages ahgoyers. Asaedt. depgpition is limiedto di anond- | i ke
carbon | ayer over the entireg.subs [ Dals ect l,ng processes,
the | ayer Xxlngov% eé{aé? gﬁl’ghétrﬁg‘%‘egsr‘tog?&? f‘leéi "{f}g\ 13?“ r%?@ee r§si%tr' Xajlt%\%&#elr e protection

| s desi r ed90) sch Refeefbip BScoveRd By reliivelattiy substiit alatiapost ci rcui ti zati on.
One sel ective process is a nechani cal masking process wherein the

di anoRl- | i ke cdkefeming &g Eigures Idomddd, dmmolgHs mtataplp abipred 40 backepddteaf ter f1 ash
t chi ti tep.. Qth t .al i ncl. inth

br ocesses 122 fBuE s ShRIGR torchiren 4o st Yic FRET op ESHVIEH, e tne

et chi ng bahhhafkisig 8k RAtARE hblREn badkEplatbqds! The ferrofluidic feedthrough

and rotary union provide separate fluid and electrical connection from a standard

coolant fluid conduit and electrical wire to hollow coolant passages and the
25 conductive electrode, respectively, of rotatable drum 126 during rotation while
retaining a vacuum seal. The rotary union also supplies the necessary force to
rotate tiw drum during film deposition, which force is supplied from any drive
means such as a brushless DC servo motor. However, connection of drum 126 to
back plate 122 and the conduit and wire may be performed by any means capable
30 of supplying such a connection and is not limited to a ferrofluidic feedthrough and

a rotary union. One example of such a ferrofluidic feedthrough and rotary union is
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30 baths may al so be used as a post-etching neutralization, web cI%gnfgg.mz
steps may follow plating steps. 2 7 FEB 2002 To create finished flexible
«circuits, interconnect bonding tape for "TAB" (tape automated bondi ng)
processeWO MMMt | ex circuits, and the like, further |ayetGI’HE¥/18E0added

and processed, the copper plating nmay be plated with gold, tin) or nickel

for subsequgRtineiP(bRL HemPrRcLtmetr BONow Safl fek@hRfER MBSyt O conventi onal

5 means. Wien using a selective coating process such as thé nechani cal (
maski ng priecedaidi¢csieo.dNastmadNH).ke carbon | ayer nmay al so be coated after

o the pri nt ed R A BEpRRRNA GO FREBEb batish GBtednh om any
convent onalwIRRA%IRA RSN thPcRRNR ol HelIBlabRNNRGId:AR PO Nt S

i ncl udi ng thermal Conpression bonding, wre

bondi ng, idiagri26ean thembiodimendhéwe in Figare Fl, drvbissemblycd7tiaciidwsned from
carriers and processes' of the invention are useful in electronic packages

such as banotogl3Hwithagdyiye shaft [erminating pradiiveguiley 4 3 hthas isanerhanicaliyp| e net al

| ayer packages . and the |ike. h gircuit d, packag be 15 desi gned
for use i nco_g‘ﬂgfteeqqté’cﬁ %ﬁpeugg(,f%b;fl&%lyc?ounaf%g@@_tﬂr&wé?%, :%Sﬁ}tﬁég (_?ro recor di ng
devi ces, pquiValendstinire PanshitéddbRtiBhal Tdtidn TRt aritkepulfe§sL3 116 AHo&t Or S,
canmeras, conputers, data storage devices and the |1 ke. The foll ow ng

exanpl es gubleydd®t to be illustrative and are not intended to limt the
scope of the inyentio I ch is,expressed solely b %A‘ue claips. 20 Exanpl es
Exanpl® 1 D amo -H’WVS‘%QFB%H“?@FWSWE?&a@dﬂ?ﬁ?ﬁb‘iﬁéf‘ ﬁ’e‘iﬁﬁgipﬁﬁ on a 50

m cron Kapimn i i } Defid | | :gress, the
M e R AT 7 Wi e

5. 24 cm | owish aipairoifisabstrate specls 028 A and ¢D8Y, ahdf ih spmeembodimehis, alio Mz
frequency) was supplied. The rf power serves to_ initiate and sustain a

ol asma of eanHpdRdz-asRASHEgYED rephmerianisey With a pais efisnagingaysbsspools H8C
di d-1i . A . ] _p - A
0 o B AR i B e SRS S A o i ue AT o)

aroundi ¥ he1ZBB4Ad 1237, Whéreieh¢isaiincliddesdnd deligb9dnd bﬂ@&k&up&p&@lt iggs of
sanpl es was prepared under 30 the follow ng conditions of deposition: -28
W O 991 124B4appaeny fugn Figuse vh aleastragh taketupwesl 4288, 128D, and 128 !

includes a drive mechanism 127 mechanically connected thereto such as a standard

motor as described below for supplying a rotational force that selectively rotates
the reel as needed during deposition. In addition, each delivery reel 128A, 128C,

20  and 128E in select embodiments includes a tensioner for supplying tautness to the
webs and/or a drive mechanism 129.

