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TECHNI CAL FI ELD 5 The present invention relates to dianond-I|ike glass,
‘articles WeHB&6828d with di anond-1ike gl ass, nethods of nal?Fﬁ@Jsagla?Pﬁ?ld-l i ke
gl ass. and apparatus for depositing dianmond-1like glass. BACKGROUND In
recent years, various dianond-like thin filnms have been created which allow
10 for the creation otmgar% depaosits_on various substrates. For exanple.
United States Patent M) TBE GLASHEHIY BHMS- | i ke metallic
nanoconposi tes. which are dianond-like interpenetrating networks of carbon
stabilized by hydrogen and a silicone glass-like network stabilized by
oxygen. Such nanoconposites FECHNMAINERELBferred to as DYLYN. and are
manuf act ured_by Advanced Refractory Technol ogi es 15 of Buffal o, New York.
Al t Fough DYLYh¢ prasest envsouen wiates to digmend-likoglash agiclespispositad voths, t hey have

limtati.ons (ing themunsyitable. for ) |l ications. .For exanple.
oviv 1 SoREpaTs st BBt R e Good iRE PR And BHERS fes |1

unsui ta@pgsiﬁﬁ%d%mﬂdqggeié]&%_ where transparency of such light is necessary.
Furtherndore. DYLYN has a relatively high refractive index on the order of
1.7 to 2.5. 20 which nakes i tBACKGROQENDuse when reflective | osses nust
be limted, such as for anti-. refli&tiv_e (ioa ings. Simlarly, various

pl asma deposiTEert YFarsorRngyy damppshike thipdilms have besh crepsdaviickallowych fi | ns,
gengy | Al e dERIABTRARINASS 03 valiohs YRR, FOF BRflodil WMiref iSutlle/ Oxygen or
silane/ nitrous oxide m xtures an 0 not contal n carbon. Agal h, 25 al though

usef ul PLéntNDTS. 456151 aedchesdiambhi@Sike Detallit nhndodipositespivhidghlaye substantial ly
optically absorbent and are also relatively brittle and prone to flex
cr acki ndjamppd-like intespepetragnpnetyorksofpagbansyizhilizeddepaisiragen apd ahi gh

b ot s eld3a g Bhobdt SBliteq bEORPUL Sl aBn R sFshar Sordiniiga o "o
subst r aef$relii@hs DAL €. iHlegl Mahmwréaﬁémdd@ﬁé@@t@&a&mmhno1o§9s Anot her
type of hard thin filmis plasna gol yneri zed organosil'i cone (PPO). Sone

PPasi s dfdiufado.BYef MagreAltheughl) ¥hd Nivgnospmpofitegrexusebd formomscul es in a
P ST O e PhAR T RRoH ek i he % S5RAR, hS ) s SLRUAeg, ! ect  ode.
example, DYLYN is relatively absorbent to UV-visible light, which makes it

unsuitable for applications where transparency of such light is necessary.
Furthermore. DYLYN has a relatively high refractive index on the order of 1.7 to 2.5,

20  which makes it of limited use when reflective losses must be limited, such as for anti-
reflective coatings.

Similarly, various plasma deposited silicon oxide thin films have been
generated. Such films, generically represented as SiOy are usually formed from
silane/oxygen or silane/nitrous oxide mixtures and do not contain carbon. Again.

25  although useful for some applications, these SiOy films are typically substantially
optically absorbent and are also relatively brittle and prone to flex cracking. In
addition, SiOy films are usually deposited at high temperatures in order to avoid
formation of a porous film. Although these high temperatures can create dense films,
they also limit the type of substrates that can be used without being degraded by heat.

30 Another type of hard thin film is plasma polymerized organosilicone (PPO).
Some PPO is formed by fragmentation and deposit of precursor molecules in a plasma

to form a plasma polymer that is deposited on a grounded electrode. However, this
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19 AUG 2004 WO 01/66820 PCT/ US00/ 27885 PPO often does not adequat el Y CRYEN
and fill surface topographical features, and the size of the plasm

pol yneFvcﬁ@zq%b des sonme lateral nobility as they condensgpaél@”g@%g ubstrate.

Latera y refers to the ability of atons deposit face to
move a slight distance fromthe spot where they first land, allow ng them
to fRTP ofteqsloesnefrideuasely gever and fidl sunfatoioppgrephicalfeat@escandA®O i ncl udes

conde nononmer .ol ecul.es that are polymerized by using various energy
cour bacer wl BATE na PG 8 B8es PR RER RRnhns sk cateegie oA 1. ai t hough
t hi sqBRYEARAS 2RPATENSKIRE refels RftheMifiReSt di6khs dgﬂsﬁw(%ﬂa%méfal?@%ed, random
films. and therefore i's not as hard or honbgenous as esired for sone

appl mou¢  shight digtamtoMuRYthOFpok Eher SRHEWTireNatth dllowaing thead 1d fiR af or ement i oned
corrposlitios hgés ecific utility. a need exists for an inproved hard thin
q 48 |

i | naQlgs,and prov F PRI FRALng. \(AherRRO dcludes spnrdensed moppmerr abl y:

I ncl udi |t qgﬁ& he filmis also preferably flexible
SO 1@9{%3&&?@& %%%%%di gl{(ga&aa%%u%gne\;%} foéirgﬁsbﬁucb&ﬁélﬁfﬁ’t‘@gt, i ncl udi ng

f1 exjiglt@r seain radiaton. Agamdstiou@h thik PRORNs Rotk SR sP @ffRh ABLyndtl | OWs .
transm ssion of nost light. including ultraviolet light. Finally, the film
pr ef fermisiensabn packedrmandornifilms handdhersforairschaa as hardiombomogemssasi ty. One aspect
of tcre. gé sent i nv&nti on is directed to an inproved thin filmhaving 20
use I ﬁVSBF’Ffa@P fR"ORSpl i cations. The inproved thin filmis a

i anond-1i ke glass. and may be applied to various substrates. Q her
aspects of the invention aredirected to articles having a dianond-Iike-

glass film nethods SUMMARY ORTHEINVMENTI@Nd apparatus for nmaking the

filmand articles. The _dianond-1ike glass (DLG of the invention conprises

a car bon- Yihels esch of heafraemenuonsdsempetisorscohas seenifie piline seett ai ni ng car bon,

sili I; h i s. created by depositing a dense
Sits fo'?éﬂ é ngmearﬁgrd Y Hfl IhaI 5 %)e;%?gﬁl,te S(']JI}%(? a 3ﬁ§l¥${ygﬁ(ﬁ§%ﬁ}es

random cov system conpri si ng and oxygen

undeprefeadlpmehatsee saehiletsubitfatesd THeqHAL is ABo Prefeiasly fidb§bigRoa pover ed
electrode in a radio frequency é@l;g) chem cal reactor. In specific
V2t

15 np I thatd heain beonplieditan madefeqrissy o es. ingluding Bexible Sbstoated alndnent
O B A ST PR BHAS HEGETE SHER 1221 571 ogPS,
( 25QiIér&violet light. Finally, the film preferably has diamond-like hardness and a

minimum of porosity.
One aspect of the present invention is directed to an improved thin film having
20  use in many different applications. The improved thin film is a diamond-like glass.
and may be applied to various substrates. Other aspects of the invention aredirected to
articles having a diamond-like glass film, methods of making the articles, and
apparatus for making the film and articles.
The diamond-like glass (DLG) of the invention comprises a carbon-rich

25  diamond-like amorphous covalent system containing carbon, silicon, hydrogen and
oxygen. The DLG is created by depositing a dense random covalent system
comprising carbon, silicon, hydrogen, and oxygen under ion bombardment conditions
by locating a substrate on a powered electrode in a radio frequency (“RF") chemical
reactor. In specific implementations. DL.G is deposited under intense ion

30  bombardment conditions from mixtures of tetramethylsilane and oxygen. Typically,

DLG shows negligible optical absorption in the visible and ultraviolet regions (250 to

800 nm). Also, DLG usually shows improved resistance to flex-cracking compared to
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800 nm. Also, DLG usually shows inproved resistance to flex-cracki mgg AUG 2004
conpared to 2 1 9 AUG 2004 WO 01/66820 PCT/ USCO 27885 sone ot her types of
‘car bonacd¥081/64828s and excel | ent adhesion to nane substrat%%T’US‘?oﬁt?qu?di ng
ceram cs, glass, netals and polynmers. DLG contains at |east about 30 atom c
per centsogaotten types oﬁ"ea@pn@cbouﬁtﬁl):/m andencdlenpaihesiot tsimang ewbstratesl | ess t han or

equal to.about 45.atom c rcen(i 0 en. DLG 5 typically contains from
about 3eFlp n%ﬁ%rﬁ{m%gl}‘t;%rﬂ? aly ap Bﬁ[%(’%g'éf'r bon. In specific inplenentations.
DLG can i ncl . ' i )i , in°~
certain i ml%ﬁﬁ?gl?%n%?ea%ﬁdﬁ %ﬁ_)}g ?ﬁ%ﬁlﬂ%ée}géngﬁ%ﬁ% ﬁ’%ﬁ%agﬂ Agggﬁ%s %@“z‘fom C

per centpercetysilicon, hind fse diahios equbl anilageas atonilp bertemtoxye@nspLge DLG conpri ses
fromabout 30 to about 36 atom c percent carbon. from about 26 to about 32
at ofri c tyresatlysontins fxem abprt M abpwnOasemic mrcanbcatborut Ingpeeifieni ¢ per cent

. h . basi " Hyd free.basis" .ref to th
oo ¢ iR Blee R B IO O R iR A Soou YR S ARis ot aliFeh St ao”
El ect r gicPRECImPIERRAMIDAS, ;K BDTGAtIuddHbYE! 2) OEBEM) 40 Mbinfdpdags not detect

hydrogen even if |arge anounts are present in the thin filnms. (References
to conppdcni dmapeopiic sdvantagesushiigpdimentasfoas theoDhGowinprises framtaboyt 305 Thi n
films nmade ip accordance with the inveption may _have a variety of |ight

t ransnf%g?%’ﬁﬁ?ﬁé‘f:tﬂe&%’m ﬁ%ﬁf’@l tffd’&bm ﬁé, QI P BIOBBRBREFRSHIOn he ¢ hi n

fil | BEL 44" 1.SS\| [ L.ans frequenci es.

| Dol ol 33 PR 41 WRRRE pER R PRARES  hifofin MELSAIE 1t

t r ansni‘Hsdrogen free dadisit refors ai the asngic compogismyed fragtial 4y estabikledtby180 to

about 800 nanoneters. In other advantageous 20 inplenentations the DLG film

i s traAgied shehes Edecteongipecteasomotop Sheavigal éatﬁb'sisngli%CAadvlaﬁh degsousl| y
great e@g%&?éh ﬁgdngéfgggér% 15%’%%%@@?@%& %{é g.;ﬁéseﬁﬂ% B4 m’i&’ﬁﬁ?éyﬁ’%ggéeﬁaﬂgés*}a from

about to abou transni sSsi v ypical |y

pr ef er e@epditi6mi) perceniaged hereid réfer kR6mid peientx) be produced wit hout
significant reduction in radiation intensity passing through the film 25

Red@r dl ess dhimblms miadkin areordanen wish theaveption mygyi heat pyatiets ofhgkixt i ncti on
Coch | Gl bEPERI S Toud B M o BBRRAS, G872 . o, 010
e s S b B e N
f | uor esuplrmentafiors theabinfilmDis @ kast| S@eemotnasmissive to radiation at one or
more wavelength from aboutl80 to about 800 nanometers. In other advantageous
20 implementations the DLG film is transmissive to greater than 70 percent (and more
advantageously greater than 90 percent) of radiation at one or more wavelengths from
about 180 to about 800 nanometers. High transmissivity is tvpically preferred because
it allows thicker films to be produced without significant reduction in radiation
intensity passing through the film.
25 Regardless of how thick the film is, the DLG typically has an extinction
coefficient of less than .002 at 250 nm and more typically less than .010 at 250 nm.
Also. DLG usually has a refractive index greater than 1.4 and sometimes greater than
1.7. Notably, DLG shows low levels of fluorescence. typically very low, and
sometimes low enough that it shows no fluorescence. Preferably. DLG's fluorescence
30 is comparable, nearly equal, or equal to that of pure quartz.
The DLG of the invention ¢an be used for numerous applications. These

applications include use on a variety of substrates such as on elastomeric films, on
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30 is conparable, nearly equal, or equal to that of pure quartz. The i)LG, of
the invention can be used for nunmerous applications. These appli catli bAY0 2004

i ncl ude a variety of substrates such as on el asto ' ' , on 31
0" e SSTUERL, Gatng. boT USOO! 27885 1ol axabl o f 11 ne. ot stz

di scl osed, jn..application Attorney Docket No. 55428USA3A, filed
concu?eiaéﬁpl‘{hl rSUGR fhthossdisslagedr 1B GPRMGAHORer el n hyAtesnes; Bagket Non  shri nk
filmsss N ' rf.aG t.to imrove wettability of
the 131U SLRLRE Al RerBuitl e e rpRAIIIU B HIBRRET @Bt 1 dos. or as

an abstaimkfensufdragaemple tdpeovide Hsdrfdcobreg@ied & HeRvaveMbiliRtamRal or
external treatment for glass or plastic capillaries, arrays. and biochips.

