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{57) Abstract: Systems and method for high throughput fabrication and analysis of an array of coated materials. The methods
include selectively delivering at least one of a plurality of materials (14) to the surface (16) of a substrate (18) having a plurality of
predefined regions (22) to form a predefined coating (30) on each of the regions. In ithe selective delivery of the materials, each of
=~ the plurality of matetials is positioned for simultaneous delivery to the substrate. The systems(10) include a substrate (18) having
a surface (16) with a pluratity of predefined regions (22), where a plurality of materials (14} are provided for coating the substrate.
A delivery mechanism (12) associated with the plurality of materials is positioned to simultanecusly deliver each of the plurality
of materials onto the surface of the substrate. Fusther, a controller (26) is utilized to control the delivery mechanism to selectively
deliver each of the plurality of materials such that each of the plurality of the predefined regions of the substrate has a predefined
coating (30).
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deliver each of the plurality of materials such that eaghgfnbhgsplurality
of the predefined regions of the substrate has a predefined coating (30).

VETHODS _BACKGROOND G THAVIONIBRAE ikl ai o SINENALY in SR, "

met hods and apparatus for generating and screening coating libraries, and

Mor € DAL LGl AaboYina o ¥R RS A S¥Sg s for the parallel deposition of

| ayer S R NolPd ChdetinS 1680 Ronst et S Al Bgih 0 fOorm a coating library. Coatings

o are W g ofeattSeeiar ifueloNBUPEY Gyzerle0 €nhance the functionality and add-on 5
value of bulk materials. There are generally two types of functional
coating materials: inorganic and organic coatings. |lnorganic coatings have
been used in both the sem conductor industry, for exanple in various thin
filmintegrated circuit devices, as well as in conventional industry, such
as thermal barrier coatings for steamturbines and aircraft engine
airfoils. Organic coatings are also widely used in 10 many i ndustri al
protective/ decorative applications, such as in autonobile top clear
coatings, paints, etc. Oher types of coatings include, for exanple,
protective and anticorrosive coatings, adhesive and rel ease coatings,
environnental barrier coatings, electric conductive/optic transparent
coatings, scratch resistance hard coatings, etc. Discovery of an advanced
coating formula prom ses huge value for a manufacturer. 15 The devel opnent
of generic tools to accelerate the discovery process for various coating
systens may be of even hi gher value, however, as the search and

optim zation of advanced coatings is nore of an art than a science. The
power of theoretical guidance in the search and optim ze advanced coati ngs
islimted, largely because of the conplexity of a typical coating system
and multiplicity of quality 20 requirenents that need to be net. Typically,
i ndustrial coating formulations have to neet nultiple functional

requi renments, and nultiple- conpatible functional groups or blends are
necessary to obtain a balanced fornmulation. In addition, the properties of
a coating system depend not only, on the fornul a/ conposition, but also on
t he




processing conditions and the coating application nethogd.\i5Qh 284anpl e, the
degree of 25 thickness uniformty and surface roughness, which depends on
the appl Vo226 1met hod -1 22 March 2005 and processi ng SFTHSRHEMPhg, are
i mportant in the quality and reproducibility of the coating. Further,
different processing conditions, including exposure to ultra-

vi ol et (UV/ el ectro | Ng. rYy) d the sequence
of application o®m%¢8mﬁﬁﬁﬁ@gﬁgﬁﬁéﬁ§pﬁgre hi ghly

i nportant factors in determning the structure/conposition of the final
coating. Additionally, the structure/conposition of the final coating

I npacts the functionality of the coating. Thus, because of the nultitude
of vari abBASKGROUND OFIHIRSEVENTIONuUst ri al coating systens devel oped to
date have been a result of serendipitous trial-and-error experinental
processes. BRI EF SUMVARY OF THE | NVENTI ON Therefore, there is a need for an

approach t hat cel erates e rate.at whjc functional coatings e
generated and 'gﬁlﬁgﬂ% Slfrgrrefy%s %’&?%fﬂﬁﬁ@f&fr %apfﬁﬁu? igﬁ?%?tlr%ﬂfgé, _

- enbodi nencseciingt ShtiRg AbRates] BYE Hor® PaRicAMHYEH MBI RNANYstERE TBAShd or hi gh
t hroughput fabrication and analysis of an array of coated naterials.

Accor di ngparelled depasitinac layfers ofangieriale putoiarsubsitataoio, formh e ceating lhrayi ded a
system for nmaking an array of coated materials, conprising: a substrate
having a surface with a plurality of predefined regions; a plurality of
materials for ?zﬂ-fni“ t ﬁuﬁr E 01 | ' lated with
the plurality g nﬁf glfei‘g se, grnglhﬁmtsﬁ}ét%gﬁaégérgher}ﬁn@gﬁghﬁ?@?:ﬁ%&% tioned
to sbnul tealeoes| bulkdahaterals.eafherof atehgengtallyatwe ytypds ofitfandiahsl costing t he

surface of the substrate, and.a cantraoller that controls the delivery
rechani s PEEBASSRGERNG A0 oBeATIS/eARlBg HnOTEspiREOpAR Ve hoem uRd B ot s such

that eachnof sebhi@onhibtodlinhd 0 LSA851L 'Ry ArRiHs O t tL; has a

pr edef i ned g:soeati r?g V\helrel?étr{y’t fkt;%rp%ont rlglniﬁe‘rf‘ cgnt roﬁ{shnmﬂ@ee%g%ta %lféug[ hol di ng
devi ce f olevinss,i zrgwel eassinbenventiondl industrn psuchtas ohemial Haersgomtiegy fand
wherein the coniroller records the.plurality of. mterials,that e up the
Coat | ng dCRgL SRDIBPLHEK HHERF PRGG ALHS SHARHS COBIuER AU SAEUsE Y ho
presgent |m¥eNiddakial PRtRtVE/ ISRV pRications! ﬁi&hfd%rin%rﬁgoi&”tc%r &igar of
coated materials, conprising: a delivery area fixedly positioned wthin
‘the syst elPptingss PR, gice Pharfgpes of woktings nchideafoplexpmple; praséctive and

anticorrosive coatings, adhesive and release coatings, environmental barrier coatings,

electric conductive/optic transparent coatings, scratch resistance hard coatings, etc.

Discovery of an advanced coating formula promises huge value for a manufacturer.

