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FI ELD OF THE | NVENTI ON The present invention relates to erosion 10
resistant coatings, and especially precision-edge preserving coatings nade
fromdi anond-1i ke materials used to keep substrate ed ; and shar p.
15 WO 97712757 BACKGROUND OF THE | NVENTI ON The 8’%2‘5‘%?% on of sharp
edges is inportant for many products and industries. Many bl aded industri al
and nedical tools are only useful- iaf -t hey can have sharp 20 edges which
can be muintained for reasonably |long periods of tine. The sharpness which

an edge has is the_result 8f t he greC|S|on of the_ed Ee formed by the

substrate and any %% éﬁ% ; exanpl e, have an edge
Y

formed by producin fadi us of | ade' s extrene tip of
from about 75 to about 1000 angstrons. or conparison purposes, a human
hair &Has a w dth of about 100 n1croneters. Such delicate precision
substrate edges are often coated to preserve the precision of the edge for
| onger durations by attemmimip 8F THE INVENTION he degradation of the edge.
Preci si on edge degradati on can be caused by corrosive and/or erosive
forces. Razor bl adé8e P¥RSEKarigivengdrn galake & I§Eosi®ran extent,

| mredp at ekyigpant3boatings, uam espeRthllgeprédisicaz-asdde ades is theref ore

of ten CO%&%@e@vEﬁ% %Lpu?gé Q&géeerfg:%mrrﬁ&%oﬁg%iw’materials used

to keep substrate edges precise and sharp.

15 BACKGROUND OF THE INVENTION

The preservation of sharp edges is important
for many products and industries. Many bladed industrial
and medical tools are only useful if they can have sharxp

20 edges which can be maintained for reasonably long periods
of time. The sharpness which an edge has is the result
of the precision of the edge formed by the substrate and
any coatings thereon. Razor blades, for example, have an
edge formed by producing a radius of curvature at the

25 Dblade’s extreme tip of from about 75 to about 1000
angstroms. For comparison purposes, a human hair has a
width of about 100 micrometers. Such delicate precision
substrate edges are often coated to preserve the
precision of the edge for longer durations by attempting

30 to inhibit the degradation of the edge.

Precision edge degradation can be caused by
corrosive and/or erosive forces. Razor blades, for
example dull gquite easily; to an extent, immediately upon

35 first use. Steel used for razor blades is therefore
often coated first with a sputtered metal coating,
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foll owed by a coating of polytetrafl uoroethylene (PTFE). Wile the PTFE
coating is usually tens to thousands of angstrons thick, it appears to be
substantially renoved fromthe bl ade upon first use. Enough PTFE seens to 5

survive we ooy de a nmeasure of continued |ubrication. peywssgissdshe PTFE
coatings do not appear to prevent the degradation of the precision edge.
Dul l'ing of precision edges may be dye to an 10 increase in the radius of
curvature at the blade's extrene t"l%, “cracks, chips or breaks at the edge
causing a jagged edge, erosion of edge material, or a conbination of these

factors. kefii1ba2arppl adesatihe slePadatdnhcberpyeehsi pprgge causes
|ncreasedw%nigt£§2 f?gln éo 15.useq1q;scqpfor o Eﬁentua Iy° he bl ade is
repl aced, "oF~Ff “&8%p TR L it A4 D FEREN TS FREUERPFF et azor i s .
sinply di seastsamsFohinlr el @rosAnse toute mybistphesably remevedistrial or
medi cal figebflSthet Bladéhepshl #1:6k Qfsddr eGindugh eagedstealscsesults in the
need for shargenigg 20 ordre-eq%%qgrmhuph t% es tige requires the purchase
of repl acEnEnt VEquPpheRt T “and T T8 SSOLENUPH LHREASAEPY: of har der

mat eri al Howewrys hhe BERR todawihds dm ratt eppearotpr psevestetiye i ntegrity.
For 25 negKg2BBht€ahi 88Schd NOr&OAdidip iyl d al so have excel l ent thernal

stability; i.e. be able to withstand extrene
Dulling of precision edges may be due to an

10 increase in the radius of curvature at the blade’s
extreme tip, cracks, chips or breaks at the edge causing
a jagged edge, erosion of edge material, or a combination
of these factors. For razor blades, the degradation of |
the precision edge causes increased friction leading to

15 user discomfort. Eventually the blade is replaced, or if
a part of a disposable implement, the entire razor is
simply discarded. For more expensive cutting implements
in industrial or medical fields, etc., the dulling of
precision-edged tools results in the need for sharpening

20 or re-edging which takes time, requires the purchase of
replacement equipment, and increases costs.

The depositing of harder material coatings has
been tried irn an attempt to preserve edge integrity. For
25 many applications, the coating should also have excellent
thermal stability; i.e. be able to withstand extreme
heat, as from use itself (saw blade} or from
sterilization procedures {autoclaving surgical tools).

30 Metal-based coatings such as steel, zing, -
aluminum, chromium, nickel, alloys, cadmium, tantalum,
palladium, boron, silicon, coppexr, gallium, rhenium,
alloys thereof, etc. have demonstrated precision edge
preservation and are used in many industries to provide
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heat, as fromuse itself (saw blade) or fromsterilization procedures
~(autoclaving surgical tools). 30 Met al - based coatings such as

steel, zinc, alum num chrom um nickel, alloys, cadm um tantalum

pal I adi um boron, silicon, copper, gallium rhenium alloys thereof, etc.

have dewoawt2rst ed preci si on edge preservation and are BEHUSIFISHENyY

I ndustries to provide WO 97/ 12757

PCT/ US96/ 15358 -3- protective coatiqngs for sharp edges. However, coatings

made fromthese materials are generally suitable only for netallic

substrates. 5 Silicate based coatings are known to be resistant

to air, mrptechikal toabirnggydixs shaxy @duesd t HepervaruresatHog®ver, coatings

nmade frogagkl Eeeheshase mte PR ld Gl aldahextal@PdsBEREE @l Snapdrawul d not

provi de aggrggril at&gr otection for precision edges. 10 Certain ceramc

mat er i al ¥208841 55588 TAYE® have di spl ayed good corrosion resistance and

coul d concei vably be used as edge preserving coatings. However, ceram cs

are byittle and subjeciatd BAEdBloahioR)s fadlel Wh8wnTRBYHdS are typically
and rough and gorous and vvoujtfl nat. provi de, the desired |ow friction.
S§ i Rt

Certain hEr4SHFRhONA- ke T0K P9 F3785h8EnSLPYRE However, a

coati ng hezpenatuvgby bRowewel ., coatings made from silicates are
not particularly strong materials and would not provide

aprropriate protection for precision edges.
10
Certain ceramic materials used as coatings have
displayed good corrosion resistance and could conceivably
be used as edge preserving ceoatings. However, ceramics
are brittle and subject to thermal shock failure. They

15 are typically and rough and porous and would not provide
the desired low friction.

) Certain hard diamond-like coatings {(DLCs)}, have
been tried. However, a coating must not only be hard,

20 but must have excellent adherence to the substrate being
coated. Known DLCs often reguire an interlayer to
adequately adhere them to a substrate. Ordinarily the
presence of such an interlayer may not pose a problem.
However, to preserve a precision edge, the total

25 thickness of all deposited coatings must not appreciably
increase the radius of curvature at the extreme tip of
the edge which is very small. Further, the additional
process of depositing interlayers between the DLC and the
substrate increases the production cost. This can be

30 significant, and even eccnomically unsound for low cost
items, such as disposable razors and disposable razor
blades.
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20 but nust have excell ent adherence to the substrate being coated. Known
DLCs often require an interlayer to adequately adhere themto a substrate.
Ordinarily the presence of such an interlayer nmay not pose a problem
However, to preserve a precision edge, the total 25 thickness of al
deposi t edvEomiabsrgs nmust not appreci ably increase the ragictausdésisaeg vat ure at
the extrene tip of the edge which is very small. Further, the additional
process of depositing interlayers Qe&mgen the DLC and the substrate

i ncreases the production cost. This Can be 30 significant, and even
econom cal ly unsound for |ow cost itens, such as disposable razors and

gic%)a;gg}e razor bl _?_Ei%tefore\l\ﬂa95&:3:31¥§7 harg, hi_gl';llly adéxﬁrent,

- 4- er I &, . g R adner en ,Aterrperature,
pH and chgégiﬁraﬁn%%%siqq \%er&\lC(‘%F ?‘%ﬁgghjé?g%g%rblg} eglpcp TS (ﬁ’ﬁ%t et al and _
non- net al REriRRleLd -Ppresdr Petgledndi ven omRfesl Wutfaresaps vi ng
i nt er | ayersrefemn|gdiei diighledgees vi ehber Sp PR Gnc BT akMVEINTI ON 10

The pr%s_en&,o‘gm/iegs% ;rg{bﬂc%a(yersq%%qgt 0 precision edge-preserving, corrosion

and erosion res t1Tngs madé froma class of dianond-1ike material s,
and substrates coated therewi th. The di anond-1i ke nanoconposite materials
can be "tuned" or predictably and

SUMMARY OF THE INVENTION

10 The present invention is directed to precision
edge-preserving, corrosion and erosion resistant coatings
made from a class of diamond-like materials, and
substrates coated therewith., The diamond-like .
nanocomposite materials can be "tuned" or predictably and

15 desirably altered by manipulating the chemical
composition, to result in the best combination of
?roperties, offering maximum edge preservation protection
to the coated substrates.

20 In one embodiment, the present invention
relates to a method for preserving precision edges of a
precision-edged substrate, particularly a sharp-edged
substrate, by providing a substrate to be coated and
applying to the substrate a coating made from a class of

25 diamond-like materials. The coatings are formed from
interpenetrating networks comprising a first network of
carbon in a diamond-like carbon network stabilized by
hydrogen, a silicon network stabilized by oxyger and,
optionally, at least one network of dopant elements, oxr

30 dopant compounds containing elements from Groups 1-7b and
8 of the periodic table.