Each reel mechanism includes a delivery and a take-up spool which may be
in the same or a different compartment from each other, which in turn may or may
not be the same compartment the electrode is in. Each spool is of a standard

25  construction with an axial rod and a rim radially extending from each end defining
a groove in which an elongated member, in this case a substrate or web, is wrapped
or wound. Each spool is securably affixed to a rotatable stem sealably extending
through back plate 122. In the case of spools to be driven, the stem is
mechanically connected to a motor 127 (e.g., a brushless DC servo motor). In the

30 case of non-driven spools, the spool is merely coupled in a rotatable manner
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sccnPressure, notorPower, wattsWb Speed, cm m nEstimated di armnd-2i7k<FEB 2002
car bon

.t hi ckne3¥60912886006412001809. S600190. 51200609. S1000641200P€VASH L 90. S1200
609.

e a0 s TR B PP R R RIER TR 000752000

di anond- | F}eeemaldann | ayer under the above conditions was perfornmed on a
single roll of poléinrri de film Approximately 6.1 mof 1 S.24 cm (6-inch)
wi de pol yi m deAfprefergd typsodsubtratsris a dlekiblerweth Coramdn exanplesiinolnde The S

di d-11ik ted | vim de .f.il. t t ted. EX I
R A S I R R K RO R LV R el
Car bons De o blefifi) WebOsid Wit Halink 28fcb@bne SirficEM fudih@d hidedltizdqamond- | i ke

car bon fiPnE wer e deposited COﬂFIﬂUOUS|y over a noving 10 web by the
process desatingpthdt cindeaised toedefinb onaer moredlevimonl ciecuits.r (Seef e.gel).favi ng the

tal ci it | . t-ci| itizati , d iti th
i amond. | FRERIP a2 ko Ghfosa oo o avciememigana) dUin 800l o hor o exi st s
ron oo B9l pcriog e e ne) s _
Sel cot 1 vo et hBh Bf MABI WRURE bl BB R ERRIIE L BRERIVARGBARAE L. v

the rf powppled carbondichreoatish @i EOLETOAhgMEORY sugfatd6f tHe entireiléngtia second
web cal | ed the masking web, The nmasking web is a pol yester web containi ng

rect ahQul af theavabs Thys,she web o puinmaripl qoated sheasenn, sicb@sian elegtricel occur on t he
circuit web oply in the rectangpl ar openings., The.circuit and maski ng webs
are regi sEUPEE o PRI EY R IOrR coR R S! Ao B AE ent of ¢ hei r
sprocket hol es Fifuf deporitiof kEpariB€1 10 ASE At RdeSialek bslletd 17200RmaMly €d drum

D anmond-1i ke carbon filnms were deposited by deconposing trans -29

2- but ene gffsxediwithin thepbamber sndpump 183. fiiédljeennpeted tatherchampber. GFhet o
deposition, the circuyi b was cl eaned in an argon p . The process
condi ti onddlgt ’@ﬁﬁ’é &u&rq Lhﬁg“%sﬁ?ﬂj%“ﬁi&gﬁﬁmﬂ%%%?%@fﬂl S’ffq‘ﬁfﬂ ow Rate: | 10

sccnb (Rre i ' LS %ﬁ ;

m mn gam?n t}ﬁ%@&?@%?&%ﬂ?ﬁc@?ﬁ%@s} ?ragﬁg&‘ff@us%l ggr:[%t o?vﬂ%st%: 200

sccnPr essunaddifio® 3viikee §pating waboand Maslkng #8bs A iisealy\idber Splters 132 guide mi n

Approxi mately 82 neters of circuit web was coated in the above run which 15

produced dhesgoveds padthe substiale from dgpasitiancsubsieats speokl284 yukdepesition t he

i arona- | 1Kl SRR bTHRALTR Bl iop P e SRS
Angst r ons)spbxleiz8Band :&eagmgsldiﬁ%fgewobpmmr@pédﬁvalyat ed Grcuit Wb 20
roon

(Sel ective D anond-|ike. E)osi tion, Post-Circuitization. Post Gold
Pl ati § Di anondilm depasiiopapparatugd LQ8urtheriinghides atemparange gontiplde circuit web

i amond |1 ReeedEoiPPBe Bk E b B AT, HRr B0l Ao T 0O

fil s wer efeedthrough 138. The temperature control system may be provided on apparatus

110 or alternatively may be provided from a separate system and pumped to
apparatus 110 via conduits so long as the temperature control fluid is in fluid

25  connection with passages within electrode 180. The temperature control system
may heat or cool electrode 180 as is needed to supply an electrode of the proper
temperature for film deposition. In a preferred embodiment, the temperature
control system is a coolant system using a coolant such as, for example, water.
ethylene glycol. chlorofluorocarbons, hydrofluoroethers, and liquefied gases (e.g.,