15 The development of generic tools to accelerate the discovery process for
various coating systems may be of even higher value, however, as the search and
optimization of advanced coatings is more of an art than a science. The power of
theoretical guidance in the search and optimize advanced coatings is limited, fargely
because of the complexity of a typical coating system and multiplicity of quality

20 requirements that need to be met. Typically, industrial coating formulations have to
meet multiple functional requirements, and multiple compatible functional groups or
blends are necessary to obtain a balanced formulation. In addition, the properties of a
coating system depend not oily on the formula/composition, but also on the
processing conditions and the coating application method. For example; the degree of

25 thickness uniformity and surface roughness, which depends on the application method
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predefined regions, the surface of the substrate positiganghl.goghs hin the
delivery area; a pI urality of materials for coating the substrate; a
delivery mechani sm associated with the plurality of materials, wherein the
‘delivery nechanismis positioned to 2 22 March 2005 si nul taneousl y delivery
each of the plurality of materials onto the surface of the substrate; and
a controller that controls the deli very mechani smto sel ecti veI y deliver
each of hat ach of t

pr edef i ne?i1 }?egl (S)l% Otfoaf &t e sﬁrl f §Fg& %q}ol?l & rtglgfog%%ﬁ lr?b, %rgr n the

cont r ol | g@atingnFugha, ndiffereantprodessiag hcdmlttmgts déndlading oexpawicng tdigasubstrate

duri ng ope ' of the .system. and wherei the controller records the
o ur ari IRt Pedron Sorings Riad LEmPRENE Are s Sarialle SEHIET | Hed T ogi on.

Accor di ngpplieat0dfeich AsRe oF nafltiflbgair @o8iigs] AeeEI9NmpbRSKtefabdrsPmoVvi ded a
met hod for nmaking an array of coating materials, conprisjng: providing a

subst r at@eterpuginagths stivgtarcicompopitian ppfirtiei fipalofcoping e Addisiansllyi 8s: and
sel ecti v, sg@émg&kdrx sitft FHlthe fi %&mﬂ@%@gag &lo'natl %ffﬂt@éo%ﬁh I's to the

surface strate to orma coat ng on each of the
plurali tTjhlmt bpeagste bf rdEdmruEgudmef aﬁmﬂi@ smsswf a;h@ usabie irelustzioh codtingt he
ned far

pluralit sﬁ%g:tgco?vgﬁo 2k toI TafR? a\;e' %S%ne & rgﬁu?tt ﬁg s&:e ? q%u‘fd ﬁty'gf/er&/ ertt, he

substr at g to anot there is

provi dedexgerineiitabstoéesdsesmaki ng an array of coating materials, corrprl si ng:
positioning a substrate having a surface with a plurality of predefined

regi ons substrate is within a delivery area,
wher e th@ggﬂi #@wggeéﬁﬁﬁ&%N§%S| tioned; and selectively delivering
at |east one of a plurality of materials, each froma different fixed

position, to Tieefoel thees i aneal fop shoipfrcachiedeltidedics i taig abwhith | east one
luraljty of materials on each of the plurality of predefined

of the
regi ons fg’fwttqli'é | iatnes ye generpteqppd srudipd-for V@lwmﬁfﬂm/agsgqa/ﬁwasg BRI EF
DESCRI PHYN GhbddilaeBAMMNGS 5 m\;enh§n %rcﬁ/?&% @?Etbﬁs dhaHABR foRhiphst em f or

meki ng an array of coating materials; IS a schematic diagram of a

coat i ng thiovghpyt fihsicaden dndomalylsis of s eany of C@tqdl materjals.

According to one aspect of the present invention, there is provided a system
for making an array of coated materials, comprising: a substrate having a surface with
a plurality of predefined regions; a plurality of materials for coating the substrate; a
delivery mechanism associated with the plurality of materials, wherein the delivery
mechanism is positioned to simultaneously deliver each of the plurality of materials

~ onto the surface of the substrate; and a controller that controls the delivery mechanism
to selectively deliver each of the plurality of materials such that each of the plurality
of predefined regions of the substrate has a predefined coating, wherein the controller
controls movement of a holding device for moving the substrate during operation of

. the system, and wherein the controller records the plurality of materials that make up
the coating at each predefined region.

According to another aspect of the present invention, there is provided a

- system for making an array of coated materials, comprising: a delivery area fixedly
positioned within the system; a substrate having a surface with a plurality of
predefined regions, the surface of the substrate positionable within the delivery area; a
plurality of materials for coating the substrate; a delivery mechanism associated with

the plurality of materials, wherein the delivery mechanism is positioned to

-2.




Fig. 3 is a schematic diagramof an envel ope of a vaporjagd n8pgesial being
delivered froma delivery nechani smsource to the surface of "4 substrate
within a delivery area; Fig. 4 is a graph of a thickness profile

di stributed across a dinension of a 10 delivery area froma nornmal,
focused set up of the delivery nmechanism Fig. 5 is a graph of a thickness
profile distributed across a dinension of a delivery area froman angled,

f ocused set .delivery ch Fi raph of a

o o mas Sttt RuPFy e IEF SRCRET LG ls ofto e uRrPelb R O From a
nor mﬁl : fﬁlfbf;treft@(‘af& asﬁeﬁnmn?xqﬁaﬁ %&trdl%ﬁlg&ﬂélgvdﬁ?ﬁi&alm @Mﬁﬁve@%@ﬁb@‘ d7| is a
graph of a thickness profile distrjbute ro [ n of .a delivery
area frofch ﬁ %’Hﬁtyo?ffm?ts’éﬂ§ sucdy hg,tpeash 0? Iﬁ%‘la?‘@’e‘i’ ﬁi@ﬁ’&ﬁ rEHYSour ce;

Fig. 8 igrife SitRatdhaY, Pfed@ﬂﬁe@dﬁa W}elﬁ)theacoﬁﬁmér%hﬁﬁls@illov‘éﬁl%h! &g system
havi ng two opposi ng delivery sources; Fig. I's a top view of a coating

|'i brary & boldeg dpmqfqrh@owsth@rwbﬁram dpring; opmﬁpngf thegyptsmaanfewhpeiat i ve vi ew
of one [ 11 is a
op vi entrtoniany, Rlord oY BROGURABHEE i 07D W SRGRhA adk o1 15 T
a schenmgredefolicd grgaon. of anot her enbodi nent of a conbinatorial coati ng
‘system -3 22, Mar 005 02/ 243 PCT/ USOL/ 19159 Fi 13 IS top view
of a mask ha\/A?'Fﬁnﬁn%l%ﬁraé‘m\'{i\% agpech At ¢ ?r?§ese’§slnr¥ﬁ’§ln%’e tﬁ?fgllrglpzrg&‘ F(ﬂat he system
of Fig. rhethofifer malding SnariagofVdogtn®ateraathmgrisih@r govidiny segbsugieng t he
mask of Fig. 13 in the s st em qf Flgm:lz and 5 Fig.. 15 1s a.side view

showi ng haviecs gutace 3dth R 16411% 9é PEGAsERsd Esgiongy and %‘i‘r‘é‘ﬁ’dyd@ﬁ&%‘iﬂtﬂ ¥n
conbi natefd ghe &pﬁlmtfa%%alwmelsﬁﬁam E’Usﬁl&!e% forhiEa hRAYERTION

Referring to Figs. 2, a system 10 for making an array of coating
mat eri aleatihgion tmhmfa*h@phlralng of ptadafiyed regions ef the sibstratarwhare eddimfsm 12

del i ver 'tﬂg pﬁlrﬁlty of materials is positioned for simultaneous delivery to the substrate.