For efiliqAsa subsigae Eunin sdu sigulesissofphigonuceetides.sues ag ebrasiveatnfaet f or surface
chemsiry. ification, or as an externgl treatnment as apn .alternative to
o oF ynhe Ml Rt e M3 a8 Bl o SRR e lGeh o iesh Gp pIBSHS ur o |
resis . (‘é}% is ' rabili filnms makes
t hem %/\%PF&F% Sui t’%hf%ﬁlﬁ?ygﬁ?g@gé@py%rgg% u{éﬁeagghhd t%%ﬁfﬁgsur@g% be applied

t o poreanmest.fios surfice chemistiy nacdificaniony enascindxfernsl uvintérds halr t her
advant ageous utility. The invention is further directed to a nmethod of
deposHisTaaiivg i palpvaceatngs. dhegeod opticabpropenics.high tempsrattiee net hod i ncl udes

provi di.: 1] led. reactar, s avi t el ectrodes in
B evasainfe, EABRRRH ek Blohf BUA bRl BRI S Bt h e aelat od. - and
radi Guite® fotaness ROYREs.i AlsBP@k TG Fidmobs BE afrlRd & E&hh?ﬁ?o%tmeé car bon and
silicon containing source is introduced between the electrodes to forma
pl asréch ag nemivekgnradetdt prowidiehirber advapagedusiutiitt.o the el ectrodes. and to
also form | on. sheat roxig&te at sft one,eleg,trod ...,The substrate is

; |
pl aced wi tﬂ'fn%“f' BRI gitRet W%ﬁ’ﬁg’é’gg’ tdSP‘EWé‘_‘%% iamopg-lkseci es to forma
di amysksfiicorlh 8 39bRatd. hﬁl&%ﬁétﬁﬂ@ﬂﬂ@tﬁggrmﬁngqubgcﬁtﬂ%?x' &ﬁ{eﬂal gsult inathin
e, a I anond-TFi ke™s

filmthat includés. for exanp ruct ur aving on a
hydr oganterf systerrblaesiing o ¢lectsideSth @t oncaaderaaetion cipaiteenThéthdnitRst 25 atonic

3" rltbaialte S et snd ARG IO HARNSE 8 ARpIR smone eUns Slentrodns, but
CEL OIS ULl s IR PR R S50 €1
anor [piasns igtiading resdtiveisperiesanpooximig 5 ithd Sleftroddfhn@Rd hI8HFbdnyad Nl udi ng  one
O TR sfkith provimate o 1525 bne ele2uode. The subaiate & ploced within deton © o 29"

sheath and exposed to the reactive species to form a diamond-like glass on the
20  substrate. The conditions can result in a thin film that includes. for example, a

diamond-like structure having on a hydrogen-free basis at least 30 atomic percent

carbon, at least 25 atomic percent silicon, and less than 45 atomic percent oxygen.

The thin film can be made to a specific thickness. typically from 1 to 10 microns, but

optionally less than 1 micron or more than 10 microns.
25 As used herein, the term “diamond-like glass” (DLG) refers to substantially or

completely amorphous glass including carbon and silicon. and optionally including

one or more additional component selected from the group including hyvdrogen,

nitrogen. oxygen, fluorine, sulfur. titanium, and copper. Other elements may be

present in certain embodiments. The ‘mnorphous diamond-like glass films of this
30  invention may contain clustering of atoms 1o give it a short-range order but are

essentially void of medium and long range ordering that lead to micro or macro

crystallinity which can adversely scatter radiation having wavelengths of from 180 nm
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nitrogen, oxygen, fluorine, sulfur. titanium and copper. QO her el enenhgg 2004
may be present in certain enbodi nents. The anorphous di anpond-I|i ke gl ass
films of WROY66880 i nvention may contain clustering of atomp?ﬁuﬁqwsq%t a
short-range order but are essentially void of nediumand | ong range

orderi f@8¢¢ham. | ead to micro or macro crystallinity which can adversely
scatter radi,ation,havi gg%mavel egl% hs.of from 180 nm 4 V\Dlgll 6820 1. 9 AUG

2004 PCT/ UMSE‘%Q%II}‘ SH nAM U3 JBER ErsE ﬁ?mﬁ]wléf r?-%‘}‘ﬁ‘ﬁ‘ T¥fhous” neans
3, SubsBflhaldilnd RAURE N ALORS Sy AACEENSLA o8t eEL A RN 1O X-Tay

diffraction peaks or nodest” x-ra raction = peaks omc

cl ust epeaky. iVBhewr stomind clusterihgy [3ipeasehty itagsioAld: suéers dienBintdngioss tHafhreare 5
smal | conpared tqQ the wavel ength of the actinic radiation. As used herein,
theﬂeﬁ'ﬁ‘gﬁﬁ‘a‘iﬂﬁﬂqeéltq eavavelengtt ofrthe agtinig ragiatioact or containing two

_eI ect rodes, A%%@h&e[mﬁlﬁ%ﬂaﬁ*ﬂ@%ﬁ@%&gﬁf’%ﬁﬁigrﬁg{;%éoo .l@iﬁ%ev\een t he

el ectrodes IS Capacitive coupl1ng. tric,

Teani niug BRbtrodeASwherel 8 prifnat) b afAn RirtBmeMTRAPLeAKE] e area. etc, and
need not necessarily-be 10 parallel to each other. One electrode may be

gr oundelgetreded ineapaeitize couplingndhyhrelstectrhdes matabt asymmdtdcipeaningthbf . As used
herein, the term . plasm" ans a.partially ioni zed gaseoys or fluid state
of mat HEY %rﬁeaqrp lﬁ.lﬁreflggfﬁ‘gg@“’s%%?%?‘&f?“ﬁr?@?%ﬂ%‘ ‘%F%fé?‘?'é'r@ i ons.

new 1 abaraliBt exdifother. G £18dt g Intay R0l afamete?&u%h@ggy%%? and

mol ecul'es. Visible light 15 and other“radiation are typi l'y emtted from
t he pl enotorechaniber spelti es formng the plasma relax fromvarious excited

states to | gwer,, or _%r‘gund. _.sEat es. The plasm usually appears as a
col ored cl ofid usef Reseiny sty plasmaneans apartialbgopzed paseorner fdm " negat i ve

bi as" | Hapi . ' I i cal .
pot ont 1B Gkt sERaRMeEAE e th TR Lepot® Jofh. REREY 7 71 2% 20

vi ci ni nplechies beckalicaki and dther dxeited stave aeimy/mdsbleclileasVisibik liBht espect to an
el ectrode and a plasma, neans a negative bias devel oped by application of

polfer qnd gther radigtion precyipiepldy smiticd feom dlequasmpcs th specias dommaing thepl asma.
foeant e Rl 8! VAHEL bR0het'shahes'S 16008767 Foudd Qs rrle il "0
usually appears as a colored cloud in the reaction chamber.
As used herein. the term “negative bias™ means that an object (e.g., an electrode)
has a negative electrical potential with respect to some other matter (e.g.. a plasma) in its
20 vicinity. '
As used herein, the term “negative self bias™. with respect to an electrode and a
plasma, means a negative bias developed by application of power (e.g.. radio frequency)
to an electrode that creates a plasma.

Advantages of the invention will be apparent from the following description,

25  figures, examples, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention are set forth in the following description
and are shown in the drawings. Similar numerals refer to similar parts throughout the
30  drawings.
Figure 1 is a schematic plan view of a first plasma reactor used to prepare

examples of this invention.



25 figures, exanples, and the appended cl ai ns. BRI EF DESCRI PTI ON 021‘5%5 2004
DRAW NGS Enbodi nents of the present invention are set forth in the

fol |l ow ription and are shown in the drawi ngs. Sigd.ak al s
§8i5FR oo

refer t r parts throughout the 30 draw ngs. Figure a schematic

plan view of a first, plas reactor used to prepare exanples of this
i nvent i on.FQ’SL“f 291.5,&6@5“%5@? ETNG%’rSaZWC@@WI HIAGRRHsediP PR s a

scheréqalingleglo@ﬂﬁg W0bn @ second plasma reactor used to prepare exanples of
this invention. Figure 3 is transm ssion spectra of dianond-1ike glass thin

filnms as [Higpands wramsnayaonspecta ofdigmbed-Aké slatsBinddng agpiepafedah anond- | i ke
glass thin filns as prepared in exanple 1. Figure 5is a plot of the
r ef r gsample lindi ces of dianond-like glass thin filns as prepared in exanple

1_ Figure 6 is a plat of composition changes.of di anond-1ike glass thin
fPlms as i@'“ﬁr“e‘f&ﬁl’egj&nﬁﬁa% Bnq'ﬁﬂ?:gl&fﬁr}gmﬁlp?a??’é?ﬁ? é%F’tﬁ’imgf)ect rum of an
optiqal glass fiber deposited with a dianond-like glass thin filmas
prepared in exanple 2. Figure 8 is a digital image cross-sectional optical
m cr ogr aptFigire & is apipiof theaefiravtive indides of didfid¥ddike ghasothin ks 3| ass fi ber
deposited wth a dianond-like 15 glass thin filmas prepared in exanple 2.
Fi gupéep@rngnaxmplsmw pl ot conparing the strengths of optical glass fibers

that are t. | | : ! | Lede i di anond-1i ke
gl st i 4 P S piot BPLdfiodtidd Aabdcs B B SERES B M4 O 20010,
specbf?zﬁegfingk@hp]@gs witten on optical glass fibers 20 deposited with
di anond-1li ke glass thin filnms as prepared in exanple 2. Figure 11 is

t ransni ssiFighre gat transmispionaspeetpui o4 hn gpticabipssoigrer degesiséd withwi th a
V! DOmos B S AR B REROE Sopt i cal bl ase 11 bers that

Figure 8 is a digital image cross-sectional optical micrograph at a

magnification of about 760X of an optical glass fiber deposited with a diamond-like
15  glass thin film as prepared in example 2,

Figure 9 is a Weibull plot comparing the strengths of optical glass fibers that are
uncoated. coated with acrylate, and deposited with diamond-like glass thin films as
prepared in example 2.

Figure 10 is transmission spectrum of gratings written on optical glass fibers

20  deposited with diamond-like glass thin films as prepared in example 2.

Figure 11 1s transmission spectrum of an optical glass fiber deposited with a
diamond-like glass thin film as prepared in example 3.

Figure 12 is a Weibull plot comparing the strengths of optical glass fibers that
are uncoated. coated with acrylate, and deposited with diamond-like carbon thin films as

25  prepared in example 3.

Figure 13 is a grating transmission spectrum written on optical glass fibers
deposited with diamond-like glass thin films as prepared in example 3.

Figure 14 is a Weibull plot comparing the strengths of glass capillaries that are
uncoated, coated with acrylate, and deposited with diamond-like glass thin films as

30  prepared in example 5.



are uncoated. coated with acrylate, and deposited with di anond-Iike 1chAbBH
thin filnms as 25 prepared in exanple 3. Figure 13 is a grating

‘transm ssVOPIEHEOt rum witten on optical glass fibers dep8ST{UsANBEH

di anond-li ke glass thin filns as prepared in exanple 3. Figure 14 is a

Vi bul | pl ot Figurephy isragfludrescenqeahigitah smade myicasoyaptogfi 4 glassi capillahaaléir e

uncoat e coated with acryl ate, and osjited wth dianmond-|j ke glass thin
. o iRyl SR fordlafe ccBli b eras Sbeaass GPBTSRALt of

PCT/ USQQ;2 LAMEE WD 4 & . L Qi ' Ja.cragraph of a
ol ass Conrl [ oceaPRAHE® wih 4 dafipha HRE BREERREA U rhipatdiBxihilea o

(identified Figuleugs b \fimofésadncaghecaintl ofiaglhssifapillah €ithek SoRerwiEWhated with a
di anmond-1i ke glass thin film as prepared in exanple S. Figure 16 is a

f |1 udr esseridte ceging erancapsulaiedivith dipmandddike glasslein fdwamegrepated imn 5 acryl ate
coat i ng,.of Encapsul ated wth dianond-like glass thin filnms as prepared in
exanpl gamp :’gure 17 is a digital inmage scanning el ectron m crograph at
5000 magni fi Q1 is RHi NS in@f ; i of
S amond I ke Bpred? ‘%&%‘i@ﬁ‘#ﬁ%ﬁfs‘?ﬂ?‘?‘%@%&“ﬁ’?@%ﬁ?@ﬁf"? ﬁﬂﬁé@gn“%@e’jfﬁﬁnm Fi gure
18 i s afthegurfate 0fm i) Angstromuickl layet pHdianiond-tige ajabs @t shivfiken fikgas f i cat i on
of the surface of a, 1000 Angstromthick |ayer of dianond-Ilike glass on
shrunké%eﬂaﬁadrﬂ‘@p‘“%lee ted in Exanple 6C. Figure 19 is a digital inage

scapni ng el ag ' nh, o L fi: | Lace of a
3000 Angst r QRECRIS FapRerho beatti FROh kBl P00 SRS, 18
pr epar ed thersubfaeepf 1 ED. AdgveromtizRlidyencf diarfithsd-Bid glBds@onl BrunRén AL as

nodi fications and alternative forns. and specifics thereof have been shown
by way PS§Pagsddmpxampie €Ge drawi ngs and will be described in detail. It

shoul d be u t r t Lntention i t to.dimt the
Cventi on t ¢ e 193¢ sMMENRR: sciRhe REbTLEGhRR AP inebineii e

i nt ent ioPthedrfade 6 SDOAnGrbm Bk [dyePst distfonde ikt YadstshrunRenfilh her nat i ves
falling within the spirit and scope of the invention as described by the

f ol1p owipneparketinBxemplee®er i pti on and as defined by the appended cl ai ns.