30 liquid nitrogen).
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25 sel ectively deposited through a masking filmin two steps, arg(Zn7pFElBr&002
precl eaning foll owed by di anond-Li ke carbon deposition as follows: Argon '
Pl asma Prec ing: Argon Flow Rate: 110 sccm Pressure: 5.33 mrorr)
30 ., Pom@?‘).&’z]g‘g”matts Wb Speed: 3 mmn -30 Di annnd-lq%ugglrlééﬁ
Deposition: traps 2-Butene Flow Rate: Pressure: Power: Wb Speed: 685 sccm
14. 27 Pa (107 nFitmhdppdsiidn\Apparatu’ 140 asaintlulpp awxvagaitnypulRSfltidpf circuit web
was coated in the above run which produced di anond-1i ke carbon filns

sel ect i vel §onbeeed orvasustien pertsh/ Oc i Thisipummmal bg apy ¥e@wenpump)sselince of 1.5
mm The resul i Lanond- i ke carbon film.khi.ckn |s estimated to be
1.1e-05 cn?s(al% 9’;@5@ ?rogrtsﬁrﬁq f&cma{?ﬁ‘gflp’ias@ l@gﬁﬁgﬁ%ﬁsgralcryom”i er for a
f 1 exi bl e pédpable@f evachating thOSHAMbE. Gy addition! thisGAsdp MAE bk adtedér POl yner
dielectric material, b) at |east one |layer of electrically conductive

mat eri &l t backebumeby a fechanical pyrep. Thhisiewapuatien papmay befpacvdded @t | east one of
said | ayers havi gﬂ at Least ne aperture.therein, wherein ﬂt° H_east one of
sai d | ayer mEusT100r aterngtively may be proxided as a separdte, systemm and luidly 045t one

maj or surf ecte®icthiBlBidef! having a Young's Mdul us of from 100 to 200
GPa, a dielectric constant between 45 MHz and 20 Giz of from8 to 12, and a

10 Vi ckers har disasiepdsitionapp2r@t 11 0 aB0 ithidgs eflujd fehdereprefesably ircthat i ng has a
t hi ckness of between 5e'6 cm (500 An?stro o 3e'5 c¢cm (3000 Angstrons) 2.

t
A f1 exi bl efosmaf gimasg flow cantrolier thagregylates tb?nﬁi)ﬁﬁiﬂse%?eﬁ*%ﬂtﬁt@ém filgberial is

sel ect f ' -] [ n ' o on and 15
di arrpng?l i Q‘grﬂ@gdr %aoﬁg%ﬁgnaqunc!g |lbr(%gﬁ¥%gg&s%ﬁg'f gfggé;?.?,ﬁ%f%é?%rm @Fe circuit
carrier acp@pfévided of afparati3 | MG abeatiPélyl nlag bR (pré¥idetPdses dephrateSsystemt €d onto a
| ayer selected froma polyner dielectric material, a |layer of electrically

conduct i veanhfleidlyionnesteddo ithet chiamber. | Ehedfeedensupplies Buidtin shecproperi t carri er
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embodiment, the film created is a thin carbon film having diamond-like properties.

15  This film is created from a gas, supplied by the feeder, that contains molecules that
include carbon atoms. Hydrocarbons are particularly preferred, although such {
species as buckminsterfullerenes, cyanide, tetramethylsilane, and halogenated
carbon-containing gases such as fluorocarbons, chlorocarbons, and
chlorofluorocarbons also are potentially useful. Hydrocarbons particularly useful

20 for rapid carbon-rich (DLC) coatings include benzene, methylcyclopentadiene,
butadiene, pentadiene, styrene, naphthalene, and azulene. Gases with low
ionization potentials, that is 10 eV or less, can be used and preferably are used for
continuous deposition of carbon-rich coating in this process.

Film deposition apparatus 110 also includes a power source electrically

25  connected to electrode 180 via electrical terminal 130. The power source may be
provided on apparatus 110 or alternatively may be provided on a separate system
and electrically connected to the electrode via electrical terminal (as shown in
Figure 11). In any case, the power source is any power generation or transmission
system capable of supplying sufficient power.

30 Although a variety of power sources are possible, radio frequency (RF)

power is preferred. This is because the frequency is high enough to form a self

220-
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In arrx RF plasma the powered electrode becomes negatively biased relative to the

plasma. This bias is generally in the range of 500 to 1400 volts. This biasing

causes ions within the carbon-rich plasma to accelerate toward electrode 180.

20  Accelerating ions form the carbon-rich coating on the substrate in contact with
electrode 180 as is described in more detail below.

In operation, a full spool of substrate upon which deposition is desired is
inserted over the stem as spool 128A. Access to these spools is provided through
lower door 118 since, in Figs. 10 and 11, the spools are located in lower

25 compartment 158 while deposition occurs in upper compartment 156. In addition,
an empty spool is fastened opposite the substrate holding spool as spool 128B so as
to function as the take-up spool after deposition has occurred on the substrate.