According to another aspect of the present invention, there is provided a
method for making an array of coating materials, comprising: positioning a substrate
having a surface with a plurality of predefined regions such that the surface of the
substrate is within a delivery area, where the delivery area is fixedly positioned; and
selectively delivering at least one of a plurality of materials, each from a different
fixed position, to the delivery area to form a predefined coating of an least one of the

plurality of materials on each of the plurality of predefined regions of the substrate.
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10 or a conbination of a plurality of materials 14 to 6 of a
substrate 18 to forma coating 20. The substrate surfgggu%%ﬁ%ggéa

pl ural i tYOMR2828def i ned regions 22 that are positioned RFIRSAVLYIFe| j very
area 24, which is preferably at a fixed location wthin the system 10. The
delivery nechanism 12 and/or the plurality of materials 14 are positioned
to sinult N 8 (Y in.parallel, each of the plurality of
15 naterigﬂgﬁﬁﬁbﬁﬁgﬁ@gﬁﬁéﬁpgqg%ggmfﬁ&nﬁﬂgontroIIer 26 controls the

sel ection, quantity and sequence of delivery of- each of the plurality of
materials 14 such that the conposition of the coating 20 may vary between
each of the redignbiRa soherhbtic Glabfint of @ Mt € Mbking n' SFP & &%ﬁgng
library 28. As such, each of the plurality of predefined régions 22 is

coat ed wi tREWWES:0f a plurality of predefined coatings 30. The plurality of
predefined 20 coatings 30 include: a single |layer coating of one of the

plurality of 214 al : i i conbi nation of the
plurality of gg?%r% %Iazs;&lgmﬁg? td %Bﬁ%{ ?gég?ﬁﬁgggﬁ%ﬂrﬁ%deﬁgmetg% ﬁy‘ei%%f? is one
of the pl Wallity of materials; and a nultiple |ayer coating, where each
| ayer is a conbination of the plurality of materials. Additionally, the
system 10 may ikhclyude a,mask 32 in cqmmuni cation with the controller 26 to
25 permit Y del i%e#? 3 pehiemiatif diagramy affqvﬁga?&érmnﬁma??&@l B#iBEof the
plural i ty defivered &dai b WRtlye:gGhetnidh QAR fofe RUHadd bf ¥ BbstRieabimed
coatings 30., The system 10 may al so include a curing source 34 tor curing
t he pl uraIdPWerbﬁrePrhteri als 14, either as they are being delivered to the
substrate 18 or once they have been deposited on the substrate. Further,

the system 10 i AC .1 ice .1 erform, 4 WD 02/ 24321 22
Mar ch™ 2005 Pcﬁ%go%égg@ga%ftni%h c%ﬁdg 1?"?2‘? gﬁgwﬁﬁﬁga%gﬁt%gug%@rﬁﬁ or
coating | idelivary 2128 frotma demes foaset bet uppf dpaddives; méchaagh; of the plurality
of predefined coatings 30. The mask 32 may be secured by a nounting device

35, which optignall) b ition the mask within the system 10.
Simiarly, ¢ het Sabistr EEPEeptk i Besc Bl ibatodorapicp dewrlon QF whi ch
opt i onal | Mcliery sy ABhYarPapldd, RibubdiRsePibst el BiePhdnii SHRLEM 10 Thus,

the present invention provides a system an manuf aét uri ng and
testing a coati n%l I'ibrary having an array of coatings established froma
plurality of nHigebiiglagraphmila g5l grofitecdisetbutedr ackass Ls dithensiopasfad | el , on

a Substr alfivery area from a normal, off-focus set up of the delivery mechanism source;

15 Fig. 7 is a graph of a thickness profile distributed across a dimension of a

delivery area from an angled, off-focus set up of the delivery mechanism source;

Fig. 8 is a side view of one embodiment of a combinatorial coating system

having two opposing delivery sources;
Fig. 9 is a top view of a coating library formed from the system of Fig. 8;

20 Fig. 10 is a perspective view of one embodiment of a ternary combinatorial
coating system;

Fig. 11 is 2 top view of a coating library formed from the system of Fig, 10;

Fig. 12 is a schematic diagram of another embodiment of a combinatorial
coating system;




The delivery mechanism 12 is configured such that each @fyihgophsiral ity of
| U materials 14 may be sinmultaneously delivered, or delivered in parallel,
to the d¥A%E#3Plarea 24 froma variety of angles. As sucﬁFTﬂﬁgyﬂﬂg?very
mechanism 12 is positioned or focused so that at |east a portion of the
delivered material reaches the delivery area 24, as is discussed in nore
2 may be a single device, or it may

detail bel ow. Tﬁfg qgl.i very nech ismé ] S

be a plurality of i'Ads A BRaYICHRY ¢ swsk JeKingod phagEy it npttemsops iy bhe 15
plurality ﬂﬂizlgati@ﬂge%\&,@eédoﬂq’_quosition of each of the one or nore delivery
mechani snms 12 is preferably Tixed wthin the system 10 relative to the

delivery area 24 and relative to the other delivery nechani sns. .

