TIAIN COATINGS FOR GLASS MOLDING DIES AND TOOLING FIELD OF THE INVENTION
[0001]The invention is directed to a system for use in glass molding processes, and more particularly,
to a system comprising titanium aluminum nitride (TIAIN) coatings for use in glass molding processes.
BACKGROUND INFORMATION [0002]Precision glass molding is extensively used for making optical
lenses out of glass for a variety of applications including, for example, cameras, microscopes and
collimators. Two methods are commonly used for producing lenses in glass-making processes. One
method includes precision grinding a lens from glass performs while the other method includes
preparing a high préfe%ﬁHan?&E'ﬁagﬁﬁ&&ﬁg%é%Mgé? Bife B e R ERRE! e and cost savings,
the second method is widely used for RigiLpahrmMEHENSeENTIWN method, the typical mold material
used is WC- lowy reactivity glass.as well as low molding temperatures (i.e., less than 600 C). In
some motan B0 The nTdf SIS a5 IEFn A TOT N el 0T QL AR B Ear o
(DLC) caatitignlidtveversiass poohiang ateninayignitwar asagirsT LONNpositiogs thaicomtgiaseactive
elements, Sll.(JiCh as fluorine, potassium, sodium, aluminum, phosphorous, germanium and thus require
processiﬁné) afrf‘ﬁguﬁ%?ersﬁﬁding temperatures. In doing so, they have found that the current WC-Co mold
materials and/or coatings thereon d®AciIeROiMNBalsFaRNW TUMMder the higher temperature conditions
due to the mﬂ&ioagaterﬁ\le gglld/norlce:gating d?r?ir} eunstabl at Si%ig?oerr teal lgergtyggflggglso(r) %% t?agl’sle mold
material andfor coating Féacting with the ss."f688§ X/Bmal y, silica & ahd Aon-siicate g &s88s have
been usdarduatstthefrappdieattmge efwptigafqropentiks whichasnmuerfrelps tndredtenensesiepa large
variety of applicafions, HRWENEl. 56 of esh 01asses Nave, Nahal soflening [emRs(atiigs and/or
exhibit greater reactivity. e?/ePore, while the current prems%on glass rﬁoﬁ’dlng approacﬁ of using
WC-Co hedederpicssantgomdotintgmniayrbgsugeetsfos fohindhdinthet toulerdsofteding tepapegature
and/or wijth.| o3 rials stifh fai v 0] ith more
P s S A R SIEN S
Ti-B-C-Nserinadlmethad - idebraisodisorbighifyofener Bjeandnrthiy nidiodyeic teptvabradldoncofthese
coatings ygy&Javated fhaidReysann! DARKITGRRNe (asiriclicunaAles AROVREORML,
Moreover, the Pt or precious group metal based coatings are prohibitively expensive.  [0005] In
addition f99hE bodtintp@ghibitiigan threiieddnateHal rauetior Prysaof 18cAlds imprefiaatsid ficicoating
does notehanaf e Riafilsagstacy ke mﬁwavéﬂor&léh%@le%ca%@%gura%wﬁaklﬁaﬁi@og[gg@nlng a
e

requisite surface finish. The profile accuracy refers to the deviation of the formed mold at any point on
the moldRBRPHHETShatacavdmikst eplsBents soitriicas Thsiagy Pt dnBweedsionIalaeityaky

deviation,ip{8as AN mmamuA ddiignalbqihe pHeassin it Gasiem smeltbis MRicalnlasmehan 5
nm. If either the profile accur%:g or surface finish deviates from the acceptable ranges, the optical

performaNcdhsy thaviedeundyve Bsneyramisi: fopaBshadkte PRy WHieA s dhreentse ddsired

profile agrufacy aidEtidace dinish dstailifit thaealRg dendiaeHathiskhe s ehiteiaforRxample, a
thin coating. However, a problem wijth thin coatings, especijally at higher temperatures is si%nificant

diffusion <SPS BIFgEr s E et Lisheleterpara ap Ardier RS UG R MBd it e S SR S pecies
in turn reaettwighwgtasteanssiead to failure of the mold. Alternatively, a thicker coating may be deposited
on the subst avoid such problems. Howeyer, thicker coatings often require post coatin
operations, TERmple A B T OPHE A GBI T L BROE R 5 CEAUBHIBRE Such
post coatingmpatasiopsrtiioweneh, addiaddiipnad casisetdectiiesniotdhaarye N asetpcogasplibatioraduction

time of the molds. . . o
[ffowever, some of these glasses have higher softening temperatures and/or exhibit greater

reactivity. Therefore, while the current precision glass molding approach of using WC-Co based
molds and/or coatings may be successful for molding at lower softening temperature and/or with
less reactive glasses, these materials still fail at temperatures above 600 °C and with more
reactive glasses.

[0004]  Additionally, a variety of coatings have been considered, such as TiN, Ti-B-C-N,
Ni-Al-N, Mo-M (where M is Re, Hf, Tc or Os) and Pt-Ir. However, testing of some of these

coatings have revealed that they cannot handle reactive glasses at temperatures above 600 °C.
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[0007]Accordingly, there is a need for a cost effective material system for precision glass molding
operations which is chemically inert at high molding temperatures. SUMMARY OF THE INVENTION
[0008]A coating composition comprising TiAIXNy, where x is about 0.7-1.5, such as 0.8- 1.2, and y is
about 2.0-3.0, such as 2.2-3.0, and such as 2.2-2.7. In embodiments, a substrate is coated with a
composition of TiAIxNy, where x is about 0.7-1.5, such as 0.8-1.2, and y is about 2.0-3.0, such as
2.2-3.0, and such as 2.2-2.7. The substrate may have a coating thickness of less than about 1.0 pm.
[0009]0ther embodiments are directed to a system for precision glass molding. The system includes a
substratd BREPEEHEAY %?PEW@H%%OBBr‘i‘?ﬁﬁ%%%ﬁ‘?afﬂgscﬁfﬁt?ﬁ LIRSS EEPFIAINRIY, where x is about
0.7-1.5, suctjcan®).8-117 addtiois BhautcdfndGxilinias & Indrincih stbstalevialaiscludedrss than
1.2% minor constituents of the total weight of the substrate. The minor. constituents may include at
least onér%?f&ﬁéig?ﬁﬁ , Cohe SRR MTIEaPEC Sl.p’i‘??é\es?fﬁgﬁaﬁ?’e ?ﬁéﬁ}eiﬁ’&ﬂrﬁeé%ﬁlr‘?é‘fu‘i’ﬁ‘agtén
carbide kaviey lessuthiavhilalwb Petaiiiigr conglititentsiatbdicnatinththiekfirssconayc heckess tthaie about
1.0 gm, such as about Q.5 gm. TQ surface roughness of the.coated substrate may be about
s BB Pt LR L e e e R BBy B L thie ABOTEL'S g
The systanfavay Bipaatigiute divintérpneliiate dayey hietiern ihéesubisinals and thddoaiity, Tie
intermediate layer may include tungsten carbi ungsten or a combipatiop thereof having less than
about 12054 T o SR Ao e e el O K Acsthid o eoating
a substratefaThdisishsiratetendyoimclbel edegsathlanabgewttbé npincl gentitnents @hdhi¢Hensaatindanay
include Ti@rlﬁ)l"}l(ymwg@re X is about 0.7-1.5, such as 0.8-1.2 and y is about 2.0-3.0, such as 2.2-2.7. The
coating thickness may be less than about 1.0 gm, such as about 0.5 gm. The method may further
include surfd€@apdatirgnhmavaicysubistraceachir abthisdiredprhirthecincicdendpplfacg finish is
'“termedﬂé‘tﬁriﬂéf%%QE%?JtﬂQ Cﬁf'ﬁ‘&'r& s Rﬁﬁ‘é‘é@aﬁﬁ%k@?%’f‘% Eﬂ&?‘y EWX&&?&%@G%%%@F garbide,
tungsten or a combinatiorT thereof [0011]These and other aspects of the present nvention will be more
apparenpfedisthavitl| dvinguédsesiptanecBRE it hEBT RIPPIONICE i¥ HERDRAWINESIJO0I2IRIGS. 1A

