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PCT/ US9 74 9sd185 A PROCESS AND APPAR,Q{H!}%SE% _
DEPCSI TI NG A CARBON- RI CH COATI NG ON A MOVI NG SU % RATE
BACKGROUND OF THE I NVENTION 5 1. Field of the Invention

The invention rel at es APROGESSeANDOAPRARADUS RORDEPOSIEINGI ti ng .on

nmovi ng S uhs ITARBON-RIOH CO ATINGaON MOYINGOUBSTRATEUl arly to a
process of and apparatus for creating a plasnma, the ions of which
accelerate toward a substrate and degosit t hereon as a carbon-rich

coating. SpecBAGEHPREUNBOX | TPt es to a process of 10 and

appar at gs forlpgyé% Epgleq)qve%gﬁtrode whi ch causes the creation of a plasm
froma "~ carbon-contarning gas within an otherw se evacuat ed chanber
containing the  Theinvesti®ielatdiao a phavesy efand apiariiecrdspdiRBigionbingi ased
Wi th respect tqQ the plasng, ) causing positive ions wthin the
pl asma to acciﬂ%éﬁfﬁﬁécmﬁﬂl ¢9alings, @pd F%?B%PW?\‘@%I@]X te@process of and apparstusd a
novi ng substr ' ] , r i 1] a 15
carbon-rich c%tafl? féﬁgngggﬁéa’s%ﬁs({hf tgt? gl;h?éh%w&gé to%gﬁggégﬁsgu%geg% o}eh& mati on
Car bon coat i nierepalas a cathbh-eith tbatings 'Speaifieallyn therintentite refated to alprdcss of
Vapor  3hd oxy Bk EPPESIRT R4 e o eleirods s eh grises o sualioRG! HBEHEARSR & and
ol yrmor i o e e P i el e contair 80 ©

y I C, i C, - uctive su es.
Carbon fil ns elestrasle. dbpelecirede hagomes/negativsly biasdowitls redspedt togthd iplasmaj ng

el i PR RSBk BEORRER e AR TR B e

car bon. Car boborhbartaGaGiih§bstratp i edrtact with the electrodethéreby dpdsitingas of
car bon-carbon bonds: trigonal graphite bonds (sp[err]) and 25

tetrahddral dfahemECcherrlias onpeTubsYate.The t erm "di anond-1i ke carbon" is
applied to noncrystalline materials in which tetrahedral bonds
predon nat e. BLBackgroumbniermation filnms have many of the desirable

Bl cotrical conduct Lariop Ol T i HIBE AR Y BB WBova e bravig i shrBighy

transparency e caroslonaesiangpardfimpemédisng waser vagdr and ox>£§en. Carbon$itiver al
techni ques for _depositing carhon films,. using both solid carbon_ and

hydr ocar bon s@tienas usedasanesbanicl ahd chsnaigal prptsctiy ecaalings aiaygda vagsty af car bon
Sour cesgre spyltggﬁri a LR l.scharge rail gun, and
cat hOdlzg arc © wylgglg%g?iﬁgﬁgﬁ%g%ﬂé{;?bﬁdgﬁh%&tqg%}ég&mi ng a hydrocarbon
source incl ude i onCafdemfilms can be dopEsi®Rl id @Mafiety of forms having differing physical

PCT/ US97/ 17733 . . r . .
and chemical properties, e.g., graphite, diamond, diamond-like carbon (DLC),

diamond-like hydrocarbon, or amorphous carbon. Carbon film coatings typically
contain two types of carbon-carbon bonds: trigonal graphite bonds (sp?) and

25 tetrahedral diamond bonds (sp®). The term “diamond-like carbon” is applied to
noncrystalline materials in which tetrahedral bonds predominate. DLC coatings or
films have many of the desirable properties of diamond, such as extreme hardness,
extremely low electrical conductivity, a low coefficient of friction, and optical
transparency over a wide range of wavelengths.

30 Several techniques for depositing carbon films, using both solid carbon and
hydrocarbon sources, have been developed. Among those using a solid carbon
source are sputtering, laser evaporation, pulsed discharge rail gun, and cathodic arc

deposition. Deposition methods using a hydrocarbon source include ion beam,



m crowave plasma, RF plasma, and direct current (DC) plasnma discharges. In

t he | atter nmet hods, al so known as plasma assi sted chem cal vapor
deposi t i WO 9SRAB) , a plasma i s generated from a PLIAISes/17733 -
hydr ocar bon source (by m crowave, RF, DC, etc.), and the ions

thereof are directed toward _a_bi ase |l ectrode in intimte contact 5
with the subsrfma%a,vmiaérr@uggmlaéfr@a reft W%@@Hlﬁmeﬁggﬁa{% ‘bt rate.
In general, jager methodd, ABCKnAREED adnf PRSI ShSRIRAI v BLi gﬁ?@b S
havi ng nore Sg[eerrrrrlf]" %hél‘ acter t%%? are, thg?lg(ge@réel,g& re A

di anond- | i ke.plasma 1s generated from a gaspeusthyrrocérbamsourcs (byamictovae /RE,iDAOs f or
deposi ting carbs)nfilmsh ribed. Parallel-plate

ve heen. es
pl asna react oﬁ’%_,’ apd h5Peg ‘ﬁafeapﬁf‘ gﬁﬁcé%qjm&a&?g eles 09‘? pgnimate copigler ed
el ect rosle on with gt sabies WhalopéiAcdBon SEFIstHile 85 6y BUALMALE Thisefra, var | oty
of commerci al sources such as, for exanple, Plasnma-Therm "Inc.
(St. Pet er shurigherengrgy impacting specs peowideepatings havingrmogre spl ehgragfer thatare,
substrate, tr}ga@ﬁ) rn%l‘e%k otnﬁﬂﬂc%. can be heated or cool ed.

Typical ly, the reactor contarning the substrate is evacuated to a

relatively A nuiribeér o esitsatibatch @perationdfpr depositihg batbn fiflnFavedkter Whi ch
a hydrocarbon gas is i ntroduced into the reactor. An RF generator

15
del i vers poweieserpedn apsligkplals P@SE’@FF‘%S’H?SS’ comprising a goymdpe pleffrodegndener ate a
pl asmyypf t hepd%%’é’éd)é‘i@étﬁb% ofl Wi h {bGRk Ysn T I&Eaté’cﬁ Iafeaagzﬁitl&’d?e frqm 3 variety &£
& prasma toward th

power ed el ectrode draws positive 1ons fromt e el‘ectrode
for coairherciabsduraes duchegs| fir exatple,PlashmiEvem, itvafSthPatagtarg ddosi t i on

devi ces generally . are . n suitable for |arge scal e operation or
api o pr oces FRPISRE e poaer $abe SPsliigyfe pgvered elsdet f Berteder an

i ndustrial opgofddl Apically, the reactor containinf B ubiAUSIs eVacated RO R rdlathRly Upt ed,
mul tiple-unit) carbon-rich filmcoatin processes al so have been

descri bed. Fdpwaxesspreee.glagprorimataly O-Nég’.a, #ten wbichgshydrocarbon gas is5, 360, 483,

D1 200 P82 aniptaditen 6 werdiidl! ith R MREAHET B ppBRt fol e bMEA Elebiroded

sides of a 25ufficientn@gerekit€ a pREmA f 1he hiydRearbén Qitsasﬂﬂ'ﬁe?ﬁﬂebiah eolidge@m a
hydr ocarbon gas is inpinged .. .on a continuously noving belt or web
by means of ahppawesdglesEpdadrays pegifive ions from the plagmatoward the glsatredsfor ng

processes an : | i ]
b ect 1 ves. derr s PiSResnE, NEer, Qall ipok REpitBTieFRE: generally are
el ectrode so ms stitable for large scakeaparation barapi precessing dfmuoltipleathitsy assughest ed.

Al so, e suhstrat.e not .described as 30 being in intimate contact

wi t h t%\Q pl a&f‘a‘eﬂ‘r“é“éftqgﬁﬁ‘_"d‘gﬁtg .opetation. Conti nuous reel -to-reel

jet plasma carbon- ghgthublis e 88k it té&%ﬁﬁtﬁﬁeﬁﬁf;) carbon-rich filnfl&wGhg bed in
34 and 5,232,

U.S. Patent Nos. 5,464,667, 5, 286,5 91 (assigned to 3M
2 WO 98pess@3lso have been described. For example, U.S. Patent Nos. 5,496,595,

gener at es. pl aA0#F g9k and Si15g) e it ARG Bl eTleBf Cpnc ' °©

pl asma bei ng piQjGraks dapm)aésdrite 2DIC pliasmagethod of coating 61i©6ishoth Sesvfas ed

drum Al though these coating processes and agpparatus are .. . believed
to mee#’the (BABSSAEFOBBNR PPy APIRFET STREFAteA drogt Rhydepeaphenssns I4EMIPSRd on i s
> not  dgseEdmftofNy HOVEEHeR dr web by means of a plasma-generating tube.

Although these coating processes and apparatus are believed to meet the goals and
objectives defined therein, application of RF power to a rotatable electrode so as to
form a plasma is not described or suggested. Also, the substrate is not described as
30 being in intimate contact with the plasma creating device.
Continnous reel-to-reel jet plasma carbon-rich film coating processes are
described in U.S. Patent Nos. 5,464,667, 5,286,534 and 5,232,791 (assigned to 3M;

2



Carbon-filmdeposition froman RF-generated hydrocarbon plasma onto a
cont i nuowsy 98mpYssNg web i s described in Japanese Patent AppPC'!}'ﬂ)SD’DW7£3<OkaL_)
62- 83471. A filmbase is vvrapped around a grounded (i.

non- power ed) el ectrode and h-frequency voltage is applled to a

count er - el ect$lolalsMADedt h?l&wﬁbocieo%rp}asm device gepqrates playaa flemgener ate a
pl asna. Wz{: I sone
probl ens, do }r%q[ro dbd‘:'n %as Jﬁﬁh@%‘é%}‘ﬂ%ﬁﬁ&&ﬁ%ﬁ%?eg%?é Q“%%rﬁéd\)/\gﬁ

econoni cal comtrossaRiS-biaeddmund. | Althahgh disdise cmﬁmglprocesses and apparatiissre y. Sone of
these probleng .inc ude rocessin t he

el ectrical prifpiEveq toamggt thegoals aé’ét@lfﬁgv‘tstql?bn?‘g% %fpp lasma geueratioR ije i n
RF, the59enerﬁgtld@&r§;e§g}§%gsthd1 DC) do not renmmin constant over tine.

As deposition on a target substrate proceeds, the gradual buil d-up of

car bon coating Carbon-filrdepesition fromeanRibrgencrated hydrocarlmeplasapraarito ance,
thus alteri ng, t he di schar

f I d
This | eads t o“OPHPEAYS H’é’vﬁ%o%eé’slg df’ﬁ:élpe‘? ?hﬁh%%%g !‘Et?'itlré:psphgmonh(i& igé,\; Ot |erre.