DETAI LED DE elirFl);rf.ln xon%:st};léeEpt{b’}!cV%\\r/ralrigt}ls modifications and alternative forms.

and specifics thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however. that the intention is not to limit
the invention to the particular embodiments described. On the contrary, the intention

20  isto cover all modifications. equivalents, and alternatives falling within the spirit and
scope of the invention as described by the following detailed description and as

defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

25 The present invention is directed to a diamond-like glass film, articles

deposited with the diamond-like glass film. methods of making the articles, and
apparatus for making the articles. In specific implementations, the articles include a
glass substrate with a film of a diamond-like glass. More thorough descriptions of

these films, articles, and methods are provided below.
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Mor e thorgugh dgzc!riBEiO@ %f these filnms, articles, and nethods are

pr ov 10-3AKE TS 2004 WD 01/ 66820 PCT/ US00/ 27885 A. :

Di anond- Lie,, Gh&%& aQ‘a?rYH}PﬁJo [ I is carbon system
i ncluding a su staﬁ??gﬁs guant tydsoc?ﬁ)ggls' cg%ug%l 8;@(;&5%,% 42?] exhibits -~

di anginshtity &€sificapand oxe@en bt thidabis diahisad-like prepenysdr ¢y eesé fikfs,basis. there

Is at | east 30% carbon, a subst aqt{i} al amount of silicon 5 (typically at
| easen 2dugroger-fres basisctheredn aulsast dQ%rarbonT p substansigbarsewsiof sHicon of a fairly

hi gh, . anmunt Il ] Siognkficant amount of _axygen da
TR tasg ast3e b iuf chBee bRASh: TR Wby comH el & et anc

f1 exfap ¢ hichimdifht OF Sisison w@h%%ﬂﬁ&dn'ﬁ&nﬁh&&ﬁ,dxﬁbéh drdl JRubsRARall N accordance
with the invention may have a variety of |ight transm ssive properties.
Depeardoums of garbonitaakss tpess ifidme highiyhimansprentvnd flaxible (urdikelgdases). i ncr eased
transm ssive pr rtjes at _.variouys, frequencies. However, in specific

i npl enent ?’B&%‘ﬁﬁﬁﬁ glap‘ﬁ fhig r‘i/'?ﬁ ?@H%{n qce cROM R thedRYEITiOR B3 ssive to

actipj Al LR at a?% v : 20 _t.a_ about 800
nanofr;rué‘{éea{gﬁe O{ﬁf?@%@ tl-o a%:slg ilrvr%:gg&;rgg | é?egﬁ&ﬁgﬁtpmhggg}ﬁgoéﬁga’u@ﬁcy doubl ed
Ar gothin filsemay hane ontysmsethrafdGissiveegropardes gpacious freqieneigsiency tripler and
quadyupler . 15 crystals, CO2 | asers, .fenmo-second | asers, X-Rays, electron
bean8oWsY &t BrSRSE wslwpl?mmgqnsghea@rm%{m 81 leasi Hhpsreert HRASTISEYE, havi ng

si gnj fi.cantly:. di ' f I di anond-1i ke gl ass
fil moo#ﬁﬁﬁeﬂa%lﬁ ggé%ﬁ%ﬁﬁ%’?gﬁi Jghaggtthoﬁ@ﬂ]gb g‘?‘r‘a@&@%@ﬂﬁ%gnd I nt er nol ecul ar
bondgan@netdrs.bBourtoobadtinid fadiatipe sl iifelidd £ freglench Avabled dugons| y 20 been

"~ deposited on substrates. The type and amount of I nternolecular bonds are

e

det glmrmé@eaqymm e 13 R cainp ﬁgrcilﬂte&cqmgﬁmiplcr a;&w&lguéel( NI\/E) sgec'([j ra.
BT oamfto 8O0 labersORoe R0 RiRals, HertdP By, pAOR BRASS opm) D1 amrond

is c virtually all tetrahedral bonds, while dianond-1ike filns
are @%Hn%%ﬁ"cf“%? g‘irgbr oxi mately 50 to

Diamond thin films, having significantly different properties from the

amorphous diamond-like glass film of the present invention due to the arrangement

and intermolecular bonds of carbon atoms in the specific material. have previously
20  been deposited on substrates. The type and amount of intermolecular bonds are

determined by infrared (IR) and nuclear magnetic resonance (NMR) spectra. Carbon

deposits contain substantially two types of carbon-carbon bonds: trigonal graphite

bonds (sp”) and tetrahedral diamond bonds (sp’). Diamond is composed of virtually

all tetrahedral bonds. while diamond-like films are composed of approximately 50 to
25 90% tetrahedral bonds, and graphite is composed of virtually all trigonal bonds.

The crystalinity and the nature of the bonding of the carbon system determine
the physical and chemical properties of the deposit. Diamond is crystalline whereas
the diamond-like glass of the invention is a non-crystalline amorphous material, as
determined by x-ray diffraction. Diamond is essentially pure carbon, whereas

30  diamond-like glass contains a substantial amount of non-carbon components.
including silicon.

Diamond has the highest packing density, or gram atom density (GAD) of any
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trigonal bonds. The crystal inity and the nature of the bondi of the

- carbon sySY@M®#Lr nine the physical and chenical propertlg‘g‘g 0072785

deposit. Dianond is crystalline whereas the dianond-1ike glass of the

i nvent i Btgrial at amabicntRressare. iliseG AROS PR8\amataens/cd. , Amsrphdes diamiondd by x-r ay
rbon mhereas 30 di anond- i ke

g %liaﬁhhfﬁm AR AP Herb e B0 o 8 P B foriersoatast nci uc ng
(caD) o Bnr B O S P %8*%%%63@8 Sl S A B

anbi ent giaseaffordeexdelisnt@adistasceto A/ Fgsiano fatquits bcgaseABOhAbLAlS. Grafond- | i ke

filnms have a GAD, rangin rom about 0.20 to 0.28 gramatons/cc. In
cont¥ asftom %qnémwfoi%gda repmmepsusmegtspf g weightandcthickhessiofgh packi ng

dens tyialerl ST9h Lbke reh8 Al bS] SICRCSLADRG g [ usi on of

| i qui d or gaseous at ofm

nmeasur ement s Aaforplis\iidrgdrd-hicdgihy is Kﬁﬁﬁ)%dQTke%ecéﬂ%Eeih'aﬁhmon%ﬁ{@ atont refers
to the atom c weight of a material expressed in grans. Anorphous

di amondioregeingphysical progemins Hat m‘relwnlbamadwondnlténddmano of the debieatflor egoi ng
physi cal _properties mlar to dianond, it h f the
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that the;gRt 5&; flion will pass through the film.

20 The polycrystalline structure of diamond films causes light scattering from the

grain boundaries, which can reduce “write-through™ efficiency. Write-through refers
to the ability to transmit actinic radiation through a film such that the optical
properties of the underlying substrate may be aitered. One such example is creating
gratings in optical fibers. Gratings are regions in an optical fiber having periodic or

25 quasi-periodic variations in refractive index. The concept of write-through is
addressed more thoroughly in copending US application . Attorney
Docket No. 55331USAB8A, filed concurrently herewith. and incorporated herein by
reference. Surprisingly, diamond-like glass films in accordance with the invention
allow for excellent light transmission. The present inventors found that the visible

30  light transmission of a carbon or carbon and hydrogen system could be further
tmproved by incorporating silicon and oxygen atoms into an amorphous diamond-like

system during the deposition process. This is not possible for diamond thin films

9



properties of the underlying substrate may be altered. One such exaqqtg tﬁm
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I O es arat for Form ng D anond-Li ke 3 ass The figures

Fﬁ @ﬁxa{ogagg&g@?pegrpé?pe appar atus for preparing a DLG deposited filmon a
substrate. Figure 1 illustrates a system 10 for- formng DLG filns on a 20

substrate System 10 incl udes el ectrodes 12 one or both of which are
ADR fonFe : . gkei Glagower ed. but both may be powered such

that th |
a eyTﬁe Egures illustrate aspects of an apparatus for preparing a DLG deposited

film on a substrate. Figure 1 illustrates a system 10 for forming DLG films on a
20  substrate. System 10 includes electrodes 12 one or both of which are powered by RF
{typically only one is powered, but both may be powered such that they are 180
degrees out of phase and have what is known in the art as a push-pull conﬁgtxration)
and a grounded reaction chamber 4. which has a surface area greater than that of
powered electrode 12. A substrate 16 is placed proximate the electrode, an ion sheath
25  is formed around the powered electrode, and a large electric field is established across
the ion sheath. |
Reaction chamber 14 is pumped to remove most air. such as by means of
vacuum pumps at a pumping stack connected to chamber 14 at opening 18.
Aluminum is a preferred chamber material because it has a low sputter yield, which
30 means that very little contamination of the diamond-like film occurs from the chamber
surfaces. However, other suitable materials, such as graphite, copper, glass or

stainless steel, may be used.
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substra 16 |s a I ber. th rce desti nati on
sptol ﬂ%% E‘E 1‘?8& c&@ﬂ%&%@ﬁé NE24, past

the el gfy ssa& mnaavwg;anﬁmﬁ&zméﬁ%maﬁm@ms A soese spool s 10

24. 26 are opt | onal y enclose or can be outside chanber
16, aSedﬂmniynems. sach aswheregsticabglpdsdtoers armyoabel. theifitess ane continlibisty t he chanber
16. In_sone nmbodi ments,, such as when optical glass fibers are coated, the
fi bersdrawef@e}h@ﬁ %n@%rm!&rae%“«f cthen e dad 1ptecs DAY FhambsF-aw f ur nace then

are f ﬁahéég' J)r?cfs ﬂEe is deé%ﬁ[e? khﬁcﬂfﬂ?%&%ﬁ%@ aﬁh@%ﬁftf dé’lfim I s

depos acuum| a| n the i nlet an outle t he
c hgmbegutlByoff thel Ghinitgr By Mngcpurﬁ;ksqm)shem) 6tfe ofRiiith isattadheaahed at

| ocati ons 28 and anot her of which is attached at | ocation 29. The desired

pr oceslocayigne 38 andannihasiof sdnichyis aitached adecationdfigh an i nI et tube. A stream of
arti 2l |y oTRIEEn PSS TRSE  rBR TRy e Bt & LB 2 i g
cont andiRaeof gas is distributed throughout the chamber. Chamber 14 is closed and
partially evacuated to the extent necessary to remove species that might contaminate
20  the diamond-like glass film. The desired gas (e.g., a carbon-containing gas) is
introduced into chamber 14 at a desired flow rate. which depends on the size of the
reactor and the amount of substrate in the reactor. Such flow rates must be sufficient
to establish a suitable pressure at which to carry out plasma deposition, typically 0.13
Pato 130 Pa (0.001 Torr to 1.0 Torr). For a reactor that has an inner diameter of
25  approximately 55 cm and a height of approximately 20 cm, the flow rates are typically
from about 50 to about 500 standard cubic centimeters per minute (sccm).
Plasma is generated and sustained by means of a power supply (an RF
generator operating at a frequency in the range of 0.001 to 100 MHz). To obtain
efficient power coupling (i.e.. wherein the reflected power is a small fraction of the
30 incident power), the impedance of the plasma load can be matched to the power
supply by means of matching network including two variable capacitors and an

inductor, available from RF Power Products; Kresson, NJ, as Model # AMN 3000. A
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concentration of gas used, pressure applied, and
relative size of the electrodes. For example. reduced pressures will increase the size

of the ion sheath as will having different sized electrodes. When the electrodes are

20  different sizes, a larger (i.c., deeper) ion sheath will form around the smaller electrode.
Generally, the larger the difference in electrode size. the larger the difference in the
size of the ion sheaths. Also, increasing the voliage across the ion sheath will increase
ion bombardment energy.

Deposition of the diamond-like glass fitm typically occurs at rates ranging

25 from about 1 to 100 nm/second (about 10 to 1000 Angstrom per second (A/sec)),
depending on conditions including pressure, power. concentration of gas, types of
gases, relative size of electrodes, etc. In general. deposition rates increase with
increasing power, pressure, and concentration of gas. but the rates will approach an
upper limit.