Preferably, theFigel4 st ippridesiafia sontinglitpan) foaned esing thef maskeofidigr 88 i y of

materi al s elhveryy area 24 in a vaporized or atom zed form
Sui t abl e e%gﬁ%ﬁ%&'s%g%:&éh%’e%dvery mechani sm 12 include: a spray 20 nozzle or

gun of 'any type, such as ultrasonic, air, thermal, airless guns, such as

t hoses using hyigald isa side view showeing WY @0 secash 6 SicemRaerdt oRE Vhpsie! i very
mechani snms; an,. ink jet prjnt head; a vapor deposition device, including
sput t er i nglePotifign FRmbisptoral coRting Sty apor at i on, cheni cal vapor deposition
(CVvD), nolecular beam epitaxy, plasma spray; and ion beam deposition. 25
The plurality of materials 14 include inorganic materials and organic

materials in \PETAUED DHSTRIPTION GISTARINGENTI d. gaseous and
vapori zed/ atom zed materials. Suitable exanples of inorganic - coatings

i nclude nmetals, alloys, ceramcs, oxides, nitrides, and sulfides. Suitable
exanpl es of or J¥HPENE At Figgsiand| Ude systempndd ifor makingyemeriay afhdoating |

I | es, . ndi Vi | 0
Form a comiRaue tRER TRLaRRY BB ThPuidle s Hefiri D 32 v orim i (o,

pol yt@r bormataesmbinationi ¢fsa pRirdlitg @ @satertd L4110 SSuLBEEL 6 of Q%ulﬂ&?&t@(r}%’tpa' kyds,
pol yureth rch 2005 WO 02/ 24321 PCT/ US01119159 and vi nyl

pol yners 3&‘%53@%@"@3 %292 eff 8¢ hsiatersuefagst Ly bas 2 plusity of predefinet regica 2i ncl ude
o ani o " RKERE bR o PGy HRen PLOMFE] PoBPniKE Fharlegeon = 11O
especi al | yithicthediystgm 10h éPhwaelivay intechanisth armaek tﬂeﬁﬂuﬂ@ﬁ mﬁaeﬁﬁtg Eﬁer ably,
:Mhﬁr g: :J{ 3 lallc',e; ﬁ/qﬁogﬁ? gi{ @%ﬁ@gﬁ?hﬁﬁr@f él‘di??i%!gruigepa?a)ﬂel, %géh ofutglé pleurrélity o%
15 materials to the delivery area 24. A controller 26 controls the selection, quantity and
sequence of delivery of each of the plurality of materials 14 such that the composition
of the coating 20 may vary between each of the regions 22 on the substrate surface 16
to form a coating library 28. As such, each of the plurality of predefined regions 22 is
coated with one of a plurality of predefined coatings 30. The plurality of predefined
20 coatings 30 include: a single layer coating of one of the plurality of materials 14; a
single layer coating of a combination of the plurality of materials; a multiple layer
coating, where each layer is one of the plurality of materials; and a multiple layer
coating, where each layer is a combination of the plurality of materials. Additionally,
the system 10 may include a mask 32 in communication with the controller 26 to
25 permit’ delivery of the materials 14 to different combinations of the plurality of
predefined regions 22 form the plurality of predefined coatings 30. The system 10
may also include a curing source 34 for curing the plurality of materials 14, either as
they are being delivered to the substrate 18 or once they have been deposited on the

substrat.e. Further, the system 10 may include a testing device 36 .to perform

d




vaporized or atom zed, individually or in conbination, Qﬁm@hb@?ﬁ ed to or
deposited on_a substrate, where the vaporized/atom zed materi al coal esces
and for nWOP228Hi nuous coating if a sufficient anount ofCTHHENEE® jal is
delivered to the substrate. Additionally, the material or conbination of
materials may forma coating having a 10 plurality of |layers, where the
coating na ai)(rat' a nmulti-functional coating having an overall function

~ dictated byeisrbists eadthe ueretadomelistraisl er epatingc Fiblany &8, tThdeterating ithd s may
be combin ' i rials r |tiple,inorganic
materi al s,e&SP éiggsctc))ﬁg%crlllg# %ﬁ%‘&a@?ﬁﬁr dezﬁégicﬂ%fn&gr?i c ﬁ%m@@ﬁ‘g‘?r’i’éﬂ’ bhto a
coating. skdutietlibyreairoyntityy deriew3s]i wigcl hpﬁ@aﬂ?rrﬁ%oﬁﬁﬂ? ipB&tibR MR Mhsk

mat eri al s,wjtégie ' nteracﬁrbon_ 15 and conpatibility of various conbinations of
mat eri al s nt;he Pestars hPnebmilarlys theowbsirage b may be seeured byila hotding dewits nat i on

of mageri | magerial s y..remain as
separate ?of’mgeno Stfoiﬁgltl}gfrhlag@va@%@@h%ﬂ%@bﬁ%}%?ﬁm%@g% m lg)?f%’e, m X
or ot her withe peeseni ineentionfpoovites oeysténo and artasdsfor MRhefachlinganHiiHES
conposite or..a P end, As mantionef:d ahove, the coating 20 may 20. I'nclude a
single | ay@ftf lhﬁ’ﬂ PaYIRg ad e of |coatings&stablished drom ¢ plorakiss of matarialsal

measure,  simliarRofRRRIted, bERBhALdAA paRRcl BEaSitidage of the substrate, much
greater than a thickness, i.e. a neasure of the coating normal to the

surface of the substrate. Preferably, each layer is a thin filmlayer. The
coating 20 nay NV&rdeliverycwaghssism &2 is copfigusethsuch that eachooft thapdivslityesther
fromepne ' i ther. to .25 thereby forman array of
coat i(ﬁgs t %%?%ée?] ‘?gﬂea 5’1?% gﬂgﬁllﬁg{’%@%{we @e&%@%ﬁ&ff%ﬂ&?@ﬁg t%ﬁled#eﬁv?fﬁ e .
coating | iaksacl4/fr@f a vasiety cffangles Ak @k, ele defRby HEShAKISm OISk 'gaaﬂbﬁéaa&?' e from
each ot her bg(zed on tp:eir | ocation. Further, each of the array of coatings

may be proRBEeLso that gk lcastapartinn of shairelivsres malgrialwehshes dhe delifenermeane t hei r
per f or man ' [ o] A erties, and then conpared
N th caoh at hor CrstGel f mb ke RAbw ST 3Pk Py B8Py J2 m oA e 2005
VO 02/ 2432¢viPGTY (S0 bo 2 lurdlitglof drfdiviteal pleviced édcll cOfredpoREREi®BHe HEGEONS 22

S alﬁfixed ar.ea o]ﬂg%he.aiqug trate 18 for receiving one or a cont_)i nati on of
the p uraIpHr@h f Ol IRaler 14 PONle™ ofj sagh of the amg tarpmerd alphiveryoat i ng.