20 834712)A filmh bBRYS Wrippes emuas a gfd@hedwg .eQhoflpbweieapélefodetand he
coating occurs after the coating thickness exceeds sone critical

i ni mum val uehighifegiquencaveltags isiappliad4p a counter electroge spaged fromdhe rdaryt i t ut e
surfaceybl em el led onto other parts of the

subst rz? éQ&?od%QQgS&QatQﬁg?Js?% a continuous DC hol | ow cat hode process, a
cat hode tube t hat DThe pewiesdeddribed metllit;dé,rwmzlaelr mnpkmmoﬁmkﬂqn&adm
fouled wth bui] d- Hp Qf carbon-rich mate ggc eas| ng cat hode
ef ficiency. CFElous ﬁf‘écmsceﬁﬁélﬁqtaf%@n%a{l@alcalsmanwea@xﬁe’aé @gosition’n

becone | ess aﬁquétﬁs%&ﬂééﬂhégel oglgﬁsgﬂmgpb direction due to variations in
out put romthe cathode tube. 4) Cat hode tubes
i ndi scrimi nat el y app! yn basch pmeﬂshgsﬂlewlahicabpmpaﬁwﬂh)e electrodwi(thhitarget vacuum

hanb f t cl d
ﬁpie egigf th eqe%%{dfﬁ? ilﬁ'laﬁ)ﬁgggera mg ecﬁ%lrggﬁégggg rrérei\l l%ec%nst%nteoe\‘rrelxl' gr%e? :

PCT/ US97/ 1773Rs deposition onatarget subs@ite E&%@é&%@fgﬁdﬂﬂ'l{uﬂﬁ cﬁ@arbﬁﬁ%@ﬂﬂx% t ubes
general |y cannot coat targets - avi nore than about

30 cmwith a increasesgheubistngie/slecpdestapacitaness gus ag:ermg the dlSOhadgﬁh uni formty.
| ndustrial pr 5, |nv b t

need to be ac%b%ggéfl Ig"h ﬁlrségmg %ﬁ?{lggq%éwég?ﬁ}é%é%mfeoﬁﬂétgg ri@‘éﬁ% ;{lel?\tg run.
5 overime, Cat hode tubes have a natural limtation on the input

power used for | asma generatio Above sone m pi num el ectri cal
currentl arcing of 2} hdn EétFlewcesseS Ii'la{“-“g °éB@€‘F‘F’@H@%°%@EG?§mg'PI‘?F‘§Sé1 Bses

instability dgpi. 1%2&; 1 d ughput
cannot be ach?‘evg%‘ ‘?ﬁ‘é%"?%gﬁa’%%‘g&%%mrﬁ? gﬁ{aﬂ% gzli 5 ér o detrirhéHid
7) Cat hode t ubscauspathey edmstituteduafomblemishes ritbdanibe pagpetliedk omiabéiey parsofdhere 10

physi cal shape,as that of the exit orifice of the cathode tube. A

three-fol d vatYPsE#tEn in cross-web coating wei ght has been
observed from SUCh3F hﬂh'c@ﬂﬁr{ﬂéﬁ?m&fé@%aﬁﬁﬁgpmcess a cathodeSulh thatift6jects
af orenenti oned ' 667 patent). 8) The same linitations as

descri B&d i n hydrpearkorgplasma auiekly beeames fowled with build-up of carbon-rich material,
decreasing cathode efficiency. Over time, substrates coated using a cathode tube

become less and less uniform in the downweb direction due to variations in output
from the cathode tube.
4) Cathode tubes indiscriminately apply DLC coatings to all surfaces
30 within a vacuum chamber. Not only is this inefficient, it forces frequent cleaning and

upkeep of the vacuum chamber.



kinds of discharge tubes, e.g., miltiple discharge tubes such as those

described in the 15 af orenenti oned ' 595 patent and inductively
coupl ed WA&WA&e tubes such as those descri bed RGF/US1733t ent -
No. 4,645, 977. The deposition of carbon-rich coatings on

novi ng substrates %9%% S‘ftheu em%r?) cgﬂﬂgﬁ@ﬁﬁesoéengﬁﬁkl N gz? a&Igat have not

been net by nethods’ a Vi ces ere
ef ficient, schdviig ewidthof inorecthan fteouy30 cmewith 4 coatiag hiving hévegtabls c‘fdsﬁi”” y 20

desirabl e. THE | NVENT Briefly,

t he present |W¥ﬁé‘hfq"5‘ﬂ“}ﬁyoiﬂ;@é ag: PIOCEEESIEVe nggléi‘?afﬂj “QWFWy‘dths would
substrate wit tfmhddatehii ﬁ,@{f{ﬁ i an

envi ronnent ﬁbeﬁ o8 E%Br%duc@\%gﬁ ngﬂggpﬁ%ﬁ!ﬁ}?c I Fgmﬁ)gg%%lm t I 'ncI udi ng an
el ectrofle in cont a6} Wathedatubes have a naturhldimitation opdhie inpyt pewepuseddorsubst r at e,

| to th t.r od t
i Lonnent | SHeTBRERBRIRn (ARG SRR e S g seenbcnsel BEGuPo ol y

bi ased wi th resgasdes betuls)ThN @958 indtdBRG A 6FrBER] I THhs [Higher Yitdsippar d t he
el ectrode. The ions strike thé noving substrate Tn contact with

the el ectr odet,hrq%bnwtqawgotubﬁ agigeved merglyhysnerpasingyfower txathboathodesh il m on t he

rovi des & process”} oCeiits s RRRIRFL pRSRE Bhund i e Elimale N BRherlE 1 g
substraoe t haph;jsh:al slﬂﬁsaitha (ﬁﬁl&pequnﬂcébf theicathod@tude.| ANBieB-fold variation in

4 WO 98/ 20185

PCT/ US97/ 1773%0ss-web coating wsjght has kegp ebsesyed fraxe suchavhollew-wibe eatbodedsasct r ode
housed wi thing W UTRE b @ggj (2) applying power to the

el ectrode so ag ?%Cdgenereate ?hﬁe tetl)lo)n rich filmon the | engt h of
the substrate in c8nht a"hesametlmnithtmmlaedtscnble;imlhﬂprbsrstﬁ-babmrbekheﬂmhéron rich

filmis subst confined to t

carbon-rich fﬁf‘%ﬁ ‘?flsdl%é‘?rge@bes’egixﬂﬂruglﬁ??ﬁhﬁ%f’ L{? &}g%ﬁﬁf’q‘?@h?fg}"itﬁﬁs
parts @f the MafEmicHATE9S patent and inductively couplcd didthargt WieBSichasRREE. the
present invention provides an apparatus for coating carbon-rich

films on a nndﬁswgbﬂﬁub§i$dfa@mm4,ﬁﬁ%9ﬂbes (1) a rotatable el ectrode housed

ol cctrode being oo AR bl Gt e RN Gl Gfimiy P IGREES leBlieed "F1 . oo

can cont act amlrﬁ’dfajblﬂchﬁllehm tisdt st wdt ®eertunet bhOmethods dnd)deficROdeéritsedur ce bei ng
electrically conngct ed tQ the rotatable el ectrode and capabl e of
power i ng t he Raree ‘%Wéﬁ Shrialle conamyous (feg-creehioagel) msthod aehighlyi r onnent
an 20 dRRament a| ni ng pI asma. The ions accelerate toward the

el ectrode causing carbon-rich filmdeposition on the substrate.

| on acceleration toward the el ectrode occurs because the powered

i oh oceur s SAREeE B IVENIIN cfeation. o P Poeralt,

this new process aBﬁleﬁiPQHéﬁEsé%tﬁﬁ@ntﬁfn%bﬂ&e@a;ﬁﬁéé&@ﬂfrrcbﬁh vil§ on
a noving substrate using only one el ectrode, ‘a uniform DLCC coating, a
carbon-rich substrate with acarbon—nch film that includes the step of, in an environment

25 conducive to carbon-rich film deposition including an electrode in contact with at
least in part by a moving substrate, applying power to the electrode so as to create
from the environment an ion-containing plasma. The electrode becomes negatively
biased with respect to the plasma, thereby accelerating the ions toward the electrode.
The ions strike the moving substrate in contact with the electrode, resulting in

30 deposition of a carbon-rich film on the substrate.

In another aspect, the present invention provides a process for depositing a

carbon-rich film on a moving substrate that includes the steps of (1) bringing a length

4



coating process in which flaking is mnimzed or elimnated, a coating

process Jwsr0185 does not require a cathode tube, dlﬁ@fmgg-,qur,ﬁ -
coating of substrates rather than 20 i ndi scrimnate coating of the
entire evacuated chanber, inproved efficiency and reduced wast e,

reduction or efthesubstraterntoicontaet wideah electmldehnuseﬂeviﬂiimmbmuuncdmnheum
(i.e., non-interrupted, mu Ieu t rbonr| atin a conptinuous
carbon-rich bjappli ngp(%’ﬁdr{bg %qu%?nﬁ’&tep °E)é‘ﬁg|ﬁé¥‘|°6‘ $rom a
hydrocar bon gRfigthdf @R Substksm contact with theGiécR8de. rﬂ)@ﬁbsﬁ%tdf Rk dﬁdﬁqzc

i nvol ving ion_acceleration due to a negative bias,” vapor eposition
suitabl e for film g@ubsmt@llwenﬁmddnﬂmmmpg substrate €bsi thgcarbombh fithésootits, a
conti nugus regl,- |nuously applled
car bon-é) st lmgél%g ‘%fr)f{g]“ 9&&%@:&*@%{& "ﬁ%ﬂ?}ﬁg‘ Sflect ri cal
properties of the B f£firthecRpéd)@e Present invention ﬁ@ﬂﬁifeﬁﬁﬁ appéfdtud fofBodting Car bon
bui Il d-up on substrate or electrode), a carhon-rich coating on

substrat es of casbasstigthfilmg ong moKing shbstmtedhstiagiudasdh) w&ttabig elepizadethyse@0
tially ng.ee Wg] X
Eﬁfggsl gt h)érvm seé exp I CIt f/}{tgta%(%ugg'e tHﬁ&Bﬁﬁ FPO\%H% i nr@‘%?\é&gg‘?ﬁs"e“%g

her ei nt hr oughsitifctured such that at least a portion thereof can contact a length of the substrate; and 5
WO 98/ 20185
PCT/ USf)(g | 1773@) a power source being electrically connecteﬂﬁ«a%ota}@ée@ec&mﬂapﬁ g@mayle

i oni zed gase %ﬁe Flﬁ'xéjelé&l%ﬁg Phe PRVEBA electrode creatds TR RYir6RRGH 2R NS

ions, neut r al | ecu and free radicals;
"negative bi aiofh-optaikng hlasmanTb@goasaccébrage tov\ani thk electrodiegaukiag caboegizhi ve
el ectri cal poﬁﬁgaep%snygntorﬁ tlr)ee sstggt%tet R) O%c?r{e/tr wg.g{ t?'xe Blegg"& %ca pl asma) in

its vicinity; P respect to
an el ectrode pdduse thé pSREred BRARSIe becomes negatﬁrdl}ﬁﬁiﬁ&dd\&ﬁﬂpieéﬁecﬂﬁ)\/tﬁé PRS#aby
application of power (e.g., radio frequency) to an el ectro e t hat
creat ed5 a pl awhigh occurs immediately after plasma creafionont act " or "contacting”, with