If a spacer web is desired to cushion the substrate during winding or
unwinding, spacer web delivery and/or take-up spool can be provided as spools

30 128C and 128D (although the location of the spools in the particular locations

shown in the figures is not critical). Similarly, if film deposition is desired in a

21-



AY. Al A9r. A9. . AL. A. A9. AL A A ?. A 2 / FEB 2002
9 AAFA%AS[ AL. Afy. A A AAGR A A?. AA@. A Ay. A . A Ar. AS. A ATA Aly. Al " kpxy|
}~9, ual b] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c
a] ca] c<a‘{ﬂ)é’¥éﬂq9‘g] ]ca<;j| ca] ca] ca] c"a] ca] ca] c}‘a ]U] cl‘au} ca] C L 'ZF@EA %'7 ]
q]##$L]$7°/§/G/(} XF rmc"Y] ] ca] ca] ca] ca] ca] c”a] ca]ca] ca]c el ]
a] cal] ca ot dlteaw e badiaf fhffrC ta] caj ca] ca
wWR*-.// 6%1 tg)l;ﬂ/ OHOOOJ%355g555+6@{6%]6.‘%g%g%%§!’%? Bﬁglﬁeﬁ%ﬂﬁ.ﬁ% ca] cal ca]d]
calc al Ca]spa}lcaa]sp@dldéBEahdﬁnkmbcaﬂwhisqmbmhﬂrbém]ak&hpalblicﬂa!i spool
a] ca] ca] ca]zca] calcalc a! 98t 88989996:Y::; U, g;

s <[ <<<(={ 3 >u>>>>>>>U’7/\’?’>’?}V\qI gb] X] ] ca] ca] ca] ca] caU] caU] ca] c"a] ca] ca]ca]c

1?27 @D A<A -
%igg%cm%&mﬁk%zup tﬁ@b\]c’?ﬂ) ?%ﬁcgﬁg‘%kg?e%%?]c%?ca] ca]callc
al] ca] g&a]thegubsiratalonayiiet] deositiba dd wajoeay @m]l any majkdag orbeairawd ca] ca] cha! JGKK
L/ M~-NNQ' Py PPPPP4 () é‘llﬂ SSTTTTTAVWWVOW WAKgX{ vpkf a\ a] ca] ca] ca]ca]c”a]ca]

ca] ca] ca] dhgrewith aqq*,la deqtrodpLaE vegven oy e ia§ pulle ough the system

\\ 0 o Nbb
Pbboupkd o VUL AT SRped by Bl s oy g wapeingnd o7 oaj ca
ca] ca] ca] Qﬂﬂté‘aﬂtﬂeﬁﬁhﬂ&?&ﬁ the substrate 5ust before this step and/or are ﬁ)rowded just

a] ca] ca] ca] ca] ca! bbj ccdNdeeeeOf f f) gggghdhhi Nj j k=l El FI JI M dI | nBmmm{ uoj e [V]c
a] ca] ca] calfientifisstef).cHhanibstrate is specifically wrapped around electrode 180 in

a]r\rc@a]);:g meﬁ]ﬁgl 03! ﬂg&%g&cab;@c (a‘]eclao 1oa] %ﬁ] % ]s"aLca] ca] cal] cal] ca
S]] Al o B O SRR 82 171 1 vl ob) g

]]1ca] ca] Cadlﬂmloda]a-ﬁﬂie@ﬁcﬂﬂiicaiwei ﬁﬁf} Mkﬁﬁdffsabmlmhbﬂdy@aﬂ cajtaamith] cal] cal] ca

]a]: ca] ca] cdpe 8]"6‘&?%@5 denositienosThingliosthe substratedo pesoatedinacontaYQus] ca] cal cau

L} cat | nbeARGARPRLAHRSTREN EHEHAA] 18} SEARARH A AA IR AR (2 S0 ELT
ca] calsx awdbahﬁon and lower door 118 is sealed closed.
aJca]ca]ca]ca]c }1 éqrdgca] cal ca]ca]call:!o@Vvw hzupkfal UJl cal] ca] c"a] ca] ca

] ca] ca] ca] caU] c@ # ingveanated oapmaye all eirjapd pther mwa]eéapcaq &a] ca] ca] ca]

o ¢ e udheodliNing Thid preteebly e slmffed Bk Ml ek iited Sbbery, o .t cal
a] cal - 2Hk 7, WBbarhis 1ehdglbl teBinaRb SAlceed srallerlcsalia cal cal cal cal cal] caU cal o

a] ca] ca] ca] ca] ca] ca] ca] ca] caJca] ca] calcalcalcalca]ca! 3\<f/~"c{vpje [V ca]c
a] ca] cal] caU] caThe RF power source is activated to provide an RF electnc field to

al cal cdal CﬁL&%@@ﬁ]@%@ﬁLﬁ@ salsplsaloqh sahsakoalenlcalealioay cal cal o

a] ca]

dl kf a\ - ca] ca] ca] ca] ca
lc L]I(F:) ajc a]/%a‘%oc ajc a %ﬁt@%ﬁiﬁ%ﬁ%ﬁ@é@ﬁ%ﬁﬁ@m Whiglcal 2l cal cal
&K vql gb] Xtﬂe}dima]‘hﬁ]is:qjeclﬂcal&i proldheaildsivg € §3.66 MHz oscillator, although other

a] ca] ca] cah'Fa] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! >0p$
kb0G>5b} x s RESORIES f@&p@a]aeawafbhf ¥sea] ca] ca] ca] ca] c" a] ca] ca] ca] ca] ca]