A still further embodiment of the present
invention relates to a precision-edged apparatus
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15 de5|rably aItered by nanlpulatlng the chentcal conp05|t|on to resul t

: =servati on
_protectlon to the coated substrates 20 In one enbodlnent t he
present invention relates to a nethod for preserving precision edges of a
precisiogﬂegﬂﬁgwsubstrate, particularly a sharp-edged sypsisssdRassby
provi ding a substrate to be coated and applying to the substrate a coating
made froma class of 25 dianond-like materials. The coatings are forned
frominterpenetrating networks conpr?stng a first network of carbon in a
di anond- | i ke carbon network stabilized by hydrogen, a silicon network

stabi || zedo G AR PiskeclBliLANablYg BloboAn cagcael wock g1 dopant

el enent s ant” conpounds Tontal ning elements from G ouyps 1-7b and
8 of the PRFFOHFIOR a?d?gee PK?FFI"F“?UF‘P%H“%WOT&W"&P% RBPHIE ent
i nventi on rel @bessistargreedissmadeetiged appbast usf diawOn871iRE57

R R T o M
made frlom ‘éa%P%fEsUbfa ’zfgﬂﬁ’ﬁ‘ﬂi hﬁgg ﬁﬁt‘]%?ri‘aﬁe lﬁtgég:lalt?ﬂ'gllﬁéﬁeEYatl ng atomi c
scal e net viopdsogdn 5 £ aylams-ilike didioon-hetwordardiabildkedr kyst abilized by
hydrogen, agl&ass-ddd&ptldna@yNet WRLKsSt 0L | dFfi iRhal network of

dopant elements or compounds containing elements selected

from the group consisting of elements from Groups 1-7b
10 and 8 of the periodic table.

BRIEF DESCRIPTION OF THE DRAWINGS

i5 FIG. 1 is a schematic diagram showing the
principle wmicrostructure of two-network (A}, intermediate
(B}, and three-network {C) nanocomposites.
FIG. 2 is a schematic diagram detailing the
20 main method of fatrication of the DLN coatings.

FIG. 3 is a schematic diagram detailing the
methods of fabrication of DLN coatings using reflected
beam flow.

25

FIG. 4 is a schematic diagram detailing a

preferred DLN fabrication and deposition chamber.

FIG. 5 is an enlarged cross-section view of a
30 razor blade coated with the DLN coating.

FIG. 6 is an enlarged cross-section view of a

razoy blade coated with the DLN coating and an
interlayer.
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oxygen, and optionally at |east one additional network of dopant elenents
or conpounds containing elenents selected fromthe group consisting of

el enents from G oups 1-7b 10 and 8 of the periodic table. BRI EF DESCRI PTI ON
OF THE DRAW NGS 15 FIG 1 is a schematic diagram fpsgmngthe
pri nci pl U8 ruct ure of two- net work (A, internediat (‘I’Bﬁ’ d
three-network (C) nanoconposites. FIG 2 is a schematic diagramdetailing
the 20 main nethod of fabricationoff the DLN coatings. FIG- 3 is a
schematic di agram detaili ng the rret hods of fabrication of DLN coatings
using refl ected beang% t_‘s a_sche tic di a nam, detailing a
preferred DLN fabricalion and pc?ezﬁﬁ?sﬁ S CASHL3T .2 AE° gﬁ enl ar ged
cross- sect PEN-9pawedf razgp blades imcstporsheddinke hthﬁéleBLd\l coating. FIG 6
is an enl arged cross- sectlon view of a razor blade coated with the DLN

coating and an inter 7/,12757
PCT/ US96/ 15358 - 6- F*‘ it per%rpaéﬁ{ D N ng DLN-coat ed

razor b# adé@rfﬂﬁcéﬁﬁ'@%a@@dﬁ‘P feake bdfedd. thpGwogl | ekt gruiptresit pl ot t ed
val ues of {Besus the number of cuts for chromium and DLN coated

blades.

10 DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to precision
edge-preserving, corrosion and erosion resistant coatings
made from a class of diamond-like materials and

15 substrates coated therewith. The diamond-like materials
can be "tuned" or predictably and desirably altered by
_manipulating the amounts of substituent to result in the
best combination of properties to offer maximum edge
preservation protection to the precision-edged

20 substrates.

In one embodiment, the present invention

relates to a method for preserving precision edges of a
substrate, particularly a sharp-edged substrate, by

25 applying to the substrate a coating made from a class of
diamond-like materials. The coatings are formed from
interpenetrating networks comprising a first network of
carbon in a diamond-like carbon network stabilized by
hydrogern, a silicon network stabilized by oxygen and,

30 optionally, at least. one network of dopant elements, or
dopant compounds containing elements from Groups 1-7b and
8 of the periodic table,
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5 force required to make cuts in the wool felt cut test versus the nunber
~f—ettis—f-or—cirmr-onttrrard—bBitcoatedt—btades— 00— —DBETAIED
DESCRI PTI ON OF THE | NVENTI ON The present invention is directed to precision
edge- preservi ng, corrosion and erosion resistant coatings nade froma cl ass

of di angfslodike materials and 15 substrates coated therggwnidenshss
di anond-11ke materials can be "tuned" or predictably and desirably altered

by mani pul ating the amounts of substjtuent to result in the best
conbi nati on of properties to offer Xi mum edge preservation protection to
t he precision-edged 20 substrates. In one enbodi nent, the present invention

relates to a nmet hodréfreié §S&FpHdE: Rreehss0RpRULESt idn A Substrate,
particularly a sharpsedged substr at by, 25 plying tq the substrate a
Poat| ng. nRAECH? BN aBaTacts GPHRAARIRE (OKEenEhe 1Hr ohr et os o o
formed froarravingendt 2 asubgtraftasoiesud SApai snngher ¢PnvarganasodiE of carbon

in a di anpRd- bikesCat bore Nl 3 hickedvBYa WHs PO gL ikdfi ]g:og net \tNor k
0] opan

St abL 14 2o gy, 0t 20 9ploran sl LEoSloppg fethorc of dopant
t he peri odnderabbed to B @ Kf/From about 25 angstroms up to
PCT/ US96/ $8988at /microns. For very sharp blades, the radius of
curvature is from about 75 angstroms to about 1000
angstroms. For other less sharp cutting tools, the
10 radius at the tip may be up to hundreds of microns, while
still being considered a precision edge.

Corrosion is defined as the electrochemical

degradation of metals or alloys due to reaction with

15 their environment, which is accelerated by the presence
of acids or bases. In general, the corrodibility of a
metal or alloy depends upon its position in the activity
‘series. Corrosion products often take the form of
metallic oxides or halides. In addition, corrosion may

20 be considered to be the degradation of non-metal
substrates by exposure to natural environmental
conditions as well as exposure to organic materials.

In addition to the edge-preserving and

25 corrosion-resistant properties of the coatings of the
present invention, the coatings are strong and exosion
resistant, such as to chemicals, abrasion, or ablation
while also being highly thermally stable. The coatings
would therefore be imperviocus tc biological or chemical

30 attack. The resistance of the ccatings of the present
invention to erosion, reduces the possibility of, for
example, physical chipping. This results in the surface
of the substrate being less likely to exposure to
environmental corrosive forces. The coatings have
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For the purposes of this application, a precision edge is understood to be

the area of ultimte narrow ng of a substrate, resulting in the convergence
of two sides of the substrate to achieve a small radius of 5 curvature at a

tip. Asnmall radius of curvature is understood to be one of from about 25
angst r FQ WPt several nicrons. For very sharp bl adesPCTHE¥3Bus of
curvature is fromabout 75 angstrons to about 1000 angstrons. For ot her
l.ess sharp cutting tools, the 10 - r8adius at the tip may be up to hundreds
of mcrons, while still being considered a precision edge. Corrosion is
defined as tﬂfael ectrochem cal _de radatlgn of net alé or alloys due to

r

reacti on®%F¢ ?’Feré‘?ﬁ/ltr Ous, FHOREFEE5ECBPEr 8F8d by the presence
of aci dsresipears. t¢ rr:lg@rmlalshctdks atoededabeldi tymperatueeal or all oy

depends Hepondt ShPHS| kndin | €b DR Kby a3 8kbaS- l@ﬁéreééQEnQéOdUCtS of ten
take the formof netallic oxides or halides. In addition, corrosion may 20

be considered to be the degradation of non-netal substrat es by exposure to
nat urfal environmenimlonenikedimerss Wdigl. &s sbrpesaneendaoggdni ¢ material s.

I'n addi tb?Bs&%é@@;&Q’&F M&?Q{ﬁ/'d“g:ﬁ?ﬂ £3adeChBOgi PH- Lesi stant properties
of the coat| s of present nventhnhaﬁplg coatings. are étrong and

er osi on PE@? ’aﬂ? eé%%?lu WP 19 cﬁﬁaﬁﬁe@al = sPGH, SBR4BTaPf oblGhi | e al so
bei ng hi ghbyenhexmmylm:iblm Filge. Goatel sydstwalktd 2Reisf opated i nmpervi ous

to biol ogiegl a0lapdenbeabrda at iadhin hacigg skance of the coatings of

the pyesgily tOYERH S0 S8y fl el SS® 15" nRon  ulboki¥ed on' O

the DLN coating 21.

Fig. 6 shows a coated blade 19 with a

precision-edged tip 24 comprising a substrate 20 that has

15 been coated with an interlayer 23. The interlayer 23 is
then coated with the DLN coating 21, which is finally
coated with the PTFE coating 22. The interlayer is a
Ehin layer of material selected fxom silicon, silicon
carbide, vanadium, tantalum, niobium, molybdenum and

20 alloys thereof, alone or in combination with one another.
The interlayers are deposited to a thickness of from
about 50 to about 500 angstroms. The PTFE is deposited
to a thickness of from about 10 angstroms to about 1009
angstroms, preferably f£rom about 25 to about 75

25 angstroms.