respect to a Sumtb%x%l%xﬁ@zﬁbﬁ Exfdj%[pr a}]‘e c(,i%pqurgeaag é&%ﬁ%@&nﬁéowth' n

the plasma dark space 1mt of

and a moving subsirabsising @ily oraelsctrode; mnﬁmm BDE ebatingoa catbois-hiekt |,
fabric, fiber or iipatjion thereof BRI EF
DESCRI PTI ON dﬂaﬁmspmﬁwmc@@ aking is mnimized °rEHBB%ﬂt‘?f"’e ACeating RrATesH e ent

nventi on ar eaRhof ke b Batht ok, ulMiithate coating of s8R dilePthagNd shown in

the drawi ngs. Sim nunerals refer to simlar pa t hr oughout
the dr2@ ngs. mdlscnrmnate coatmg of theiegtire bvaenated chargberf mmgmdtdﬁglerpmfrmplect ive

nventi on. - 2credced wast, Rdubtih o lignination o BRI 1 SRR Py SPERIRRe Vi cw

of the appar agés neh-ifteSuptdd, multiple-unit) carbon-rich coating, a continuous carbon-rich

coating method involving plasma generation from a hydrocarbon gas, a continuous
carbon-rich coating method involving ion acceleration due to a negative bias, vapor
25 deposition suitable for large scale operation or rapid processing of multiple units, a
continuous reel-to-reel carbon-rich coating process, a continuously applied carbon-
rich coating on a substrate where the electrical properties of the electrode remain
constant over time (no carbon build-up on substrate or electrode), a carbon-rich
coating on substrates of substantial width, and a carbon-rich coating that has
30 essentially no cross web variation in coating weight or thickness.
Unless otherwise explicitly stated, the following definition applies

hereinthroughout:



taken froma different vantage point. Fig. 3is a

fragnmentary perspective view of anot her enbodi nent of the : coati ng
appar at usWeBRMSSpr esent i nvention renoved fromits gas coRCATUOHETBhanber .
Fig. 4 is a second perspective view of the enbodi nent of Fig. 3 taken from

a 25 di fferent vantgage pqint. e Fi .5 IS fragnentary
perspective view of anot Wg"fs"%nmﬁ’éﬁfmﬁlﬂy fopized gaseous OT%‘Eggﬁ’ier?gn?ﬁﬁ‘ér at us
of the presentechafng életrons, ions, neutral mdRiehifts | deld e Phdftdisl! ON OF PREFERRED
EVMBODI MENTS 30 The invention provides a process of and

appar atus for depositi ng‘negatbigrbias’ apeans that an object (8.1 anectrodedchash negitivie can
h di d- 1 . j . .. .of. pl
Croat | on coupiiioh] RRE S pibelt S SHRL GBLPrde R A plasmalin il [

6 5 WD 98/ 20185 “negative self bias”, with respect to an electrode and a plasma, means

PCT/ US97/ 17733 . . general, carbon rich plasma is created in a carbon
cont ai ni ng enA Negatiahiagdeveloped by applisatian efpowen(eg. mdiedieanensykiodat ric fiel d
to the enviro ' ot at abl e el ectrode el enent. |ons
wi thin the ca%ﬁ“??gﬁp‘%%%éénggg%gé’l erate toward the el ectrode

because the el ectrode i s“cosiget’iov&tontdpting’s avithi respectets paubstiate andenpeleatode, The
5 accel eration causes.the, ions t trike.or nbar d ubstrate in
contact with tWgans touchingor P”dﬁl&l ﬂlﬁg?@p@%@%ﬁg@gﬁ}%oggﬁiﬁ%ﬁg @89t in a
carbon-1g ch cqafb;nggbei ng deposited substantially only on the
substrate. These coatings normally are relatively thin;

specifically, up to‘Sabstate mpednsmopporqus sheet, poraps gheet,dabrisofiber®dr[ err]m nore
preferably up tobinationthereo?‘bom 1 [err]m and nost preferably up to about

0.5 [err]m 15om The process of the present invention differs
from conventional carbon coating processes and apparat uses where
pl asma creation_and ion acceleration_are_ caused by power applied

to different BREERPESGRIPTIFY OFHEPRAWINEGScar bon-rich coati ngs

occur ofx both the : t ; : tially just
t he subfsst rate. - Sﬁﬂﬁ&dxﬂfeﬁts%?%eéé‘?sgﬁtﬁﬁﬁ%ﬁ%giﬁggggﬁk 1%%%?§)f?o°\glﬁg enbodi nent

of the carbon desdriptidapnd shiawaminlithe drawingsp Samadrusunetald tefer po gindlat partsvent i on

w th a conmmon gl enent fo%‘glasma creation and ion acceleration is
general |l y inditg‘é’ﬁl uf thegya s deposition apparatus 10 includes a

support structure I@g Aishomst ﬁ‘&lﬂé)tdrggéx’épécﬂge Fiewo?Bhe BABSdiméR dFitheone or
more doors _ 18, side walls and a back plate 22 defining an

i nner chanber c@atingenparatusdifheiergsent invention. into one or nore conpartments, a

mechani Zhe +ot at aniyEA A PR PR i of ecaPpdhpbie T "o

general |y as Z8kend¥drd @ diffebtviaftapdgoihor rotatably driving drum 26, idler
rollers 32 _rotatably affixed within the chanmber, and_vacuum punp
34 fluidly connect &gt disiafeagnentary perspesHyepigw, of another embodiment of thg ppor t

structure 12 ic%aﬁﬁg’ apPafiss &Qﬂé’\ﬁ'cgéﬁt R entfnt refnBVedSHRR RS %w&n@?xﬂﬁ-ﬁ Bhmiter.

Fig. 4 is a second perspective view of the embodiment of Fig. 3 taken from a

25 different vantage point.
Fig. § is a fragmentary perspective view of another embodiment of the

coating apparatus of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
30 The invention provides a process of and apparatus for depositing carbon rich
coatings, some of which can have diamond-like properties, on a substrate by means

of plasma creation coupled with ion acceleration resulting in film deposition. In



25 in a desired configuration, a vertically upright manner in the
present GasfRrofdE shown in Figs. 1 and 2, housi ngpdfngsihms a -
two- part housing as described below in nore detail. In this~
enbodi ment, support structure 12 includes cross supports 40 attached

to each side genetaheatbeorishiplasmaus cnested o1 a2 carpgrocdritaigingepwiratiment by. -
Specifically, crass ,. S or 0., nclude bgth wheels 42 a

20 st abi e | ARPVAE p Bietefisaap Sl e 10 el iRy bY AbuseeE p saefble

appar at us 10. elbdirddB @1egiEA0 CloR® Withi ta¥Barbén Fitldflasrha adtlefate toward the electfols S
supports 40 are attached to each side of housing 14 through attachnent

supports 46. mseusetheele¢trodeds rpgatively pissedwithy respect totheadasar. tTheone of si de

wal | s 29, WO
98/ 2018
PCT/ US97/ 177 3idtating electrode. anbbmbartdendaotesults iaiadarboirich cohtingbding Heposited

supports 46, whil e@cl{yos su poré‘;r 40 ,ﬁ{] ) t he ot her side of housing
14 are conneciubstap Y PR SieSuosiraly, Hesheqahpss n ¥arerelatively thin; 46, An
additional cr 2 47 i ' or 1. ¢ he, right -
hand side of %%’%?é%g‘p Jgabaee E‘% PP‘%‘)@@?H‘I’%’ gﬁ%‘f@%’n’%&é’é‘?@%@%‘éﬂ ®i onal

structural 5ab0}1tlpn{,%hﬂlfr%ﬁﬁﬁﬁ?dblyuptoaboutO.SHm. - Housing 14 can be any
means of providing a controlled environnent that is capabl e of

evacualfon, cont ai Bheprocess of the preseniavendion diffess fromegonuentional ¢arbopmeating

creation fromith ' ' il osition. lLn.t

enbodi nent pxloceess&aaig ﬁgﬁﬁa@%&‘ﬁ’!’%&% a%gl%%,ﬁj(“{%l&g}o ﬁg&fffr %%5’8‘ %f%ﬂscﬁl S
that include povadrtappliitio differesit@lemetits and wherés fuimation bfcadbbn-Aéiteqatihgek pl at e
22. The outer walls define_a box with a holl ow interior, denoted

as chamber 249cc8r eRboaithesubsirais and i iepparaiig ragher fhan opeeptialpiyst the substrate.
together, in any nﬁgi%g:ﬁneéﬁg?i‘%b'lQn&ﬁ?ax%rﬁlbodtixﬂeﬂt'og'ﬂ@éérb%%cﬁ‘{3?%5093 yal s 20

acceleration causes the ions to strike or bombard a substrate in contact wulz the

and back one another 1 n a manner su Cent to al | ow
for evafuati ogppafatustdfithepre@tt invention with a camtranrehaemdnt ffr pdashlaldrehtionmng! asnma
creation, plasma creation, ion. acgel eration, and film 15 .deposi tion.
Front panel 16mRcoaigaian i sgpsaibpaieats & o Thi3 dgpesicipRemped Ofpc i mer
24 to | oad angipiph@ectared! & AbRinRiLhtRimga ot PaRtd 16 F Bhd'& MbRMBRES. Front
panel 16 is divided into two plates connected via hinges 50 (or

an equi val ent 1&siseeralis@Q and a back platerd@aiefining@ndmer chargber@4ubérein diided def i ne
a pair of doors 18. These al .1o.th f. Si wal | s
i i o et eRE b Aty sngt wERTHE MY £

20, preferablﬂg1 'a vacuum sea

Locki n@omec hagplugdlity SPreslahectiunivmk yotatablyraffixbdovishid thel dhambeandatfesre@ @ and can
be any mechani sm capabl e of securing doors 18 to wal lf 200in a

manner al | owi &gerably as 28, drive mechanismay7; fgrrotatabin dpwes doum 26 idlesglless 32 11 ui d
for plasma cr ' : ' | : WA film
deposi 1 o, Totht) afBlel SR s ShieiBer pflgcumm pump 2HREE SthectiB 0ME 1)
di vider wal | &dambet.o two 25 conpartments 56 and 58. A passage or hole

60 in wall 54 provides for pas e of . Jluids or subsirate between
conpartments. Al t eP PRI RUGHUTS i@géﬁﬁmfé?m kngymyin t%?]ﬁt,gor sipporting f’%‘_ﬁ@‘g 2
conpar bgent ofy, 4 f¥sREd Qénﬂgﬂf&ioﬁpi%ﬁédm%ﬁﬁht manner in the present caddO Uss shewh?
includes a plurality of view ports 62"wth high pressure, clear

in Figs. 1 and 2, housing 14 can be a two-part housing as described below in more

detail. In this embodiment, support structure 12 includes cross supports 40 attached

to each side of the two-part housing for supporting apparatus 10. Specifically, cross

supports 40 include both wheels 42 and adjustable feet 44 for moving and

30 supporting, respectively, apparatus 10. In the embodiment shown in Figs. 1 and 2,
cross supports 40 are attached to each side of housing 14 through attachment

supports 46. Specifically, cross supports 40 are connected to one of side walls 20,



polymeric plates 64 seal ably covering ports 62 to allow for view ng of the

film30 deposition process occurring therein. Housing 14 al so includes
a pl ural W38 nsor ports 66 in which various BeHYSY LB g, | -
tenperature, pressure, etc.) can be secured. Housi ng 14 further

i ncludes inl 3@%“2‘%%‘?" Hottol §¥d \ghlﬂgni &facﬁﬁ%%hﬁpo?&@%?&hﬁg &o&@gu%ggrqs 40 on

8 WO
PCT/ US97/ 177 3the other side of howsingl 4 dreicohneated bebackiplapel2Z Bylaftachmest wupherts 24 as

needed to supply agfi%gvi r.onnment conducive to film diﬁo& tion.