and 111 g pQOmIEraianh ol suhsiiate With a DhCo59atid R gt eaimentan afer

heat treatment, respectively. [0013]FIGS. 2A and 211 are a photomicrograph of a substrate with a TiN
coating peit tyy e glassatirbieashépafidiurreal tleatmeldt, rédfsapaiiegly, a thicker coating may be

deposited on the substrate to avoid such problems. However, thicker coatings often require post
coating operations, for example, polishing in order to achieve the required profile and/or surface
finish. Such post coating operations, however, add additional costs to the mold as well as
increase the production time of the molds.

[0007]  Accordingly, there is a need for a cost effective material system for precision
glass molding operations which is chemically inert at high molding temperatures.

SUMMARY OF THE INVENTION

[0008] A coating composition comprising TiAlNy, where x is about 0.7-1.5, such as 0.8-
1.2, and y is about 2.0-3.0, such as 2.2-3.0, and such as 2.2-2.7. In embodiments, a substrate is
coated with a composition of TiAl\Ny, where x is about 0.7-1.5, such as 0.8-1.2, and y is about
2.0-3.0, such as 2.2-3.0, and such as 2.2-2.7. The substrate may have a coating thickness of less
than about 1.0 um.

[0009]  Other embodiments are directed to a system for precision glass molding. The
system includes a substrate and a coating on at least a portion thereon. The coating comprises
TiAINy, where x is about 0.7-1.5, such as 0.8-1.2 and y is about 2.0-3.0, such as 2.2-2.7. The
substrate may include less than 1.2% minor constituents of the total weight of the substrate. The

minor constituents may include at least one of, for example, cobalt, chromium or nickel. The
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[0014]FIGS. 3A and 311 are a photomicrograph of a substrate with a TiAIN coating in accordance with
the present invention prior to heat treatment and after heat treatment, respectively. [0015]FIG. 4 is a
photomicrograph of a substrate coated with a coating in accordance with the present invention in
contact with Glass Composition A. [0016]FIG. 5 is a photomicrograph of a substrate coated with a
coating in accordance with the present invention in contact with Glass Composition B. [0017]FIGS. 6A
and 611 are a photomicrograph of a substrate coated with Ti1l6AI27N57 in contact with Glass
Composition B glass prior to exposure and after exposure tg high temperature, respectively.
[0018]FIBSSHAEARE 719 Ute BPRBIBRIERSEIaT 6F 4SSt A chandd vt BRICIALEMAG With Glass
Compostinfifg gagseianie Bxpasur@nsbaitenaxposwie 40 AHgh @mperatrie stespectvghness
[0019]FI@%A ?n 8B arg a photomicro ra%b of f sulﬁstre%e coated WZI?J"\' in gonéact with Glass
Composttith B §lad§ Sh8F o BRHELEE AN attsPbxpodire R hperu it Tespastitiynay
DETAILhbyDEHCREPALN cJOIA68dBdiatatibet présent Madssistanmathalds mothdystemsaiediescribed,
it is to be understood that this disclosyre is not limited.to the particulay methodologies and materials
describeltYas HERLE Ay TS ARSh B0t e a8 ption i
for the puapgode, oirggsoriving thdpariculervef Sonsgdeantadiboanis2owty Yandnis kohstiteaded to limit
the scope. FpioGKAMPIS,as dsediiercin.and indng appended dlaims, (he sipguley fqms jgtan", and
"the" include™plural references Untess 1f?1e context clearly ictates Sthermise. Eor example, while
referenceniy nmatielh Esithta a2 molth Hahcoeating ety skihamdahedikeyondwteriofd N thdsecor any
other COPRONGIS AR be.ised, INAAdian eyl FompUsing. asusqd hgreip,is,nigndgd o mean
including but not limited to". Unless defined otherwise, all fechnical and scientific terms used herein
have thensanie mgsathiaysbastcbhmonmiyaingersod 8. by onelbkondthadynskilifinthive iaduBoRafate

nvention, 5 g0 aelbiadcine ChaTIselloinFILMBIRNA! RUBIBTRARE I FGAN.Agsolding

processes. The system includes a substrate and a'coating. In em s, the system may include
an interneidiciedesierdobrvabsimie slibstritanedthiaxeanay include tungsten carbide, tungsten or a

combination thereof.
[0011] These and other aspects of the present invention will be more apparent from the
following description.

BREIF DESCRIPTION OF THE DRAWINGS

[0012] FIGS. 1A and 1B are a photomicrograph of a substrate with a DLC coating prior
to heat treatment and after heat treatment, respectively.

[0013]  FIGS. 2A and 2B are a photomicrograph of a substrate with a TiN coating prior to
heat treatment and after heat treatment, respectively.

[0014]  FIGS. 3A and 3B are a photomicrograph of a substrate with a TiAIN coating in
accordance with the present invention prior to heat treatment and after heat treatment,
respectively.

[0015] FIG. 4 is a photomicrograph of a substrate coated with a coating in accordance
with the present invention in contact with Glass Composition A.

[0016] FIG. 5 is a photomicrograph of a substrate coated with a coating in accordance
with the present invention in contact with Glass Composition B.

[0017] FIGS. 6A and 6B are a photomicrograph of a substrate coated with Ti;sAly7Ns7 in
contact with Glass Composition B glass prior to exposure and after exposure to high
temperature, respectively.