In one embodiment, the blades may be assembled
into a razor. Fig. 7 shows the blades 18 of Fig. 5
engaged in the head assembly 26 of a disposable razor 25.
30 An opening 27 in the head allows debris to pass from the
shaving plane. It is therefore understood that the DLN
coated blades of the present invention may be
manufactured as blades, such as replacemen: double-edged
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exanpl e, physical chipping. This results in the surface of the substrate
ety T eSS 11T Kelr'y L0 EXposSuUre to enviTonmentar corrosi ve forces.  The

coati ngs have WO 97/ 12757

PCT/ US96/ 15358 excel | ent adherence to various substrates and are resistant
to therwao7abmek at el evated tenperatures beyond thosepkmasss/t58s8er ode known
di anond-1i ke coatings. 5 In one enbodi nent, Fig. 5 shows an

enl arged cross-sectional view of a gazor blade 18 with a precision-edged
tip 24 coated with the DLN coating of the present invention. In Fig. 5 a
substrate 20 is coated with a layer of DLN 21. A thin coating of 10

pol yt et r adtt unimgAtehyligee bPABE) @2 may dwumcdeposiated antbheabbN coating 21.
Fig. 6 shous ,ﬁ% ated blade 19 with a precision-edged tip 24 conprising a
substrate 20 that has 15 been coated with an interlayer 23. The
interlayer 23 is then coated with the DLN coating 21, which is finally
coated with the PTﬁEecdahHageﬁQalTkmrﬂdﬁurdzﬂﬁethSp&efbtneBayer of materi al
selecked LLOMA aaa e%gaﬁﬂnr&g{&ﬂ&n SERAY Wla1baRl ghyfy- 1Leb! um

nmol yb enunlan ereo e or.in |na lon wth one

anot her . 9ﬂ99ﬁ%&?§r§néﬁﬁ dEﬁ%%l??xFQQf &hFhF@%ﬁ§§§ of from about 50 to
about S500swrgrtatess isThemPTEEedsoflepasidrechcdre selllfi-akabidiigédfr om about 10

angst r om0 AP e wHIRY , ABYSH' 8FEw1 PLALE MUt Ja19P BYOUlaZB:bRaRDOUL 75

atomic species, while both networks also structurally

10 stabilize each other. An example of a material with such
a structure is the diamond-like nanocowmposite (DLN} which
is the subject of U.S. Patent No. 5,352,493 and U.S.
Serial No. 08/249,167 filed May 24, 1994.

i5 In the DLN, a random carbon network, mainly in
the form of sp® bonded carbon is chemically stabilized by
hydrogen atoms, and a glass-like silicon network is
Ehemically stabilized by oxygen atoms, resulting in a
purely amorphous structure. "Amorphous® as used herein

20 refers to a random structure or arrangement of atoms in a
solid state that results in no long range regular
ordering, and no crystallinity or granularity. The DLN
materials have an amorphous structure and do not contain
clusters greater than 10 Angstroms. This absence of

25 clusters at the atomic scale is a characteristic of the
DLN coatings of the present invention. Clusters can
destroy amorphous nature of the structure, and can serve
as active centers of degradation. Cluster formation is
prevented in the sources, in the primary plasma, in the

30 chamber space, and during f£ilm growth.

The atomic structure of the class of diamond-

like nanocomposite (DLN) materials of the present
invention is shown in FIG. 1(A). The materials may have
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25 angstrons. In one enbodi nent, the blades may be assenbled into a razor.
Fig. 7 shows the blades 18 of Fig. 5 engaged in the head assenbly 26 of a
di sposabl e razor 25. 30 An opening 27 in the head all ows debris to pass
fromthe shaving plane. It is therefore understood that the DLN coated

bl ades ofwbhenfisesent invention may be manufactured as bp@foseengissh as

repl acenent doubl e- edged WO 97/ 12757

PCT/ US96/ 15358 -9- or single- edged_b&gdg, or may be incorporated into razor
assenblies. The fundanental structuré of the preferred 5 corrosion and
erosion resistant atom c scal e di anond-1i ke nanoconposites (DLNs) used to
coat the S%herQdm&UbSbé§&EStéSd£@cm€Hézfeﬁﬁ et wowRs 06 MBbParses f - abi | i zed
random net works Eagg still?h |§§g £ham cglﬂe{gg}gﬁggg rta]él ngé e)?rg speci es,

whi | e bot h et wor so structura I'ze eath ot Rn exarrple _
of a mater P&l avmcpﬁ‘béﬂéﬁlﬁns‘??u%‘t‘%lr‘éra}%s%%ndfnaﬁ‘ﬁﬁﬁ pRfengmTiRGHfosi t e (DLN)

which is the st eebupt bU-B FpdedtofNand pd22cd93 8a814), Sindesinml No.
08/ 249, &67 tyre%dt%f%ﬁzéf" ;zggé?rﬂé g )_} boﬁ eangaF%%nd%y%%a random car bon

net wor k7 main emcally
stabi | i zed nwwwéﬁr oenMgt olﬁfendaﬁdta A s euhekePspAPBORARBE VPR i S
chemi cal | y welaibidhe®edally boXI§EN Bhd MetwcdkllleR@nt8 8ther than the

C-H network may be referred to as alloying elements.

Further, silicon and oxygen atoms may also be used in the
10 dopant networks with other elements and compounds. _ )

The DLN coatings of the present invention may
comprise a two component network: the diamond-like
carbon-hydrogen network iﬁterpenetrated with the glass-

15 1like silicon-oxygen network. A three component network
may also be used comprising the Si-0 and C-H networks
with one or more dopant networks, with the dopants being
lnterspersed with the previously mentioned two
interpenetrating networks. In this instance three or

20 more interpenetrating networks will be present in the DLN
to form a so-called Me-DLN {metal-diamond-like
nanocomposite} network. It is understood that non-metal
dopant networks, may be incorporated as the optionally
present dopant networks interpenetrating the C-H and Si-O

25 networks.

The three networks (C-H matrix, Si-O matrix and
a dopant matrix) are bonded to one another mainly by weak
chemical bonds. Carbide formation can be prevented even
30 at metal concentrations as high as 50% {verified using
Auger electron spectroscopy, electron spectroscopy for
chemical analysis (ESCA}, extended x-ray absorption fine
structure spectroscopy (EXAFS) and Fourier transform
infrared spectroscopy (FTIR)). Again, the properties of
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purely anorphous structure. "Anorphous” as used herein 20 refers to a
random structure or arrangenent of atons in a solid state that results in
no |l ong range reqgular ordering, and no crystallinity or granularity. The
DLN mat eri al s have an anorphous structure and do not contain clusters
greater than 10 Angstrons. This absence of 25 clusters at the m c scal e
is a cha@¥82T™tic of the DLN coatings of the present FﬂVH?&‘(‘g Clusters
can destroy anorphous nature of the structure, and can serve as active
centers of degradation. Cluster formati-on is prevented in the sources, in
the primary plasma, in the 30 chanber space, and during fil mgrowth The
atom c structure of the class_of di am)nd | i ke, nanoconposite (DLN)

materi al s DFETHEITTTANS iGHeREi BATLSD SPYRIN Widerrengeeaferet it dat eri al s
may have onWhéddPati7 and the concentratlon selected, as well as

PCT/ US96/ %Bdeb&oisl&p? %?‘C ggga%g}gnégég dehgda@ggg\ggks of dopants,

as shown in FIG™ 14”3 ants may he an a conbi nati on
of the trdiRrtiRetrettHSs s&ﬁéfcﬁb‘ﬁenﬁt"atl‘lée?ﬁ cf‘??@"’(%%&ﬁscinﬂﬁeand 8 of the
peri odisc t@dl Boraxdhcetal the mollkretatrypetedf MEHemefcse( Cahliqe- O and the
dopant netdpide Mz ®lohianded LAseaERe P! AEL: ARALOTISA! Lia .L.xapx weak chenmi cal

bonds. The network el enments other t net wor k be referred to
as al |l oyi rRFPEERS. w‘lflﬂ @gsired; meednicrl ShFFEItR oﬁﬁr%?sﬁl a8 pe used in

t he chemical resistance can be imparted on the DLN coatings.

10 Preferred dopant elements to be used in the Me-
DLN network, and which are particularly effective for use
as dopants in a corrosion-resistant Me-DILN coating are B,
Si, Ge, Te, O, Mo, W, Ta, Nb, Pd, Ir, Pt, V, Fe, Co, Mg,:
Mn, Ni, Ti, Zr, Cr, Re, Hf, Cu, Al, N, Ag and Au; with W,

15 Cr, Z2r, Ti and Hf being preferred. Preferred compounds
which may be used as dopants include TiN, BN, AlN, 2ZrN
and CrN; with TiN and ZrN being most preferred.

The carbon content in the diamond-like

20 nancocomposite is greater than about 40 atomic % of the
DLN, preferably from about 40 to about 98 atomic %, more
preferably from about 50 to about 98 atomic %. Although
the DLN may theoretically be prepared without any
hydrogen, the hydrogen content is preferably at least

25 about 1 atomic % and up to about 40 atomic % of the
carbon concentration. The sum of the silicon, oxygen and
dopant elements and dopant containing compounds is
greater than about 2 atomic % of the DLN. In one
preferred embodiment, the ratio of carbon to silicon

30 atoms is from about 2:1 to about 8:1, hydrogen to carbon
atoms is about 0.,01:1 to about 0.4:1, silicon to oxygen
atoms is about 0.5:1 to about 3:1, and dopant to carbon
atoms is about 0:1 to about 1.5:1. Therefore, in the DLN

retwork, for every 1 part carbon, there is from about
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10 dopant networks with other elenents and conpounds. The DLN coati ngs of
t-he present invention nmay conprise a two conponent network: the

di anond-1i ke carbon-hydrogen network interpenetrated with the glass- 15

i ke silicon-oxygen network. A three conponent network may al so be used
conpri siw@oUids’Si - O and CG-H networks with one or nore depamssisissor ks, wth
the dopants being interspersed wth the previously nentioned two
interpenetrating networks. In this pgstance three or 20 nore

i nterpenetrating networks will be present in the DLN to forma so-called
Me- DLN (et al - di anond- | i ke nanoconposite) network. It is understood that
non- et al 0dGpant akdwor kst PaEY-bHcrydimyemr fxret abouheoopksonal |y present
dopant neaweﬁtsm 9%59&&@&{9{&&9 tiﬁa %ﬂégga%oﬁu: ©.437 n%\ﬂ&%&é- The three

networks (C-H nma , SI-Onatrix pant marlx are bonded to one
anot her mi Al 9aﬁ§smﬁ’é¥9?:‘?1Em E%Is‘{ﬁfhd% seBeMsi-dé £ 8r MRLFInCRABe prevent ed
even 30 aetwethl wevacpnesett prorsetrph lapadiiYcareont | edenei ng Auger

el ectron GBEeHr BSCOPYm LSS T ONo SRS IARREORY. sf phreleBbpgheanal ysis (ESCA),.
extendednéﬁ ¥gabso tion fipe structure spectiqQscopy FS) and Fourier

t ransf or FBE UBRR: TR RS Y ?53ra°,&§§lﬁtlFﬁe€Br BelpaEted VO
97/ 12757 to the Me-DLN network. PCT/ US96/ 15358 t hese

materials can be varied over w de ranges depending on the dopant and the

concentratlon sel ect ed as well as
low intrinsic stress found in the DLNs

10 contributes to their corrosion resistance properties. A
coating must not only be unreactive to a corrosive agent,
but should also act as a barrier layer, preventing
contact between the corrosive agent and the protected
substrate. DLC films typically possess high intrinsic

15 stresseg, and as a result usually suffer from pin holes

and overall porosity. Due to the comparatively low
stress present in DLN films and coatings, these coatings
‘are pore-free, and therefore resist chemical attack and
permeation.