Housi ng 14 al‘%® {Refderal Srssrasdy issupplicdRetyesngross supports 40 onghe Bghtgases and

liquids to bepargRtrAbpAhis Has Showtfinuas.ad ’ﬂﬁ%;ﬁ’&)ﬁ@@é

Punp 34 is shown susperblged from one ofqgédes 20, pre era%d?tf/bntahsembc(tﬁr?lom (as

5 5 shownreinfoieent?) . Punp 34 can be, for exanple, a turbo-nolecul ar
fed to the.controlled e ronnment thin

fluidl . '
E(l,)lﬂ’};)i ngw14. yCI her E?Hi}gg ?g g%ﬁbcd?y means 6f provaiiqgc %‘éqr%rﬁﬁf\;‘t?ﬂyém&neﬁ%ﬁtdﬁ nps,

can be used tgpaWREFVRULENE EotiaiiRe! of28s Mtddhded after evacuatiofBhiRéma N _
operating pressure therein. Sliding valve 73 is positioned along this fluid

connect i on anefeation Eeh il gagcion apqplasatinne andofilnpdepepitipn.ulndthe emhrodimeat i on

bet ween punp p— - | I I 4 | idi alve 73
i s novabl e ovgeh(r%wﬁlulﬁgl%sg?taﬂ@g’ }gégl‘gmgQE%ak 8‘5?12%?15]5&5%6&%%%&[& pgg%qgef’%l |y
open, parti al sige oaksn20,@nd albadeplatsi22h The optee tvalloddfingiatbox with a hollow

comruni cation, wWth preferably is a

u 34. ) Drum 2
cylindrical elr’é"é"cqrdg%ggé W?Wb&ﬁzﬁ-nﬁlﬁiF’éYal@gPPa@:b%Z’?ﬁe 22 are fastenigdy t wo
pl anar end s : : f-&ny Iﬁq” [ ly 15
conductive ng{(%%?gﬁs’ “g%‘a’%;?lg}egra yﬂﬁge?’%?@d@gﬁg asé %lg exa%%§
al um num plate 22 toonp prothersh e @hannert saffidies so sllovefor evichatton ofdhamberd, or an

all oy of any one .or nore of  the . oregoi ng. .Preferably, t
el ectrode is SAMBHHEH Of@e@’é‘ag‘g p&ﬂsmtaﬁéeaga’é’é’tl@f“afg“é 1PR-APR B?E"{eratmn’ amﬂ?qu ow

sputtensyi el dgenBiiohOPrdrR phrfel 16 is not fixedly secured solds ¥préPide Acdeds fotamber
constructed to i nclude nonh-coated, conductive regions that 20 al l ow an

el ectric fi el 24 todopéandunleadswbsizateimateripls|and tosperfommanaintenatice.cFrontpanedt | ve
\ ; P . Fri 2 : g fi |
Coat tng o PIEBHDBIRES B bhs LodeleRSI TR 30 A8 GlaIch onpedian "0 111 T

el ectrode. ThmesAs}ed onecati side walls-20 to define a paitsfIdot 18y Thesd duoksdeal totheal |y is
an insulator, such as a pol yt ety af | uor oet hyl ene) .

: olymer (e.q.,
Vari ous enbod«‘:dasmf@qewé&lﬁﬂwy weleraof fssughdba Y5e Q4R vicUBhieabls g, an OgBgHuct i ve
Put POS90SO AL AXLERIGIN 35 R1cEihdy siRTiLs 18 tRIdeall 2bRd Wby (D
substrate to be coated, as a co y O

nductive area can be envisione e of
ordi nary ski | mechanism capablerofsé¢oariag tdoors 18 to walls 20 in a mann€i glloving ffierns an

mbodi f drum 26 | 82 and end .sur f
54 of 0 um 26" APHNERLR Aanpe P aioee B F RGPS PIRGHE oL PTRe BEUTR T | ve

30 nat ejdceleratnCai filkddepagiighar channel 90 in annul ar surface 82
whi ch remai ns uncoat ed ) and thus electrical !dy conductive. In
addition, a pair oin ergemkqsimentseiiambes24is dividedds a divider wall 5¢ ste twe he

i nsul abkve mateh i Atmals SO . R PhdAECoritte AN vl SPIEviBEPRIb AR eSOV e

fluids or substrate between compartments. Alternatively, the chamber can be only
one compartment or three or more compartments.
Housing 14 includes a plurality of view ports 62 with high pressure, clear
polymeric plates 64 sealably covering ports 62 to allow for viewing of the film
30 deposition process occurring therein. Housing 14 also includes a plurality of sensor
ports 66 in which various sensors (e.g., temperature, pressure, etc.) can be secured.

Housing 14 further includes inlet ports 68 providing for conduit connection through

8-
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PCT/ US97 @ 6830185 end surfaces 84. The insul ative iw@ogsah7iszm t s-
the surface area of the el ectrode al ong whi ch plasma creati on and
negative biasing may occur. However, since the i nsul ative

mat eri al-s sonwhighefiuid gan bentiedudeduniochampbendd dsmsedaditb anphiy an endeonknent

space shields 86,a c cover part |. of ,the insu d terial.
These dark SConduc eé,t §§1(l:rgadgeﬂ?sétll%’s' n%vl%gfd'n%%femﬂfug?ﬁ %u%?ﬁsaiogwﬁstg% um num

but do not achlléw gases and liquids Gskisiinhpel Gt @evrwish evamaRd Hogy clbfeppar at ed
fromthe el ectrode by neans of an I nsul ating material (not
shown). This al | owduasni4 sehene suspended fom engok sides28, preferably the beftemt (s de

ar ea. RS qiugrﬁ:f i 26 1 bR 35, gs. 3
and 4 wﬁere dfﬁmglglgﬁn |n3c éugc%‘g%’ ?%%yﬁlgﬁ%oﬁ@g{e%l%?ﬂ@@ and 87
af fi xed to ancohmecteduo trementallalf endironma@. within housing 14. n"Othenpurapd) sutbhrasnt s,

I nsul ative ri ng 87 is a cap which act% to al so covgr en%a%%rf ce

84. Bolts 92 SHEIN RYMRSAr CIXPRYRDS.GAD smsﬁpéaa%ete oyverhambgr 28 #d 8t rap, to
back plate inta ; . : ' e
supporting t h(ran %‘é‘?’i”o??g?algé‘g? gésé%rgéallreﬁér}nﬂ Smg@%lvggg%%fehogg??ﬁgg h;ﬁgng{t’ﬁlaat I ve
rings 85 and 8dnnestiomami ¢ansekictielpmterset oshiptlafleid@dmmimidation hétween pump

| ect r.qd 1] di Gh | .90Q.
case. - dfbct  odd e HRInlEBOE P HEd Sn S RATEN o 5oV HE YRR R &
in all areas endtpRinp'WoRre2 dahBe FulBSéea! SarGAR GifehSorldlie€ WRhirE Qa6 to T

defines an ~exposed el ectrode portion that can be in intinmate
contact with chrmnmpirationwith ppmp 34. remai nder of the electrode is

covered by an insul@t |V al.. . | ect 0 i red
and the el ectrode l)@%:ﬂ@n%ﬁ%g%btlﬂlseal °§9h§?%‘§32§1°§&’?‘% Srrog'glglé%} m%nglﬁrﬁlé&?%?glet ant
pl asma, this madavd phhar dndistifades 84) The viectiadeah bk nade vaiysclednidqy film

deposi tion on ) the surfaces it covers. As a result, deposition is
limteddto theondichyematerigl and prefegably is a metal such ps; for expmpls, AlymiBM,cover ed
with insulati t&Lh aka l:190) ' ﬁEracﬁl '

covered by re?ég?rls’%’e {/él"?’ hﬁlrgggs}%%s% F rsgtg%’ %%%@Pp&g@ adly bie or morelggtﬁéer ring
to Figs. 1 andorggoidguBRrf@ably, thetkttadnleys alfufrimed, Heoausa ok theleasecofFabrication,

t hrough a ferrlofl ui ic.eﬁcfed&prou%? and rotary union 38 (or an equival ent
mechani sm) ~ "OWSPURELIEE RBG'W EHh a hole in back plate 22. The _
ferrof | uidic feedtnauphs BHekie taisrubidl @linclude non-coatfd, Q¥ARHFERBIoHs Ehdt | Ui d
and el ectrical connection froma standard coolant fluid conduit ~

and el é& ri caklloivraa elastrirofidldie peasicatnrupasd aywsll anvon-crndyefinguinsulptve _
el ectrode, 30 . fo?éx{%%&fmg%ﬁéémcoﬁd& B&?&egﬁ&?arﬂf (1 ?o?p%ﬁé%ﬂh:{i 9&&%‘;9@ whi | e
retaining a vacuum seal . Th rotary union also supplies fhe
necessary f or ¢ fich-ingilated of behduittive shtiorz®thd dlectrode. The eledlfipdiBidonon, whi ch

force is supplied fromany drjive means such as a brushless DC
10 conductive material typically is an insulator, such as a polymer (e.g.,

polytetrafluoroethylene). Various embodiments that fulfill this electrically non-

25 conductive purpose so as to provide only a small channel, typically the width of the
substrate to be coated, as a conductive area can be envisioned by one of ordinary skill
in the art.