Each of t hecRifésd 19 apikfYANN $ixéd willin HR\SGsBRY1CIERS < to the delivery area
24 and relative to the other delivery mechanisms. Preferably, the delivery mechanism

12 projects each of the plurality of materials 14 to the delivery area 24 in a vaporized

or atomized form. Suitable examples of a delivery mechanism 12 include: 2 spray

20 nozzle or gun of any type, such as ultrasonic, air, thermal, airless guns, such as those

using hydraulic force; microwave or radio frequency (“RF”) delivery mechanisms; an

ink jet_ print head; a vapor deposition device, including  sputtering,
thermal/electron/laser evaporation, chemical vapor deposition (CVD), molecular

beam epitaxy, plasma spray; and ion beam deposition.

25 . The plurality of materials 14 include inorganic materials and organic materials
in various states, such as solid, liquid, gaseous and vaporized/atomized materials.
Suitable examples of inorganic- coatings include metals, alloys, ceramics, oxides,
nitrides, and sulfides. Suitable examples of organic coatings include polymeric,
oligomeric and small molecules, where small molecules are individual monomers that

30 _react to form a coating. The polymeric materials include, but are not ﬁmited to,
polycarbona;es, acrylics, silicones, cellulose esters, polyesters, alkyds, polyurethanes, -
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sufficient for receiving and analyzing the coating deposiyed;bigseon, such
as 5 rectangul ar, linear, arcuate, circular, elliptical, conbinations

t her eof , W&t®/244ch predefined region 22 typically has aRCEUSAVI%% he range
of about 0.01 mm2 to about 100 cnR, preferably in the range of about 1 mMmm®
to about 1 cn?2, and nore preferably in the range of about 10 mMmR2 to. about

50 m2. O ; h ilized, .and the area of each predefined

regi on 22 %V@F@Y@% aﬁ]@aalbg? tlfﬁégﬁéﬁ'ag‘?q {Jllppah@r of episnia materials Guclnde

st r e 15 e Taatt Ptorall Slotdsodraeabll S AR Bl and
substrate i.s a.rigid or sem-rigi : i ui

suppor t i ngmAErpls 2 bavigge pegtegtive or ugmmtweofﬁlm'toaaliim sesi:écialg)heirﬁwa ate 18

has at |e : ' sur f.ac t hat jncludes the urality
of predef ?%g%n@%flg;%s%%b%% g’h@;ﬂeﬁsnt i%?fe{]a]b&a? esi?llr“fai@é,ofh@%am%, may
have #ai seodatpuals iloeisdd oxidby siFuethbry tﬁégﬁﬁﬂﬁy aJramAeRhs afs %ﬂ%?erﬁﬂlﬂ Ef%ibtey of

pr edefi ned relqieﬁns ﬁqZ.. T‘ge upstrate 18 may be of any Size a shape, but
pr ef er abl y"3P&s afrage H%\Cs‘é‘,d“‘ﬁ}bé‘?rén%@bmaﬁ@l, agtl divgeted tb ehdepesitedamch as in
a tape or g @ibktratd RPhezd! e 16 of e substrate 18,
corresponding to the dlgltceit %F?Qééir’éef%‘f“ﬁ& n?a%éaigﬁ?lﬁscﬁ%gn‘&%%sé‘acqnﬁnﬁﬂ@ range

of about Icoat® if ¢ spffident aBounir of dhabhyteiinl ihaidigage &f tﬁ@%‘%fast?%ge me to
i.n the range of about cn? 't o about

about 750 : Q_nor. ref er ahl

500 cn2. The %??%Q?’r *&?éﬂ%@ﬁ‘f@ prbuRtien of Mgt mey dory oteoating having a
osi 10 oneghirality e lageh,i WhéE : | .devi ce.37. The hol di ng
8evi ce 37®m§y k! va_g Y. posribﬁttiﬁfjﬁa%tﬁ% lg%%g)'? %a@git’gg&%&%f’a\[ec)‘?ﬁm havipg an o
subst r at e OY§2]l %E"{qﬁ'@nfdéﬂf#ﬁ‘éby arpredefingd fimdtionad pele of Bechhiayel NehedRdERQs 37 My

i nclude agt.ap 7 i and.a tape take-up 25 device that are both

r ot at abl erﬁfgds% ha% bgﬁ%ipgg%h ftﬁaé pifiple pfg'g%m%l‘?atmaléoﬁbimalﬂp& ingrg#micr ol | er s,
i n the delmaterials, ar @ascotdbindifbnosObidehic Hha i | devjce 37 may be a
pl ate on )Q{ilai %h tgg substrate is Ilgglgged gﬁJ) g%%%‘r;%g?hg}%rgelgﬁ)haecg?% i's
connect ed”gitionally, by, Prowiding these vetieus crombjnetiods oif aratédids, hoRkERkEod he

posifsi on gfd ¢diHald ' .fhe delivery areg 24. As such, the
control | er ZG%ybggﬁ?fg% thégn&%@gﬂéﬁto &af?@%eyﬁsaﬁﬁeﬁama@vi ce 37 to
control the predefined regions 22 onto which the materials 14 are

del i ver ed. For Thxconting, 20t isea mmretinbbt £icoRBiraHYn BPYurdis BiaP oAy ce 37

such that sub’st?atg%&'vb[lilgsr«]e nzlgt%gal\s/%agrzrler%éi?lzals sgg’;tgiggolggéfugs materials, or they

may react, interact, diffuse, mix or otherwise combine to form a new homogeneous

material, a mixture, a composite or a blend. As mentioned above, the coating 20 may

20 include a single layer or multiple layers. In general, coating 20 has a lateral measure,
ie. a measured length across the surface of the substrate, much greater than a |

thickness, i.e. a measure of the coating normal to the surface of the substrate.

Preferably, each layer is a thin film layer. The coating 20 may vary in composition,

optionally in a continuous manner, from one predefined region 22 to another to

25 thereby form an array of coatings that define the plurality of predefined coatings 30 of

the coating library 28. Each of the array of coatings are distinguishable from each

other based on their location. Further, each of the array of coatings may be processed

“under the same conditions and analyzed to determine their performance relative to

functional or useful properties, and then compared with each other to determine their
30 relative utility.