20

The presence of the glass-like silicon network,

stabilized by oxygen, serves to prevent the growth of
graphitic carbon at high temperatures, to prevent metal
cluster formation in metal-containing three-network

25 nanocomposites, and reduce the internal stress in the
nanocomposite structure and thereby enhance the adhesion
to substrates. Thkis appears to lead to superior
adherence of the DLNs of the present invention to the
substrate material.

As already mentioned, to improve adherence of
coatings, DLC coatings often require an intermediate
layer between the substrate and the DLC coating. Often,
if the DLC coatings are tco thick, delamination occurs.
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t he .deposi tion technique and paraneters. As_already nentioned,_ the

structure of these conposites can be 5 tai.lored at the nol ecular |evel.
Therefore, unique electrical, optical, and other desirable solid state
properties with desired mechanical strength, hardness and chem cal

resi st ancewOAm13987 i nparted on the DLN coatings. 10 PCTUSI§ASEBer 1 ed
dopant elenents to be used in the Me- DLN network, and which are
particularly effective for use as dapagts in a corrosion-resistant Me-DLN
coating are B, Si, G, Te, 0, Mo, W Ta, No, Pd, Ir, Pt, V, Fe, Co, My, M,
Ni, Ti, Zr, C, Re, H, Cu, A, N, Ag and Au; with W 15 Cr, Zr, Ti and Hf
bei ng pr ef evaPripiagdyr eWiEBnpbanEEN WRaHinas e tige®rgsenbpant s i ncl ude
Ti N, BN, Al NnvénNiand aberwhtd IsNsangbod N g Meterpagberied. The

carbon content i,q.the dianmond-Like, 20, nanocQnpQsi t el r r _than about
40 atomc %ugfuatlﬁ'é’ BPR, rsgéfg?%bl yA r%rﬁa% z‘glﬁt' Z%‘Et gjl’gq;g%?ggésa?‘% ic % nore
preferably focompadded 89rectipoue UBeatwbstrage, Anchogge théchlX may
theoretigal lys chuRr %aak@ﬂgwaéhaﬂinaﬂyomyﬂf&g%e IS dtydeagentrentent is

preferably at .l.east 25__about atom c, % and about 40 atopic % of the
carbon conc l|’1§t%iyoﬁ.c a?ﬁeysﬁmg}é%cg & lsﬂ‘?%&n#%&%é’é’ﬁ%éﬁ& ESS‘én el enent s
and dopant deeMmitiiendoWoApbuRRSiFsSEHress cfug Han tAigo§i -2 8esHPEX Y of the

DLN. I n one srefiey bed ievbadtseabntt iButdli® e Gaige@AckOegbkiean 30 atons
is from apoq:te 2k toeabguEhB:%LNb drgg(gn o car bo'n‘ atQns i s gbput 0.01:1 to
about 0. 4: 1 TS AR 6 ok hEeRLNT SRECTL RTS8 1 PG SBBIPSS: 1, and
dopant 18 cdmrerlavems mgyabsuusediwibh difertDLNs5if dpséreflor eThén the DLN
tunability of the DLN structure also insures good
adherence of the DLN to the interlayer as the DLN may be
doped with a dopant to optimize compatibility and
adherence to the interlayer as well as to the substrate.
15 Such "tuning” is accomplished by incrementally altering
the particular dopant as well as the dopant
concentration. The DLNs may also have their properties
altered when no dopants are included. 1In addition to
altering chemical composition, changes in propexrties in
20 the two-network DLN system also can be achieved by
altering the deposition conditions in terms of
temperature and pressure, etc. The DLNs therefore adhere
well to both metal-containing and non-metal containing
substrates.
25
The DLNs of the present invention have
temperature stability far exceeding that of traditional
diamond-like (DLC) materials. Crystalline diamond is
stable to approximately 1100°C, upon which graphitization
30 occurs. Quartz nas long term thermal stablility to 1470°C,
and short term thermal stability up to 1700°C.
Traditional, non-alloyed diamond-like {(DLC) films are
stable only Eo about 600°C before graphitization occurs.
By contrast, the DLN structures used to provides the
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network, for every 1 part carbon, there is from about WO 97/ 12757

PCT/ US96/ 15358 - 12 - 0.01 to about 0.4 parts hydrogen, from about 0.125 to

about 0.5 parts silicon, and from about 0.0375 to about 1.0 parts oxygen.

In such aveewears8T if a third dopant network were present pcfasssassssy 1 part

carbon, there 5 would be from about 0.01 to about 1.5 parts dopants

dependi ng upon the desired characterigtics to be inparted to the Me-DLN

network. The low intrinsic stress found in the DLNs 10 contributes to

their corrosion resistance properties. A coating nust not only be

unr eact i vecesraséonr agd veregion repdistansurdatisgsacf tlke gpimsenter | ayer,

p[))rL gv;enlti Ngif08h8ELN DRAWE ETord & 3@f m&b&@;&gigb ﬁ?ﬂo‘@%rﬁ %th%ﬁtcd ed subst lr?t e.
il ms c . POSSESS i ntrinsi stresses,. and_3gg.a resu

usual | y su%’f\égir“ %#%%g%?ﬁh% e%ig&r%g' ovié‘ff"%ﬁfop%er J&s Fheamak (?ttaﬁ’éﬁ‘lty

conpar at i vefythewblis egxcends dhati @fDDRCS| whilenoresetrvims, théese coatings

are pore-fgperphdds| heisheri® r0& Seatlhem cal attack and perneation. 20 The

presence of the glass-like silicon network, stabilized by oxygen, serves to

prevent the growh of graphitic carbon at high tenperatures, to prevent
met al cluster fornatFenther netmitheoraaori nf fheweabeunosko’c to

about 1000°C, the chemical bonds of the carbon matrix of
DLN materials partly change from sp® to sp?. However, the

10 general structure of the nanocomposite and their
tdiamond-like" properties are preserved. By contrast,
under similar conditions, the usual *diamond-like" carbon
(DLC} is graphitized and loses its diamond-like
properties. In the range of from 400°C to 500°C

1s {preferably 430°C), a reverse transition is obsexrved,
whereby the ratioc of sp’ to sp? is increased. It is
believed that a varying percentage of the carbon in the
DLNs is sp® bonded carbon.

20 The density of the C-H and Si-0 two network DLN
varies from about 1.8 to about 2.1 g/cm?. The rest of the
space 1s taken ug by a random network of nanopores with
diameters varying from about 0.28 to about 0.35 nm. The
nanopore network does not form ciusters or micropores.

25 The properties of the two network DLN may then be
tailored by adding dopant. The dopants fill the nanopore
network in a random fashion, eventually resulting, at a
certain dopant concentration, in an additional network
without clusters or microcrystalline grains, even at

30 concentrations as high as 50 atomic %. At concentrations
below about 10 atomic %, the dopants are distrikuted as
separate atoms in the nanopores of the diamond-like
matrix. The average distance between dopant atoms in
this quasi-random structure can be controlled by the
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25 nanoconposites, and reduce the internal stress in the nanoconposite
structure and thereby enhance the adhesion to substrates. This appears to
i nventton 1o the
substrate material. 30 As already nentioned, to inprove adherence of
coatings, DLC coatings often require an internedi ate | ayer between the

substrat e @ahrikes?DLC coating. Oten, if the DLC coati ngspermesdsnsssshi ck,
del am nati on occurs. WO 97/ 12757

PCT/ US96/ 15358 -13 - Surprisingly, w &Q the DLN coatings of the present

I nvention, adherence is so good that an interlayer is usually not required.
As a result, the DLN coating nay be applied directly to the substrate, and
mor e t hi ckl worrattiragulon’ bEkthg depaid natwhen themrébhet sudstrate. The

ability to | i.cker .l r C lL.ng_r r e | ow
intrinsic s%s%n&féqtl%%t ﬁgg?(gc?%?x\%)%{e%%%& |g§ §§+{¢’%§%% %gc%:ﬁc]ﬁ\ ribute to
f he superi orRRSWs 29T 25 3remafice. ofhe OmINNSc ForadtBabskizd eMedelcour se, 10

i nterlayers dgtywdyk Usedhei bhint SerdddNsrd faslemioedin Fhe. tupapi lity of the
DLN structure al so i nsures good adherence of the DLN to the interlayer as
the DLN may be doped with a dopant to optim ze congati bility and adherence
to the interlayer as Ve e3dscipiedb miapantdes of the DLN structures

of the present invention can be continuously varied over
a wide magnitude (at least about 20 orders) from a highly
dielectric state to a highly conductive state while

10 preserving and improving the properties of the DLN state.
A transition to a superconducting state, with the absence
of electrical resistivity, is observed at low
temperatures for certain three-network nanocomposite
networks.

15

Another advantage of the DLNs of the present

invention is their relative hardness and durability. The
‘bLNs, especially the metal doped DLNs combine high
microchardness with high elasticity. The microhardness

20 values of the DLNs of the present invention range from
about 5 to about 30 GPa.

The DLNs may be synthesized via co-deposition

by clusterless beams of ions, atoms or radicals of the

25 relevant elements, where the mean free path of each
particle species exceeds the distance between its source
and the growing particle film surface, and each beam
contains particles of well-defined energy. Carbon-
containing particle beams can be produced by plasma

30 discharge in a plasmatron and extracted as charged
particles by a high-voltage field in a vacuum chamber and
directed onto the substrate.
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15 Such "tuning" is acconplished by incrementally altering the particular
dopant as well as the dopant concentrati en. The DLNs may al so have their
properties altered when no dopants are included. In addition to altering
chemi cal _composition, changes in properties in 20 the two-network DLN

syst em a4 be achi eved by altering the deposition cBFHVSIBHSSin terns
of tenperature and pressure, etc. The DLNs therefore adhere well to both
net al - contai ni ng and non-netal contaiéing substrates. 25 The DLNs of the
present invention have tenperature sta:oi i tC)r/ farI lexceeg! ng tga_t oft Dot
traditional dianond-]ljke (DLC), materials. ystalline dianond is stable to
approxi mately 1100] J}Jﬁ‘é‘e( FpSRSHT ORegPEBAPTT2G eBPPS ey (uff $he Quartz has
| ong ter medrtrived Hamibda tuseidd £b4:7&[hier DLE, ca_adiﬁ@gaéipiﬁgimam)erpa: stability
up to 170 Tradi gl I 5 0 nd-11ke I1lms are
slto abl e on?‘gleéé(‘:é%b'o tﬁg}o%d%dé%gggﬁghg%ggﬂ%?gt%% %%‘Elu%d.ct@y contrast,
the DLN st%/%tttﬁeséﬂiﬁtetc? % fde PhBIecuygry7indysmsystem 13,

PCT/ USS6/ 158&&rises «matesl anbendngr aspoponestsiaiic aaaddrigs. of the present

i nventi on fiavsudwnthi M stiakiilg Of short termstability
to 2000[err]C. 7 herelf ore tﬁgle_ﬂtlﬁepr%g}:ggtéégl I?%é%%% DLNs exceeds that of
DLCs mhilg?%%Xﬁﬁ%Qﬁ%ﬁquﬁ? injected. The precursor inlet system 13

is shown incorporated into the chamber through the
chamber base plate 11. The thermocathode 2 comprises a

10 resistively heated thoriated tungsten filament 4.
Substrates, 5 to be coated with DLN film are attached to
the substrate holder 6. The power supply 8 is used for
biasing the substrates {DC or RF}. 1In practice the
system is "pumped down" using normal vacuum pump down

15 procedures. A gate valve {(not shown} located. on port 7
is closed and the system is backfilled with dry air,
nitrogen or argon until the chamber reaches atmospheric
pressure. The door of the chamber, 9, is then opened and
substrate to be coated S are attached to the substrate

20 holder 6 using any of many possitle methods (spring clip,
screw, clamp, etc.}. Special fixtures may be required
for substrates of special shapes. The substrate holder
is designed in a way that it will also hold a cylinder
sample (not shown), which, in operation, rotates both

25 about the axis of the central drive shaft 10, and its own
axis which is perpendicular to 13. 1In this way, the axis
of the cylinder would ke perpendicular to the axis of 10.