SO az) xon ¢k eapFRR0RE SANeRls RuslubONAS volupe inersaton s cau ca c
a] c" a] 98] C gleedde Foy - @hGianing chﬁé‘\]v@xath@%ieéﬁ&d@ﬂvﬁl@k?ado@@r Syhigdtasn & bK

% ?~ytojd*Ynid_zZU]]ca]c”a]c a] ca] ca] ca] ca] c”a] ca] c”a] ca] ca] ca] c”a] ca] c*a] ¢
a] ca] ¢ a] capuse$ mwp ua]cma]emq tofardhomjnsa)ated) eledtode §0rtiGnd9P ofl electrode

Ca] oa] o da A T6h BT oL IAHSERE ) G e g e GBR 1 Ca} 901 X1l

caUl c a] caly

a] ca] ca] ca] cg'}J g% }&lé]h Of]sclg ‘E"“é lé‘a °é‘é c(t:a ca]lanér]el 1 00 lt(::ca o(c:ig caJcalcalc

al ca] ca ~ Ufc¥ising a dcnsnﬁcanon of carbon resulting in the deposmon of a thin diamond-like
49%409%&' ()--!4940% : )--14%0%*& ()--!pd%d0%iHE ()--!14%40%|-| & ()--&L0%!
| & () - 3Pk~ c&rb'oMrbwn( adgthafisbsirat@ | t $109%& () - @ a$l0%& () - @ 310% & () -0
10% & () -:xyz{|}~{\= & 10%&' ()-, 10%& ()- 104| 104|

104| @t:10%4| & ()-1t$10% & ()-@!$10%b& ()-@~9, u}r?{\=

1096& () - &10%& () - |

9109%B& ()-110%& ()-!# 19%0%%5& () - 1 940988&' ()--ualdE{\=

& 10%& ()-y¥%s10%& () - 10%& () - f'lOO & ()-F10%K& ()-S10%& ()-1{!udE{\=
Y1109%%& ()-/s10%& ()--t!10%& ()-@ 109%& ()-*10%& ()-(F10%& ()-@_@
&10%& ()-!S10%& ()-!9, 10%& ()-s' 109%& ()- 105 105 105,; 10%& ()- @GBETAE~_@
T s 10% & ()-s s 10% ()-s S 10% ()-s s 10%& ()-s10%& ()-@

510%& () ’>I dE~ @ & 109%& () 310°/q0& () & 310%& () & 310%&' () - &310%& () - &

A NN PNA NN oA NI ANA NN




10 10 10: 109% ()- &MLOY% () - m q##$8$} $7%@B_=
| SYA10%& () - Y1109 ()- Y110%@ ()-!s3. 10%& ()-f,: 109%& ()-,f10% ()-

T9008000%b 99/R464 ! 10% h h&' ()- @D 10% h&' () - &10% h& () -

2 ( FEB 2002

PeTASS 98152957

109& ()-!y810%& ()-3' () ?2**+-}[9~ = ! N's! 10%hnh& ()-y! D' s! 10%lhdh& ()-y
110% V& ()-1D,. ! 10%hdh&. ()-... | 10% & ()-!6 )
*110%/hVh g&') () - Fou continipuy %%FWRRAB‘%“- F§°§1}P1560ﬂ‘5 5 dfiven gops to pull the

h& ()- 1t SLOUR delianl sk hQC
g ( § 2 gt Etlxt;ls%(z)% a%%l_a%/‘ly #na%i(ﬂ'ng Pebs throu%}} tgllelug%rocé)gllgartment 154 an over. 0)-

TSI 109448 () -y MB/ 10 h 10%

U&' () - F #tleetred 180 solthit’depBsifion p&hBdonyaiy Yynnhask&RaBitrate portions in
U& ()-s01J11<2237X6MB7! ~! 109 §3 -SIf110%asa& ()-S! X! 10%-e-& ()-S!'S! 10% " &