[0018] FIGS. 7A and 7B are a photomicrograph of a substrate coated with DLC in
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[0022]The substrate may be any mold, blank, semi-finished or finished article. In embodiments, the
substrate is a mold or die. Suitable substrates of the system include high purity materials. In
embodiments, the high purity substrate material has less than about 1.2 wt. % minor constituents of
the total weight of the substrate, such as less than about 1.0 wt % minor constituents. Minor
constituents may include, for example, nickel, vanadium, chromium, titanium, cobalt and the like, as
well as impurities, such as iron, calcium, potassium and the like. ~ [0023] Suitable materials for the
substrate may include tungsten carbide, tungsten and the like. For example, the substrate mag/ be a
tungstenCAHbHAEHAFhAVIRPAY HBr RS abiie™ 9 W R GNEoALFUERRS S ot e S
embodimenteraty)gsipsteaghide substrate may have less than about 0.45 wt. % cobalt, such as less
than about 0.4 wt. % It. Yet, in other embodiments, a tungsten carbide substrate may have less
than about 1001 96 SACRKOM A A che AR AR EBBE DD ook ERTHIAT DA
embodinaisGlas sObsifataininB bgaduingstas eapokecSuhstodia hapingearbdiight emneasture,
stoichiometrg,ta I?W binder content, a low impurity content and a uniform and nonminal grain size of
less than aBout'§.% microns. In an embodiment, the substrate is a tungsten carbide material having
about 6.06-6.13 wt. % carbon, about 0 2BIASEER . EICRIIP GIONth inhibitor, less than about 0.25 wt. %
binder, Iess;{a bo 6 WL % impurities, and balapce being tungsten. The t ten .carbide
subsirate mAde RO Al R S BT e LA DIE e it (s e 6.8 B 0.4
microns.ufiderfiimde theortesntdisalpbedromebbuti®d to thd Hartiddaomathofogasbandcontenainay be
from about 6.09 10 6.10 wt. %. The tungsten. carbide substrate consist essentially of .
oot A B o R B i s B RSEN in e
niobium destige onrs foothbinativsetiod idastbieguhe st cdabidessutystratmbodinteateca e asitysof at
least 98% of fheqrfical gty ang.a yajf velime of Igssithan A%, SHitaRle Nighdaurin tHogs(en
carbide m%ter%s?ncﬁﬂ@%ﬁose %e g'ribe(fi% U.g]. Patent Apgf%atior}] No. 12/615,885, file I November
10, 200 mstdforme t HigtanTardde $5a anetidr folurad gk fasere Ry valestidhei nantraginlg sy plictaions”,
paragraphisJ0N21] rEPQ4RL she wertiqerQhuhichaie rarPRraieddiriein by Heiarense, R0231The
substrate may be finished or semi-finished and the surface roughness and the profile accuracy of the
substratéhthdbeorerironett if dhatsodinddntethpe SupReRLENea) havesed subfaddibophhesy ges
measure‘%&mﬁhage&qu&r@a@i@'i§%Eﬁae@@oﬁqeﬁ{e‘i\a@lumfﬂﬁﬁﬁmimt’lqjmsssy@ﬁhéé less

than about 5 nm. Additionally, the profile accuracy of the substrate may be less than about 0.5 gm,
such as RiBE SR 013 tpFANIFRARABFLITERREG BRI dstriuBy atbe itaRe B peTifsrhetnerly

appreciaﬁ%qel%f&gapﬁlgﬁeq,mm%aaytsmegﬁﬂﬂ'@ﬁu[system further comprises a coating. The coating of the
system comprises a titanium aluminum nitride coatgfr{\é;. The stochiometry of the coating is TIAKNy

where x is ab7d. 7- 1By RA gER Y iRcRf e arrbpiBiratnie A g el Hertio 8 1
2N2 2_3if), fescaxampless TidRiSTE 2Mgewdds. InBimbgdisentsitaessysiemtnay 4a¢lddeoripie than one
coating layer. While not being bound to one theory, it is theorized that the extra nitrogen stabilizes
against GRREHTERup Iy %&%ﬂbéﬁ% el ardn ffe [BBCHAGRSY RSP o et a
portion ofdhengubstrate. In embodiments, the coating may be applied on and/or coat an entire surface
area of the s te. The coating may pe applied to the substrate such that a. dense defect coating is
achieved in m%fber%tr 5% %a&%ﬁstéayb%ﬁe bl %ﬁ%ﬁ%&#@u&aﬁmlfﬂsﬁ@aﬁsf aPblying
the coatiagHodinesispsieatabnehsseshuharkl et dimitehiabhesiberactaks, agnatianisguiietig plasma
enhanced CVD, ion.glatiﬂg arEi Hne Iike,t%s Kt\ale | as ctathci)dic arc d o?i ion1 0028]The thilcgnetss of the
coating dh'the BiitsEiare FR&T BRBL hARCABSA LGP SRy ikn BB MO Y, 4 such as
less thartabondrQ:onprituchiteod ol ngaisvegp ghiedt shuchutiatthiesstirfacke ssahditidostand wrofilendoauracy of

the uncoated.mold are, substantially maintained. . . .
consqlmen S. 1Nor consaht)(len% may 1nclude, for example, nickel, vanadium, chromium,

titanium, cobalt and the like, as well as impurities, such as iron, calcium, potassium and the like.
[0023]  Suitable materials for the substrate may include tungsten carbide, tungsten and the

like. For example, the substrate may be a tungsten carbide material having no more than about

1.2 wt. % minor constituents. In other embodiments, a tungsten carbide substrate may have less

than about 0.45 wt. % cobalt, such as less than about 0.4 wt. % cobalt. Yet, in other
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[0029] In embodiments, the profile accuracy of the coated substrate may be less than about 0.5 pm,
such as less than 0.3 pm as measured, for example, with a contact type profilometer. The surface
roughness (as measured by arithmetic average or root mean square value) of the coating in the
as-deposited state may be less than abut 5 nm, such as less than about 3 nm. [0030]The inventors
have unexpectedly found that a sub-gm thin TiALN coating as described herein can be used for high
temperature glass molding applications and in embodiments, can eliminate post coat processing
steps. Such behavior is achieved by the use of a high purity substrate and/or a coating stoichiometry
and/or tHiBKINSAR HE 0 &AM ERERII WRIRETA: BEhGBEURE (04 Fhodific thebdry °thE SHUURYRS have
found thatdiffiysiorp ahimibeutanastittenishapahuas cobalt and other species in the substrate is limited by
the use of th ting described herein even at high temperatures. T%e efore, the inventors have
found that sJCIRAs indILERHE AR GHY S PO B EU Y AL LS B HEFER % high
purity sulistsatecderionbimbettinexjestadnaiot sopetioraproperti@aritychainag; fardexamfi@ninatthess for
glass moIdirEg. a#plications qllhigt te erta&uges. and/orIWith r‘%tgch.ve ﬂ][aals%l)lg)?t,l In.othter ¢
embodinients, t egrsa;}%ts’elrz'ﬁ: (r)naflslnc UoE 8" Substiate arid af fe&8rehe termediatd aeféraalrllrclﬂzsa fi:noating.
The intermdiiatentayedlnhayibe sisad Witlt-sulistnate’mederimls dbescribzelheseint ot anyaotheostitable
substrate materials and with the ting,described hergin. The ast pne intermediate, layer may be
 ituoic Lol T AP 2o bR ind & e G B i B RS R e e
layers inbhidie thigdstpurihmowesiads, cucldasihshgstemy debide  omgstegraor azearhBissation 4dheveof
having n s nl t. % mi ituents. [0 o%e mbodi t tprE'v ion is
cneciad B 8 g o T S R
temperatutésvetn dorakitt rddstiveyinson®hiermagthodromapinoliu@8te vakihy arte/of heamogstturing a