When the substrates, for example razor blades
30 either singly or in a stacked arrangemernt, are loaded,
the door of the chamber is closed, the chamber evacuated,
and the gate valve opened tc bring system pressure down
to at least io* to 1C™® Torr, which is the desired range
of system base pressurs. When the above base pressure is
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5 anor phous, dianond-like state. Further, in the range of from about

GO0 ErT] T t0o apout 1000ferTiC —the chemcar—bomds—of—the carbomrmatrix of
DLN materials partly change fromsp[err] to sp[err]. However, the 10 _
general structure of the nanoconposite and their "dianond-Iike" properties
are preserwedsmByscontrast, under simlar conditions, the mi;gms;ss

"di anond-1i ke" carbon (DLC) is graphitized and |loses its dianond-1ike
properties. In the range of from400[efy]C to 500[err]C 15 (preferably
430[err]C) , a reverse transition is observed, whereby the ratio of sp[err]
to splerr] is increased. It is believed that a varying percentage of the
carbon in t hachbiéieed s apjer Idasbdesddateadioad 2f0toc the chamberlREzdensity of

e ey i Bhelld Wa iRl W ol i3l £8nLESM POy AL A |

/cnierr The rest of space IS ta om ne
%ang%ore]s w?ﬁeﬁ%tﬁ?% )ﬁ%"?‘ﬁﬂ‘ﬂs%uﬁxgoi%?olﬁbﬁutTOrBB nm The

nanopor e netpoekexkisky radoutornm3silost @osrqQr m‘herﬁgléé:ﬁént(:f&zr:?}ﬁ: ,prtgg;ert | ?S
of the t n DN b in opan opant s
fill the\gr)lang%%%&net a{%%ﬁ%@le %&tgr@#% 8&%&:1@&’ o%erﬁ 8%‘}1? &0 ttI%ﬁ at a
certain dopaR¥itThrdmtat iThe fidamengdarrFrenal indhoreumiantotthadl ust ers or
m cr ocr yst al passegrhrsuglevdie ahedthocaohRc8at (alddNsa BSed it as 50 atomc %

At concentragi phse ﬁlm@gogat}lgdgt)om ‘flae/" f}.fl%“%&géwi S, ars e i stributed as

separate atons I n the nanopor €s e average
di stance bet FRRF A pditOaieF: vk tagrs 2gRAked r sR deR s“‘tﬂmem’ce can be
cont rol lzed byapﬁmbxlmately -150V in relation to ground). Plasma

current is measured as the current between the filament
and the base plate or ground. This voltage provides the
field that moves electrons emitted by the filament to the
base plate 11. The electromagnet power supply provideé
15 current to the electromagnet, which creates a magnetic
field that results in the electrcn path becoming a
spiral, increasing the electron path length and improving
the probability of collisions between the slectrons and
the vapor molecules created due to precursor evaporation.

20 The substrate bias power supply is concurrently switched
on.

Switching on these power supplies results in
creation of an argon plasma, which is used to clean the
25 substrates prior to deposition. After the required
duration of cleaning, the precursor supply is opened.
Precursor flow is controlled via a needle valve and
occurs due to the difference in pressure between the
chamber and the outside atmosphere. When precursor flow
30 and vaporization in the chamber has stabilized, the argon
gas flow is turned off. The ionized precursor vapors
form a plasma, ions from which are accelerated tcwards
the substrate holder due to the substrate bias. Thus,
deposition of DLN film onto the substrate occurs.
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WD 97/ 12757 PCT/ US96/ 15358 - 15 -
concentration of the dopant. \Wen the relative concentration of the dopant
el enent or conpound reaches about 20-25 atomic % the dopants formthe
third (Me- Mepogizsork in the DLN structure as shown in Fl Gpctifsdensidae

el ectrical properties of the DLN structures of the present invention can be
continuously varied over a wide magnitude_ (at |east about 20 orders) froma
highly dielectric state to a highly conductive state while 10 ‘preserving
and inproving the properties of the DLN state. A transition to a

super conduct i ng st at e, Coi ddpodict sk a elfopaheCh&téﬂi?(IeﬁésééﬂHé(d i's
observed at e rtai ree- nanoconposi t e

net wor ks. 155,%\#0%%?8% vg%li Zpgfé&%l} C@hééﬁlﬁ}Ntstﬁgf ﬁ‘? Hgé%\?érsleﬁ ??l%??‘f%% i's
their rel ati #8IhERENBISNSHECH 8 st |S9ikcheeop REEeEshhei Bdsy t he net al

doped DLNs cpwbbsarbi pas nbesmhreLtiaas. W shubicgl ebassi ¢ééy.cdhe f
Tt e espeheltl deoete i, i and UREERED!UPILLER 00 oM
cl usterl ess BRRRESHLNG onéhentIRAHING ddisc BegnopceaepRishedevire el enent s,
where the neshuttee patbdpefedandd papdtitRdrdngpPesi esrexegedse tde ¢hst ance
between its §uscgqapgulber Aron nehRATLLC LRl JL UL B5esodnd, £acl, peam
of DLN film deposition, during DLN film deposition, after
10 DLN film deposition, or intermittently during DLN film
deposition, depending on what kind of film structure and
composition to be deposited are desired. Using DC or RF
sputtering, wmaterials of all kinds {metals, ceramics,
alloys, etc.) can be used for co-deposition.
15
The growth conditions for nanccomposite films
are as follows, with reference to FIG. 2. The pressure in
the deposition chamber 1 should not exceed 1073
torr, with the pressure in the active zone of the plasma
20 generation 2, in the range from about 1.0 x 10°® to about
5.0 x 10 torr. The temperature of the substrate should
not exceed about 200°C with the temperature of the cathode
filaments being in the range from about 210¢ to about
2950°C. The current in the cathode filament is from about
25 70 to about 130 A, with the voltage across the filament
being from about 20 to about 30 V. The voltage with
respect to the ground is from about 70 to about 130 V
with the plasma current being from about 0.5 to about
20.0 A. The voltage of the substrate hclder is from
30 about 0.1 to abou:z 5.0 Kv, with all the carbon-
containing and Si-containing species having kinetic
energy in the range of from about 100 to about 1200 eV
ard from about 25 to about 300 eV respectively. The
metal beams consist of free atoms or monatomic ions. The
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contains particles of well-defined energy. Carbon- containing particle
beans. can be produced by plasma 30 discharge in a plasnmatron and extracted
as charged particles by a high-voltage field in a vacuum chanber and
directed onto the substrate. WO 97/ 12757

PCT/ US96/ 15358 - 16 - Figure 2 shows one preferred enbodi nent of the
coating cha¥Pao/i2ssed for the DLN coating deposition procesBCT/HSHASIEM
deposition chanber 1 is provided to coat a substrate sanple. A precursor
inlet system 13, 5 conprises a netal -tidpe-and a porous ceramic material 3
t hrough which a liquid precursor, preferably a polysiloxane, is injected.
The precursor inlet system 13 is shown incorporated into the chanber

through the kKRBARBEF BASEIY| @ £hel mepsd afteomgbianhodes? rYmsNared a 10
resistively laeaimedbblioreséed WHIES L pridduaept £how S r Btas abodtd be

coated with Il I tta t.o the substfat ol der. 6. e power
supply 8 is EéngPogbngs?h% ‘Eg%dosuurﬁsttrhaet'gggf& Bgt%ﬁg%l}he p?rlggtllsge t he
system is "pémrpadaBewk" Ouli ¥R aRMHal2 Padderoparprathens procedures. A
gate valve (not shown) |ocated.on port 7 is closed and the systemis
backfilled with dry ai ' ggg r__argon cunt | he ¢ eaches

at nospheric pressure, %ﬁ%ﬁ%%%? 0 (fﬁ?'g%aﬁgeP?ég?&}éhg %ﬁqﬁ%gaed and
substrate t o3pRlEEAFEENE BF @ RAWHEE F eheuSubsI¥BEe Torr, a

plasma current of about 1 amp., a filament current of

from about 60 to about 75 amp., a substrate voltage of

19 from about 600 to about 1000 V DC, or forward power of
about 100 W in RF mode. The preferred frequency for RF
mede is from about 90 to about 300 KHz. The preferred
magnetron power depends on the type of material,
composition and structure desired for the DLN coating.

15

In a further preferred embodiment, a plasma

gischarge in a triode plasmatron is used for DLN
deposition, as shown schematically in FIG. 3, with the
plasma energy density above about 5 Kwh/gram-atom of

20 carbon. The charged particles are extracted by a high
voltage field in the vacuum chamber and directed ontc the
substrate. It is preferable that the potential of the
substrate holder is from about -0.3 tc about +5.0 Kv, and
most preferably 1.0 +/- 0.2 Kv for DC and RF. In the RF

25 mode, the frequency is in the range of from about 0 to
about 25 Mhz, and preferably from about 20 to about 300
kHz for RF. The ratio of the electron emission to the
carbon precursor flow in the plasmatron is from about 0.5
to about 1.5 electrons per particle.