30 An alternative design for an apparatus constructed in accordance with the
invention is shown in Figure 2. Figure 2 shows a chamber from which air is removed

by a pumping stack (not shown). Replacement gases to form the plasma are injected
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relative size of the electrodes. For exanple. reduced pressures willj g AUG 2004
I ncrease the size of the ion sheath as will having different sized

_ el ectrodeso oldesm t he el ectrodes are 20 different sizes, a RGRYS00/2(885e. ,

deeper) ion sheath will formaround the smaller electrode. Generally, the
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met hods i nclude providing a capacitively coupl'ed reactor system having two
el ect releitmdes and teeslae fatl @ loaabedt proximaeiaeleast Tine elcbarother Thes partial |y
evacuat ed, and radi.o frequency pawer.|s lied to 2.0 one of the
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the eldghiod i d MafMod MEHIRs hlfioHIAOAekeAE! | ve species in proximity to
the electrodes, and to also torman ion sheath proxi mte at |east one
elwct r ode. Ifilke msthodtof dltie inventomp asambridslikdeassetaisiavedepoeitédtsy Wi t hi n the ion

sheath that is proxi mat% anﬁb&l ectrode to forma dianmond-]ike glass filmon
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car bon, I‘con, a
atmospheric pressure) and in a controlled environment. A carbon and silicon-rich

plasma is created in the reaction chamber by applying an electric field to a carbon and
20  silicon-containing gas. Substrates to be deposited with DLG are laid or passed
adjacent to the electrode in the reactor. for example. held in a vessel or container in
the reactor.
Species within the plasma react on the substrate surface to form covalent
bonds, resulting in the amorphous diamond-like glass film on the surface of the
25  substrates. A multipiicity of substrates may be simultaneously coated with DLG
during the process of this invention. The substrates can be held in a vessel or
container within an ervacuable chamber that is capable of maintaining conditions that
produce diamond-like film deposition. Alternatively. the substrate could be passed
through the vacuum chamber as illustrated in Figure 2. That is. the chamber provides
30  anenvironment which allows for the control of, among other things. pressure, the
flow of various inert and reactive gases. voltage supplied to the powered electrode.

strength of the electric field across the ion sheath. formation of a plasma containing
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optionally additional conponents. Deposition occurs at reduced pres%rAﬂE i
(relative to atnospheric pressure) and in a controlled environnent.

car bon i Licon-rich plasma is created in the reactio y
appl yi ngvrtg%ﬁdg}ﬂé“ct ric field to a carbon and 20 sili con-conFﬁfﬂg{i@%ﬁé
Substrates to be depgsited with DLG are laid or passed adjacent to the
el ect TEBEHESi SReSifR IRtV 1on Bpmbardmsne and gatg of deppsitiosfla diamersht ai ner - i n

t he R S.qlﬁﬁgjﬁggeygatcm, ?P,teglgs--pl asnma react on the substrate surface to

formcovalen resu in the anorphous di anond-1ike glass filmon

the surf aceri@ftotthedepdsithnlirbdcds. afe cHniBek 14 labGibd/10dthe extpsi rates may be
si mul taneously coated with DLG during the process of this invention. The

substRegessarydanepevhar and anvinypaisies. bnert gases @ictess argr)imayalse evac. uabl e

gi@g gﬁ@@? %gml? ﬁeﬁq%ﬁ.ﬁt%%ﬁ}cﬁl{gg%}e%ﬁép hgg‘? ﬁ%lnsg‘ri‘lbgﬁgss%r% B@?%%%ggﬁled be passed
L e T
P G L Ehe o e et ot o e or el t aer gos

the | BHHUORBEERDPINSRHRR SOMPIFFNYS CpN BS ALPasHAR.dF Admijted 3nte the chambzno4 WO
0L SSBAETLYROAA % LSRCELIE RRES ] BUET pR hByo2 Tont

and rate ‘o position of a dianbn reactive
sipecilike.glds ifibm it depdsiredle po Hiet pregiuies aa@ mpdriRraaabshoddsii@/Rgrat ed to the
exten necessary to renoye air and any inpurities. Inert gases (such as
ar gorferpEiomeypicalling 4 2 & 13 hPe (¢.A@l @hlaﬂ%‘@mt(@il pesswesstased herein ance t he
substrates are ' chanber and it is evacuated, a substance

| aced t

cont %aH%EfCE%‘F??%ﬁﬁi%d 4 ?@&%; thg carbep apd yilicopwon@inieg subsanpesrandont ai ni ng
. ' : whi ch ddj ti onal. t

o ABta RS R hith an A AR R on ey REShad S SR " pon

appl itheit vapor fdrman el ectric field, forns a plasnma from which the dianond 10
like glass filmis deposited. At the pressures and tenperatures of
df anond- | ilkydrpgen IS@@B@W&#@& in thepdiampnd-lige piiss 6l Iy dRecari®ni@te to 1.0 Torr)

(211 BEAR S 8h4 8 DS R B B8 LSS SS90, 11
opt i andhdedtdiyldne)fletRAANARRIENBinARR:. ARER) RFLopidddidiR, pehtadillf r Vapor form
styrene, naphthalene, and azulene. Mixtures of these hydrocarbons may also be used.
Sources of silicon include silanes such as SiH,. Si;Hg. tetramethylsilane, and
20  hexamethyldisiloxane. Gases containing optional additional components can also be
introduced to the reaction chamber. Gases with low ionization potentials. i.e.. 10
electronVolts (eV) or less, typically are used for efficient deposition of the DLG. The
additional optional diamond-like glass film components. including one or more of
hydrogen, nitrogen, oxygen, fluorine. sulfur, titanium. or copper, are introduced in
25 vapor form into the reaction chamber during the deposition process. Typically, even
when the sources for the additional components are solids or fluids the reduced
pressure in the chamber will cause the source to volatilize. Alternatively, the
additional components may be entrained in an inert gas stream. The additional
components may be added to the chamber while a carbon- or hydrocarbon containing
30  gas is sustaining the plasma and/or may be added to the chamber afier the flow of

carbon or hydrocarbon-containing gas has been stopped.
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15 If hydrogen is to be included in the dianond-like glass film 19 AUG 2004
hydr ocarbons are particularly preferred as a source for the carbon and
hydr ogen. W60 e hydrocarbons include acetyl ene, met hanBCTHSPUTEhe,
benzene. nethyl cycl| opent adi ene, pent adi ene, styrene, naphthal ene, and
azul ene. M weuicesolhvdrogendnelyde hirdipeashen gasgs anidsnolseulashydirogesdi,res of

sili cog i nclu tf Sj | a.ma]s such as SiH4. Si2H6. tetramethylsilane,” and 20
hexametAYIces & flugnng dncleds eampeads surhias carhonseteatiugeide (Chnasulfubnponent s can

Cramee oy ; _ O T ponen s ¢
ot ont IgFARBHBEHSIEE kil R, P, (OB CFi. AT F oy SR Y e bacd T or
ef fi ci eRfgedémandd 6:02e0ad (08),Blydroghh Percaititi (H,0Mawa@P(HSWR ndlbagmend- | i ke

"glass filmconmponents. including one or nore of h{n()jrogen, ni trogen,
oxyhen{O9| Sericaeof mupesy include aitragen gos (Ndpmemonia(WHshiandtydrezingn 25 vapor

formi Rt hg . reactd chapber dur,i ng,t he Qsi tL.on. pr.oc Typi cal |y,
even mﬁzﬁst ﬁ%urs%uor#csggr?”fg\; ﬁéugﬁrd?efcggﬂ‘ﬁ?deggﬁﬁoﬁgh{rgl‘gﬁ‘& @gﬁ—’?d@dor fluids
the reyrgskn NIRRSTLS).| Sourbd FRBPRGinMald cpHSRelyMRefMUlC §o_h&e¥0' atilize.
Alternatively, the additional conponents nmay be’entrained in an inert gas
st r ean®f dtariugdigekude tizdniurg balidesentls antpninm eddadotide.t he chanber while a

carbon- or hydrocarhon containing 30 gas i s sustaining the plasma and/ or
rmy be. addef bt RBTUR SREFaTk o Btain ol oomRRgmen: aHieh lofurm. &

hy iy 0cAEBANCEHraduRE RHeaaS 9 el mgs—'ﬂ Aot 1 9 AUG 2004
PCT/ US00/ 27885rﬁéources eof % %crigggﬁﬂ? ncl ude %éﬁﬁloécsgrl %%ﬁg‘gggg‘é’ and nol ecul ar
hydr ogfemmétibn f ion Sheatiesandfe fHlimbin Betari Ghapaske:, Gosvp Distdhar seUlldcasesar bon
tetraf| yoride (.CF4 sul fur__ hexafl uoride (SF6), perfluorobutane (C4F1d).
C7F(, l ghn &%Eyé)ﬁéﬂs.- Nex Y eEs 1 BH0)- oxygen i ncl ude oxygen gas (02),

hydr ogen pe | - %”ﬁé - . one Q urces of
nitrogen i nzgﬁﬂg&f]ﬂéggg)&r? e\ggés ng%%gp%%)lﬁm%ﬁ?cﬁyg%aggne (N2H6) .
Sour c ediffefens sizésu thei snedl il elestrbdelwilhigva fal @ed id6 sh&f (regardlesd of di oxi de (SQ2),
and hydrogen, sul fide (H2S). Sources of copper include copper

ackt y| Whethgihisdhe groypdedsor popwered elactinde)-nEhig depetafcanfiguratien isdes such as

titani ' A cessary to obtaip ion
' bl)ngglr'gfn%}r?? tt5%\/\%} 2%?%1eﬁ‘r¢13?ﬁlle§w%%wﬁé§ég ﬁﬁspwgmcoﬁ?& mﬂagnsel y packed
di anongtodudes athidher véitage totsdiial a@dssahe dMshedtR ciRb I OheisqAlIgNeat hs can be

found in Brian Chapnman. d ow Di scharge Processes. 153 (John Wley & Sons.
New YoH&etpdgoFEstablishing a large ion sheath on one of the electrodes is preferred for this

invention because the substrate is preferably located within an ion sheath to benefit
20  from the ion bombardment effects that occur within the sheath.

Preferred electrode surface area ratios are from 2:1 to 4:1. and more preferably
from 3:1 to 4:1. The ion sheath on the smaller electrode will increase as the ratio
increases. but beyond a ratio of 4:1 little additional benefit is achieved. The reaction
chamber itself can act as an electrode. A preferred configuration for this invention

25  includes a powered electrode within a grounded reaction chamber that has two to three
times the surface area of the powered electrode.

In an RF-generated plasma, energy is coupled into the plasma through
electrons. The plasma acts as the charge carrier between the electrodes. The plasma
can fill the entire reaction chamber and is typically visible as a colored cloud. The ion

30  sheath appears as a darker area around one or both electrodes. In a parallel plate
reactor using RF energy, the applied frequency should be in the range of 0.001 to 100
MHz, preferably 13.56 MHz or any whole number multiple thereof. This RF power
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The el ectrodes may-be the sane size or different sizes. If the el ecirg}gﬁam
are different sizes. the smaller electrode will have a | arger ion ﬁ
(regardl ess of i5 whether it is the grounded or powered el ectrode_%. Thi s
type of WOMEERM ation is referred to as an "asymetric" PalHPPUA7885 at e
reactor. An asymmetric configuration produces a higher voltage potential
acr os¥eatapa plasmarem thesgas(ougrsesigvithie thenchiamber. TheRE power sdBisteabl i shing a

| arge_J of .the. tro is preferred for this invention

becgu%%%h%r%ﬁgg?%oggﬁ% aﬁraeﬁg?i%ﬁgz ?SSﬂE?EEc?O ?Gﬁercﬁwéﬁe POMeIEReath to benefit

20 f ragetidue ViR nbRVOIRIKHIRES 1@ fRblEe hhﬁédaiizsé:wq}%gwmugﬁﬁ widedlp. Preferred
o 4: an

el ectrode surface area ratios are from2:1 t : more preferably
f r om & the transmission hige jand plasmativadowhidieis sisedllyeaboat 8 ohimsiso atol | ncr ease as

the ratia Jncreases,.but beyond a ratig of 4:1 little additional benefit

i g ac%freéﬂgﬂyﬁ?}*@ e-r-‘g%tgf iH?l‘f’e%c A58 (015 tsreferreddp aga magchingnetwerk r ode. A
preferred | i f LSad ' 5 i owered el ectrode
within a gFgﬂwgggéﬁég%ngﬁhzﬁgﬁ%dre%ﬁg%g ﬁg%a%? \?\59? g%%gﬁéeogﬂ%ti nmes the surface

ar ea aécttades prdavbvectd the plasmadin arl ssymimdiic genfaruadtRh, HeaepRiveaRL gy i S coupl ed
into the plasnma through electrons. The plasma acts as the charge carrier
bet weits Mg iepeglgils on throlapger sigptrodeandithe pegasive brasionghe smalléron chanber

and i e LS I clou he ion 30 .sheath appears as a

dar keer?e%%gg?%ucﬁmgﬂh@eg?g%o h@ﬁ@éﬁﬁ%aﬁg@s- %ﬁsﬁﬁaﬂcﬁﬂ‘%lepl ate reactor

Ui NofrddmeRdieragye froftetha RH p@okrfsbmem%eahg%&dgﬁ th ForkElak@nge of 0.001 to
e