predeterm ned ones of the plurality of predefined regi 63s\122nh3h65 OUt si de of
the delivery area 24 and therefore do not receive one or nore of the

mat er i al WOPA243the delivery area 24 is an area at a fixedPREISIHBEHMW t hin
the system 10. The delivery area 24 may be of any shape or size and
typically, but not necessarily, 5 substantially corresponds in shape and
size to the pl Lljga i ty, of predefined regions 22 on the surface 16 of the
substrate 18. rthe pluzaliy of Bredetinegfregions 32 iine dixed graanmn 1@ subsigtcbe much
| arger or T8I r&ddRih i . _The fixe ositipning of
the delivery area ZF %?%%%&sﬂgn nom(}r\\f?ﬁ%%lﬁéatﬁgﬁgﬁﬁnﬁ?ﬁ?@ Lﬂépq'?lﬁ‘éaé‘%@em 10 to
del i ver  tofempltipealayen castingnt Bach alf thd $realofinddfoasonsi BCRiaFGa0b ahfQnayedst rat e
18. 10 Theu&%}&{totol er 26.is a cor;&ut er system having i nputs, outputs, a
menory and & BlocBs 8PV and aializng thefopting depetiiedgtheretnprsuclessi ng

si gnabs andctd@iudar! dineper A TR Ne] AIPM-YeTo]s nd.. r Wi unctionally
control the opera%iqn of %ﬁée’s%gﬁ’l Ff%lpheﬁhgg%lg%quﬂg:{]g?erﬁ?ie ¢l LC}%?@B a
conput er sl’i%‘%e@ﬁ?ql\ 5RE107y 23 riypicalby Hagcm dremindthkanngd off S@ue0i010mar to ghodihe

conponent Sy a@fani2 nd Lon control]er for, controlling 15. the
novenent s _Io ﬁ@%ﬁ%@‘ggﬁ %ﬁ&a&?br@{abgﬁef 1" 9 RROW I R Mopg pivdrablyic| ude a
keyboar d finthe rapge of st@ud 20 aahe. BB @tﬂéz%&s%&he;‘i{télg%@ %}‘f‘@l ayi ng

i nformation d.a pringter for printing informtion. ¥ 26 may
i ncl ude %%@%‘1 Piede B0 22y be g@tmniuedlby tlsi caphbilityc ofg@uposieibs and

circy try zh@hnat akvi ..adhe.controller 26 may be a single
devi ce, or itnaﬂ@&%{)e a (?-}‘H%P’Ij“)r@‘%f?’g’idl‘g‘?“%‘éef@s§°6\‘zﬂ&<1§lﬁgwrn concert. The
controller 26 is preferably in conmunication with all of the other

conponents of The sehstratari Gs airipid odlisogi-tigid maekhN QiMbEEGH 3R %gndthe

pl uralitys‘gﬁ gﬁ{ggrilal 14 &Jge supstrate 18, the mask 32, the Turing

source 34 °HAR ¢ 7455 o 0F the phgality pf malemals Ady dboisubstats Bhbas dtdedsol di ng

devi ce 37poné sutepafisliy Ahesirbee 0 ShAL) or . exanple, the

control ler, 25 cont r.o}lns the deli %aﬁghég{fi&tsﬁﬁee h@?@%&%@%&ﬁ%r@%ﬁate,

recor di ng Thijesubgtantialbo flat surfeesn howkverninenyi hiwe tdigdd podionsiio tﬂh?sigglﬁ;i ng at
n

- eac redef. ' . ont.,roll i.ng, the deliver the confrol lI'er ma
con'r|1 rsgl oﬁé«g’%{)ﬁ?geﬁ%"ﬁgﬂg& Pﬁéﬁl toi PF"QIF}W% 15810ns e Th?o‘%/lbﬁ'fﬂ@ il§ mayt beref er i al>/s,
the proj eaty sige padebiape, e pRISEHIPSs FPLELK ﬁlﬁ’?’r %feél sﬁ?é]éé \,{,gg@gﬁlag shiol€ spacing

between the deljvery mechanismand the s etc.
Further, P4fB 3ol # dapeor 2ellc oFhe substantigliyc flab sifes, 16 @ftthe aabanat: ggcords the

22 March gd}%pm&%zéozﬂié%jeﬁvery area 24, typically has an area in the range of about 1
mm’ to about 1 m’, preferably in the range of about 50 mm? to about 750 cm?, and
20 more preferably in the range of-about 1 cm? to about 500 cm?,

The substrate 18 may be secured within the system 10 and positioned in the
delivery area 24 by the holding device 37. The holding device 37 may movably
position the substrate 18. For example, for a substrate 18 in the form of an elongated
tape, the holding device 37 may include a tape pay-out device and a tape take-up

25 device that are both rotatable and that support the tape, possibly in combination with
rollers, in the delivery area 24. In another example, the holding device 37 may be a
plate on which the substrate is placed and secured, where the i)Iate is connected to a
motor or other actuator-type device that controls the position of the plate relative to
the delivery area 24, As such, the controller 26 may control the movement of the
30 holding device 37 to control the predefined regions 22 onto which the materials 14 are
delivered. For example, the controller 26 may move the holding device 37 such that
-7-




PCT/ US01/ 19159 del ivery and curing of the delivered rratzaergIc.ﬁ,zobﬁe testing
of the coatin% | ibrary, and the analysis of the test results. The mask 32
is a mat ¥ Y vi ng one or nore patterns of open areas ERFUBVEYREA ar eas,
where the open areas allow delivery of the plurality of materials 14 to 5

the substrate 18 and the bl ocked areas bl ock the delivery. The pattern may

be in any . 2 ks utiljize o define the spatial variation
of material @@‘?‘ﬁ%%‘%%&%%%% F ﬁ%’ IP?"E?%Vy‘_)fIZBr.egF‘%l“eél Figimsy2dask ontsidey of & f or

exanpl e, {dutivanysiced 2biuiesrofore Bb bRkLdiVe B Githé RNt MAkriAl g4 sequeNt i ally
arranged to allow delivery to alternating half areas on € substrate 18,

as wll be des%gff?q' below in nore detail. The mask 32 10 nay be positioned
anywhere in bet WEY 35F2.240S anares atwfised pesitiamwithit thesysteth0r afle 18,

i ncl udi n bl ' I of. and in,cantact with the substrate,
al ong t hg dé??n%' %? @%gﬂn\%gg% éc/)iic &p'hé&%ﬁtoé'rﬁlﬁef gp@@ﬁ’lf’*ﬂ@r é’éfg NRE negeESAPMci ng
bet weén t trebstanslellgTomespontihién shabs tandbize 18 thpluelifip of pRALEALH gAY NO° 1S
pr oduced %h I.H—?’%? qg Lf. des rabl(le | n some instances. In s ag wng, the
pattern of 'naf &P 48 lthfeﬁ"‘bﬁ“’tt% $-nHowgwer themndumlity 8 ppedsfioed rogivms 220 t he
pattern ofmd HRsK ' n the mask . and the

substrate allows the delivered pattern to ex

subst rat e.of therdelivariarep 2hpaovisiss A dnawd, cinsant Jogald for the eyterh i 10its dBRYSr i al , or
t he mask . .cal ,fo d t rface of the substrate.