30

Organosilicon compounds, such as siloxane, ares

preferred precursors for C, H, Si and 0. One preferred
organosilicon compound is polyphenylmethylsiloxane,
containing 1 to 10 Si atoms. The high boiling point
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20 hol der 6 using any of many possible nethods (spring clip, screw, clanp,
etc.). Special fixtures may be required for substrates of special shapes.
The substrate holder is designed in a way that it will also hold a cylinder
sanpl e (not shown), which, in operation, rotates both 25 about the axis of
t he central (gléive shaft 10, and its own axis which is perpendi cular to 10.
In this ma&? Wexi s of the cyl i nder woul d be perpendicuW&FnﬁawFﬁ% axi s of
10. When the substrates, for exanple razor blades 30 either singly or in a
stacked arrangenent, are |oaded, the &%r of the chanber is closed, the
chanber evacuated, and the gate val ve opened to bring system pressure down

to at least 10[err] to 10Lerr.] _Torr Lch is the desired range of system
base pressur®r e§|ﬂ§Yé%8véLﬁ§§8uSF sgtﬁﬁféiy intgpt 7/3?557g
PCT/ US96/ 1535basmal Zregiphitdyetghangpargas ¢exrdnilr odusetialhvocehamichanber

vi a ﬁ need| e(yaiﬁ/tenlus.rr@i%ntsl ay feﬁﬂ&?{o%é%eaﬂéﬁ i at %agaaﬂ%ﬁr prestsure
reaches approxi nate err o err orr, prefera apou

1-3x10[ err] é%#¥@°cﬁ§§ ﬁ?a%éntkgﬁrpéﬁ%?gt?ﬂéEéiﬁqt§ﬁ§hﬁmﬁﬁﬁé°§nﬁ t he

el ect r omggnetheovermaggsibpdase af fientsthe chreapmmt itne firkgmentationent is
the current Lhat; HASAAS dhb2Ughet BeebissoPGRINRAA eabsorfal bedrile fil ament

or the cathodg).. The fil.anment .bias.is the constant floating voltage applied
to the fil an%ﬁtt}'ﬁ) CerdbS o X eFfl‘e?Tgﬁ\Pf’}FtrJéﬂrﬁi B&n af‘olﬁgoﬁﬂﬂf‘?e Pl asma

for the plasma generator. An alternative method for
injection of the siloxane precursors is to use direct
10 injection from a diffusion pump.

The formation of dopant-containing beams may be
realized by any one of, or combination of, the following
methods: 1) thermal evaporation; 2) ion-sputtering; 3)

15 ion beams. The dopant-containing beams are directed onto
the growing film surface through the vacuum chamber to
exclude interparticle collisions in the deposition
Chamber itself. Substrates are placed in an adjacent
chamber on a rotating substrate holder, (for example a

20 drum) which ensures double rotary motion, said adjacent
chamber being connected to the plasma generation chamber
by an opening for the emission of the atomic or ionic
beams, as shown schematically in FIG. 3. Altermatively,
the plasma generation may be carried out within the

25 chamber containing the substrates (Fig. 2}). A DC or a
radio frequency potential is generally applied to the
gsubstrates during the deposition process. No external
substrate heating is required. The substrate holder may
be designed specifically to hold parts of different

30 shapes such as cylinders, as would be apparent to one
skilled in the field. Useful variation of the above
described methods for deposition of DLN films include the
use of sputtered silicon and oxygen gas as precursors for
the 8i and C,, the use of sputtered carbon and hydrogen or
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current is measured as the current between the filanment and the base plate
or ground. This voltage provides the field that noves electrons emtted by

The TTTament to (Ne base prate Il. The elrectronagnet power SUPPTy provi des
15 current to the el ectromagnet, which creates a magnetic field that
results in the electron path becomng a spiral, increasing the electron
pat h | engt wasth2zzsmpr ovi ng the probability of collisions bepuwusssissss

el ectrons and t he vapor nol ecul es created due to precursor evaporation. 20
The substrate bias power supply is congurrently switched on. Switching on
t hese power supplies results in creation of an argon plasm, which is used
to clean the 25 substrates prior to deposition. After the required
durati on of byémocagbon hmaspremd s csupphyand bpdnegen Rpesunsmors,| ow i s

control I ed vha anpesdhs: Vil i abQurs due to the difference in pressure
bet ween the chanber and the outside atnosphere. Wen precursor flow 30 and

vapori zation in the chanmber has stabilized, the argon gas flow is turned
of f. The ionized precursordegpdirtsidroom aoplasnductimg $ulsnydtiesh are

accel er ated %Qﬁl\?g ﬁg{@séﬂpst qgee‘}%qg %@rggg Logide gﬁ%g,?_t%bl as. Thus,
dep05|t|ono monto the substrate otcurs
PCT/ US96/ 15353‘11‘:%%8 ipreffrsiad Jrsy 2abkdgh aﬁ?“ﬁ%ﬁ%r‘f%ﬁg?% ¥ ried
directed to the substrate as shown schematically in
FIG. 4. The process employs depositions similarly to
those shown in FIG. 3, except that a reflecting electrode
1¢ is used to generate a neutral beam. This process
eliminates surface damage of the substrate resulting from
charged and/or fast particles impinging on the substrate
during growth. :

1s Extremely uniform and nonporous thin dielectric
films may be deposited according to the present
invention. The thickness of the deposited DLN coating
‘has no theoretical limit. Existing technology and
available equipment have allowed atomic-scale composite

20 films and coating thicknesses typically in the range from
about tens of angstroms up to 10 micrometers. The
thickness of DLN deposited to adequately protect a sharp
edge will depend upon the nature of the substrate. Very
small sharp blades may only require DLN coatings from

25 aboutf 5 nanometers to about 150 nanometers, while other
apparatuses may require a protective DLN layer which is
several micrometers (microns) thick. Therefore, the
above-described DLN coatings of the present invention may
be deposited on the selected substrate, or on interlayers

30 if desired, in thicknesses ranging from about 5
nanometers to about 12 micrometers, preferably from about
20 nanometers to about 12 micrometers, depending only on
the desired application of the coated substrate.
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out as follows. Argon flowto the nmagnetron is commenced and the nagnetron
8 is switched on after the base pressure has been reached. A shutter 12 is
used to 5 prevent deposition while the substrate is cleaned via sputtering.
When cl eani ng has been acconplished, the shutter is opened and sputtering
is carried out at the desired power level. This may occur prior to
comrencemen¥O8¥1336N fi| m deposi ti on, during DLN fil m deposPETHR1538er 10
DLN fil m deposition, or |ntern1ttently during DLN fil m deposition,
dependi ng on what kind of film structuee and conposition to be deposited
are desired. Using DC or RF sputtering, materials of all kinds (netals,
ceramcs, alloys, etc.) can be used for co-deposition. 15 The growth

condi tions for nanoconbbei4ePesitkom mavader sPLdRELIWPE h" Fenedtice to FI G
2. The pressmeeti ohéherdpposiés areqhiardieifol ahpukdisatagxceed 10[err] torr,

with the preaagigcaelaﬂe aflhd ViEa RIS ﬁiteg%%ngkﬁgengoofg@ﬂgr 802, 1N the

range from ab é& to abou torr e tenperature
of the substFafﬁesﬂﬁﬁVﬂrhd? BRFIYSRS EQGFQFW]EFRFPﬁtFH%ft%H$erature of
the cathdile btraneatesbénngll nditectiomge fmhe abouttidted ape afwnd of

2950[ err] C. E\E‘I]MSrSﬂ:B%@Qt eln the @ﬁiéﬁ%esrgésl RFELbol:S 550&399% S5g/0 Lo

about 130 A, e vo tage across_t ['anent beée n? rom about 20 to
¢

about 30 V. TR&- voFP%gELNFt%F?e%$E%ﬂfQF? Fﬁér§W6&NdsF§b ORRGRRRSSEF t 0
about 130 V whifgueheombasawicms rehtchmiinglf,r emchbaiital, Seloctbonic 20. 0 A

The vol t age ghdtggﬁéyggﬁagéglgglﬁggpéf% ifdg0m 30 about 0.1 to about 5.0 Ky,

with aII the carb

Many uses for the precision edge-preserving DLN
coatings of the present invention exist, including but
not limited to the coating of metals and non-metals,
surgical instruments, razor blades, industrial and non-

i5 industrial tools, cutlery, knives, pocket knives, and any
precision-edged substrates which arxe vulnerable to
corrosive and/or erosive attack, and dulling. The
%ollowing examples serve only to further illustrate
aspects of the present invention and should not be

20 construed as limiting the invention.

EXAaMPLE 1
25 Deposition of Undope IN Coatings on Razor Blades

One set of 2000 razor blades was coated on both
sides with undoped DLN. The razor blades were mounted on
a steel fixture with the blade edges facing the
30 deposition sources (the blades held parallel to the
beam). Deposition was carried out at a pressure of 1.1 x
106"* Torr, a plasma current of 1.0-1.1 amp. and an RF load
power of 125W. The deposition took place for 30 minutes.
Shutters were used to shield the substrates during
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contai ning and Si-containing species having kinetic energy in the range of

fron]about

WD 97/ 12757

ki neti c ene

rate of the
preferred r
1- 3x10[ err]
from about

to about 10

100 to about 1200 eV anq from about 25 to about 300.eV.

PCT/ US96/ 15358 -

- The
19 -

rgy of the netal atons/ions does not exceed from about 25eV.
Wth a pregiyggnysh! ow rate fromabout 0.5 to about 5.0 ccpepusesnsi® growth
DLN is fromabout 0.1 to about 2.0 m croneters/hour. 5 The
ange of operation for nost_applications is a pressure of about
Torr, a plasma current of 2dbout 1 anp., a filanment current of
60 to about 75 anp., a substrate voltage of 10 from about 600

QR a¥the, agH Eaﬁz\awn RQE\ﬂfhé)f ﬁmruéﬁo Wi neigE node. The

f df bout bout 300 KHz. Th
B;gfg;;gd ngf §§$§§°BO%EE dggeﬁds Tﬁgéaﬁ§i53§éh6f hﬁ? é%hf”ﬂbnp05|tloﬁ and

Sstructure d

ergSrUéaefionnt hedepds toed DN thE cknegsf aft Hee 0 prrefshrass:

embodi ment, @ pl %&E&oﬂtéééb@f gsnlan @.a{cfel g@%fabasaaia%nat_s £638Ghd ¥heDLN

deposi ti on,
density abo
are extract

10

15

20

25

as shown s

h the pl as ener gy

FEPAFEGE OB Eﬁﬁ?gr%ﬂ&aﬁcﬁﬁ fa93§tr85r£% ™ R % particles

deldy a5 hi §A° angle to the deposition beam The thickness
on the ultimate blade tip was approximately 3000-5000
angstroms, which was too high, resulting a dulling of the
blade.