"()-SI | somestavith annular chagnel |

U& ()
u& ()

fosherys sthe mesking web rewgj ves the carbon

@o0%

SO OM AN % 10 G S b 1%

10

15

20

25

30

while a continuous RF field is placed on the electrode and sufficient carbon-
containing gas is present within the chamber. The result is a continuous carbon-
rich coating on an elongated substrate, and substantially only on the substrate.
Carbon film deposition does not occur on the insulated portions of the electrode
nor does deposition occur elsewhere in the chamber, because only the electrode is
biased. In addition, since the non-insulated portion of the electrode (i.e., annular
channel 190) is covered almoést or entirely by the substrate, little or no deposition
occurs anywhere but on the substrate. This eliminates the need for frequent
cleaning of the chamber and parts thereof and replacing the electrode due to carbon
buildup. In cases where fouling of the insulated portion occurs, dark space shields
186 and 188 can be provided to prohibit or reduce fouling. Dark space shields 186
and 188 can be of any shape, size, and material that is conducive to the reduction
of potential fouling. In the embodiment shown in Figures 10 and 11, dark space
shields 186 and 188 are metal rings that fit over drum 126 and the insulation
thereon. Dark space shields 186 and 188 do not bias due to the insulative material
that covers drum 126 in the areas where dark space shields 186 and 188 contact
drum 126. The dark space shields in this ring-like embodiment further include tabs
on each end thereof extending away from drum 126 in a non-annular manner.
These tabs can assist in aligning the substrate within channel 190.

Preferably, the temperature control system pumps fluid through electrode
180 throughout the process to keep the electrode at a desired temperature.
Typically, this involves cooling the electrode with a coolant as described above,
although heating in some cases may be desirable. In addition, since the substrate is
in direct contact with the electrode, heat transfer from the plasma to the substrate is

managed through this cooling system, thereby allowing the coating of temperature
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&10%& () - Tddpbaiidu Yakes'While still maintaining good properties in the thin carbon film. By
using low ionization potential gases, very fast deposition is possible and low DLC
coating film stress is produced. The DLC coating film stress is 0.4 GPa or lower,
in comparison to 1 to 10 GPa for the DLC film stress reported in previous DLC
15 coatings. Mass deposition on the substrate is at rates up to forty or more times
higher than the prior art rates of deposition. Minimal deposition occurs anywhere |
except on the substrate, and, as a result, minimal flaking occurs. Furthermore,
deposition is almost entirely due to ion bombardment rather than a mixture of ion
bombardment and free radical contact. In addition, very high conversion yields (as
20  much as 35%) of gas input to film output, in comparison to typically single digit
yields in the prior art, can be obtained.

Other benefits and advantages of this process include the ability to coat
over a broader range of substrate dimensions including widths of from 15 cm to
more than one meter. Substrate width is not a limiting factor since ion

25 bombardment comes from all around the substrate in the chamber rather than from
a source specific area. According to the method of the present invention, a
substrate can be coated to a thickness up to 0.2 pm at a rate of approximately 1.5 to
6 m/min, generally without regard to substrate width. Coating thicknesses in the
range of 0.1 to 0.3 pm can be produced easily using this process, although thicker

30  (i.e., up to 10 um) and thinner coatings also are possible.
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10  carbon thereon which may be used in conjunction with various known procedures

such as metal sputtering, plating resist laminating, resist exposing, developing,
etching. and plating. The seciuence of such procedures may be varied as desired for
the particular application. Multiple deposition steps may be used where more than
one layer of diamond-like carbon is desirable, e.g., a layer deposited directly on the

15  substrate for improved planarity and via creation. and a layer deposited atop a
metallic layer to provide such benefits as abrasion resistance and thermal
management. The procedures described herein apply equally to carriers and
flexible circuits.

One additive method for making a flexible circuit or carrier has a typical

20  sequence of steps described as follows:

First, deposition of a conformal diamond-like carbon layer onto the
polymer, e.g., polyimide side, of a film substrate. The substrate may be made by
various methods such as adhesively bonding a cured polymer layer onto copper
foil, coating liquid polyimide on copper foil or the like. Typically, the substrate

25  consists of a polymeric film layer of from 25 micrometers to 125 micrometers,
with the copper layer being from 1 to 5 micrometers thick.

Next, sputtering of the polyimide film with a seed layer of chrome and
copper is performed. Photoresists, which may be aqueous or solvent based, and
may be negative or positive photoresists, are then laminated onto both sides of a

30  substrate having a polymeric film side and a copper side, using standard laminating

techniques with hot rollers. The thickness of the photoresist is from 35 to 50

-25-



10 10" : 10% ()- 910%&' ()-v[vj vvvIwxdEbC 104| @O0%& ()-109& ()- 9Pod&FER-2002
9109& () - 109& ()-9109%& ()- xx,ykyy z~zdEbC 104|yf 109& ()- 109& ()- |

4109 ()= 109 ()-FL09%& ()-S 109& ()-"z{{/}}~m-aBbC

104 ‘310\%&]"%21"%010%&n&&' ()-F. 1100 ()-' 10%&' () - y9%d 0v& FOrUSI15270

109 () - m—~f gl modYNC 104| 10 10 10Yf; 109& ()-*10%& ()-

, 810%& () -rhibfsHietérs- Tho pEstoesin] id 1t EEoskA 6h both sides to ultraviolet light or ]
GLOYGS () - GLOUGR' () -MLOYGE' () - ! 10%&' () - 10%6&' ()- & 10%& ()-3. - | dEYNC 104
1098 () - thebksy thrpugh aymagk oy photjesd: ¢rps 8dhe qposedmoTyng of the 3dEYNC 104" -