Fig. 1 shows an embodiment of drum 26 where annular surface 82 and end
surfaces 84 of drum 26 are coated with an electrically non-conductive or insulative

30 material, except for annular channel 90 in annular surface 82 which remains uncoated
and thus electrically conductive. In addition, a pair of dark space shields 86 and 88

cover the insulative material on annular surface 82, and in some embodiments cover

9
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PCT/ US97/ 17733 servo notor. However, connection of drum26 to
back pl a0 2820481 t he conduit and wire may be per PEFMSO/B3%Rny -
means capabl e of supplying such a connection and is not limted to

a ferrofluidig f hrQu nd tary.: 4ni.on. exa f such.a
ferrofl uidic Wgesgﬁ%ﬁgegusghqgﬁﬁls}ﬂg 5% %di {)ﬁm}tgﬂxg s%‘i&l aﬁ%"ﬂ&l(tg%glﬁf @518 nner
?:\gmﬁt er N|5—|) which plasink @veatibmbnid @eﬁ&ﬁge@g@m&yd&%y%g&mﬁ kiuil:;dn'hgs Co.
shua, . , , _Drum 26 is rofatably. driven by drive
assenbl y 37, pRilativesmptenials sppetimes can %ec%%{%ﬁ?gé’a|th%mubembéxd@&m,&aé¢ syst em
bl f ot : ' | : :
capabl e of {1l 41308 By 0RvaYaleR l B letiBated materal OrackabRe

enbodi ment shown 1 n Fi 2, drive assenbly 37 inc es noto
drive shaft tspaceshatldsupay he ohaide fomd inetal SChiak alimisumbatdonatakt 36 connect ed

to a driven 10 . pull 39 rigidly conpected to drum 26. Belt 35 (or
equi val ent Stqqgégg}vg)aggqtﬁﬁéqagieetée)?are sgpaate&]ggpég? elfctro iTBRnE PERR dri ve
pul ley 31 to wlkiely Betif{nédShown). This allows confinemh&® of hiér;ﬁﬁdrﬂayto%qr Lgel

mechani snms 28 are rotatably affixed to back plate 22.
plurality of eledtodmergaani sms 28 includes a substrate reel mechanismwth a

' f b I d " d,, i | ,
Bso can i ncl ude. oApanet SusocRRRoFns o8 Ranp¥iin RS L4 Pl R der

spaci ngoweb sipelties 25 SfifsuldtiVe ring 85 and 87 affixedRSAinGBir ¥HEack 82 lof BRHNABI SM
with a pair of masking web spools 28E and 28F, where each pair

i ncl udes one eompempodimensy enstlaiése tips § i capadhiclacipioaalsarnover e sarfgee 2, at
| east each taﬁ_ﬁ'&&s{%ﬁge l%g r@u&p%@t@ne%@@@%ddﬁ'&ll ag?faﬁg{afg(ljrvsﬁa 8%@&]{)@%&27

mechani cal | y conne 0 such as’ a stan or as descri bel ow
for 20 S [Bolts B andrsopmiri meals Mean essish b supporing ithectarionopatsast drina r eel

as needed durj . s deposi tjon. addi g.ion, each delivery reel 28A,
28C, and 28E s oot R 85 mid 87, once é?fﬂfe@gn_ lay %ﬁﬁ%girdeﬁa?
suppl Y59 t auf853sdddbiédh@d¥phision BRbOdie@ adianfelpchani sm 29.

Each reel mechanirsmincludes a delivery and a take-up spool which may be

in the same or a dinfdnyrcase elecinpizr8Orie cevergdimseme mannérdry, anihiudétivermatenial nay

or may 25 . not be th ane, co tnent the electrode is-in. .Each spool
°C o7 o ot anddAll Ared3extdi whBE IS RRAIE KSilhced B cfocfiSdd s berelan T2
radial |y exteggiosdl diéctivdepsrion ficht 821 beiniftiBate contact with t3E eabseraten T8I ch an
el ongated nenber, in this case .a substrate or IS wWrappe

] web, i s d or
wound. Each sysgwindesokibe gleatrrdg is eaveresd by 3 igsulgivematerials Whendheelgelrade
ext endi : t : . e
dri ven,wt he Sﬁsg%weged&ﬁgw%cgﬁﬁgbggﬁ{egn@gﬁﬁ&%&%@%@gﬁfﬁ%t g?@ﬁs ‘%@“g , a
brushl ess DC pslesma thie talatjvelyl thickhesutive neteriabprevents carbon filnddepositioapaol s, t he

25 to back. pl GHEUBE REOHES AREFOUE SePouReh B AR RO ETR! ORAC-s! ack.

11 that which is not covered with insulative material, channel 90), which preferably is

covered by relatively thin substrate material.

25 Referring to Figs. 1 and 2, drum 26 is rotatably affixed to back plate 22
through a ferrofluidic feedthrough and rotary union 38 (or an equivalent mechanism)
affixed within a hole in back plate 22. 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 conductive electrode,

30 respectively, of rotatable drum 26 during rotation while retaining a vacuum seal. The
rotary union also supplies the necessary force to rotate the drum during film

deposition, which force is supplied from any drive means such as a brushless DC

10
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PCT/ US9 .A,},?é,ggl s A preferred type of subs{,éﬁhgg.ﬁﬁ
flexible we 80mmn exanpl es i ncl ude polymeric (e.qg., Fyest er,
pol yam de, polyi m de, polycarbonate, polyurethane, or poI yol ef i n)

webs and webselvd\thdtgr. aowerscoafiectidulof dagn 2616y eek pldted2 amtihd desduit and
netallized coating, such as can be used to define one or nore electrical

circuits. 5 Wiremay beperfarmed byiang meags eapeblaot supphying o x nnectigagad ipt i on
of such a meglf gnee) é‘y\g ?e!?roﬁmdm fee?th%%lgﬁgﬂh a Ptaty Wi I OR ¢ e Fsulfl 1S

used, the process an pparatus o resent I nv ntlon can apply
a carbon-ri cHerofidiegegdthrgugh anddotary osibn iy twosinoh Gbout 5 erapinntr dibmeter

Cich o8 an. hollow shag fEdimesiahimde i o Bk (RefoadMloy o uni form.

coating Of a car boBedn 86isTBlafiblyAdriveny drive assembly 37, which &RQeliy enbodnent,
heat buil d-up on the substrate ‘under prol onged runni ng condltlons

can be mini mm@dtaxm;zaltatmd/omsbcmamsfawpddgeétrmutmg eatatmnahmloston to drum
conducti ng | er. r.oll The Faraday.cage, and el 0 e i dl er
ol Yoo i itodkhgn SREF B Fiop PR Ssskinpfy 51, S5k BORE Y titithed ¢ o
and surroundid¥elsh&ft terminating uﬁdth&tﬂxﬂk?ﬁ m@{s&n&ﬁ&uaﬂ@ coBBectdd'® de@fvaday cage

is conprised of front and rear :?er backi ng plates 103a and 103b
respeckl vel y pallexdfagidly conngaied mlme@ 1}@3“ 5 (or equivalgntisiueturs) trepdatesibst r at e
spool s 28a or %ﬁl and the front
copper pl ate’ﬁéggn"?@@é’?% %%Vé 3’ gbwng%wgg%g spring-| oaded

at tachment Thevslteklity dﬂ}Qel n&tchazyisxﬁk 28 hreirctatabBaffiged toibacieplaretzd from

t he substrate by contacting substrate to an electrically

conduct i ng i ditsrplyglity ofgesl mqeh%mgﬂs 28 lmhﬁt:fr #efibsitate Tepy meghpnism with ipggry
bushing 106, @E%k&ﬁooﬂ'zﬁkrdﬁxﬁ%garﬁ%%éﬂﬁdﬁuﬁ&t& oA fRl@fed 103b of

t he ay ‘cage y cage Is also substantia Iy encl osed
in a groundedpacing web reel evechasum thharpmcbﬂspamﬂmwéb spmblsa%d: ard 28D apger

| at 101 101 d
B o um hub maskinecveh realfechaigtn Wit a pri; of wagkipt Weehools JE Ahd 38 e
through the t&akg&ahﬁlﬁ%@s e aénﬁe@%aroa&t&e-uﬁs 1l AshyStHaRae rbRfFigh,asti ¢ 25

pl ates 102a and and plasti ¢ hub 112 enabl e el ectri cal |solat|on of

t he legsheantidgkecunyree 2853, 728D, nyd S¥hipeludest adrive mepkanism@®h and al unmi num

U 110) T O Bcchamically corh6e @ RHASLAN SASLABME Sud bl ol BBR P! 21 o

deposi20 on amapplgtngSa ibfatishal force chat delsctivelyantates theores] a?&eédeﬂahmbgy af fi xed 30
Fol lers - Gepostig MollifEnochse dFAYEY TR A CoRpOATE o SSL TS PIERS pool
et oo B 8 apphing asnBEh e 06 a2

12 WO 98/ ZBdddFeel mechanism includes a delivery and a take-up spool which may be

gg{i gs? E/ei Z‘?ag&e Same qrﬁxéhﬁ'e géttq%ggp@rnt?nseﬁ{ E‘gm eac o er, wyncg m mlrr(iI lm%gf 05'?1{ Iyer s 32

25 not be the same compartment the electrode is in. Each spool is of a standard

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 22. In the case of spools to be driven, the stem is mechanically
30 comnected to a motor 27 (e.g., a brushless DC servo motor). In the case of non-
driven spools, the spool is merely coupled in a rotatable manner through a coupling

29 to back plate 22 and may include a tension mechanism to prevent slack.

11



from deposition substrate spool 28A and deposition masking web spool 28E to
channel 90 and from channel 90 to take-up substrate spool 28B and take-up
maski ng WO?98/20185 web spool 28F, respectively. 5 PCT/USFINMI3 -~
deposition apparatus 10 further includes a tenperature control system

for supplying tenperature .controlling flu d to electrode 80 via

ferrofl uidic %prey?eeg r°c§?§§j‘?r'i 18 ?K%X‘Pé%ﬁ%'a QPHOR SRAPRIES TGdE m ay
be provided O@o@ﬂﬁﬁﬁ:g&.g.s pdifestér, polyamide, polyihiids, polycaBbyateRslyafetRireyéded from
a separate system and punped to_apparatus 10 via conduits so |ong
as the tenper felyplsfispwebmandryehsdrayigg phlepst oneisuréaes thergaf thagincindepa

passages W t hi -0t I : .. heat or
ool byl 45 o, it b0 bE UG LR U bt SHCLENCIBN T
proper tsenper §$ee egf, &F.S.fRatemt No. 5,227,008 fie podestription of Buch Pmeinbraneyl When a

enmbodi nent, the tergﬁ‘erature cqnt rql sé(yij\‘gem Is a ¢ool ant system
using a cool afPod g fhedatter fype , £ BFocessan( pRpRzatys oEihe present

chl or of | uoroc : : | i BYifd Lquid
it rogen) - o5 MRS AR d X AEHFCoAing (e, d BEC coBind)33 e tftade pethie 1 ©
evacuat i on pueptiellength ¢f the web. Thus, therwelcerany naterich corded therepnrsuls)s at0. Thi s

oo de unBeo R SENBL R v el i S SRR bkt
evacuatliong t he chaﬁg%%érn ddj tépﬁgieé{/tghﬁa&u t%@%@?%ﬁﬂﬁé@b“ked up
by a mec ‘?ﬁ?ﬁﬁh.n d on
apparatus 10 st RYE-1E | stem
pp co dgt(x)cﬂi[shgﬁ B@Hxﬁﬁﬁxﬁem g\ggxrs@BPF des) @a%e@axﬁ?&@&ﬁléﬂfy

and fluidly connecte
deposi ti on appendicting idlerzofle Thedfanattay cagé ind eledtdealbrcongnetiveridist roll n t he

formof a mass,flow controller..that, cegylates.th | uj d ed to,create the
thin i1 m ¢ netacement 36 shm fFig 8 o FRAREARS if Afiohed | i Broefs B
evacuati on t hepsdfate spo6lsi2Bac0RId 288/, Tihe Fataday cagdlk Q¥mgfsedsT PdtRandidas 10 or
alternatively may be provided as a separate system an fluidly

d
connectldd to chepesbasking platasd Ofe and  03h nspiractively jattached o alyaipyms dap 110.
vol unetric . . rq
deposition. | r}13 ltgelb?fetp é?‘?%(tfg ger%g‘?jrlir%fgl'rll? &éﬂs@shh%vw@ﬁgn?ﬂﬂﬁ]ﬁcﬁr&esaltlg Péh % thin
carbon fil m h&wntgopheaphtetd3akesqeoraddn piaes by hirdans bf 4 sprirs-loaded attachmeunteat ed

froma gas, suyppl, by the feeder, that, contains nolecules that.ing¢lude 30
carbon ot oms . BRYRIF d00 HELPIeHEea) et SPIPun 1 RSl DK SOBAC e
Speci €s as  substrate toMEHEBRENIG bR cBing MEiSr rofVIR HPoughed SRR BASIJ7aNe, and
hal ogenat ed car bon- cont ai ni ng gases such as fl uorocarbons,

chl or o4 bons rotarybushingr 96| elestoicalrdisiributat £05 and into to tibadpiide 883 of the