Pref er abl 3@1 Qlﬁéh%?tgrglgtghglﬁfl‘i?ﬂ%&%égﬁcq ﬁfﬁf & SYoshetetBe nask is as flat as
possi bl e and resists bending and/or folding. Suitable 20 exanpl es of mask
mat etd al s i ncl @e comtroller 96 is & chip@Br SHstele hand 'L g

rel atively non-bendabl e materi al g; p%st I CS, %rg{ a?&gog@gtsé%%%&?&?d

sem - ri gi & PECCSIOE IR IEGAY YL endiag sonng and pbeesiing tstpeak anddafa t6 lopeiags, i1 M5

or foils; xadod | 7 o1Cs I late ("P ") and other chem cal
materials t ha?ll’ fr%)érb?n@ ﬁgggt%\%%gnm%?ﬁx Sgﬁu‘é%%’ﬁﬁmﬂ%é’&ﬁe swteAd sk 32
may be se@he ewniwolléni 26t helsys tewodPuirRn dyBRE] tHaQﬁ‘x%daﬁeﬂn?etrf"agg fdard 3@?

may

delivery area .24 e nmounting device 35. The nounting device
movabl y pOLTEHEE B?%@tﬁgg%n@qenis@f thesxpismeandraomotiomensitrofler fon corteolfigg m - of an
el ongat edhs afbveidkdofMHeGhi ! i I ity of patterns, the nounting
device 35 may incl u_?Ie a ta%esi;%d- %thS&%tgvll%g%%éoxgrql@bé%trg%mgiydg&i cé that
are bot h keybatrdbifer Joputting tdae adppominantis hapRleoP@iplay! Yor rais?%gnat i on
with rol lﬁffrﬁlaﬁﬁ%m idve t.o. the deljver area 24. |In another exa e, for a
mask 32 in The torificet Ponier dorpripting iptormations  The controller 26 may include

software, hardware, firmware, and other similar components and circuitry for

operating the system 10. The controller 26 may be a single device, or it may be a

20 plurality of devices working in concert, The controller 26 is preferably in
communication with all of the other components of the system 10, including the
delivery mechanism 12, the plurality of materials 14, the substrate 18, the mask 32,

the curing source 34, the testing device 36, the mounting device 35 and the holding

device 37, to coordinate the operations of the system. For example, the controller

25 controls the delivery o_f the materials to the substrate, recording the exact combination
of materials that make up the coating at each predefined region. By controlling the
delivery, the coniroller may control one oi‘ more of the material volume, the
combination of materials, the projective power, the coating speed, the projective

angle, the spacing between the delivery mechanism and the substrate, the masking,

30 etc. Further, the controller 26 controls, synchronizes, combines and records the

-8-




-9 22 March 2005 WD 02/ 24321 PCT/ US01/ 19159 nounti ng d@élhﬁgmﬁ%g?y be a
pl at form or other supporting structure connected to a ‘notor or oth

act uat orWOWB@4¥&vi ce that controls the position of the pF’ﬁﬂUéPlrﬁ%??d mask
relative to the delivery area 24. This allows one pattern or a nunber of
patterns to be utilized to mask di f f &t ent predeflned regions 22 on the

substrate vene of the mask 32. such, the controller 26 may
contr ol éqﬁ@\ééﬂ‘ﬂo f:tﬁ‘é debiyssed mygteaials, él"te tsgﬂlgwfdbmcﬁﬁln&mam euikf i ned

regi ons 22th‘é%h@1 y¥B o theltbg rdiligri al s 14 are delivered. The curing source 34
is a device in cComunication with each of the plurality of materials 14 to
cause a reaction or a solvent evaporation with one or a conbination 10 of

the materials. Fo# H@ﬂhrﬁ@l i a m&rlaédnewngmnﬂmt tnereapttetnsnel olz@t arefls aml

cross-1|inkj smal | ul reac anlc hase
reaction, bl B%( c()itﬂ% grﬁﬁge t§$ Op%%fngsi% gl%ﬁ’lc%? Fé’I‘F%F q?f asienaly & &y
mat er 5al ( sthe sﬁbﬂtﬁa&bl aRkAEDIREke®hreds Blotk B defReyCer é)a'tt@ﬁf ML bAGRF | N9
device in gcomunicatign_ wi.th the substrate ation device~'in

conmuni cat §08Re-wi ke A 32|is ublizad toadefineaths &pntlalharﬁumwf treateriadld inmalteer i al s,

a mcroway, [ pl as conbi.nat i on er eof testing
devi ce 36 ggﬂggéigga%%g o?l %ﬁ}ﬂq@zl gh?ggyf)tgﬁnf e ?eof % gk &c-{?q%é

pl ural i ty pifirafityectifattend thpatd seqsendiil Arrbfigedsb RHEW WeRvekd to IR@nithRi NN devi ce
36 subjects the_.entjire c t| ng. J{ brary 28 to the sanme conditions I n order
to deter maﬁ%astc?’l’ethre h?W"e o Vi hﬁﬁé@”@ﬁd delew tnvmorst dateib  The dedskridd

coat ijpngs ?@%y B gosiifsiel Bﬂy‘gﬁéﬂ: HRebrothe Bl %thg'%?ﬁ%% ?% 14 gridl\éhte Q%I%f?rgggm e

controll er i'n order to conp e and a

exanpl es o3, mchuimg pagititeeil da‘eﬁty emivpuwfend i Jsuntak:m odth the aibishete, alons el ace
anal yzer, 1 Iet absorbance tester, a scratch resistance

tester, |Lf g%‘?Wl fetlgét%?ls HAnGeriRe Gespicins brtween thepmask 3eand
ar chi t ect h@bubsRERIBC b ¥ifect cgﬂé@*s‘ﬁﬁdld&ﬁngﬂﬁgw\fé’e%ihe Ce{ngg%g b8 %Srtdhlgs of a

coating. 25 Referring to Fig. 3, a sour ery o
mat eri al s 1 SOIRE tllllf"éam%l Ilkl@ﬁgowmgh@n ipstterh i dhedtériad dslivered af theRebgawr gl i ty of

mat erd al s r at o state within an envel ope 40 that
pr ef gjr abl f} éjdcggmn%é\s@g{s% I#af%'lt%%d%ﬁhv aﬁ\ggarggg a8 {he, spasing; RetweRnalbe taaskt i ng
cover age auéithd fibsiestt iatlowsl el déﬁﬁr&eérpﬁﬂemw xR ] h7edches the substrate,