100 MHz, preferably 13.56 Miz or any who number nultipfe thereof. This
RF pdweativiexdizecy cinment £D62 selObzs oo a8 #ET /ele80042 18dbuldrreabe high pl asma from

t he gas (;0 ases i thin the,chanber. The RF .power sourc can be an RF
gene%gﬁ'ééh gou ﬁatﬁg@W%.WeWmSﬁ tf‘é"t@#"&%m& Bdnt C‘Fﬂbfeoﬁ%red

el ectdepgativn of AU hK that acts to match the inpedance of the power
supply with that of the transm ssion line and plasma | oad (which is

usual | y aldtutplsar sbstratss, deposition of dérse tdiansdnd-lilosigihe thindfilRfs ipower ) . Hence

this is referred to as chin etwork. = The ion sheath around the
eIEect“rOB‘B y achicyed ‘Héd’éfﬁl?ggééq ’Fg‘gf"g@i l\ﬁg"@g theubsptarin direstcqndacit i ve to the

P! &S Rfith & BoRBred BIHRHE] WhiER I st ShAIRD chlife glgoggaéa’a%&%dfe. TRjas voltage is

negligible on the larger electrode and the n Ve bias on the smaller
el ectallods thessubgpratead byt dsantehetodn dee nf capAftivOcaPitlg betwesn théhi | e t he
acce%to%t%{_c% electrode and the substrate. This is described in M.M. David, et al.. Plasma
Deposition and Etching of Diamond-Like Carbon Films. AIChE Journal, vol. 37, No.
20 3, p. 367 (1991), incorporated herein by reference. In the case of an elongate substrate,
the substrate is optionally continuously pulled through the chamber, passing proximate
the electrode with the largest ion sheath, while a continuous RF field is placed on the
electrode and sufficient carbon-containing gas is present within the chamber. A vacuum
is maintained at the inlet and exit of the chamber by two roughing pumps (not shown),
25 one of which is attached at locations 28 and the other of which is attached at location 29.
The result is a continuous DLG film on an elongated substréte, and substantially only on
the substrate.
In the foregoing description, certain terms have been used for brevity, clarity,
and understanding. No unnecessary limitations are to be implied therefrom beyond the
30 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
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10 frequency range fromthe RF power source may be high enough to fo,rgnAﬂ 004
| arge negative direct current (DC) self bias on the snaller el ectrode- Fg
~shoul d n@o tx6sitigh enough to create standi ng waves in t hdPGTASIHRTI’Y

pl asma, which is inefficient for the deposition of a DLGfilm For planar
subst r ¢4k, showpos dédceibeddf dense di anond-1ike glass thin filns is is

normal |y achieved in a parallel plate reactor by placing the substrates in
di rect contBiamongrliie glass saxialsg be|depesigd en particles. usingmagepara@is ped t han t he

gr ound . e i S aldl h strate t n el ectrode due
to caplg'gnh?"{i g%h!:aggopﬁon%&%%?%gelﬁ t a“’e’ﬁ@%{i@%{‘%ﬁcﬁ%@@%"ﬁ"d‘ he substrate.
Thi s ic8/9iBsTI6, Bed of whidhMre PRYtbrated hétbin by PefRRiBe whdBRsintsope and Et chi ng of

Di amond- Li ke Carbon Films. Al ChE Journal, vol. 37, No. 20 3, p. 367 (1991),
i ndor poplameentations; the pgating fappasaic expose thelparticiasdo dfe plasmal byrggograting st r at e.
the substrate i s ti | 1y cantin sl ul l ed thr, h e chanber,

passi ﬁg“ws?#a?fetgg{’ﬂgg%‘eﬁer @a@%ﬁmﬁe E%@J)W’%Y ?Pe?‘aﬁglésﬁé'gf’ﬂ, while a

cont | "aRkSesavlrigah feabtonklARRTIAN sidhas dsE ARSI ANS SMiCAonW.
carbon-containifng gas 1s present wthin the chanber. vacuum is

mai nt 088, Hi6 the inlet and exit of the chanmber by two roughi ng punps (not
shown), 25 one of which is attached at |ocations 28 and the other of which
is attached at location 29. The result is a continuous DLG filmon an
el,gngghed i@l e, and substantially only on the substrate. In the
forego‘r‘nu"%@é‘p‘t’ ion, certain terns have been used for brevity, clarity,
and under stBislim@ntidio map ibe ¢ibsstated Yy wast 6ft the Rslloavifg &xunisles, fidludiglg t her ef rom
beyond the 30 requirenent of the prior art because such terns are used for
descr ithe tesemgihogs yiedin ¢valuateiand cheraeteriee the IHr© Ay progheadrindke  Mor eover, the
descrie%linp and illustration of the invention is by way of exanple, and

t he scope OF the invention is not linmted to the exact 16 1 9 AUG 2004 WD
01/ 66820 PCT/ US00/ 27885 details shown or described. Dianond-Ilike glass may

al so be deposited on particles, using an apparatus and nethod simlar to
t Hése Hudeophilieity i n US patent application nos. 08/979.072 and 08/978. 716,

bot h of whi.gh .ar.e iLncor norated her el .reference wherej.n, Jin sone 5

i mpl enent at'ﬁg dr?r"}llgﬁ %%%’tuienogf n&%ﬁ?‘iﬁ‘éﬁéﬂbﬁ W % ?rm"c\,eldel%y I_BISCIP%e pl asma by
gener atdreg ofde-idrizedi wadr Heghe Qhmblesupbs hitd Sasufing wsh AMpRfaddiks gl ass may be
especially useful on particles having at | east one oxide film such as

t hose the airselstrate/ watgsmgpistuscatsiasionagy, mode.

20 Plasma Reactor Descniptions

Reactor One: Diamond-like glass (DLG) films were deposited in a home-built
plasma reactor designed specifically for deposit on fibers and schematically illustrated
in Figure 1. It includes a vertical aluminum chamber having two linear aluminum
electrodes that are nominally 610 mm (24 inches) long and 38 mm (1.5 inches) wide,

25  located along the linear axis of the chamber, one above the other in a staggered
arrangement, i.e., not vertically aligned. The sides and backside of the electrode are
insulated with polyetherimide, available under the trade name ULTEM from Union
Carbide, and capped off with a ground plane made of aluminum so that only the front
side of the electrode is actively exposed to the plasma. The electrodes are powered by

30 al.25 kW RF power supply that was operated at a frequency of 13.56 MHz (Model
CX1250 from Comde! Inc., Beverly. Massachusetts) and matching network (Model
CPM-1000 from Comdel Inc.) and controller (Model MatchPro CPM from Comdel
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08/978, 716 10 D. Exanples This invention may be illustrated by way efg MBQZUU&
foll ow ng exanples, including the test nmethods used to eval uate and

characterize the DLG fil nms produced in the exanples. 15 Ilicity
The hyd¥8pKME82¢ nature of nodified DLG thin filnms was der'ébfﬂ#ﬁ@@% pl acing -

a drop of_de-ionized water on the sanple surface and neasuring the contact
angl dnct Thenfeed pay armbiturgiod pases evas iptrdduged intmthe dgpositien chamiwe. 20 Pl.asma

React.or scriptiaons actor < Dianond- |i ke gl ass G, films were

depo Pt s ok R RAT thgm MIRS TRARRE. AndPystefSbRicheland "  or ' deposi
on f ke panped bs ahesBLIGA¢H (Mdde! BEI 200 §Fm EdwArhOHIgh Yaculin, iShcdides a
vertical alum hum chanber having two linear alummnum electrodes that are
noni dalandphikedrby 24né¢ahees]) pungmgMaded E2818nfr¢rh Bdwandsidigh wi de, 25 | ocat ed

aI_on?Ythe &ipear axi%fs(ﬂ;1 tBe chanber, qne above the other in a staggered
at r anfgiSHRt: | Presgire e cHRMPerugs meashred Ry c2ppdtonrewanemetenardsi de of t he

el ec I hESH ] . Il | I ,the trade
naneuL)J@%gﬁlafﬁoam Uni gﬁgﬁmﬁ%ﬁﬁmgﬁwggﬁgggﬂ %@%&g ’g?%égﬁgé‘h ane made of
al unifronnViKS Irisatimentsy. Thefibersubstraéteerepaida foheathisegkerics activel y exposed

to the plasma. The el ectrodes are powered by 30 a 1.25 kWRF power supply
t hat corditionsapi thg chrmberthequgh dilferentially pumpeiierifinp plates. Bengbmef r om Condel

o BB Hel'asclf3 SRR B8 e b B MR 77 109 LG 2004
YO O0¢hHpsez0 PCT/ USO0/ 27885 Inc.). The feed gas or m xture of gases was

introduced into the deposition chanber through mass flow controllers (from
MKS | nst r Reaetos Twan do vemmential pacaligh platesgapacitivelpasupledrplagmby a root's bl ower

(Model EH, 1200 from Edwards H gh, .V m SUSSEeX. | and) .backed by a
e e S L T By M S T T L O R e SR
c hanpRiridefvadBRAARIhndiMe @ fFIRAGJoRTOR JFDIXTBAB cafildry mBAL rplii ed by a
throttle valve and controller (Mdels 653 and 600 series, respectively,

f r onTeeR®r.| sehematinatly siustrted inifigire Suibshudes 2 gronedel gasdedelertwodeat mospher i ¢
onditions into trggeﬁ:ha er..t hrough di f{.e enil alhlagea,liltgped Ol‘lafll ce plates.

bugfifTHigining a powe ctrode. The chamber is cylindrical in's an wntern
diameter of 26 inches and height of 12 inches. A circular electrode having a diameter
of 55.9 cm (22 inches) was mounted inside and attached t.o a matching network and a
3 kW RF power supply that was operated at a frequency of 13.56 MHz. The chamber
was pumped by a roots blower backed by a mechanical pump. Unless otherwise

20  stated, the base pressure in the chamber was 0.67 Pa (5 mTorr). Process gases were
metered into the chamber either through a mass flow controllers or a needle valve.
All the plasma depositions and treatments were done with the substrate located on the

powered electrode of the plasma reactor.

25  Example 1
This example illustrates the effect of feed gas chemistry on the optical

properties and composition of DLG thin films.
Both silicon wafers and quartz slides were mounted to the powered electrode
of Plasma Reactor One with adhesive backed tape. The chamber was pumped down
30  to its base pressure of nominally 10 mTorr and the substrate surfaces were cleaned in

an oxygen plasma. During the oxygen plasma cleaning step, the gas flow rate,

18



punps were used to naintain a vacuumat the entrance and exit of theg g/aepum
10 chanber. Reactor Two: A commercial parallel-plate capacitively coupled
‘pl asma  readt66820cormerci al |y avail abl e as Model 2480 fr onP@T/HSHAZIBET m of
St. Petersburg. Florida) was nodified and used for the deposition of DLG
ont o capessirar and RB@eweTvere maiamitedrat 16€ beentl 00 ad Torr, iahd Q60 Madted i n Fi gure 2.
I ncl udes a grounded chanber el ectrode 15 containing a powered el ectrode.