PCT/ US97/ 1773 re.potent.ially . uset.ul . dr gcar bons rticularly
useful for ra ia@déﬁlg%en:rh" gﬁmg%_age 18 gfso ¥ubs§an£18g¥ Fﬂl_%gseg% P& g‘%zene,

net hyl cycl operhéldigs forntbditacthe font fRIveadiopper platey 1 61t€and 101b, and aluminum

napht hal ene, and azul ene. Gases with | ow ionization potentials, that is 10

eV or |ess, hub 111 Thegrauaded alwgingmubylr brlds atiached te thedityersbaft 40t i nuous
deposition of : =L ' | ' ¢ :

i m deposi 1 Sars e fidisbind fRiph 22of the spodchul DI RINRRRES 104, plastic | |
connectZd to elaed 102dean8002b,andIpéastic habill 12 enableelectiital iddiatiguoofithe sour ce may

be ovjided on a ratus 1Q or _alternatively, may. be ovi ded on a
separate syst S-Iﬁaélﬁ}j cage om?e%%y copper plates 182a, ?Oﬂv and aelur¥1inmr¥ hub 1%) from
the grounding enclosure (formed by copper plates 101a, 101b and aluminum hub

111).

Film deposition apparatus 10 also includes idler rollers 32 rotatably affixed
30 within the chamber and pump 34 fluidly connected to the chamber. The idler rollers
guide the substrate from the deposition substrate spool 28A to channel 90 on drum 26
and from channel 90 to take-up substrate spool 28B. In addition, where spacing
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electrically connected to the electrode via electrical termnal (as shown

in Fig. Wboshkoigs0 any case, the power source is any ponesypeys3 ation
or transm ssion system capabl e of supplying sufficient power.
(See discussion infra. Al t hough a variety of power

sources are pb@.slanﬂénas iveebs prequgedh agley RHprs 32 gulde thesepmbérand thesubsteate ed.

on an appr opr T SegodPER el R0l AR RURR bR e Rsb gkt BiBugn 1o

create 15  chafiied90iand fioRveanhe) 90 Mtak%lpkhbsmgtdﬂpa&l@&B Wi take-up Hadkibg
inefficient for ion deposition. RF power is scalable for high

coati ng out puvet(snoe&%mspmu@%st rat es, rapid web speed). Wen
" oM L5, e, B RS ol 19 IGRL Rl
the negati ve for supplying tempesature cbﬂitmlbﬂx@ﬁmdmdelecﬁ&teasma&a Rirrofloydie i s

preferred, di scussiion wi || _ focus excl usi vely

h f thi
t her eon. ey ugﬂ ggr Tﬁ?ﬁ%‘ﬂé“%%ﬁ@“@éﬁ% mayhensodded on spparates 1f o
frequency i ” f@?nagﬁag?mﬂf be prov1ded ﬁ'ole deparki@ s?&e&('é'ﬁd Bifnﬁfe o‘?%k%m%;% 1%6 MHz or

any whol e nu
power as supptiaecnduitsed hmgrasdna tempcmmm esitral ﬁmudbmm fiuid leonnection with pl as ma

controldsystem nduce

fromt hydr ocar bon. t anb The ,RF power .source can be 25
an RE Wner argeegt it ciscirpde o5 GRBFRFLe 67 HoL AR BB HEo8! act r ode
via a e1ecureﬂ&\sgra§ 1stx{%€&edacﬁfs§pﬁl9m’ﬂ%@t?ode'lﬁtﬂé’ﬁ?@ﬁ’é@&ﬁp&ﬁtuﬁhﬁr Reyer
supply with that of the transm ssion line (which is usually 50

ohns resisti v@post;omsht apreferred empedignent, Srestanperafure control systenp ismegooldnt ough a
coaxi al trans i on of RF power
g)at%ﬁll? P%?sl t such as )famsq,l'e dvatc%%p 856161 2Re gly&iln

to the electr 1 s RF plasma the
pover ed el ectdlmﬂeﬂb@@&n%nsnﬁg&bﬂu@bahm amd Giqhifiedichyes (¢.9., hgad nitrogen).
plasma, This bias is generally in the range of 500 to 1400 volts. This

bi asi n}f causes Film depositgpnsappasatiis i Oralse IB%P‘!FéﬁnPVWaE?%BWﬁP figidiycel er at e
tl?lmr d el ect r&gﬁiﬁgg’dgw&laﬁf)ﬁ})br@@) 70. This pump may be any vacuum pump, such as a

PCT/ US97/ 177 3Roots blower, a nxrboandecftximmumpe a dsfﬁism -puiniph oc® altylopgnp,maphtde of

substrate in contact W|th rihed.in nore
detail bel ow. evacuating the cham aﬁg@B rtgltS pb‘ﬂ"p ’antﬁﬂ?“‘ﬂ?gd* %6 egﬂB@raate upon
whi ch deposi tieéhahftalfifihp. eﬂhdéi/acuatlonpum th AR Pre e dey 61 aﬁﬂ!@ah%ﬁmnas spool
28A. Access to these spools is provided throu h 5 | ower door 18

si nce,29n Fi gatermatixely may bepovidedbassa wp@ate@datp@mndmmdimpm@gwém theent 58
whi | e dep05|téh%mbggcurs in upper conpartment 56. In addition, an enpty
spool is ‘f ast ened opposite the substrate hol ding spool as spool
28B so as to functFikn depoditied apparatus 10 alstoahcauda@ asﬂlﬁ@feedért prefétslg i theon has
occurred on the substrate. %{) cer web is desired to

cushi on the sigF8fameass fewgnirpliritiay regulates the ﬂmdalﬁ tQchrenie the thip Silmy s
del ivery and/gg ﬁ Kxgéa‘d&p%ﬁﬂﬁ{; &féadﬂaﬁﬁerpff@i’b& gﬁf’lﬁltﬁ&%’i} %Eiderm and
e atron Int

28D (al though't the spool's e particu ocat?’ons shown
in the25 provided gnapgaratas hdor a:lterrtatmeliy)nayf’merprb\adé@/as 4 depératerpystemasidt i on i S

g:ﬁl Lgdpgg i ? i @ﬁé ec{ﬂrx}ngc&eq tﬁﬁ}ﬂﬁ c}ga.mygf ﬁg& £éx efer SleplileS ﬁmd n neeprroper 7o) usnll(éhqg web

rate or mass flow rate to the chamber during deposition. In a preferred embodiment,

the film created is a thin carbon film having diamond-like properties. This film is

created from a gas, supplied by the feeder, that contains molecules that include
30 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
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spool 28E and an enpty spool is positioned as a take-up spool as spool 28F.
15 After all of the spools with and wi thout substrates or

webs ar ¥BI8RBBned, the substrate on which dep&&TUSBHITR3 1o -
occur (and any masking web to travel therewith around the

| d R=Yo I ke-
o reels. spalea RS psBd vl Seur it cBich bR R O R B A5 5
i nst ead coatingsdritadeticnzénepmethyiyslopaitadisre, butsdietts pentadiédy, styfdnep and/ or

are provided ju after this 20 ep, The substrate is specifically
wr apped ar ouﬁ&p@?‘@e%aa% aggenen Gaseswidh fog‘owm«'réwb@otenuals that is 106We?r 1% t he

exposed el ec I t inin
cont act W|thtcaﬁgguf)éactrg)?%fe;agﬁ(%a?%%&?%nuﬁu&ﬁfd%ﬁeﬁﬂdfﬁe astnt &%oﬁt trode
rotatess so ainthisprocess. | ength of substrate is always in contact with the
el ectrode for depqsjti,on..This a the substrate fo be coated
in a continuous p&gk’éggpqsf%aaﬂga@ﬁgﬁakog‘ql‘lﬂﬁ aPBWF’I‘ﬁQ“B’FI‘?Eﬁ" %ﬁy The
substrate 'Schn&@e?l'tB'e&@trB&éS(fhh'&le@ﬁi@ﬂstbﬁrhﬂil %nqgk?w&mexﬂzﬁ/ﬂé seal ed
cl osed. Chanber 24 is evacuate o renove al’l air and
ot her i npuri tpresddedipcapparatus 10 or altem@tavdbjomaybgprmmdedmg afseparete spstehendbl y a

o begi n' t ne iebiaty cameFieRy MR pRORE eleckitl teminal os shoBRERERS olor

sourcelg s aCTahyaés%Qﬂfe?o%ﬂmtﬁ& i8 Bnypovedreehdrhtion’ dratadlsthidsioh Sstd® d8aBlk
80. This RF electric field causes the_carbon-containing material to becone

i oni zed, of supplyipg sufficientpawer kReerdiscresioronfrad a carbon rich plasma with
ions therein. This