substrate, g SUBSEA My beMade gy SaniriaRaerrsaalrd %Qg?aﬁl‘i&%@vlﬂ R

achieve a dense and/or defect free substraté. In embodiments, the substrate may have a density of at
least 98%8f mem@fﬁamwb_i@ﬁaﬁ@icani@m wwhidse Q_iplégglthahisie/oplrh@@bwa;@ ﬁlpag_ﬁbé alhigh purity
tungsten caride SUOEH A Wit 2102 WREQRMIFQY RANSHLIS ISR HRBHELRSPSINE AP less

than 1.2 wt."%. The minor constituents may include cobalt, nickel, vanadium, chromium, titanium and
the like, ¥8lvaq efslassghaidgosueitablerbighcaneibntuass Potadyenmaistasanhediihent, dpredbasktrate
may Conﬁstﬁ§$%¥@ﬂygﬂ9ﬁ% ngsteneaADisks, Afigl RedUang the sifestraiedte methodignay

include a finishing step. For example, the substrate may be finished by any method as a(g&geciated by

one skill&iidngse Metsrird derrdeeliihid Srodugiiteds Snasingudsritalivony verregsphan dddt 5 nm.

The profilgoasgurRpoHRyiation vt thashRsiriaereRel8ssdhammabout 0.3 pm. In other embodiments,
the method may include additional processirg%steps such as a surface treatment to remove grinding

texture and/&P ot& oG 4eRKsids. ot staihedy b e iskage Lpinrs adoBfing to

the subspiatgle heuestingthatharteans8NHRAIHEBIRU T Il Onbddbhbd, O sshihh@Smay have a
TiA10.7-1.5N2.2-3.0. The thickness of the ¢oating may be about less than 1.0 p.m, such as less than

0.7 p.m, S&'r‘iﬁ‘%%E?P&@’fésés(?ﬁéﬂeé%rﬁ%t.’f"rHﬂt%]ﬁﬂﬁga@r&ﬁﬁIPécf %ﬁdﬁ%ﬁﬂ?&rﬁ§ﬂ8§o%ﬁéﬁscgﬁﬂéd
substratetssifacenialaing aRdies fas substantially Miklisamel sUfageJmishcand profilehasausaeye of the
uncoated substrate. In embodjments, the coated substrate has a surface roughness of less than about
e o TS Q H BR ol B COb L b Ty B S A AP By SLB Aot m
the art. Suitablaypeiotibineleids apyradsiadbefdhestiiéréthahe artmagnetron sputtering PVD

technologie ell as plasma enhanced CVD, ion plating and the like, and cathodic arc deposition.
1003471n ot & GRbodiFIERG b MR B By ok G BPEparioes LIRS S IRt nediate

odiments, the Me
layer andiappiyinduancomtingde e dimierhbeaoe Haysetry e ehstate may deNynyaateriahtHoot

example, the substrate ma € nor constituents content of less than 1.2.wt. %.,.The infermediate
yer ey bas AB Baha oy Bt e e Ty ST i ity N cavbice
as descridethplerelnAtungsten, or drcombiadatientthérect Sthe higly porlbdeumgstethoardidemtergnediate

compostinor Ay s It A B BT O Y e I SRR REN N R
intermeoﬁg@énhiyébgamdidmmbbtip?@%ﬁ?ggha)%e@may be applied. The method may op;tionally include
surface oo RBe ALCPTAIEL RISPRING D SHOPIEIR LS ARG e isme A GlRYgAnLo after
applying the ‘coating. Surface firishing steps include, for example, surface treatments. The coated
substratéhgredetaisiynazde apntedeorotihipeseas abstaitiatiy Bieqikieacotithe obtst erfdde koatjhaess of
the uncoated substrate.  [0035]The following examples are intended to illustrate the invention and

should not be construed as limiting the invention5 in any way. EXAMPLES
1758908 =J-



[0036]The first test examined the stability of the inventive coating compared to conventional coatings,
DCL and TiN, under molding environments (flowing nitrogen) of 670 C in the absence of glass. The
substrate used was a tungsten carbide substrate with a total minor constituents of less than 0.5 wt. %
having less than 0.2 wt. % cobalt. Three substrates were coated with three different coatings and then
tested for stability. The first substrate was coated with DLC (diamond like carbon), the second
substrate was coated with TiN (Ti50N50) and the third substrate was coated with the inventive coating
having a stoichiometry of Ti22AI22N55. The comparative coatings, DLC and TiN were obtained from
commer&‘&V\}%@nﬂ%Pr]é?‘eret%%ﬂBﬁr§F?osé{?5t@§Wé?@1fﬁéﬁ%e?ét%‘ii‘%ﬁéfa?ﬁilﬁi’ilvﬁi‘ High RRSE RIS
[0037]Ths sppi@rsedngdivalatiyiced arehiestedSiniatibacitodace yithy fiowingbidReN2tHealsinulated
glass maldipng conditions. Each sample was introduced into the hot zone of the furna d held at a
tomporadl et SBOUEES Eir s ML e G e GU R S Ge o Gt B SEM
photomigiiaghaping didhiedi Oy dliNsanchiiientivéepoditibaoating, respectively, on the tungsten carbide
substrate be¢85§ nd gfter {?eﬁlt tree(lj&r&ent at 670 CthFIGbI,% sthows h as-%oateéj DLlCOtungst%icarbide
substrate beforé Heat troatient ahtt FIGSFTER0WS e LKHie HraTiar aHEP KR8 trsatient’Fhe
measured $exfabanrabghiiessufk M8)sotihe pre-Heat dbeatedSDIC ddatedatagbis epplaté satashahown in
FIC. 1A was 2 4 am andafterieat kpating as shown,n BIG, Ik ves sisaisr ihan, 200,m, The drastc
change in stifface roughness Defore and after treatment ¢ earlir)l/ |?ustra es the extensive 1aeegradation of
the coating dA829¢ncdtharibetabilitys.ofith@lofilc ecatiagyatthibh tentgkratuwentf00B89]FtGeRAlHustrates
the as-cagied Bibl caniedunasicn carhids substrate,beforeiepl UeaImSNt anf FIG ik saws the
same material aftel heat treatment. The méasured surface ro’ug%nessr?&ﬁﬁSYo the TIN coatBd

substrate@distmotar. inTHGRAWwas ghasm(anthedterddeay tatungias siiogmanBIG R0 waere2 1 nm.
The d'ffe&??ﬁ‘\éf ?tﬁ@@%?n?&%@%?%ggﬁ?ﬁg 0 ;1% i%@‘t‘&%‘fﬁ&ﬁ Alse il r%%‘s&'}i?]%béﬂ%{)f the