The ch&ﬁ%’é?t“ieg’-rcl&“?H@-f“f‘é&]lea‘inﬁgé"f‘i‘éﬁ%“\ﬁﬂtoﬁt%’ﬁlpﬁﬁ‘?@ﬂﬁal di aneter of 26 inches

and hei ght LRGRe ' : Al i tar of 55.9 cm
(22 inches) Q{M%%%gréount*égn? ﬁf'sfla Feg}ﬁr??né? itleglglhgelggﬁi 3Iagiﬁ9r§¥(c%fn%é%g't[&or k and a 3
kW RF paselepssited loy théisilicovbandperatsabstatesavifti £gdendcplastha. 1BobSarie. The
chanber was punped by a roots bl ower backed by a mechanical punp. Unless
ot hé&r wis hescendiplagmayas foraasd froma gdnixtre af elamethalsane (IMS0. 67 Pa (5

T el . [ h h Lther.th h
1l ow CaPPHTER RER TR RO TC b MENAIRE yahootfl B "o = ™

tr eat MeRygEeniBYAladiia dab tHiddess SohOxNyabe SRR IG Ry MehneRsIRl ed el ectrode
of the plasma reactor. 25 Exanple | "This exanple irl ustrates the effect of

f eed gadinagseti)silhy flow wmateoloDYiS@ar oxpeaniuere i16€ siandard supiosentiroeterst DLG t hi n

films. Both sili r yartz slid re nted to the powered

el ect r(gs&gm 8 &h’?gcgér?rna ac %eﬁ:p'&ges\l/l\{ttlﬁa %}WeWB%Eﬁg) IP-aES‘.g “Thanber was
punped BiDWhe fRAV fate bf the RRFErPIBSSHIE tOfesMO N NAkibYf TS TPsfygeRSft he
substrate surfaces were cleaned in an oxl{l%en pl asma. During the oxygen

pl asma3difedns agd 4t pespeetevelya st e possuestand RISpawe winGnmdoainkbi@ alle 6820

PCT/ USQQ/ 27885 d . .mai ined at 10 100
o ©, SRgies st 00 R Fed i JoRP AR el RS BSEA | ed out
for 103%&9&]@?@&%&%&1@@@, {2 pefidfit &_ftlnﬁeﬂfe pdiwfet QUM isORAGIT 198z CONPOSI ti ons

(Sanples A-D)” was deposited on the silicon and quartz substrates with a
secondapd 3P waresprativelyngihe deposition time 3as yadedioasetd namendllyrdrbthi¢room a ni xture

Cotbanifnif eBe gL SinifiF it nugon Bk aesPEPlen gas oyl tnders from
Oxygen Ser Vi@QgidaDamtyissidh, dpticdl Uahg-gap MidtAoarédractibh@nddxoxereat € of TMS and
oxygen were 150 standard cubic centineters .
measured on or calculated for the DLG films that were deposited onto the quartz
slides. Transmission spectra of the samples, measured on a Model Lambda 900
Spectrophotometer available from Perkin Elmer Corporation. Norwalk. Connecticut,
20  are illustrated in Figure 3. As seen, the films were completely (100%) transparent in
the visible region of the spectrum whereas the UV absorption increased abruptly as
the TMS/oxygen ratio increased beyond 4. The optical band-gap width was
determined by the Tauc procedure in which the square-root of (absorption x photon
energy) was graphed as a function of the photon energy. This is shown in Figure 4
25  and the intercept was read and found to vary from about 4 to about 5 eV depending
upon the oxygen flow rate during deposition. The refractive index was calculated by
peak analysis of the extrema in transmission spectra shown in Figure 3. The summary
results of this peak analysis are shown in Figure 5. The refractive indices were
calculated from the slopes of the straight lines and thickness values of the DLG thin
30 films measured by using a Tencor stylus profilometer. As seen in Figure 5, the

refractive index varies from about 1.6 to about 1.69 depending on the feed gas

composition.
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(sccm and 10 sccm- respectively. to result in aratio of TMSto O P§ ABB 2004
For Sanples 10 B-D. the flow rate of the oxygen was varied to result I'na
ratio of TM5 to oxygen of .J. 5, 2.14 and 1.5. respectively. The pressure
and RFWO0E668&re mai ntained for all sanples at 40 Pa (BOT/USRIBES and 200
Watts. respectively. The plasma was pul sed at a frequency and duty cycle.

i .e.. the Percamosoions ofithet DEGpbinefilnssapiplys were@stephinkd byi-ragnd 90%
respeﬁti Veltf/' The depos%{ngn time_was varied to yield nomnally 0.1 mcron
15 t RRQIREIEFIRSASALrQICPPY hesing aKsatgn AXHS Wlitrpisystemobn B85 82 for each -

sanp b4 Odn 1SRe 94 i - W, Qi d refraction index
vverek&rl%se%d?a%%d Onﬁ%‘%ﬁ?ﬁ%ﬁf%ﬁg%@%&&?#&?ﬁ%@gﬁl r&gsﬁﬁgiﬂe&@% deposited onto
t he qhexadterizes|byctheir efergy and hﬁérﬁitysp'ﬁﬂ:ﬁé:rlgléfs of i phafielRFrongB@sured on a

Mbdel Lanbda 900 Spectrophotoneter available from Perkin El nmer '
Cor peresiicdn Parisulag clemantsardbtheis ghemirg! siates.i KPSspecitaodereacqiitadr e 3. As seen,

the fi apnl 10090 trans ent. in .the visible region of the
spec%grl{?%a\‘f\%%{}lgggg he %cggtgrg%ﬁe N '%r?.iﬁ“g{fg 8§h%CBYVU%?$§/k\é§rg°PH8n Tglg/B/ oxygen
rati bednnat ?@Mmhﬂﬁﬂﬁnﬂi-nt&hﬂs.omhé ePeratoctingARioN fUf Shchagmpieber M ned by the

Tauc procedure in which the square-root of (absorption x photon energy)
was #hudrReen fee basisyaEatoptc percemecapiiont atomin pengent siltvos, arsl atbmien i n Fi gure 4
25 i nter S—-I,ea nd found..to vary from,about 4 to about 5 eV
dep f:‘]élnlgE %xt%%)narg E@é@(\@hg]e‘%bq? ﬁb% 3‘?{‘@ pgﬂ‘}l? wgs 3%%55‘?‘{‘7"8??}’ Trefractive
indedessh spabeoscap R dviivh cEithednRdt)Be SoRpositich ®¥ GG tﬂrcfurgﬁ'iﬁtm SSI on
spectra shown in Figure 3. The summary Tresults of this peak analysis are
shovdepthofthgfii@. 5. The refractive indices were cal cul ated fromthe sl opes
of the stiaight lines and .thjckpess.values of .the DLGthin, 30 filns
measur ed E@e %%? ﬁrém}ﬁﬁse E%r‘s S{SWB%‘VB?%?M%‘%‘PF*‘ géovésé@ﬁtﬁeﬂdﬁngure 5, the
ref raﬁﬁpdsﬁid_nnﬁmcwﬁggh@sfeéd 28 ABeUFiokird6 t&/ealRQHbnctaiE i.d:%%?&ﬂiang on the feed
gas conposition. 19 T 9 AUG 2004 \WO 01/ 66820 PCT/ USOJ'Z/885 The

c onpBngesdn shepgomprsitmnfithe respiting flanspThis wosild belexpectedind rimdom r ay

hot spectrosco XPS) using a Kratos AXIS Utra.system |In XPS,
]la% f%o?&ggggy%%%& gé‘ﬁﬁﬁ‘f’%ﬁ‘%f@%‘%%ﬂ‘ g%?%ﬁmgi%f$3%£¥ect rons that
are then characterized by their energy and intensity. The energies of the

phot oel ectrons are 5 specific to particular elenents and their chem cal
states. XPS spectra were acquirkable s received then again after each tine

e

thewmt s Ear}E‘gnargc_n " ¥licon Oxygen
Ratio Atomic percent | Atomic percent | Atomic percent
A 15 50.2 31.2 18.6
B 3.75 39.2 29.7 313
C 2.14 35.2 29.6 354
D 1.5 324 294 37.8

20 Example2
This example illustrates the effect of a low concentration ratio of tetramethy!

silane (TMS) to oxygen on the write-through property of diamond-like glass (DLG)
thin films.
Acrylate-coated optical fibers (pure silica clad with optical core, the optical

25  core being the most inner portion of the glass fiber and is made to have a higher

20



beam at approximately 5 nmintervals. The average conposition for ea Q
sanple, on a hydrogen free basis, of atom c percent carbon, atomc E rAS 7P04
silicon, wd@l/ed8ddi ¢  percent oxygen are shown in Table 1. ECTiEpawR7g8sof il e
was al so acquired by Auger 10 el ectron spectroscopy, which confirmed that

t he corgfimsiivé odexvhy dopinforith térmaniyim sdiehe toteDinter@dl réfletibn bdh ockhgtdat a from
this table is also.sh in Figure 6. which shows the trends in ,
conposﬁFFBﬁnN%omgp%é hayimg aypemingt ¢ase dpmgtaref 6 to &) pal. ¢ cladditeoni ¢, . e.

Depoot SRR EFPER il ahd oo BORRISR Al e oSkl & boaos i n

el ementgloscOnEEdh 30N ConthaR POl TrARPbR SHstSRIPVEIMaLEXYgen Carbon Silicon
" Oxygen Rati oAtom c percent Atom c percent Atom c percent A1550.231.218.6

B3.575300Egting) wereCripuasoiiheir 6@5late @itibg By 43Pint376 BmAectioreofid e 2 Thi's
exanple illustrates the effect of a |ow concentration ratio of tetranethyl
" sil andoP§ k@ﬁﬁl %P%ngﬁ‘hue&ﬂa'tl%@t g sHBGReIS (B 42 1. wrteliRethond- | | ke gl ass

(DLO) mabdlollthdeWere BB L6 348 1508 EshrRR bl AR, TR SidPUH TheP Ll 7 Clad wi th

optical core, the optical 25 core beingt I nner portion of the
gl ass dachéquanfdr aourdeetandsaThe acdtioghity stAPpddditd Wk 2oukitéll BUG 2004

PCTI USOQO 27 refractive index by doping wth germanium so the total
i nter nﬁg{npf% ‘ﬁgﬁ%ﬁ%‘?‘%ﬁ“??ﬁ P‘/)F%Fﬁéﬂﬂ Fe-sranaRd Hyisinehmakinger ) . having a

noggi n ' | ' f 425 p.m and an
acryl 3%%&%%{;??6 ncéji‘mdacft g{;rr%rtgfe?tﬁ%l1E ﬁﬁ%"g&gﬁ‘@%ﬂ?fl‘aﬁ ? g%’lragr ‘ggsj rggﬁtg*%&n%ée%- 0110 from
3M Corpusweyed pttradiel of FiaanspRedctdsyGiiee fEhe s0éfate bite fiber facing away from

the electrode was pre-cleaned by using an oxygen plasma at 13.3 Pa (100 mTorr) and

400 Watts for 15 seconds. Afier cleaning the first side. the chamber was opened. the
holder was flipped around, the chamber was closed and the other side of the fiber was
15 similarly pre-cleaned. After oxygen plasma cleaning, DLG films were deposited on
the surface of the fibers by exposing each side of the fiber to a second plasma for 10
minutes. The second plasma was formed from a mixture of TMS and oxygen, The
pressure and RF power were maintained at 20 Pa (150 mTorr) and 200 Watts,
respectively. The flow rate of TMS and oxygen were 150 standard cubic centimeters
20 (sccm) and 750 sccm., respectively. to result in a ratio of TMS to O, of 0.2. The
second plasma treatment resulted in 2 DLG film with a thickness of 5 microns. A
similar DLG film having a thickness of 1.0 micron was also deposited on one side of
an oxygen plasma cleaned quartz slide for subsequent transmission testing.
Optical transmission of the DLG film was measured on the films that were
25  deposited onto the quartz slide. Transmission spectra were measured on a Lambda
900 Spectrophotometer. As seen in Figure 7. the transmission was essentially water-
clear with a transmission of 90% at 250 nanometers (nm).
Thickness of the DLG thin film on the fiber was measured with an electron
microscope. The thickness was 5.0 microns. The uniformity and concentricity of the
30  thin film are shown in Figure 8.
Mechanical properties of the thin film covered fibers were then compared with
those of both the original acrylate-coated fibers and the stripped fibers. The DLG-
21



5 Connecticut) were stripped of their acrylate coating by dipping ap EP]T]E 200
section of a long length of fiber sequentially into fumng sulfuric g

(at 175C), water and nethanol that were poured into three separate

beaker sWOm$688cti on of fiber was in each liquid for abdHT/U¥ZEE nds. The
sectionally stripped fibers were nounted to a sanple holder with the

st r i pppesitsd dibernliko twtagtlata-coated fibpesnapnedredhiosnsitive tobdndling uetechani cal

contact ta any. other surface. The sanpl e hol der S unt ed. agai nst the
poneis by S RBEFaCHBGE bBNRST N ar O SERIES tBRLOL RPAES TaHRe iR er f act ng
anay didcéikrs! ¢ cScRL SRTtPeUdBeRdsify BANE Undbt sl Phdfifl CAYARRCP! asa at 133
Pa (100 mlorr) and 400 "Watts for 15 seconds. After %Ieanl ng the first

si de fibetsewera pullgestedhisn @ ¥ etram praoff eesten (Madel RER-100. gypiablafronnd, t he chanber

was osed, and t.he aqther si of the fjber was 15 simlarly. pre-cleaned.
NS ¢ e ) GRS TEBRHTIS N DIETSFY ) fas TR I GBS, LA PORABIRESTs ur { ace. of

the aRRkS oo AMERCRe AP DRIG HDSLOREe BehROGPRGR) aSTm for 10

m nut es. e secon asma was forne roma mxture o and oxygen. The
pr es sensHe fordeRhap thae forwatippeddibetai ned at 20 Pa (150 mlorr) and 200 Watts,
respectively. The flow rate of TM5 and oxygen were 150 standard cubic

cent i met erldic Dl dspestied fibgr wap expasad to ydsdenispe pieleyagged @yl t in a ratio of
TNVS ' ' , ' DLG fil ith
2 thi il gt freschifio RERRML B QIS0 bIREIIRD BRSSOt 110"

Mo cr eepiovast tkSibetl@piasichectho fiberie photdsenditivitana detyidehddstmstion of tiened quartz
slide_for subsequent transm ssion testi n%. Optical _transm ssion of the DLG

fi1 nefaets pEhrdregen BAY b foynd inRampan Kesbar Fiber BeaggGratingsnt o the quartz

slideg. LSSi 1080900,

Spec rcgp%@%%é?gp@%ggi%@?)\rﬁé%ﬁgﬁ%%Eﬁ?éﬂ ?h?igllr?gegios'g? oé;unv\%lsa essentially
wat eBragd @afingvabiweitieh Ttedrath@welk a¥énalsingo SXeHTRARE Bakyddl . Thi ckness
of the DLGthin filmon the fiber was nmeasured with an el ectron

nmi cr 8brakLPXR D and apiisEepmetse pTitingmgtbod. The ansrayolensity wamdb concentricity

ft Likald r i.n . Ei 8. . N ycal .properties of the

?ﬁi ngﬁﬁ%ﬂ%%&ggg&kkl errgpe\}gfr%\gﬂ?ﬁé%@(r:%#]%rgdrlg%mvﬁﬂl%wg% SB¥ both the ori gi nal
acr y bpproxiRaelod mimb@lichgditdr bRig) by 2 inAe AhIf DRETdata bR dokdpareli th 9 AUG 2004 WO
01/ 66820 PCT/ US0Q/ 27885 deposited fibers. like the acryl ate-coated fibers.

appedpiadram seipped fiber tekemermieisageslas ko acequptfonami yagiatings iither s bet ween
1 NI & tQomMARPU ahf TN RAEPRY éfed s 1% BLEN A tment.