15 WO 98/ félioéxgh a variety of power sources are possible, radio frequency (RF)
PCT/ US97/ 177 3dwer is preferred. 'Elpxem Hecask the fpﬂfqndm:yedhlghlengagh td Jornda 84tPbias

oscill ator, althou h ath rces frequency ranges nay be
used. on an ap ropnate&ﬁogﬁg yBP&'gﬁ?a ﬂ%ﬁ@%‘%ﬁ ngt high eppug gt‘h@ﬁ%f?l ve DC
bi as vgl tage staﬁdﬁag‘?\’?ﬁ vadirPfhe resultmg plalsm“?lI Which %ﬁlcﬁ& iRyrreRRAt foPitng t O power
the electrode wt ower. Thi S bias causes ions to accel erate

t owar d non-i repdsitierd pgwmaecq&nhlq foohlgg@ocﬁngedmtt (widle vBds 1 $ubstrates,

remai nder of th ectr t her .ins t ed hi el ded e. i ons
bonbar d the. TP webSBeA Syeh a8 il id (R il Rbesfv B p R lscrnEle 0 o
el ectrode 80 nepatbienglfdiddens, dd piraPpower source nee@be ﬁs’éﬂb@ﬁadﬁ&ﬁmbhbg@vbn t he
deposition of .a thin dianond-1ike_carbon_ filmon that |engt of

substrate. 1(piason the electrode. Bfﬁ?usé&ﬁﬂméﬁspfﬁféﬁ%lth‘?@ﬁmﬂdﬁ’éoﬁtaﬁe up spool s
are drjg/en sQ;assdish Wil focw&cl‘gweg,tgereoﬁubstrate and any maski ng webs
nd over

t hrough t he upper conpart nent el ectrode 80 so that
deposi tion occur s The R powearnmatce powvetssiactrbde §hwith afiequence imthacinge of

th | | Kk o) [ t b
Fim " The GOS0 MEgbrehaiiey 1555 NS o b ottt e B9 conpart ment
conti nuously Iﬁ"fﬂhbfc tBeréoX. This R?We?ﬂ@éﬁ%pfﬁi ol eRlcHolissPlestda é’n{?b(;xhﬁclﬁl ectrode

and sufficient carbon-containing gas present within the

chanber. The plassa frorh gheshydoorarbongas waihmbn changier.c Bhe RF gowear sgurce can be

el ong d subst nd. s on_th uhst rbonfllm
deposaésleon I&ageﬂer %r sgcﬁ%?égﬁ]éﬁwostc k‘yorﬁgﬁ’feﬁfeggog‘ e%%ﬁ%e % he
el ectrode nomeflesk thi@ROS itd marthAk€kiipedance of the power supply with that of the

transmission line (which is usually 50 ohms resistive) so as to effectively transmit RF

power through a coaxial transmission line.
Upon application of RF power to the electrode, the plasma is established. In
30 an 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 80. Accelerating
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el sewhere in the chanber, because only the electrode is biased. In

addi ti onw&bgs@st he 20 non-insul ated portion of the elpeaiusoferBs.e. -
annul ar channel 90) is covered al nost or entirely by the -
substrate, little or no deposition occurs anywhere but on the substrate.
Thi s el i mi nat ésnstfhem thecwrfoprridiraogtiagion thesubrtaty infconthet wittaelbetroda®® asas t s

t hereof and <+ 4. leplaci. t he el ectrode due to carbon buildup. In
cases where fSGWWWQdBPnPEE%%HQﬁ?%Yed portion occurs, dark space

shiel ds 86 and 88 gaRpbatieh, Al §sbol 8f AIbERAEuborPWhicRULSEsItRM is desirel@d!! | NY.
Dar k space shields 86 and 88 can be of any shape, size, and material that

is denettad pver thosternas spapl 8o hcegss imthesn spaplsivprovidgd thraugthe

enbodi ngnt sh ' . P hiel ds 86 88
are metal ri ngéw?ghdﬁ’tﬂ.g? m(%%érrl Fléfe"ulm%’ahn%ip% ngq%ﬂécagﬁ%%?'ﬁ}s‘u K talr%"len? E r-eon.
Dark space shivHiRsiepsiatlodd8rsdn uppdr compartsienst 360 Ih hdditios ah @friptespool is
material that covers drum26 in the areas where dark space_ shields 86 and

88 contact 30 fastened @ppesitedhe spbatrate heldmg spaolas speqd 28B so ap fosfupctinn asithe

enbodi nent furfher | : erlel t her eof extending
away from dr ur%&%gdﬁ %ﬁ&gi #\%ﬁfigﬁ(%gfoglpmng%cﬁgeq Oq‘hese%?tg%és! can assi st
in aligning the sullftspdcer web {sidesicddzto meshi@Othe substrate during winding or

16 WO 98/.2()185 . .

PCT/ UsgHy 17733nwinding, spacer web delivegy aadiordpisip $oe! eadsarraridedasBres 4fCsy st em
punps fluid thrgyah fmﬁ‘&ighmo@&on of the spools i{¥he \peRRfar RSN IEERS irf Bekeep
the el ectrode at a desired tenperature. Typically, this I nvol ves
cool i ng the elfiguresdsinoteriticaly Siovlaslyy if fidm depasitidnas deiived én a2 pittemwogh heat i ng

in sQre _cases. be desi.rable. In additio since, the substrate
s in direct COMTNEEPREDAEET 4 mayiie WP et b hesitpned on FLIBELPOPL Bim ¢ he
plasma to the spodIHEANG aneniPhn§oUistposifitgdd dshtake-up spool as sp6SIAISFIg syst em

t hereby allowi ng the coating of tenperature sensitive filns such as

pol yet A enet er ephtMierlof thasppalspyi Without sibstates oravebsarrpasitioned, the

After conpleti | kb d from
shafts suppor tslgﬁsguoah%%&%l%ﬁt éds\ﬁlxt/g%q.s %GKZ@B% H;SSFE%R% ﬁ’ﬁ%&ﬁ?@%ﬁ‘ film

t hereon is 10 around theelsgtemie) &8 B/oven ot sthermdsbpulled threowghvthe system td thetakear bon
filmcoatings are used, such as for _electrical isqgl.ation for chip
cool i ng, fl ex-paesls- §P‘?°€[|WF‘?%S,CHF’PB)§PW61§E woxen thrgugh the system and insteach j g
phot o- and m %E?A:ht%fﬁ%g& RGBS S befdRE BiitaPadWidse FO0idER flisPafiR kB e
heads, orthodontia, abrasives, orthopedic inplants, thin filmcapacitors,
packagi{y step. Thefsitbsteate is spesificdBy Weapped arousd elenliode Bdinshannet Hetherebrs. 15

Simiar o AR SRR R ik R0t ol

the prior art.coh@ét with the electrol®aZirhéve vAt @8 kledlrodirus@lie €ladirode rotarslsd @
obtain extrenely high deposition rates while still maintaining

good propert i dengthof sibstrate is aweyson conteeh withthe gleagodedar depgsisigni dhis allows
potential gas e it i j L film
Crross 15 g0 thesitSlrlie 8Bhc SRRy crfiulehs BRR S frofa Bilerda o PRGNS

| ower, 35 conpPEdel sabstrat®isin positidh for film depositidiant dswértieobt Lisfsedled clbsetds s

reported in previous DLC coatings. ss de i.tion on, o t he
substrate is at raté@a‘wrfzglq?i’ﬂg‘}ﬂti&{%ﬁﬁpgvé)ﬁ?%é herimpHties; KACERi or art
rates of carbon- B5RARI TR, pMEaDE/ 2 FASAS Phinb & inRFhE ESaRARKIERERLEEEPt ON

the substrate, and, as a )
' apparatus is ready to begin the process of film deposition.

The RF power source is activated to provide an RF electric field to electrode
30 80. This RF electric field causes the carbon-containing material to become ionized,

resulting in the formation of a carbon rich plasma with ions therein. This is
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result, mninmal flaking occurs. Furthernore, deposition is alnost entirely

due to iQn 25 bonmbardnent rather than a m xture of iqn _bonbardnent and
free radOa® @ act. 1n addi tion, very high coVeY¥¥%H"PPel ds™
(as much as 35% of gas input to filmoutput, in conparison to

typically singt&feiigigrodiiced 8sing £ 13.56 M1 84cilPidr, alfiRlgl Sthe i
O her benefi tg aﬁd gc}{/r%ntcagesngl ncl ude the czlibi Irf ty t(g)}bcoafkgsg‘rﬁgzs aEglrdoader

range frequericysemgss maydedis¢densi ons i ncl udi ng wi dt hs rangi ng from
fibers to filnms of  nore than 30 one netec. n the substrate is a
porous sheet, fabr?%% ePm?gasﬁ’vgg?‘éﬁﬁﬁtﬁ&’f%gmve%%mv?ﬁ%%"’l’?F’E?imﬁfion
non- porous sigRtrollé 8@b?@&ﬂinbﬁig\/t6 powtiBe eMBEddedkith RP fowbie CIHiOBi8s efdists

prevent carbon-rich filmfromaccunul ating on the el ectrode and
subsequent | y ions to accelerate toward non-insulated electrode portion 90 of electrode 80 (the 7

WD 98/ 20185 . il o ] . .

PCT/ US97/ 17735mainder of the eleqjodg s either insulgted or shielded), The jong bagpard the 1.\
factor since lemgh bbstbstrate i doncaenwith channel 90 of eldctrode 80 tausingardéniifieatioubst r at e
in the chanmber_ rather than froma_ source specific _area. - Accordi ng
to the met ho®f&arbppEesyitimgdmthedspesitiony 2 thindimaendqlike cagponfimcenthatdength o
thickness up JrQ it 0.2 [err]mat a rate of approximately 1.5 to 6 m mn,
generally 5 W thout regard to substrate width. Coating thicknesses in
the rakfge of 0.1 tKor@oftijuens fleposition, the take-opspdids gre ddueresb asas phil) thesi ng thi s

process, although, thicker %’..e. up to out 10 [er and

t hi nner coat i*He g anl anyn mivﬁbéamughatge“p?er COILP&J’%%P%‘ PYerpl asma
generati on andect/de 86 SC1HAF @pbSifion Scclf SR dny uBkiiBltdd!suBratd JYrtions in contact ONe
el ectrode is used rather than a source el éctrode and a target el ectrode.

The 10 poieansglas chamebY(oBwrwisetbemasking welptegeives the darber Girals The

Tivel v bl . . g he bl
fovar d 1 t vel Fupffate s Ml tropeh the uif EorbtdcbrfifiBoly Whileh 1o P! 2T
| tsel f15 Thi s coftilious REfisld istipiged ah siee deotrods adsudfidiaiticyrboheoniainiigy gasds

coating, which enhances, the C properties. . } . Accordingly,
the coating prexcas¥ItaRdhedambgs (hedrsultiea sontitwars sarRAsrGhsealing qman
sinplified, I { j : 3Rf | Lase f 45 devi ce
whi ch R S a1 iy R RBal” ot i deplilon o)

sol ves probl elves netmetcwtanetheinsulated portions pfiihe eleetiodesmm dbes. deposition occur

In the foregoing.,descri ptio ertain,ter aye. been ed.for breyjty,

clarity, o eSS edEPe: B g e frtics Rt | RAAGEPEREIE o pe
i mpl i egh t her efohGR¥NIAY@ PSR of the elebhiédd (26 Y hrirRaIER BharPtl 90)$s dUverd althbstbpcause
such terns are used for descriptive purpose and are intended to

be broadly ccmtirelyby thenwbsirsie; Hitleros ao depesitioptacewrs amavhare butionghe gibstrate.
f the i tn00 ik S | jon i
ot 11 mited (e elidindtes ¥Rhe8d 1 KRR R p1eBie biVEe SRSe; Bod bl hEbUBLCT | ©