f
coating as evidenced by the at least al degr on of the coating. [0040]FIG. 3A illustrates the
as-coatedlifiventive Ti22AI22N55 (TiA11N2 5) coated tungsten carbide substrate before heat

treatment an@d3f3- SBrRRQWE G SAMR MARH NS REAL IEAITEL-LHe MEFARY SHIRRE as

roughness (RMS) of the TIALN coated substrate as’'shown in FIG. 3Awas 1 1 nm and after heat

treating 8656Hb0¢h HERIG. BB Was Bsetl nfor thilebipmpriaienglainimal dnanaerberbartivigdand/or
degradatigiQfithé{oventiveaaaling at g IsrReHatWEeS. IS RAMGHRL LG BRIy srates.igimal, if

any, degradation of the coating after the heat treatment. Additionally, the inventive coating

demonstiabéE) aPLIRFRRES o Rt 9B AcHORY BN SR iSERIY degfati ABisknera Pthdessripre DEECANd TiN

coatingswW@fld HA seEQNFJER! Was RRIEATEed IR aat hR dNRIDGaSOf G YR NIYR GORIITHMY two
reactive glass compositions. Glass Composition A is a non-silicate glass which was molded at a

maximurFPisHiBers SR ot et Bt aRd ehesSrepisTBdEoABSIELE AL GAHEGRY PSSR e sRetiRng
silicate glRgswhicheyas snaldachathaehderureste mpaabiee @t GhfoLRTHR aneactive alass

compositions, Glass Composition B is more reactive than Glass Composition A because it has a
higher sARERTREGOIRTAHATHE USRS B SarigrsI SRkt e dbeh SBASS AT Fi5e
compositiensithe glasgestiemdeigirinegrbyceneomdisassiver xekanpReciessapy for R&sand are

set forth rirrl]oir 1rt1)gleag'pli-c|:-z§£(!gslat Ii%%%e%@ aglsrgisoaql('ia? or with reactive glass.

[0031] In other embodiments, the system may include a substrate and at least one
intermediate layer and a coating. The intermediate layer may be used with substrate materials
described herein or any other suitable substrate materials and with the coating described herein.
The at least one intermediate layer may be a diffusion barrier layer and is located between the
substrate and the coating. Suitable intermediate layers include high purity materials, such as
tungsten carbide, tungsten, or a combination thereof having no more than 1.2 wt. % minor
constituents.

[0032] In other embodiments, the invention is directed to a method of making a mold for

precision glass molding. The mold may be used at high temperatures and/or with reactive glass.
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The method may include preparing and/or manufacturing a substrate. The substrate may be
made in any manner as appreciated by one skilled in the art to achieve a dense and/or defect free
substrate. In embodiments, the substrate may have a density of at least 98% of theoretical
density and a void volume of less than 2%. The substrate may be a high purity tungsten carbide
substrate with a total amount of minor constituents and impurities being about less than 1.2 wt.
%. The minor constituents may include cobalt, nickel, vanadium, chromium, titanium and the
like, as well as impurities such as iron, calcium and potassium. In an embodiment, the substrate
may consist essentially of monotungsten carbide. After producing the substrate, the method may
include a finishing step. For example, the substrate may be finished by any method as
appreciated by one skilled in the art. The surface finish or roughness of the substrate may be less
than about 5 nm. The profile accuracy deviation of the substrate may be less than about 0.3 pm.
In other embodiments, the method may include additional processing steps such as a surface
treatment to remove grinding texture and/or promote coating adhesion.

[0033] The method may then include applying a coating to the substrate. The coating
may have a composition of TiAlp7.15N20-30, such as TiAly7.15N22.30. The thickness of the
coating may be about less than 1.0 um, such as less than 0.7 pm, and such as less than 0.5 pm.
The coating is applied such that the as-deposited coated substrate surface retains and/or has
substantially the same surface finish and profile accuracy of the uncoated substrate. In
embodiments, the coated substrate has a surface roughness of less than about 5 nm. The coating
may be deposited on the substrate by any method as appreciated by one skilled in the art.
Suitable methods include any variant of the filtered arc or magnetron sputtering PVD
technologies as well as plasma enhanced CVD, ion plating and the like, and cathodic arc
deposition.

[0034] In other embodiments, the method may include preparing a substrate, applying an
intermediate layer and applying a coating on the intermediate layer. The substrate may be any
material. For example, the substrate may have a minor constituents content of less than
1.2 wt. %. The intermediate layer may be a diffusion barrier layer. Suitable intermediate layers
include high purity tungsten carbide as described herein, tungsten, or a combination thereof. The
high purity tungsten carbide intermediate layer may have a minor constituents content of less
than 1.2 wt. %. The coating may have a composition of TiAly7.15N2.0.3.0, such as TiAlps.12N22-

»7. In embodiments, multiple intermediate layers and/or multiple coating layers may be applied.
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The method may optionally include surface finishing steps after preparing the substrate, after
applying the intermediate layer and/or after applying the coating. Surface finishing steps
include, for example, surface treatments. The coated substrate preferably has a surface
roughness substantially similar to that of the surface roughness of the uncoated substrate.

[0035] The following examples are intended to illustrate the invention and should not be
construed as limiting the invention in any way.

EXAMPLES

[0036] The first test examined the stability of the inventive coating compared to
conventional coatings, DCL and TiN, under molding environments (flowing nitrogen) of 670 °C
in the absence of glass. The substrate used was a tungsten carbide substrate with a total minor
constituents of less than 0.5 wt. % having less than 0.2 wt. % cobalt. Three substrates were
coated with three different coatings and then tested for stability. The first substrate was coated
with DLC (diamond like carbon), the second substrate was coated with TiN (TisoNso) and the
third substrate was coated with the inventive coating having a stoichiometry of TixAlx;Nss. The
comparative coatings, DLC and TiN were obtained from commercial vendors. The coated
substrates were then tested for stability at high temperatures.

[0037] The samples, individually, were tested in a tube furnace with flowing UHP N,
that simulated glass molding conditions. Each sample was introduced into the hot zone of the
furnace and held at a temperature of about 670 °C for 4 minutes and then cooled down.

[0038] FIGS. 1, 2, and 3 are SEM photomicrographs of the DLC, TiN and inventive
TiAIN coating, respectively, on the tungsten carbide substrate before and after heat treatment at
670 °C. FIG. 1A shows the as-coated DLC tungsten carbide substrate before heat treatment and
FIG. 1B shows the same material after heat treatment. The measured surface roughness (RMS)
of the pre-heat treated DLC coated carbide material as shown in FIG. 1A was 2 = 1 nm and after
heat treating as shown in FIG. 1B was greater than 200 nm. The drastic change in surface
roughness before and after treatment clearly illustrates the extensive degradation of the coating
and hence the instability of the DLC coating at high temperature.