110702 ) b, 5 TR e 5 AR 011 9o
10%3&' () - ?af £ e( koll@%ﬁn Mal@%éclﬂu):mﬁjr@ﬁ/ﬁé & dilute 58G=oli® §i)lu$ion, eg.a
10G 109%6& () -17 109%& ()- 6s!10%& ()- &6% dEbC 104| f109& ()-f 109%& ()-
109%& ( P- L @09&% jodiumam gotaysium Gggbopgte FAMENCisiapp|id oo deyiredimpems) -
109 () - S 102& Lhett on B dides o FHE’ %nQafeW%%gpp%géslildg of h&arhirialt is then
further plated to desired circuit thickness. One or more layers of diamond-like
carbon may also be deposited atop the copper if desired.
The diamond-like carbon layer in the developed area on the other side is
10  then etched using oxygen plasma to expose the polyimide surface.
The laminate is then placed into a bath of concentrated base at a
temperature of from 50°C to"120°C which etches the portions of the polymeric film
not covered by the crosslinked resist. This exposes certain areas of the original
thin copper layer. The resist is then stripped off both sides of the laminate in a 2-
15 5% solution of an alkaline metal hydroxide at from 20°C to 80°C, preferably from
20°C to 60°C. Subsequently, the original thin copper layer is etched where ‘
exposed with an etchant which does not harm the polymeric film, e.g., Perma-
etch®, available from Electrochemicals, Inc. The final circuits have copper
circuitry on one side, and diamond-like coating on polyimide surface on the
20 opposing side, and any diamond-like carbon layers deposited between internal
layers or on individual features.
Next come converting and auditing steps where the substrate is cut into
smaller strips.
In an alternate additive process which is preferable where very hard
25 diamond-like carbon coatings are used, and there is a propensity for cracking
during early lamination and sputtering steps, the diamond-like carbon may be
deposited on the polyimide side of the substrate after the flash copper plating step,
with the remaining steps of the process being as described above.
In an alternate type of process called a substractive process, polyimide film
30  is sputtered with a seed layer of chrome and copper. The aqueous processible

photoresists are laminated onto both sides of a substrate having a polymeric film
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on both sides of the laminate. The thick copper layer is then etched to obtain
circuitry, and portions of the polymeric layer thus exposed.
10 The diamond-like carbon is then etched using oxygen plasma or other
comparable processes to expose the polyimide surface.
An additional layer of aqueous photoresist is then laminated over the first
resist on the copper side and crosslinked by flood exposure to a radiation source in
order to protect exposed polymeric film surface (on the copper side) from further
15  etching. Areas of the polymeric film (on the film side) not covered by the
crosslinked resist are then etched with the concentrated base at a temperature of
from 70°C to 120°C, and the photoresists are then stripped from both sides with a
dilute basic solution. Next come converting and auditing steps.
As with the additive process, the diamond-like carbon layer may be coated
20  after initial laminating and sputtering steps are completed, with other processes
remaining the steps.
The previous methods coat the conformal diamond-like carbon layer over
the entire substrate. In the selective coating processes, the layer is coated only in
areas of the polyimide surface where protection is desired. These processes are
25  typically completed postcircuitization. One selective process is a mechanical
masking process wherein the diamond-like carbon layer is coated through an
appropriate mask after flash etching and converting step.
Other steps may also be included in these processes, such as soaking the
film in hot water before or after the etching bath, rinse steps and the like. Acid
30  baths may also be used as a post-etching neutralization, web cleaning steps may

follow plating steps.
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10  or other connection points including solder balls, reflow solder, thermal
compression bonding, wire bonding, inner lead bonding and the like.

Flexible circuits formed from carriers and processes of the invention are
useful in electronic packages such as ball grid arrays, chip scale packages, single
and multiple metal layer packages and the like. Such circuits and packages can be

15  designed for use in any electronic device, including but not limited to recording
devices, printing devices, single or multimedia devices, projectors, cameras,
computers, data storage devices and the like.

The following examples are meant to be illustrative and are not intended to

limit the scope of the invention which is expressed solely by the claims.

20 Examples
Example 1

Diamond-like carbon films were continuously deposited on a 50 micron
Kapton® web by the process described herein. In this process, the polyimide web
was wrapped around a chilled drum (15.24 cm diameter x 15.24 cm long) to which
25  radio frequency (rf) power (at 13.56 Mhz frequency) was supplied. The rf power
serves to initiate and sustain a plasma of a hydrocarbon gas (butadiene) utilized to
deposit the diamond-like carbon films at a pressure of about 1.33 Pa (10 mTorr). A steady-
state DC self-bias voltage appears on the substrate web wrapped around the drum,
the magnitude of which is about 1000 V. A series of samples was prepared under

30 the following conditions of deposition:
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Deposition of the diamond-like carbon layer under the above conditions
was performed on a single roll of polyimide film. Approximately 6.1 m of 15.24
cm (6-inch) wide polyimide film was coated for each of the conditions above. The

diamond-like carbon coated polyimide film was then sputter coated.