Havi ng now desglatihg thet diectibd@atny o Sarbdh daidig). i16 sasas oheyel fosling cfshoihsilbed 25
I nvention, the nmanner in which the grocess and apparatus i.s, constructed and
used, the  Pportion occupssdark space shiclds 36and BRoanheqreVided taprolihig of rrguce

advant geous, fReNg. @Qk‘égé‘ée%iefd@%u lah@ 88 can be of any Qi?igﬁ' G358 and RGteREVnANd usef ul
structures, devices, elements, arrangenents, parts, and
conbi nat i ons,coadeciveto theraihction afpeteapaidonding. ¢h therembodiment shown in Figs. 1

and 2, dark space shields 86 and 88 are metal rings that fit over drum 26 and the

insulation thereon. Dark space shields 86 and 88 do not bias due to the insulative

material that covers drum 26 in the areas where dark space shields 86 and 88 contact
30- drum 26. The dark space shields in this ring-like embodiment further include tabs on
each end thereof extending away from drum 26 in a non-annular manner. These tabs

can assist in aligning the substrate within channel 90.
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18 1 A process for depositing a

car bon- r Wh9830185 on a novi ng substrate conpPCEUSY/ITI st ep
of : 5 in an environnent conducive to carbon-rich film
deposition, said envi ron

el ectrode havi nng FOHERRDEHA eﬁﬁﬁaﬁﬁECW&ﬁﬁ?wemsgﬁeﬁéh?Hg %lh‘;rstﬁl‘g %nt h

sai d novi ng. throu%hout the process to keep the electrod¥ B64 daired tediRtkBITFpRANE thik O sai d
electrode so as to create fromsaid envi r onnent

a pl asma conprYdyesgoping themtre@wgb agoelaviasdgersibpd sbnvesalthough heating in
ively b i ng..sai d
faatt vel v blgig i ESRSII 1oRUt R B3 WIS ERY AERLLRRMPE". S,

novi ng-5subst rthé €ledtfode, heat transfer from the plasma to the subtfdt@iztmabiafddl thivugh @hiect r ode
resulting in de§03|t|on of said carhbon-rich film

on sai d substcpaking system, thershy glloydeg thecgatinggfdempsratyresepgiiveoiimsisueh 85 | m as
set forth in \Pgﬂt‘%ﬂ’e\s\% hﬁ?alatg, aPo W&e%aﬁﬁhﬁa@omrmgﬁ@” ses a radio

frequency po environfent conprises a
chanber i ncl udi ng After ceampletion®f resdeposition prooessothe faiols can be removed fron@t ONs.

3. The procs for de ositin ich fi S rth in either
of hafts supporigk fhesp 0B theall, ﬁwgﬂa %Faé“n‘(}’ft}f‘éﬁﬁéﬁtlmh &l dszeon ishanber
with eioect ri %Iswol 28B and is ready for 146 %@%&%éa?oﬁ’ﬁim%ﬁﬁﬁs%é@ée@ &kgctrode

is positioned wthin said The process
for deposi ti rag fer eleotiicahisolatinn fon qinra@@eg, flexrmetal mrcaxttyhﬁbermfptlcs optical

clainms 1, 2 or 3Wn ai.d Iect aro at el,ect,r ode.

5.  The prodR3WDgsLP OS%&S@F’H Foytho t:rﬁc‘?r ‘Inﬁ%ﬁ sapfl megie, PIRtEr o ¢ her

of heads, ortRbdnfiB, abrasies ?ormbﬁédlwmpmme thinGimApAdietsepackaging | exi bl e
web. 6. e process for dep05|t|ng a carbon-rich

filmas set ffmsnlasesdeyicemounts, and nuggprous otheruggsai ns 1, 2, 3, 4 or 5 wherein
deposi H on of sai df&%gﬁﬁs%gﬂpafrﬁwdsprﬁwg hﬁ%xlo@idey a diamond-like or similar

carbon-rich film on a substrate with many advantages over the prior art. Low
ionization potential gases can be used to obtain extremely high deposition rates 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
20 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 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
25 bombardment rather than a mixture of ion bombardment and free radical contact. In
addition, very high conversion yields (as 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 include the ability to coat over a broader range
of substrate dimensions including widths ranging from fibers to films of more than
30 one meter. When the substrate is a porous sheet, fabric or fiber, preferably a
sacrificial non-porous sheet is placed between the substrate and electrode 20 to

prevent carbon-rich film from accumulating on the electrode and subsequently
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confined to said noving substrate. 7. An
apparatu ositing a carbon-rich filmon a noving su _
sai d appzyé%%ﬁggnpri si ng: a) g ?@?gﬁgﬁs -

el ectrode, havi ng conducti ve and non-conductive regi ons housed within an

envi ronnment  cOAAMESSTY Subsirate width is not a limiting factor sinceGéH betbdrimbnt dohi®s-
deposition, said el ectrode being structured such that at

| east a port i Bemai! asennd thosibpsieate incthe eharaher sather dean firme 2g0wengpesifistaremi d
substrate; anﬂ rding to the m é}mdscgitlaé)ﬁrgsen?ing%n, §91Wsﬁ§te%!x§8é %Acz)i?eadl tl)¥1 connect ed

. o)
to said rotatafﬁe erectiro wWer source

bei ng capabl ethiknedwp'td BBoif 8i20u labE tatOcappoxdifiattly 103 ©3B ®/min, generally

pl asma conprising ions fromsaid environnent, whereby said electrode
becones3 negat Without regasdtocsubstrate wisklp ceeating thigknessss instha rangihef 6dyto 0.3 pm
accelerating sai.d iopns toward ssai.d el ectrqde gausing.carbon-rich film
deposi tion Onc%e@rg«ﬁ:ggcﬁ F‘\é\?ﬁ@ usipg this process, a(it?mugch 'Y“"h(e'g(."e" URfRabodbl0 s as
set forth in glAhfnd WABKE dkoSRE fofibyd. F ONMeNt i ncl udes a chanber
that includes at [east one gas conprising nol ecules that conprise carbon
atoms and wher ei n ©aerdllplosena gepevation sudhiohiaeselerattings greetpsimplifipdwOnly 15

9. The apparatus.as set forth.,in either,of clai 7 0 ein said
envi r onnent i%%ﬁ%@aﬁls&ﬁg g?erwa_flﬁlSgPréZSEFFE%\CfeI?égﬁﬁfﬁﬁt(fi?fg\?ﬁ?ﬁh%nd wher ei n
said 10 povéred tle@etRicibbthaedtés tﬁé‘ﬁﬁsrﬁhhﬁﬁlﬁhe&ﬁxbﬁn?ﬁﬁ@?biased, thereby

10. The apparatus as set forth in either of clains or 9 wherein said 20
chamber i ncl udreslerating gansivithimthe plasmadenssrd itselfifox bombardmentofdhemihgiate in
conpart nent, p s [ i§ PR i r iy der

havi ng a subs orné céwﬁtgsltgglge%%er el %%IHE%I&gQ%SQge&% d%ﬁf}lt%\'(dgpogh%dr ocess for
deposi ting a aatihgrwliitls tnfantantkesDEEtprépettids. i n cl ains 1-6 wher ei n
the substrate is a, non-poyoys sheet, porous sheet, fabric, fiber or 25
conbi nati on ther eof\_ccordmgfy, e coating pm&ss anglapparatp§ of thepresspt javentiond§ 1 or ¢ h

in claiygs 7- 19 uEED Yo QeERh i eBefttledsafe, inexpensiveld@ld effti¥ntafedicd whidhe- up
substrate spool "attached to the substrate conpartnent, a
Far aday cage eliminetes difficuloesensounteyechwith grienddyiass, solves problemsasrel ahyaing s, 30
an el ectri cal Jnégcoradguctl' ve idler roll paired with each substrate spool, and
a neans for el"BEPYEE {7'shunti ng stray currents through the idl.er roll to

t he Far appfhe €8going description, certain terms have been used for brevity, clarity,

and understanding. No unnecessary limitations are to be implied therefrom beyond
20 the requirement of the prior art because such terms are used for descriptive purpose
and are intended to be broadly construed. Moreover, the description and illustration
of the invention is by way of example, and the scope of the invention is not limited to
the exact details shown or described.
Having now described the features, discoveries and principles of the
25 invention, the manner in which the process and apparatus is constructed and used, the
characteristics of the construction, and the advantageous, new and useful results
obtained, the new and useful structures, devices, elements, arrangements, parts, and

combinations, are set forth in the appended claims.
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13. The process of CI aim 2 has an ioni zation potenti al
of 10 eiveyosh0fus. The ﬁm m" lrﬂlul m 10 V\herep@ﬁuspmfn;sai d -

deposi tion and subst rat e storage corrpartbmen?t s *have a punp for independently
mai nt ai ni ng é)Geratl ng pressures therein. 13. The process of
Cl ai m 2- wher ¥ecleand gas has an ionization 10 eV® or |ess. ' - 15.

The process of CQaim1l1 wherein said substrate substanially covers said
conductive regi ondl.of Aspiodess/fercdepositing a carbon-rich film on a moving substrate

comprising the step of:

5 in an environment conducive to carbon-rich film deposition, said
environment comprising an electrode in contact with said moving
substrate, applying a power to said electrode so as to create from said
environment a plasma comprising ions, whereby said electrode becomes
negatively biased with respect to said plasma, thereby accelerating said

10 ions toward said electrode, said ions striking said moving substrate in
contact with said electrode resulting in deposition of a carbon-rich film

on said substrate,

2. The process for depositing a carbon-rich film as set forth in claim 1
15 wherein said power comprises a radio frequency power, and wherein said
environment comprises a chamber including at least one gas comprising carbon

atoms.

3. The process for depositing a carbon-rich film as set forth in either of
20 claims 1 or 2 wherein said environment includes a chamber with electrically

grounded walls and wherein said electrode is positioned within said chamber.

4. The process for depositing a carbon-rich film as set forth in either of

claims 1, 2 or 3 wherein said electrode is a rotatable electrode.

25
5.  The process for depositing a carbon-rich film as set forth in either of
claims 1, 2, 3 or 4 wherein the substrate is a flexible web.
6. The process for depositing a carbon-rich film as set forth in either of
30 claims 1, 2, 3, 4 or 5 wherein deposition of said carbon-rich film is substantially

confined to said moving substrate.

7.  An apparatus for depositing a carbon-rich film on a moving substrate,

said apparatus comprising:
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a) arotatable electrode housed within an environment conducive to
carbon-rich film deposition, said electrode being structured such that at
least a portion thereof can contact a length of said substrate; and

b) apower source electrically connected to said rotatable electrode, said

5 power source being capable of powering said electrode so as to create a
plasma comprising ions from said environment, whereby said electrode
becomes negatively biased with respect to said plasma, thereby
accelerating said ions toward said electrode causing cérbon—rich film
deposition on said substrate.

10
8.  The apparatus as set forth in claim 7 wherein said environment includes

a chamber that includes at least one gas comprising molecules that comprise carbon

atoms and wherein said power source supplies radio frequency power.

15 9.  The apparatus as set forth in either of claims 7 or 8 wherein said
environment includes a chamber with electrically grounded walls and wherein said

electrode is positioned within said chamber.

10. The apparatus as set forth in either of claims 8 or 9 wherein said
20 chamber includes a deposition compartment and a substrate storage compartment,

said compartments being separated by a divider having a substrate passage therein.

11. A process for depositing a carbon-rich film as set forth in claims 1-6
wherein the substrate is a non-porous sheet, porous sheet, fabric, fiber or

25 combination thereof.

12.  The apparatus as set forth in claims 7-10 further comprising a
delivery and a take-up substrate spool attached to the substrate compartment,
a Faraday cage attacbed to and surrounding each of the substrate spools,
30 an electrically conductive idler roll paired with each substrate spool, and
a means for electrically shunting stray currents through the idler roll to the
Faraday cage.
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