[0039] FIG. 2A illustrates the as-coated TiN coated tungsten carbide substrate before
heat treatment and FIG. 2B shows the same material after heat treatment. The measured surface
roughness (RMS) of the TiN coated substrate as shown in FIG. 2A was 7 = 1 nm and after heat

treating as shown in FIG. 2B was 62 + 1 nm. The difference in surface roughness of the TiN
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[0042]In this test, the inventive coatings on a high purity substrate were tested for stability and
inertness at high temperature when in contact with each glass composition. The inventive coated
utilized was Ti22AI22N55 as illustrated in Table 2. A 0.3 pm coating was applied to a tungsten carbide
substrate having less than 0.5 wt. % minor constituents, having less than 0.2 wt. % cobalt. [0043]The
high temperature stability and inertness test was conducted in a tube furnace with flowing UHP N2 that
simulated glass molding conditions. Each coated tungsten carbide substrate was introduced into the
hot zone of the furnace and held at a temperature of about 650 C for 4 minutes and then cooled down.

In order f9%ES: SHRSHES2!SY JrepensiyrbDsrRILK RbMpSLRiBis, 1o syistnves, Py psad BAHAE coated

substrateielitingithe fese cbaimgycle was repeated 5 times for each coated substrate with the two
abservation AP hing ORcibHIEFGScapy ShEHE LA CB oBETaun S A AL S e RLHUBS L
surface r@ngideesga@ffritm B&Mg&anﬁ’eameaﬁ%s@&a@wﬁr&@ﬁﬁmﬂmd byamnﬂceftachbgser
Do o B e SR e s e S TGS RRAp iy pracereseign
results aréGhdvmiss Tlakbld 2imTatleafesdeypledoaging khd@oniacF itA B evap IC) Initial RIMSbHATter
RMS EDéD\‘/)l(dencing minimal change or reactivity and/or degradation of the inventive coating at high
temperatures. In particular, FIG. 3B illustrates minimal, if any, degradation of the coating after
the heat treatment. Additionally, the inventive coating demonstrated a significantly lower
reactivity and/or coating degradation than that of the DLC and TiN coatings.
[0041] A second test was performed to test the inertness of the inventive coating with
two reactive glass compositions. Glass Composition A is a non-silicate glass which was molded
at a maximum temperature of 550 °C and Glass Composition B is a fluorine and potassium
containing silicate glass which was molded at a maximum temperature of 650 °C. Of the two
reactive glass compositions, Glass Composition B is more reactive than Glass Composition A
because it has a higher softening point and the presence of the additional elements, fluorine and

potassium. The compositions of the glasses were determined by energy dispersive Xx-ray

spectroscopy (EDS) and are set forth in Table 1.
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Inventive Ti22AI22N55 Glass Comp. A 550 1 2 Ti23AI23N54 Inventive Ti22AI22N55 Glass Comp. B
650 2 3 Ti22AI22N56 [0044]As can be seen, the inventive coating demonstrated inertness and
stability at high temperatures as well as when in contact with both reactive glass compositions. The
chemical composition of the inventive coating in contact with Glass Composition A as determined by
EDAX after exposure to high temperature was Ti23AI23N54. The minimal change in chemistry
evidenced the relative stability of the inventive coating on a high purity substrate at high temperature.
Addition]ﬁ/ the measured surface roughness (RMS) of this sample prior to exposure to high

temperat 8lgds about 1 nm, and after exposure was about 2 nm. FIG. 4 is an SEM photomicrograph
of the inventive coatingliy£obtasdivithh @lass CompositiogAsaite g to 550 €. As shown in FIG.

4, the change in-surface roughness-after-heat treating-was-minimal(as-compared tq FIG. 3A

illustrating the|coatd8 %M strare bt SRJat #darmenBleiieiier evid lity of the coating at

high temperatures. Again, the minimakshange in surfaceroughness and ghemistry composition of this
sample demonstrated-the stability-and-inertnesstof the inventive composition-even-when in contact
F 7

with a reactive glass Snd at h gh templs%atures

Ge 3 Si 22
Nb 10 K 8
Y 45

Bi 45

[0042] In this test, the inventive coatings on a high purity substrate were tested for
stability and inertness at high temperature when in contact with each glass composition. The
inventive coated utilized was Ti»AlyxNiss as illustrated in Table 2. A 0.3 um coating was applied
to a tungsten carbide substrate having less than 0.5 wt. % minor constituents, having less than
0.2 wt. % cobalt.

[0043] The high temperature stability and inertness test was conducted in a tube furnace
with flowing UHP N, that simulated glass molding conditions. Each coated tungsten carbide
substrate was introduced into the hot zone of the furnace and held at a temperature of about
650 °C for 4 minutes and then cooled down. In order to test inertness, a piece of glass of each
composition, respectively, was placed on the coated substrate during the test. This cycle was
repeated 5 times for each coated substrate with the two different glass compositions. The
reaction of the glass and the coating was determined by visual observation, scanning electron
microscopy and EDAX composition analysis of the surface. The surface roughness of the
coatings on the coated substrate were determined by non-contact laser based optical profiler
measurements before and after testing. For example, any surface reactions that caused a change
in the roughness of the sample surface were measured by the optical profiler. The results are

shown in Table 2.
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[0045]FIG. 5 is an SEM photomicrograph of the inventive coating in contact with Glass Composition B
after exposure to 650 C. The measured surface roughness of this sample prior to exposure to high
temperature was about 2 nm, and after exposure was about 3 nm. The composition of the coating after
exposure as measured by EDAX was Ti22.AI22N56. Again, the minimal change in surface roughness
and chemistry composition of this sample demonstrated the stability and inertness of the inventive
composition even when in contact with a highly reactive glass and at high temperatures. [0046]The
next test. compared the stability and inertness of the inventive coating with three comparative coatings
shown in"FA5i€ 3 in the presence of the more reactive glass composition, Glass Composition B. The
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the CQMIRASTP sif'\?tezgzier"sl'sab eé:la%]p@&'&fl' )Y thgin entive-andcomparative sam@ie%ggﬁ? place
contact with Glass Composition B, the more relactive glass at a temperature of 650 Cn 4 nitrogen
atmosphere for 4 minutes and then cooled down. The cycle was repeated five times for each sample.

Table 3 San{@&ﬁoatiﬂg J&e é%‘ﬁ?hﬁ%éﬁﬁ% %E BédSnstrated inertness and stability at high

temperatures as well as when in contact with both reactive glass compositions. The chemical

composition of the inventive coating in contact with Glass Composition A as determined by
EDAX after exposure to high temperature was Tiz3Al,3Nss. The minimal change in chemistry
evidenced the relative stability of the inventive coating on a high purity substrate at high
temperature. Additionally, the measured surface roughness (RMS) of this sample prior to
exposure to high temperature was about 1 nm, and after exposure was about 2 nm. FIG. 4 is an
SEM photomicrograph of the inventive coating in contact with Glass Composition A after
exposure to 550 °C. As shown in FIG. 4, the change in surface roughness after heat treating was
minimal (as compared to FIG. 3A illustrating the coated substrate before heat treatment), further
evidencing the stability of the coating at high temperatures. Again, the minimal change in
surface roughness and chemistry composition of this sample demonstrated the stability and
inertness of the inventive composition even when in contact with a reactive glass and at high
temperatures.