EXAMPLE 2

A second coating run nearly identical to that
described in Example 1 was conducted, except that the
test time was 10 minutes. The shorter test time resulted
in a deposited DLN coating thickness on the blade edges
of approximately 300-500 angstroms. The radius of the
élade tip after coating was 200-300 angstroms.

EXAMPLE 3

Depcosition of Doped DLN Coatings

Additional blades were coated with Zr-DLN and
W-DLN under the following chamber conditions. RF bias
frequency was 100-250 kHz, the load power was 80-120W,
forward power was 100-150W, with the tungsten (W} and
zirconium (Zr) doping at from about 10-20%.
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voltage field in the vacuum chanber and directed onto the substrate.

preferable that the potential of the substrate holder is from about
about +5.0 Kv, and nost preferably 1.0 +/- 0.2 Kv for DC and RF. In
25 node, the frequency is in the range of fromabout 0 to about 25 Mz,

and preferabl
el ectron en’®

such as siloxane, are preferred precurspors for C, H S and 0..0One

preferred organosilicon conmpound is polyphenyl net hyl sil oxane,

to 10 Si atons. The high boiling point WO 97/ 12757

PCT/ US96/ 15358 -

It is
-0.3 to
the RF

éTfron1about 90 to about 300 kHz for RF. The ratio of the

B35t 0 the carbon precursor flow in the pl askFe¥YEEP383 1 rom

about 0.5 to about 1.5 electrons per particle. 30 Organosilicon compounds,

containing 1

20 - siloxanes may be introduced directly into the active

pl asma region through a porous ceranexaMeLBY&t al | o-ceramic (3 in FIGS. 3 and
4) which is heated via radiation thernocathodes 4. The photon and el ectron

5 t he_t ernncathodes affect the evaporation, fragmentation and
ionization o E | es on the surface of the ceram c, which

em ssi on of

t her eby ﬁhnctlons as an ion source for the plasma generator.

method for injection Oihéhﬁlédéé”ﬁﬂH%eﬁf%%%B%ﬁiﬁg'éotéhéﬁﬁiégééﬂ¥éslo

injection froma diffusion_p

10

15

20

25

30

of Examples 1-3 wégg tested by applying the blades
against wool felt and cutting the felt 500 times. The
difference between the force required to make the cut the
first and last (500th) time was determined. A lower
cutting force was required by the blades coated with the
DLN versus chromium coated blades having a PTFE layer of
2000-3000 angstroms. See Figure 8.

EXAMPLE 5

Mechanical Properties of DLN Films

High hardness and mechanical modulus
measurements were obtained on 9 different compositions of
DLN and doped-DLN films. Measurements were carried out
using a nanoindenter {Nanoinstruments, Knoxville, TN).
Hardness ranged from about 6 to about 21 GPa. Elastic
modulus of from about 60-220 GPa was achieved.
Hardness/modulus degradation in the films was minimal
after exposure to 500°C.

Many other modifications and variations of the
present invention are possible to the skilled
practitioner in the field in light of the teachings
herein. It is therefore understood that, within the
scope of the claims, the present invention can be
practiced other than as herein specifically described.
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The formation of dopant-containing beans nmay be realized by any one of, or
conbi nation of, the follow ng nethods: 1) thermal evaporation; 2)
TOM-SpPUTTering, 3) 15 1on beans. The dopant-contal ni ng beans are directed
onto the growng filmsurface t chanmber to excl ude
interparticle collisions in thelummmmmﬂ"\ﬂmu r itself. Substrates are
pl aced i n amoemj2asent chanber on *a rotatimg su rat e hol dectrus%ns3séxanpl e
a 20 drum which ensures double rotary notion, said adjacent chanber being
connected to the plasnma generation chaer by an opening for the em ssion
of the atom c or ionic beans, as shown schematically in FIG 3.
Alternatively, the plasna generation may be carried out within the 25
chanber contWHAT NIStCABMBIstrates (Fig. 2). A DC or a radio frequency
potential is generally applied to the substrates during the deposition
process. No external substrate heating is requjred. The substrate hol der
may be designed speci f¥cal By MeFPRE §OpaPFESEFVRT fBRIRCIFI O 1894985 such as
cylinders, astvwoubxkdicsippadged sobsneaski tompeisinde fiel d. Useful

vari ation of the above,dRsdided PRehodsohoLadapasisdan, D fil ms

I ncl ude the use of sputtiryed Si licon _and ox%%en as as, precursars for the
Si and (err] the use BIPIPNG &FeFatdr 5BRSY t"h;%r‘b?e‘h‘ ma Te% 12757
PCT/ US96/ 1538 8dtakind - oy coarildoscgas maedriasl choimed diwbrhydr ogen
precursors,

interpenetrating networks comprising a diamond-like
carbon network stabilized by hydrogen, a silicon network
10 stabilized by oxygen, and optionally at least one network
made from dopant elements or dopant compounds containing
elements from Groups 1-7b and 8 of the periodic table.

2. The method according to claim 1, wherein
15 the carbon, hydrogen, silicon and oxygen are cobtained
from the decomposition of an organosiloxane having from
about 1 to about 10 silicon atoms.

3. The method according to c¢laim 2, wherein
20 the organosiloxane is polyphenylmethylsiloxane.

4. The method according to claim 1, wherein
the carbon content of the coating is from about 40 wt.%
to about 98 wt.%.

25
5. The method according to claim 1, wherein
the carbon content of the coating is from about 50 wt.%
to about 98 wt.%
30 6. The wmethod according to claim 1, wherein

the carbon to silicon weight ratic of the coating is from
about 2:1 to about 8:1.
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or any conbi nation thereof. For deposition on non-conducting substrates, 5
such as plastic, a nethod whereby a flow of neutral radicals is reflected
froma high voltage target and directed tothe substrate as shown
schematically in FIG 4. The epositions simlarly to those
shown in FLG 3, __except that mmﬂﬁwmhﬂﬁﬂl#trode 10 is used t enerate
a neutral B‘é%??ﬂz"sf"hi S process €l a1 nat es sur4 ace danage oqurI‘n‘ésgg’bsgg rate
resulting fromcharged and/or fast particles inpinging on the substrate
during grow h. 15 Extrenel36 uni f orm and nonporous thin
dielectric filnms may be deposited according to the present invention. The

t hi ckness of the deposjted N coati.ng has no theoretjcal limt. Existing

t echnol ogy and available e epﬁ?%‘?‘oﬁiagé’caf‘ﬁbﬂ%dt%t%]rﬁ’d‘-‘ Seal'®&&EtPosi te 20
films and coulré ngl itk nes seydeypiwediahy icatideof arlye doxomirapdigt frems of
angstrons upaboudOp N oF Wt Bhg .t hickness of DLN deposited to
adequately protect a sharp edge will depend upon the nature of the
substrate. Very small sharp blades may only require DLN coatings from 25
about 5 rmanonet ers to @bouthel 5@ thado meteordinghtd ecldiher: appsymdimses nmay
require a progectbye;idNd M@ onS aSRYEL Al s ML OBl 7S (mcrons)
thick. Therefore, the above-described DLN coatings of the present invention
may be deposited on the selected substrate, or on interlayers 30 if
desired, in thicknesses. r difgg mgthodmagicoutisg naamorietBn St ovtedmin 12

m croneters, - Rk eESiAly {4 UBRRAea?@nNaNABRIRESat eiiitUlad? M Ccroneters,
dependi nl% only on

10. The method according to claim 1, wherein
the dopant elements are selected from the group
consisting of B, Si, Ge, Te, O, Mo, W, Ta, Nb, Pd, Ir,
Pt, V, Fe, Co, Mg, Mn, Ni, Ti, Zr, Cr, Re, Hf, Cu, Al, N,

15 Ag, and Au. '

11. The method according to claim 1, wherein
the coating is deposited on the substrate to a thickness
of from about 5 nm to about 12 micrometers.

20
12. The method according to claim 1, wherein
the coating is deposited on the substrate to a thickness
of from about 5 nm to about 150 nm.
25 13. The method according to claim 1, wherein

the carbon content of the diamond-like solid state
material is greater than about 40 atomic % of the DLN,
the hydrogen content is up to about 40 atomic ¥ of the
carbon, and the sum of the silicon, oxygen and dopants
30 together is greater than about 2 atomic % of the DLN.

14. An apparatus comprising a precision-edged

substrate coated with a precisicn-edge preserving
coating, said coating comprising a diamond-like solid
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the desired application of the coated substrate. WO 97/ 12757
PCT/ US96/ 15358 - 22 - The deposition may be tailored or "tuned" to neet the
' ' T cutar application. ~Therandom T

—-ptopertes—tequtred—for—a—part

i nterpenetrating of the two- or Ns guarantees uniform
strength of the 5 structures |n|l!mEm!![ﬂWH The structures are free of
M Cr opor es vay §4aky t hi cknesses oF abo ngstrons (8 niperakhdishisNs are
therefore extrenely stable and possess uni que conbi nati ons of chem cal,
mechani cal , electronic, and supercond?cyti ng properties. 10 Many uses for
the precision edge-preserving DLN coati'ngs of the present invention exist,
i ncluding but not limted to the coating of netals and non-netals, surgical

i nstrument s, gdAZ0mdteddes, foRpbal Ekoh Ak AUhetBtiiRGUBLEWSEKE 00l S,
cutlery, knives .ps%gﬂl:et i ves . and 323\5/'1%6(:'% on-edg{ed substrfll es. whi ch
are vul ner alfTRGTHG G5l SandFarordobitRe A0k PeENg EuPFRRY 1 3%k

fol | owi ng exanptedraganie aoisegond silider ndiwmtl stebadpeedsbwf the present

i nvention anskywdillhdlOlot cdQ18PNShE UBsh S dridViddtgrkhesi a¥gatd on. EXAVPLE

1 25 Deposition qof Undoped N_Coatings on Razar Bl ades One_set of 2000
razor bl % desell\'/eva%e%osdt eo %%}pﬁ%hcompoun containing e.aLements £rom

Groups 1-7b and & of the periodic table.

15. The apparatus according to claim 14,
wherein the carbon, hydrogen, silicon and oxygen are
10 obtained from the decomposition of an organosiloxane
having from about 1 to about 10 silicon atoms.