Example 2
Diamond-like Carbon on Copper Plated Circuit Web (Selective Diamond-like
Carbon Deposition, Post Circuitization, Pre-Gold Plating)

Diamond-like carbon films were deposited continuously over a moving
web by the process described above. The web was a 48 mm wide circuit web
having the metal circuit lines. In a post-circuitization process, depositing the
diamond-like carbon film prior to gold-plating is desirable if there exists an
inherent yield inefficiency in the diamond-like carbon process. Selective
deposition was achieved by first wrapping the circuit web over the rf-powered
drum and subsequently wrapping the drum with a second web called the masking
web. The masking web is a polyester web containing rectangular holes to permit
diamond-like carbon deposition to occur on the circuit web only in the rectangular
openings. The circuit and masking webs are registered with respect to each other
by the engagement of their sprocket holes with sprocket teeth located on the rf

powered drum. Diamond-like carbon films were deposited by decomposing trans
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2-butene gas with rf power (from a 13.56 Mhz generator). Prior to deposition. the

circuit web was cleaned in an argon plasma. The process conditions are as follows:

Argon Plasma Precleaning:

Argon Flow Rate: 110 scem
Pressure: 4.00 Pa (30 mTorr)
Power: 500 Watts '
Web Speed: 3 m/min

Diamond-like Carbon Deposition:

trans 2-Butene Flow Rate: 200 sccm

Pressure: 13.33 Pa (100 mTorr)
Power: 500 Watts
Web Speed: 2.1 m/min

Approximately 82 meters of circuit web was coated in the above run which
produced diamond-like carbon films selectively over a portion of the circuit within

a placement tolerance of 125 microns. The resulting diamond-like carbon film
thickness is estimated to be 1.3¢™ cm (1300 Angstroms)

Example 3
Diamond-like Carbon on Gold-Plated Circuit Web

(Selective Diamond-like Carbon Deposition, Post-Circuitization,
Post Gold Plating)

Diamond-like carbon films were deposited on 48 mm wide circuit web in
which copper plating of circuit lines was followed by gold plating. The diamond-
like carbon deposition process was similar to Example 2. The DLC films were
selectively deposited through a masking film in two steps, argon plasma
precleaning followed by diamond-like carbon deposition as follows:

Argon Plasma Precleaning:

Argon Flow Rate: 110 sccm

Pressure: 5.33 Pa (40 mTorr)
Power: 500 Watts

Web Speed: 3 m/min

-30-
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diamond-like carbon films selectively over portions of the circuit with a placement

tolerance of 1.5 mm. The resulting diamond-like carbon film thickness is
estimated to be 1.1¢** cm (1100 Angstroms)
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10  Vickers hardness of from 2000 to 9000 kg/mm?,
wherein said coating has a thickness of between 5¢ cm (500 Angstroms) to 3¢’ cm
(3000 Angstroms)

2. A flexible circuit carrier according to claim | wherein said material
is selected from diamond-like carbon, hydrogenated diamond-like carbon and

15 diamond-like carbon having a functionalized surface.

3. A flexible circuit carrier according to claim 1wherein said layer of
material is coated onto a layer selected from a polymer dielectric material, a layer

of electrically conductive material, or a metallic layer.

4. A flexible circuit carrier according to claim 1 wherein said layer of

20 material is a covercoat deposited as an uppermost layer.

5. A flexible circuit carrier comprising a trace and the carrier of claim
1,2,30r4.
6. A process for making a flexible printed circuit having a carrier

according to claim 1 comprising the steps of
25 a) laminating said resist on a flexible substrate comprising a polymeric
film selected from the group consisting of polyimides, polycarbonates,

modified polyimides, and polyesters,
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exposed portions thereof.
10 d) developing said resist with a dilute aqueous solution until desired

patterns are obtained,

e) etching portions of the polymeric tilm not covered by the crosslinked
resist with a concentrated base at a temperature of from 70 °C to
120 °C.

15 f) stripping said resist off said polymeric film with dilute basic solution.

N

A carrier for a flexible printed circuil comprising:

a) at least one layer of polymer dielectric material.

b) at least one layer of electrically conductive material thereover. each

20 laver having two major surfaces, at least one of said layers having at
least one aperture therein,

- wherein said electrically conductive layer has a material coated on
at least a portion of one major surface as a covercoat. deposited as
an uppermost surface. selected from diamond-like carbon.

25 hydrogenated diamond-like carbon and diamond-like carbon
having a surface functionalized with a material sclected {rom
fluorine. silicon, oxygen. sultur. nitrogen, copper. chromium.
titanium. and nickel.

- said material having a Young's Modulus of from 100 10 200 Gpa.
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