[0045]

Composition B after exposure to 650 °C. The measured surface roughness of this sample prior to

FIG. 5 is an SEM photomicrograph of the inventive coating in contact with Glass

exposure to high temperature was about 2 nm, and after exposure was about 3 nm. The
composition of the coating after exposure as measured by EDAX was Tix Al»Nse. Again, the
minimal change in surface roughness and chemistry composition of this sample demonstrated the
stability and inertness of the inventive composition even when in contact with a highly reactive
glass and at high temperatures.

[0046]
three comparative coatings shown in Table 3 in the presence of the more reactive glass

The

The next test compared the stability and inertness of the inventive coating with

composition, Glass Composition B. The inventive coating utilized was TixAlxNss.

coatings were applied on a tungsten carbide substrate with minor constituents of less than about
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(C) Inventive Ti22AI22N55 650 2 3 Ti22AI22N56 Comp. A Til6AI27N57 650 2 >200

0.5 wt. %, minor constituents having less than 0.2 wt. % cobalt. The thickness of the coatings on
each substrate was about 0.3 pm.

[0047] A similar test for stability and inertness as described above was performed with
Comparative Coatings A-C having the compositions listed in Table 2. Specifically, the inventive
and comparative samples were placed in contact with Glass Composition B, the more reactive
glass at a temperature of 650 °C in a nitrogen atmosphere for 4 minutes and then cooled down.

The cycle was repeated five times for each sample.

Table 3
Sample Coating Temp Initial RMS | After RMS EDAX
°C)
Inventive | TixnAlnNss 650 2 3 Ti22Al22Ns6
Comp. A | Tij6Al7Nsy 650 2 >200 Ti11Al0S13K2N 17047
Comp. B DLC 650 2+1 >200 Substrate: W,oCso;
C100s0

Comp. C TiN 650 5+1 59+1 Ti31K3066

[0048] The Comparative A sample was a substrate having a coating of Ti;sAl7Ns7. FIG.
6A is an SEM photomicrograph of the Comparative A sample before exposure to high
temperature and FIG. 6B illustrates the sample after exposure to the high temperature. The
initial surface roughness of the Comparative A sample was 2 nm and after exposure to high
temperature was greater than 200 nm. The composition of the coating as measured by EDAX of
Comparative A after exposure to high temperature was Ti;1AlySi3K;,N17047. The aluminum rich
coating was prone to oxidation and reacted with the reactive glass composition, and therefore,
had decreased inertness.

[0049] The Comparative B sample was a substrate coated with DLC. FIG. 7A is an SEM
photomicrograph of the Comparative B sample prior to exposure to high temperature having a
surface roughness of 2 £ 1 nm. FIG. 7B is an SEM photomicrograph of the sample after high
temperature exposure and having a surface roughness of greater than 200 nm. Additionally, the
composition measured by EDAX after heat treatment included an analysis of the substrate as the

coating was in such a degraded state.

1758908 -12-



Ti ItAI20Si3K2N17047 Comp. B DLC 650 2+1 >200 Substrate: W20C20;  C10050 Comp. C TiN 650
5+1

[0050] The Comparative C sample was a substrate coated with TiN. FIG. 8A is an SEM
photomicrograph of the Comparative C sample prior to exposure to high temperature and having
a surface roughness of 5 = 1 nm. FIG. 8B is an SEM photomicrograph of the Comparative C
sample after exposure to high temperature and having a surface roughness of 69 £ 1 nm. The
EDAX composition measured after heat treatment evidenced a fairly significant change in
chemical composition. Therefore, there was a relatively high degree of instability of the coating
and reactivity with the reactive glass at high temperatures.

[0051]  As seen by at least the substantial increase in surface roughness after exposure to
high temperature, the coatings of Comparative A-C samples have significant instability as well
as interaction and/or reactivity with the reactive glass at high temperature.

[0052]  Additionally, as discussed above and seen in FIG. 5, the inventive TiAIN coating,
Ti»nAl»pNss with an atomic ratio of 1:1:2.5 retained its surface finish and composition.
Additionally, EDAX analysis after heat treatment evidenced minor changes in the composition.
Thus, the inventive coating was highly stable and inert at high temperatures. In contrast, as
shown in FIG. 6B, a TiAIN coating with an atomic ratio of 1:1.7:3.6, as well as FIGS. 7B and
8B, the DLC and TiN coatings, respectively, show interaction with Glass Composition B glass
after exposure to high temperature. From tests on TiN, TiAIN and Al rich TiAIN coatings, it has
been determined that as the Ti:Al atomic ratio deviates appreciably from 1:1, the reactivity of the
coating increases. The test results further demonstrated that a thin, for example, less than 0.5 pm
TiAIN coating as described herein, on a high purity WC substrate having less than about a 5 nm
surface finish, and a profile tolerance of less than about 0.5 um of a precision glass molding
mold remained inert to the higher temperature reactive glasses during molding operation.

[0053] Thus, the coatings of the present invention effectively provide higher glass
product quality and productivity, higher possible glass molding process temperatures without die
fatigue or failure, closer control of dimensional tolerances of glass product, longer service life of
dies and tools, and lower cost of die manufacturing because of the cheaper elements used in the
system.

[0054] The system described herein produces forming tools that are oxidation resistant
and wear resistant at high temperatures, and further provides a surface to which glass does not
stick. These properties in the tools allow the production of glass components without

interruption and material loss, and thus, the life of a tool and the quality and productivity of glass
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59+1 T1311(3066 [0048]The Comparative A sample was a substrate having a coating of
Til6AI27N57. FIG. 6A is an SEM photomicrograph of the Comparative A sample before exposure to
high temperature and FIG. 6B illustrates the sample after exposure to the high temperature. The initial
surface roughness of the Comparative A sample was 2 nm and after exposure to high temperature
was greater than 200 nm. The composition of the coating as measured by EDAX of Comparative A
after exposure to high temperature was Ti A SiK 0 120 3 2
17 _ 47. The aluminum_rich coating was prone to oxidation and reacted with the reactive glass