Within experimental error. the results form the DLG samples were
20  indistinguishable from the bare fiber samples. As; seen in Figure 10, the grating
spectrum for a DLG sample was similar to that of a stripped-fiber. In contrast, the
standard acrylate coating on the fiber was severely damaged under exposure to the

excimer laser, and did not transmit the UV wavelengths.

25  Example 3
This example illustrates the effect of a higher concentration ratio of TMS to

oxygen on the write-through property of DLG thin films.
DLG thin films were deposited onto stripped optical fibers as in Example 2
except the flow rates of the input gases for the second piasma and the chamber
30  pressure were changed. The flow rates of TMS and oxygen were 150 scem and 100
scem, respectively resulting in a ratio of TMS to oxygen of 1.3, The pressure was
maintained at 40 Pa (300 mTorr). Furthermore, the RF power was pulsed at a
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dianmeters. In contrast. stripped fibers easily broke under such handl§ AGG 2004
All three fibers were pull-tested in a Wtran proof tester (Mdel PTR-100,
“avai | abl wg a1s88% Vytran Corporati on- Morganville. New Jer PEFJUSORNLI88Seen i n

Fi gure 9. the probability of fracture for both the acryl ate-coated and

DLG dep@fichefaifd @3{'& €16 6010 Bl anll 90V HaSective@N S Al semfl@ GRSl @M imat for
stri pped f| bers e DLG deposited fiber was exposed to hydrogen gas. at

el evatthitkawas deppsdedionioa salmnml@s Sarrsubsequans datetminatomyficampositian. di f f use

to th t f the.fib the fib ’
:oﬂo? 0s eﬁsPt Oéscie’gésognéo\é’t %ﬁﬁ%@igje@ﬂ flﬁ'i' Wﬁﬁd‘?}%m%ﬁ% gjék?’ g‘?‘ggg elfr Ioggl ?ray be
~ found j nTiRasRa diadhiidsitioh Ne a BY @88 HabESwas fyﬁeﬁm %er?érﬁ%&boﬁ‘an Di ego

(1999) and nmi ntai ned at approximately -45C unti | ragg grating was
wr ist t 29, attiméc perednit sgisonend fratornigrperEnhaxygen. emepﬁrprbﬁkeevasl_aisnbda Physi k

(LPX2 10 ninterfero tr|c wr th The ener. density was 26
b5 oAby Bee OB sPPG st PhicyOPaTRet Ba RE CHBRGTLD B 240 mw 1 n- o
Spot  \ARRNthARLE e finBdeghong fiber axis) by 2 mm Al DLG data were

conpared to data fromstripped fiber taken on the same day to account for

any vari at i Dimestransmtifseon ¢ft¢heDf[é}&heﬁhm ofixareple 3nwhsteyen gerater thhanany ef f ect s

f t W t hi tal th I f the DLG
! S GTEREBTE SRS Shoh PRI, o rsonar 250 iapomelsribe ®® Ao Seen in
Fi gur Gelnt tNI&cHIARES IS}GFerﬁﬁﬁ%feLiHéJsQfed% y BB ai fietRanShBhg@hr t0 that of a

stripped fiber. In contrast, the standard acrylate coating on the fiber
was se8h ptqbah&lrmg%faﬂuxmhempasgmd@wmdmeo EdoctromerIndustrigs, and di d not

- eno Al O S o S RSS20 <1

wr i t e-tiREwise O iriRBRATliYal Plopekiesiof ki ]ﬁLG'ﬂﬁn fmﬂci:ftﬂf!daﬁlﬂlé b Rraver e deposited
onto stripped optical fibers as in anpl e except the flow rates of the

i nput xgmswdfco’prthhee Q%Emplpﬂas‘\nﬁfeamdl nlh'efocﬁanmme?ﬂ(sspwesgure wer e changed.

The fl e n 150 s cm and .100, sc respectively
relgul tFIO al% ‘é‘&ﬁbl Ksbcﬁ ﬁi@?&@?%@ﬁ‘"@)?@ S oSt ‘i%g mai nt ai ned
at 40 cgmrmanf dan belilséd® Sﬁmﬁ& opEﬁﬁnBIfeHﬁié?ﬁnd&i’t% ginshessat a 117 1 9 AUG
2004 01/ 66820 PCT/ US00/ 27885 frequency and duty cycle of 10 Hz and 90%

r especenditipn. Weikilhplptsrarg diseussad| imAngericap ational Standard Institute
EIA/TIA Standard Fiber Optic Test Procedure FOTP-28. and references therein. See

also 3M Technical Publication: Fredrick Bacon, “Silica Optical Fibers — Application
20  Note” at page 3, available from 3M Optical Transport Systems. West Haven,
Connecticut.
The Bragg grating writing for Exampie 3 was similar to that of Example 2.
Figure 9 shows the grating transmission spectra for the DLG-coated fiber of Example
3. As shown by the similarity in transmission spectra, the presence of the DLG film
25 had no adverse effect when compared to the stripped fiber. The comparison with the
bare fiber spectrum in Figure 13 is not exact because the gratings were written under
slightly different conditions. The grating procedure was conducted for a longer period
of time, resulting in deeper (higher decibel value) gratings for the DLG-protected
fiber.
30
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thick, was deposited onto a silicon plate for subsequent determ nat‘i1% 96 200
conposition. The conposition of the DLGthin fil mwas determ ned by g as

i n Exa The average conposition, on a hydrogen fr | s 33
atom cr?gér%ggn 0car bon, 5 29 atom c percent silicon, and‘f’?@%?@’?&“éwger cent
oxygelﬁx. Aldgpth profile was al so acquired by Auger el ectron spectroscopy.
whi ¢ med that the conposition was uniformthrough the films depth.
The transnirgsi:am ilhiigald GelRiabohitiTbotveEX s greater than

t hat of Exanple éﬂ As shown on Fi gurllgbll.e t%g%pg%l onvag{\%%go nanonet ers
was GEMSYOxpgancRatio, pissiraand pbwen) apd sévees! préepettiavy@owedR ey, Wet er mi ni ng t he

of failure when neasured according to

t th at, 5Q% babi | it
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o PieatfipheBt g lue Bphcacliing e KRBT bR TAIRN-fife alboRrL o5 1"
Ve bigldss plides ubimg aFstgluppfiforhetes(Miutel i AlpADStep 300 T or Tsibinkais! plot is a

pl ot of the breaking strengths of a statistical sanple of optical fibers
and MowHnyEWNSAd- t 0 predict operating lifetinmes under a given stress

condi ti on. ' ' in Aneri.g ti onal. Standard

I nstitute Sa‘éﬁég’ ?&to&é@%@xgﬁéﬁﬁdﬁ?@gg e:f‘éesntr{%ﬁ —S@@é@?@%@%‘&zs. and

r ef epaiOAs ahdl RFgiower Seee vartdiasIelaamabral, Publication: Fredrick Bacon,
"Silica Optical Fibers -- Application 20 Note" at page 3, available from 3M

tdti cal THaNsSpUssionspseEgrowihraterofithe film a@nd Wasbult plot weree Bragg grati ng

Wit [ imlar, to.that. of Exanple. L,gure 9 shows the
or at B B nple 935 facklsafble crhyidistion 84° Frperatr GBI o 3. Ac
showthebyisiblaaegivfiiol el sp¥ctiiin Wit e uSHéRRsiSR AFdgping &fF6n @{ew&l&fgeof the DLG
film25 had no adverse effect when conpared to tgne stripped fiber. The

conparansaissign () valies 1358 rim pesyshopmdn Tablei h Giawtheate Faried with exact because

th ' ) We it t | i ght,| i ff t. diti . Th ti
br o irs SR RAT Yo kireP ot 2 o e 3pti Y phe msfn il Resagtt Magy 1 - decper
(i gbdculdeaifRes BM@Edé?ﬂxeﬁtﬁz?édlm ot tHred BfeRlieTiBE LRt 8 ber ChRGfion 30 23 1 9 AUG
2004 WO 01/ 66820 PCT/ US00/ 27885 Exanple 4

Both the growth rates and mean Weibull strength are shown in Table 2. Within

experimental error, the mean strength of the fibers is not a function of the process

conditions.
Table 2
Ex. TMS/O2 | Pressure | Power | Gr.Rate | % Tat | Strength
Ratio (Pa) (Watts) (A/s) 250 nm {kpsi)
4A 1.2 250 150 26.8 98.0 740
4B 1.8 250 150 244 98.5 464
4C 1.2 350 150 29.0 99.1 739
4D 1.8 350 150 26.6 9%.2 772
4E 1.2 250 250 52 91.5 732
4F 1.8 250 250 47.4 92.6 568
4G 1.2 350 250 54.1 94.8 580
4H 1.8 350 250 50.3 96.1 636
41 1.5 300 200 39.1 98.1 796
4] 1.5 300 200 37.5 96.3 610
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This exanple illustrates the relationship between several process varg g@{jmf,
at e,

(TS Oyogp dRaih. Pressure and pover) and several propert s, (Gron

% Transm ssion and nechani cal strength of the thin filmd bers).

Growth'l’?ﬂfg's MEap gr EMENt S, e e egeby—reastr-rg—the—step—height of the

di anond-1i Ke f}il ng'gon gI?sOs sl i des usjn Ffal styl u%g'Bro ilgh%te‘ (Model

Al pha $tepr50¢, Temcor| | unent NpUN»h NV e ay) Sg%?'i-e*; 4A to 4L

wer e nﬁdp as Fxanple eQ?ert the%'lgl\/sl Q(\%"é“n rat},\%s,‘%press e and RF power

- were vafhedesalts fiost Eable A dEatvinstrate theGoBiANGH0S ML S NG HiRs c0dPWM h rate of
the filmand Wibull plot were determned as in Exanple 2 for each sanple.

~ Transnm §89U§ %‘?'{é&%ﬁt"‘ﬁ%ﬂ foprepayslicm wersavapied oberen wislgirangeof the spectrum

with the transm ssion dropping off in the UV range. Transm ssion (T)

val ues at 250 nmare shown in Table 2. G owmh rate varied with process

condi t i Brample % he range of 20-60 Angstrom's. The nmean Wei bull strength was

15 calculateq, frompul]l test neasurenents on three different fiber sanples

per tonditi onls S¥ample Husttesihe sirengik peapdrtins of DAET thio filsg mengt h are shown

i n Tabl g .4,V & : ' rnor., the mean strength of the fibers is

not a fﬁlr??%'fdé)%géﬁ]&taﬁgg%yg&sébﬁ%o% fl[)ainSﬁs. Table 2 Ex. TM5/ 02 Pressure Power

G. Rate % TEmimplerewas malahd Bdiaple Mokt (dﬁ‘fér)em?siﬂstmias(&%g?},

4A1. 225015026. 898. 0740 4B1. 825015024. 498. 5464 4Cl. 235015 .%199%739

4D1. 8358Pst2les e experimental aarsbrraBREd1clEE 3apidlRtc SRBNREENTL PO silicH S

4GL. 235@%&9%“%9§0r%5a8591iéﬂ%bé%§ g%ggi gr\?’\?gh %?ggtside diameter of 200 microns

10 and an inside diameter of 50 microns. As part of the draw process. the silica capillary

1s coated with an acrylated urethane to a diameter of 300 microns. Mechanical
strength of the capillaries was tested using a Vytran proof tester. In order to simulate
mechanical handling, the acid stripped section was wiped once with fingers, the
capillaries pulled to failure and the uitimate strength recorded. in the case where the

15  maximum load was inadequate to break the capillaries. the maximum load was
recorded and the actual strength of the capillaries is higher than the recorded value.
The mechanical strength results are summarized in Figure 14. demonstrating
improved strength of the treated capillaries.

The efficacy of the DLG encapsulated glass capillary for capiilary

20 electrophoresis was demonstrated by a lack of fluorescence when imaged in a
fluorescence microscope. Figure 15 shows a fluorescence micrograph of a capillary
with a conventional acrylate coating and a DLG encapsulated capillary. A dramatic
difference in the intensity of fluorescence may be seen. with the DLG encapsulated
fiber displaying little if any fluorescence.