16. The apparatus according to claim 15,
wherein the organosiloxane is polyphenylmethylsiloxane.

15
17. Thke apparatus according to claim 14,
wherein the carbon content of the coating is from about
40 wt.% to about 98 wt.%.
20 18. The apparatus according to claim 14,

wherein the carbon content of the coating is from about
50 wt.% to about S8 wt.¥%

19. The apparatus according to claim 14,
25 wherein the carben to silicon weight ratio of the coating
is from about 2:1 to about 8:1.

20. The apparatus according to claim 14,
wherein the silicon to oxygen weight ratio of the coating

30 is from about 0.5:1 to about 3:1.

21, Tne apparatus according to claim 14,
wherein the substrate comprises a metal.
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sides with undoped DLN. The razor bl ades were nounted on a steel fixture
with the bl ade edges facing the 30 deposition sources (the bl ades held
parallel to the beam. Deposition was carried out at a pressure of 1.1 X

10[err] Torr, a plasma current o . . d an RF | oad power of
125W The deposition took place ﬁgﬂmumhutters wer e usedsto
shiel d t he W&t es during s PCT/US96/15358

PCT/ US96/ 15358 - 23 - startup and shutdown of the plasmatron. At the

deposition rate of 0.7 mcroneters/ht,28he test run resulted in a deposited

DLN t hi ckness of 3000 angstrons (0.3 mcroneters) on a blade surface held

flat facing the 5 depagjtiqgn beam_ _and a_300 ﬁlgstromfi,lmon a surface

held at a 10[err] angl4f o t¥e WEFEETEAHREMH SHe® tHiZhdds on the

ul ti mate bl atleerein ware appshdatet clopp308€s580%carmstalons, which was too

hi gh, resulting a dulling of the blade. 10 EXAMPLE 2 A second coating run

nearly identical to tha% d%ﬁ{:ﬁri bed i n Exa 1 was cqnducted, except that
S m

| e
the 15 test tinme was & @?.par?ﬁé‘ssﬁgg?ﬁ?"?%s?ot‘? *hddulted in a
deposi t e& Diwheosin rithe hapandss ¢ lemernlts biradeebelgesd of rap priexigretg y 300- 500
angstrons. Thehdadiiisy s tHe dil ,adR ,t iR ,abt efo CORL I RQ, was, Y- 390 angst rons.
Pt, Vv, Fe, Co, Mg, Mn, Ni, Ti, Zr, Cr, Re, Hf, Cu, Al, N,
Ag, and Au.

10 ' 24, The apparatus according to claim 14,
wherein the carbon content of the solid state material is
at least 40 atomic % of ths c¢oating, the hydrogen content
is up to about 40 atomic % of the carbon, and the sum-of
the silicon, oxygen and dopants together is greater than

15 about 2 atomic % of the coating.

25. The apparatus according to claim 14,
@herein the coating is deposited on the substrate to a
thickness of from about 5 nm to about 12 micrometers.
20
26. The apparatus according to claim 14,
wherein the coating is deposited cn the substrate to a
thickness of from about 5 nm to about 150 nm.

25 27. The apparatus according to claim 14,
wherein the apparatus is selected from the group
consisting of industrial tcols, surgical instruments,
knives and razors.

30 28. The apparatus according to claim 14,
wherein the appaxatus is a razor clade.
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20 EXAMPLE 3 Deposition of Doped DLN Coati ngs
Addi ti onal bl ades were coated with Zr-DLN and 25 WDLN under the follow ng
chanber conditions.” RF bras rrequency was l100-250 KHz, thetoad—power was
80-120W forward power was 100-150W wth the tungsten (W and zirconium
(Zr) doping at from about 10-20% WO 97/ 12757

PCT/ US96/ 158889w1224 - EXAMPLE 4 Whol Felt Cutting Test The gtradoéissat ed
according to the procedures of Exanples 1-3 were tested by applying the

bl ades against wool felt and cutting thé/6elt 500 tinmes. The difference

bet ween t he fpreceTequigdtoTaRE=t13 airg—asty (500t h)
time was det ey m ged. A7l oner N 19 8 0 d hﬁw b] ades

coated with the—BEN-vA LYz be ’i DI % g. A HTFE .fayer of
2000- 3000 angSey, os /25 3 =\ 5 MeFhanjhda) Fbrties of

DLN Filns 20 @ ok dR ‘ ; ' oS s<@Eakur ement s
wer e obt ai ned| o @ --t‘T-B i A, ;’m ns.
Measur ement s peICe $-c w 3 RSt gy
Knoxville, T a’@ @ - ‘
p‘ . % @

d ' ‘.’ 4 ( O\t‘L
SCACH R

R b s ':
D » Q "T9~ 0 RACH; 162075 % os

1G. 1A
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e e—————"

@ . .
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FIG. 1B
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Har dness ranged from about 6 to about 21 GPa. Elastic 25 nodulus of from
about 60-220 GPa was achi eved. Hardness/ nodul us degradation in the filns
T . er_nodi 11 ons_an
variations of the 30 present invention are possible to the skilled
practitioner in the field in light of the teachings herein. It is therefore
under st ood W@ thin the scope of the clains, the presegraispesesassi on can

be practiced other than as herein spe%igically descri bed. - 25 - WHAT IS
CLAI MED: 1. A nmet hod for preserving 4 preci sion edge of a precision-edged
substrate conprising: 5 provi ding a precision-edged substrate;

and applying to said substrate a coating nade froma dianond-Ilike solid
state material formed frominterpenetrating networks conprising a
di anond-1i ke carbon network stabilized by hydrogen, a silicon network 10
stabilized by oxygen, and optionally at |east one network nmade from dopant
el ements or _dopant coppounds contajning el epen om (I oup -/b and 8 of
the periodif table| 2% Thegpek goRdi i3 W(‘W': n 15 the
carbon, hydfogén, diel AcOm-s @ D) ‘ Lq7™ FrpGaca posi ti on of
&~ 1 (]

an organosi {oxane hoiqy @ 0y

(5 18 S
. . © 1 {C: S.Z
} Q RACH 0 Y™ uo'im

FIG.1C
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3. The method according to claim?2, wherein 20 the organosiloxane is

pol yphenyl net hyl si |l oxane. 4. The nethod according to claim1l1, wherein the
carbon content of the coatrng 1S 1ronmapout 20 W 9% toabout 98 wt—% 25 5.
The met hod according to claim 1, wherein the carbon content of the coating

is fromabout 50 wt.%to about 98 wt. % 30 6. The net hod
accordi ng twa974era’l, wherein the carbon to silicon weight peghjsgs/fhsst he
coating is fromabout 2:1 to about 8:1 WO 97/ 12757

PCT/ US96/ 15358 - 26 - 7. The method 3f&ording to claim 1, wherein the
silicon to oxygen weight ratio of the coating is fromabout 0.5:1 to about
3:1. 5 8. The nethod according to claim1l, wherein the coating
is deposited on a netal substrate. 9. The nethod according to claim1,
wherein the coating is deposited on a non-netal substrate. 10 10. The

nmet hod according to claim1l, wherein the dopant el enents are selected from
the group consisting of B, Si, G, Te, O My, W Ta, No, Pd, Ir, Pt, V, Fe,
Co, My, Mh, N, Ti, |Zr, C, Re, H, Cu, A, N,

HA
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15 Ag, and Au. 11. The nethod according to claim1l, wherein the coating is
deposited on the substrate to a thickness of fromabout 5 nmto about 12

M Croneters. 20 1Z. The MeErnod accorarng to crarm L, wherermthe coatinhg i s
deposited on the substrate to a thickness of fromabout 5 nmto.-about 150
nm 25 13. The net hod according to claim1, wherein the
carbon comventipfszt he di anond-like solid state nmaterial | pcgrsas/sssst han
about 40 atomic % of the DLN, the hydr9 en content is up to about 40 atom c
% of the carbon, and the sum of the si% con, oxygen and dopants 30

together is greater than about 2 atomc % of the DLN. 14. An dppar atus
conprising a precision-edged substr Wi th a precision-edge
preserving coating, said coatin rNond-|i ke solid WO

97/ 12757 PCT/ US96/™45358 - 27 - state
material fornedy{rominterp etratidg net wor ks conpri\sing a first

di anond- | i ke car bgn stabilized by hydroggn, a“econd silicon
network stabiliz en and, optionally, atjjl east pne network of
dopant 5 el enent§, nt conpounds cont ai Qi el emengs from G oups 1-7b
and 8 of the per e. 15. The appar at cor di ngito cl ai m 14,

—==&. o
. 5~iil6
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wherein the carbon, hydrogen, silicon and oxygen are 10 obtained fromthe
deconposi tion of an organosil oxane having fromabout 1 to about 10 silicon
ons. : appar ng , erern ganosi I oxane
i s pol yphenyl met hyl si |l oxane. 15 17. The apparatus according to claim 14,
wherein the carbon content of the coating is fromabout 40 wt.%to about 98
W.% 20 woeri12757 18. The apparatus accordi ng to cl ai perkdsosadsag ei n t he
carbon content of the coating is fronégpout 50 wt. % to about 98 w. % 19.
The apparatus according to claim 14, wherein the carbon to silicon
wei ght ratio of the coating is fromabout 2:1 to about 8:1. 20. The
apparatus according to claim 14, wherein the silicon to oxygen weight ratio
of the coating 30 is fromabout 0.5:1 to about 3:1. 21. The apparatus
according to claim 14, wherein the substrate conprises a netal. WO
97/ 12757 24 PCT/ US96/ 15358 - 28 - 22. The
apparatus according togLlaim 14, wherein the sub e conprises a
non-netal . 23. The apys? 3 5 wherein the dopant
el enents are sel ect eg QM Qhe gr oup
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consisting of B, Si, G, Te, O M, W Ta, No, Pd, Ir, Pt, V, Fe, Co, M,
M, .Ni, Ti, Zr, Cr, Re, H, Cu, Al, N, Ag, and Au. 10 24. Th

apparatus according to claim 14, wherein the carbon content of the solid
state material is at |least 40 atomc % of the coating, the hydrogen content
is up to about 40 atomic % of the carbon, and the sumof the silicon,
oxygen andWYanrs t ogether is greater than 15 about 2 aPOWiUSIFLsss8 t he
coating. 25. The apparatus according t | aim 14, wherein the coating is
deposited on the substrate to a thickness of fromabout 5 nmto about 12

m cronmeters. 20 26. The apparatus according to claim 14, wherein the
coating is deposited on the substrate to a thickness of fromabout 5 nmto

about 150 nm 25 27. The apparatus according to claim 14,
wherein the apparatus is selected fromthe group consisting of industrial
tools, surgical instrunents, knives and razors. 30 28. The

apparatus according to claim 14, wherein the apparatus is a razor bl ade.
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