composifiB!Hol s SEPE R HEKEMSd MBI MRS CoafBB 48T TS B A B SAFOIEARS a
substrateeatest piedi ol dEmAkiis an BSbMnphptonicr ghapihat thes amoparadivierBisample prior to
exposure to high t erature haying a surface rqu ?ness f2 1 nm.FIG, 7Bisan SEM |
photomiCTAPADH e SRR st P MR L S A R SR BT PR i dB B R of
greater thgpli2insnfoAdditiopia)lyn dldéngamapositigiassnaaiuir @b kiing RAXs afteigheahpeatorentiincluded
an analysis of the substrate as the coating.was in such a degraded state. OOSOflT e Comparative C
cample (b LAt A0S LR W T AT AS Sh T LR ISP HR BF HE OB ive ©
sample piioitdd expesdinestothigieten peratur&ey)difvdlimg e sultacetioghhessqiife fuiipndéds, 811 is
an SEM ﬁhgtﬁrp&%cs)g{a h t%f tpﬁb?%man ratf'v%rg: sample after exposure to high temperature and having
a surface r%ug ness o I Rm Thé X composition measured after heat treatment evidenced a
fairly significEifi5Shang@hareire pidaddenspusitoneifh efehorentheienvas @beiativetyibidhitogrée of
instability, of %*Agsc&ai‘ff‘%t%%%ﬁ,eﬁ‘c_vtv'ﬁitié withihe {ﬁ%é's‘éesglﬁéé al{ @Q&%H%?%ﬁ%%%%&s (QQRKKs spen by
at least the Substantial increase in surface roughness after exposure to high temperature, the coatings
of Compthatvieis-¢f damplesnhaveignificaricamsadbitityhastwielasgnigteoactioniavretorreadtfitydyith the
reactive glass @%@Mg&%m%@ture. [0052]Additionally, as discussed above and seen in FIG. 5, the
inventive TIA1N coating, Ti22AI22N55 with an atomic ratio of 1:1:2.5 retained its surface finish and
composition. Additionally, EDAX analysis after heat treatment evidenced minor changes in the
composition. Thus, the inventive coating was highly stable and inert at high temperatures. In contrast,
as shown in FIG. 611, a TiALN coating with an atomic ratio of 1:1.7:3.6, as well as FIGS. 711 and 811,
the DLC and TiN coatings, respectively, show interaction with Glass Composition B glass after
exposure to high temperature. From tests on TiN, TiALN and Al rich TIALN coatings, it has been
determined that as the Ti:Al atomic ratio deviates appreciably from 1:1, the reactivity of the coating
increases. The test results further demonstrated that a thin, for example, less than 0.5 pm TiA1N
coating as described herein, on a high purity WC substrate having less than about a 5 nm surface
finish, and a profile tolerance of less than about 0.5 gm of a precision glass molding mold remained
inert to the higher temperature reactive glasses during molding operation.  [0053] Thus, the coatings
of the present invention effectively provide higher glass product quality and productivity, higher
possible glass molding process temperatures without die fatigue or failure, closer control of
dimensional tolerances of glass product, longer service life of dies and tools, and lower cost of die
manufacturing because of the cheaper elements used in the system. [0054]The system described
herein produces forming tools that are oxidation resistant and wear resistant at high temperatures, and
further provides a surface to which glass does not
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stick. These properties in the tools allow the production of glass components without interruption and
material loss, and thus, the life of a tool and the quality and productivity of glass products to be
significantly extended. This new coating architecture and design is particularly suited for precision
glass molding or forming processes, and while it is anticipated herein that the coating and/or system
can be utilized in tooling for molding precision glass lenses for imaging applications, for example,
molding reactive glass and/or molding glass at high temperatures, it is not limited to such applications.
Additional use of the coating and/or system includes but is not limited to molding of laser collimator
lens, mo?é{ﬁégflﬁtﬁgﬁmlé hat require fully dense, high hardness tungsten carbide, and minors
100551Whereas, particular embodiments of this invention have been described above for purposes of
illustration, it wil| be evident to those skilled jn. the art that numerous variations of the details of the
present i Venti&sﬁfé%g’ﬁ%%sb% e SRYIHRCHBRT R invention as defined in the appended
claims. WHATdSuGdtAIMERIIS 1. A system for precision glass molding, comprising: a substrate; and
a coating on at Ieas%.ag)orti?rll thtereor}t.wht rein the ﬁ:oatint% comprises TiAIxN;f,.le reinhx is 0.7-1.5
and y is 2.0-3.0, Wherein the stbstiate ' comptises Wingsten cambide; TngStEn or' a'combiiation thereof
having lés0tian51a2% ynindr. @Cristitvientsn 2hd hebsyste moagaaselingigsalairuidehaenapsterisdd.8-1.2. 3.
The system acc 1%%”919&00?'3”‘5} 1 %vsrg ein1y2i§/ %ﬁgﬁzrjb n%ﬁThe system according to claim 1, wherein
the substrate Nas a coaﬁng ickness of less than 1.0 pm. 5. The system according to claim 4,

wherein the coating thickness is less than 0.5 pm. 6. The system according to claim 1, wherein the

surface r?ughn%ﬁg é%% a%%?c?l}%’%t%ﬂl l?s{{%g?eif?l I)(;%s IgaanB nm. 7. The system according to claim
su

1, wherein the coat strate has a profilé accuracy of less than 0.5 pm.
3. The system according to claim 1, wherein y is 2.2-2.7.
4. The system according to claim 1, wherein the substrate has a coating thickness of less
than 1.0 pm.
5. The system according to claim 4, wherein the coating thickness is less than 0.5 pm.
6. The system according to claim 1, wherein the surface roughness (RMS) of the coated

substrate is less than 5 nm.

7. The system according to claim 1, wherein the coated substrate has a profile accuracy of

less than 0.5 pm.

8. The system according to claim 1, wherein the minor constituents comprise at least one of

cobalt, chromium or nickel.

0. The system according to claim 1, wherein the substrate comprises monotungsten carbide

having less than 1.2 wt. % minor constituents.

10. A method for producing a system for precision glass molding comprising:
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8. The system according to claim 1, wherein the minor constituents comprise at least one of cobalt,
chromium or nickel. 9. The system according to claim 1, wherein the substrate comprises
monotungsten carbide having less than 1.2 wt. % minor constituents. 10.A method for producing a
system for precision glass molding comprising: applying a coating to a substrate for precision
glass molding, wherein the substrate comprises tungsten carbide, tungsten or a combination thereof
having less than 1.2 wt % minor constituents, and wherein the coating comprises TiAIxNy, wherein X is
0.7-1.5andyis 2.2-3.0. 11. The method according to claim 10, wherein x is 0.8-1.2 and y is 2.2-2.7.
12. The method RN¥BIIIAGS Egir 1B, WIS ¥le RIGEHTING thlakh Sy bRt g HOSHgiT e

method aﬁﬁQﬁﬁBBgttﬂlg-‘dwmclﬂn&wﬁ[ﬁg@tbh%ﬂﬁ%hﬁﬁﬁﬁiﬁﬂ&ﬂéﬁeﬁﬁﬁmﬁl‘iglaés@l@ﬁi onexef gobalior
chromium or nickel. The method accordin C ther campyising applyi
tormedt BB AT PGS t5ECHT G b PR G LF ina TRV ahale Ty b Aee fungsten
carbide, tungsten or a combination thereof 15. The system accordlng to claim 1, wherein the substrate
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12. The method according to claim 10, wherein the coating thickness is less than 1.0 pm.

13. The method according to claim 10, wherein the minor constituents comprise at least one

of cobalt, chromium or nickel.

14.  The method according to claim 10, further comprising applying an intermediate layer
prior to coating the substrate, wherein the intermediate layer comprises tungsten carbide,
tungsten or a combination thereof.

15. The system according to claim 1, wherein the substrate is a mold, blank or die.

16. The method according to claim 10, wherein the substrate is a mold, blank or die.
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