25 The benefit of the DLG encapsulated capillaries was further quantified by
making fluorescence measurements with a Raman spectrome.ter. The samples were
all analyzed using the Renishaw system 1000 Raman. The laser excitation was with
an Argon lon laser operating at 488 nm. A 20X objective was used and a single scan
was taken on each sample. In addition to the DLG encapsulated capillaries. a bare

30 quartz substrate and acrylate encapsulated capillaries were also evaluated for

25
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seen. with the DLG encapsul ated fiber displaying Ii any
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15 In the first step of the plasma treatment. surfaces of samples of 1-mil heat

shrink polyethylene film (available as Cyrovac D955 from Sealed Air Corporation,
Saddle Brook. New Jersey) were mounted on the circular powered eleétrode. They
were then primed with a pure oxygen plasma to generate surface free radicals to
enable good bonding to the DLG layer. Oxygen flow rate. pressure and RF power for

20  each sample was about 750 sccm. from about132 to about 167 mTorr. and 500 Watts.
respectively. The exposure time was 30 seconds for Sample A and 60 seconds for
Sample B-D. In the second step. a DLG layer was deposited onto each primed
surface. For all four samples, DLG thin films were formed through plasma deposition
by feeding a mixture of tetramethylsilane (TMS) and oxygen at flow rates, pressures

25  and RF power as indicated in Table 3. Exposure times and resulting film thickness
are also listed in Table 3. Finally. in the third step. the deposited DLG thin film for
Sample A-D were treated in an oxygen plasma to remove elemental and covalentty
bonded carbon from the surface atomic layers. This makes the surface hydrophilic
because only silicon and oxygen then remain in the surface layer. The oxygen flow

30  rate, pressure and RF power were similar to that used in the first step and the exposure

time was at least 2 minutes for each sample.
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As can be seen, the 500 and 1000 Angstrom thick thin films of Samples B and C.

respectively, shrunk with the diamond-like glass film taking on the highly convoluted

form. However. the 5000 Angstrom thin film appeared shattered into small plates of

glass. All three films could not be removed from the shrunken film substrate. A

surface scan of the films with the SEM showed the presence of silicon and oxygen

atoms in a uniform distribution.

The DLG thin films on the shrink film were then shown able to undergo

silylation, i.e., attaching silane, as would be expected for ordinary silica or glass.

Unshrunken square pieces of uncoated substrate and of Samples C and D, about 25

mm by 25 mm, were placed in vials with 10 mL of Solution One (10 mL of

aminopropyltrimethoxysilane mixed with 85 mL of ethanol and 5 mL of water) and

rocked gently for one hour. The pieces were then washed with ethanol followed by

water and placed in vials with 10 mL of Solution Two (five milligrams of fluorescein
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subst IExafiplé7 _
This example illustrates the utility of a hydrophilic DLG thin film in a
microfluidic application involving micro-channeled polymer plates. Applications of
15 microfluidic devices include the transport of biological fluids, heat transfer fluids.
low-friction/drag surfaces, etc. ‘
In this example, the substrate was an experimental polymethylmethacrylate
(PMMA) plate having microchannels for transporting liquids including water. The
microchanneled polymer plate was prepared by molding poly(methylmethacrylate)
20  sheet (PLEXIGLASS DR101, from Rohm and Haas Co of Philadelphia , PA)
against a nickel molding tool containing ribs and reservoirs that correspond to the
channel and reservoirs in the polymer plate. The tool measured 26.5cm by 26.5cm.
The sheet of DR101 (nominally 250um thick) and molding tool were brought into
contact with each other at a temperature of 187°C at a pressure of 6.3 x 10° Pascal
25  for 2 minutes, after which the pressure was increased to 3.2 x 10° Pascal for 2.5
minutes. Thereafter the temperature was decreased to nominally 50°C, and the
mold and sheet were then separated. The PMMA surface is hydrophobic with a
natural tendency to inhibit transport within the channels. This example demonstrated
how a modified DLG thin film made the PMMA surface permanently hydrophilic and
30  provided a robust surface for the transport of liquids.
The PMMA surface was primed initially with an oxygen plasma for 60
seconds at a pressure and RF power of 50 mTorr and 500 Watts, respectively. The
28
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One. The outer surfaces of the PMMA capillaries were primed with an oxygen

plasma for 2 minutes on each side at a pressure and RF power of 100 mTorr and 400

20  Watts, respectively. A second plasma feed gas was TMS and oxygen at flow rates of
150 scem and 100 scem, respectively, resulting in a ratio of TMS to oxygen of 1.5.
The pressure and power were maintained at 40 Pa (300 mTorr) and 200 Watts,
respectively. The second plasma was operated in a pulsed mode with the pulsing
frequency and duty cycle maintained at 10 Hz and 90%. respectively. Each side of the

25  capillary was exposed to the plasma for five minutes. resulting in a DLG thin film
thickness of about 3 microns. The resuiting DLG films were optically clear as
determined visually and did not crack or delaminate when the capillaries were bent
and flexed. The DLG thin film prevented the evaporation of water that was stored in
the capillary. Without the DLG film. the water evaporated by transport through the

30  walls of the capillary. This demonstrated the excellent barrier properties of the DLG
thin film.
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The sheet of DR101 (nominally 250mthick) and nol ding tool were brogqﬂéulm
into contact with each other at a tenperature of 187C at a pressur %.@
x 10i Pagr@ileegtp for 2 minutes, after which the pressure vasri8608988ed to

3.2 x 106 Pascal- for 2.5 mnutes. Thereafter the tenperature was decreased

to nom nal | @nﬁ dy.sheet were then separated. The PMVA
surface is ﬁ?@géﬁﬁob|éaﬂﬁﬁH&Q%QH§$GP§%V?3?&EH@V“?BEFﬂﬁ@ﬁﬂ?*?ﬂ ﬂSportvmjthin
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the PMVA surface permanent|ly hydrophilic and 30 provided a robust surface
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oxyge . f ds at pressure _and RF power of 50 mlorr and
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fl gW rephitfinddibnd Mee sotdorexinGROapRhdddVISinRXanpl e were 24 sccmand 750 sccm
respectively. The side of the PMVA surface having the channels was treated

for five mnutes resulting in a DLGthin filmthickness of 600 nanoneters.
The surface | ayer was further processed to convert the DLG surface to a
hydrophilic surface by exposing 5 it to an oxygen plasnma at a pressure and
power of 50 mTorr and 500 Watts, respectively, for 2 mnutes. The surface
was conpletely wettable to water. with a contact angle of Iess than 10
degrees. Exanple 8 10 This exanple illustrates the noisture barrier
properties of DLG thin films in a biofluidic application involving
polymeric capillaries. The substrates were experinental polyner capillaries
made from either polynethyl nethacrylate (PMVA or a pol ybi cycl opent adi ene
pol ymer. avail able as ZEONEX 480R (Zeon Chemicals L.-P.,4100 Bells Lane,
Louisville, Kentucky 15 40211, U S. A ). The capillaries had an outside

di anet er of about 360 microns and an inside dianeter of about 50 microns
with a length of approximately 60 centineters. DLG thin filns were applied
to these capillaries using Plasma Reactor One. The outer surfaces of the
PMVA capillaries were prinmed with an oxygen plasma for 2 mnutes on each
side at a pressure and RF power of 100 mforr and 400 20 Watts,

respectively. A second plasma feed gas was TMS and oxygen at flow rates of

30



150 sccm and 100 sccm respectively, resulting in a ratio of TMS to1q£%@fmm
of 1.5. The pressure and power were naintained at 40 Pa (300 mlorr)

200 Watts, respectively. The second plasma was operated in a pul sed node
with the pulsing frequency and duty cycle maintained at 10 Hz and 90%
respectively. Each side of the 25 capillary was exposed to the plasma for
five mnutes, resulting in a DLGthin film thickness of about 3 m crons.
The resulting DLG filns were optically clear as determ ned visually and
di d not crack or del ami nate when the capillaries were bent and flexed. The
DLG thin filmprevented the evaporati on of water that was stored in the
capillary. Wthout the DLG film t REAIMS evaporated by transport through
the 30 walls of the capillary. This denonstrated the excellent barrier
properties of the DLG thin film 29 1 9 AUG 2004 WD 01/ 66820

PCT/ USOQ' 27885 Havi ng now descri bed the features, discoveries and

pri ncl.pl esAafartidiecompesihg:on, the manner in which the process and apparatus
is constructed and used, the <characteristics of the construction, and the
advant ageot8ubsHat 3t useful results obtained, the new and usef ul

structures ' -1 o t éﬁﬁk?ﬁﬁgyﬂm nations, are
set forth ?ﬁﬁtﬁ\#gﬁgﬁtﬁgﬁ ggﬁgf,t%pr?g{ﬁrgg%ggﬁﬁ&%&teg%ﬁ& . An article
conpr diamogd-lika giasb sdbmptising addnse, fandomdepaent systemcomiprisegsin @ porti on of the
SUbStﬁﬁ%e’ tge fiLn1gonP@Esinq a dianpnd-1|ike ass .co rising a dense,

r andoRY4esen- Rt basisatdeast G AORPS PEGEN fatRon A drasheh 2P PG PHES! S1ISPDY east 30

at om gn PRECHER of BRPT 4Phtolt@pdreetn oR)g¥H C_percent silicon, and |ess than
or equal to 45 atom c percent oxygen. 2. The article according to claim1l

wherein the thin filmhas a contact angle with water of |ess than 30
degregs. 3. The. article accor.di to.cl ai.m erein the filmis

t ransﬁi ssi v8° Sﬁlcg‘ﬁt achg@qg té’bcg%}fn p%&erg&tbgﬁ@niiﬁm%ﬁgﬂﬂ&ﬁt %{eo or nore
wavel eagk Bs1eef tHahOMdb8Res.0 800 nanometers when the thickness of the thin
filmis 1 mcron.

3. The article according to claim 1, wherein the film is transmissive of at least about
70 percent of radiation at one or more wavelengths of from 180 to 800 nanometers when

the thickness of the thin film is 1 micron.

4 The article according to claim 1, wherein the film has an extinction coefficient of

less than .002 at 250 nm.

5. The article according to claim 1, wherein the film has a refractive index of from
1.4 to2.2.
6. The article according to claim 1, wherein the film has an optical band gap of

greater than 4 electronVolts.

7. An inorganic electroluminescent device comprising:

an inorganic electroluminescent particle and

3



4. The article according to claim1, wherein the filmhas an exti nCtﬂﬁRUG 2004
coefficient of less than .002 at 250 nm 5. The article according't
claim1l1, wherein the filmhas a refractive index of from1.4 to 2.2. 6. The
article according to claim11, wherein the filmhas an optical band gap of
great er t hafild depasited on ¥olehs a pértiohoflthopgticiecthe tida filml compriemgant devi ce
conpri si ng an i nor anjc electrolumnescent particle and 31 .1 9 AUG 2004 a
fi | maeys wsgharaﬂmhb ¢ 8lasy copIng HACNSe, rApdom §PV3IRNt gYstern SOMBRISINE | m

conpr _ I G random
coval SE# EBPen REDERIOH Rt SRR bitEerd B n BURBPUO BB EBBE " STOTTT
perCesihcmaﬂnbmsiheﬁQStahmnc@eroahMygerpercent silicon, and |l ess than 45
atom c percent oxygen. 8. The device of claim7 wherein the particle has at
| east one oxide filmon at a least a portion of the particle. 9. A nethod
of depositi ' hod
corrprig)m ng: H(g a’ﬁ%ow [ ng‘} {glﬁgraeg{a@? ﬁ%/%'é}ag%h%fﬁ@ggggcgil&s%/i%lg%%}:orrpr| si ng
at | eapértiowof thelpacticlades in an evacuabl e reaction chanber; b. at |east
partially evacuating the chanber; c. applying radio frequency power to at

| east one el ectrode; d. introducing a gaseous carbon- and

si | i cgn- copt 82 arfo h& FIRHAS D sTOUHaRE tRehuREd the

el ect?odesﬂﬁétﬂgg%fg&l#as com@fgﬁ% react(iyve sspegfis in proximty to

t he etenprisimies and to further forman ion sheath proximte at |east one
el ectrode; and e.. exposin sub ate to the reactive %pem es wthin the

i on sheat h3t PTPHFIRER caPé‘aﬁﬁffeiyﬁﬂ“H? TFaHHPE SYSIRI FORPEISHRE 3t [E851J8ss fil m on t he
substrate. 1Qeclid8ed BV a&mbR @hdidnicBambed, M 9, wherein the power to the at

| east one powered electrode is tﬁu' sed at a fr equency of froml to 1000
Hertz. 32 b. atleast partially evacuating the chamber;
c. applying radio frequency power to at least one electrode;
d. introducing a gaseous carbon- and silicon-containing source and a separaie
oxygen source between the electrodes to form a plasma comprising reactive
species in proximity to the electrodes and to further form an ion sheath
proximate at least one electrode; and

e. exposing a substrate to the reactive species within the ion sheath to form a

radiation transmissive diamond-like glass film on the substrate.

10.  The method according to claim 9, wherein the power to the at least one powered

electrode is pulsed at a frequency of from 1 to 1000 Hertz.
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