The mask 32 may be formed of a rigid or semi-rigid material, or the mask may be a

chemical formed on the surface of the substrate, Preferably, the material of the mask

_ insures that the mask is as flat as possible and resists bending and/or folding, Suitable

20 examples of mask materials include: silicon, silicon oxide and glass for rigid or
relatively non-bendable materials; plastics, metals and alloys for sexﬁi-rigid or
relatively bendable materials in the form of sheets,—ﬁlms or foils; and lithographic-

polyacrylate (“PMMA") and other chemical materials that form negative and positive
chemical masks,

25 The mask 32 may be secured within the system 10 and positioned relative to
the delivery area 24 by the mounting device 35. The mounting device 35 may
movably position the mask 32. For example, for a mask 32 in the form -of an
elongated semi-rigid material having a plurality of patterns, the mounting device 35
may include a tape pay-out device and a tape take-up device that are both rotatable

30 and that support the tape, possibly in combination with rollers, relative to the delivery
arca 24. In another example, for a mask 32 in the form of a rigid maferial, the
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the point of exit of the material fromthe delivery nechaphsvof®r exanple,
the 30 source 12 nay be the nozzle on. a spray gun. It nma e desired in
sone cas¥W90224%¥122 March 2005 WD 02/ 24321 PCT/ US01/ 19159PHENEW IS0t to
have coating coverage over the entire delivery area 24. For exanple, the
envel ope, 40 may only enconpass a portion of the delivery area 24 when a
edeterm ned regi ons 22 of the substrate 18 are not to be

portion of the S

coat ed andmﬁu'i‘FHgg oyice 3 xmaybereplatfors er othst surppring staicture cynugictedrte avat er i al
to those rggi . | Vi f conveni en hape

i ncl udi ng: ggog{a)gaqtﬂ-é\?m'e%cﬁ&&gjr ﬁgégi?gg@scggﬁ?lgn%g%ﬂﬁﬁn 6?3%%!9&?&,?0% fidot i cal
and r ect angaskaelatiyetr the aelivary avdatd4. VEHs sllsvsoore gatS@GiaGigiber 8NghtRrishi n | i ne
shape. The sgapz.l.of the e v%{#)épe 40 a‘?ﬁ/ he djictated by the shape of the
del i very are eé‘{”‘t‘%é%ﬁ%%% e ePietietingderepons 122 pa thepsubstete 13 byt he
delivery mBednadht SMhklmadidre dgsi fL l.urality of
predefined coatings 10 %0, th§§l§%§%é&g@aﬁgﬁ%§lmﬁ c?ﬁ%&ptrﬁégg)s}g?l%“nﬁ

regi ons 22he mosntingdesiceds toorentrek the predefined regine 22 afhitorwhizhithd matefiakkei ng

del i vered %@arggglg%%astrate 18, and simlar factors. The shape of the

envel ope 40 nmay be controlled by the shape of a nozzle on the delivery
mechani sm 12, by an air shroud associated with the delivery nechanism or
by ot her shape-Tefduringgosics 3¢titIa @8viee irlethBeFicATTORItR S ¥¢ thb pﬁlﬂﬁlilﬁel i very
mechanism 15 Referring to Figs. 3 and 4, in a nornmal focused set Up 41,

t he sour c@TFapterials It togansg 2 FRCHQILI: sphvemb evagetation withgortehe areimhinadion 14
coi ngg di n ' crnt foYol] . livery area 24. The source 38
o pesi ] oreny ey rok oREhiNe, B8 rllotoh Wiy R M Akeftny # sogy DR ng
cent er | i neeapios,ubsmal tmalbtyle pesctiondire idodganicophdie reabtibaC end btk Simifhe! i very
area 24 at_.the center.point 44, Referring to Fig. 4, the cross-sectional
20. thi ck&HEODS BRTpRYidls oy trdediveredr matgeals) neistables opmplesueha auringe

| at eral disg@esi 1 ifludeF A8 hMEL: eq .24 of ting
delivered fromthe _set?—%g’egﬁﬁ%%ﬁcg?mvﬁ N & &eﬁ@e%@e 3‘??11’5?‘8%;@’ 2

subst ant i adigtiqe dgsdertiinc ¢bmmunicatine witlartke délivked ReateHild e rtie Aefabited

typigally . - di pensi gnal substanfially Gaussi an or nor nal
di st ir:i‘fibut Pghﬁe.sm%’éml?ﬁw@‘lfﬁgggc%ta 5@ cFﬁé‘il eombigations thetealpex 52 coi nci di ng
with the centerline 46 above 25 the center point 44, with tw equal,

mrror-inage tght teshdg devieasdiss seted! fok B@alyﬁﬁg‘ﬁh%\r};eﬁﬂﬁnarﬁcgrotf@%h ofthe source
38 is posi I I gned at a_vertical spacing 60 relative to the
plurality of predefined coatings 30 on the substraté 18. The testing device 36 subjects

the entire coating library 28 to the same conditions in order to determine the relative

performance of each one of the predefined coatings 30. The testing device 36 is in

20 communication with the controller 26 in order to compile and analyze the test data.
Suitable examples of a testing device 36 include a thicknes§ profiler, a surface
analyzer, an ultra violet (“UV”) absorbance tester, a scratch resistance tester, a
permeability tester, and other similar devices that test architectural, protective,
decorative and other functional features of a coating,

25 Referring to Fig. 3, a source 38 of the delivery of the materials from the
- delivery mechanism 12 delivers one of the plurality of materials 14 in a vaporized or
atomized state within an envelope 40 that pref:erably éncompasses the delivefy area
24 in order to obtain coating coverage over the entire delivery area. The source 12 is
the point of exit of the material from the delivery mechanism. For example, the

30 source 12 may be the nozzle on a spray gun. It may be desired in some cases,
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pl ane 49 of the delivery area 24 (Fig. 3). The verticalzzsi\ggl%hzg(,@O affects
the total wdth 51 of the thickness profile 48 and there t he t hi ckness
of the cHR®AE2At any given point along the thickness pPS%ﬁS@/UI&'
distribution. Thus, in this base, the thickness 30 profile 48 is centered
wi thin the dinmension 50 of the delivery area 24, the thickness -11 22 March

2005 WO 02 PCT/US01/ 19159 being | argest at the apex 52 and gradual ly
reduci ng ing‘é%%ﬁallogoc%vgﬁgatmgﬁﬂvg%e o¥eirthe entirg sleliwery Redach4: i Fog exampleg. 5, in

an angl ed fheeHsobE4l mid  enle (oY= WA f focus 42 for
delivering the rrgtt) eri al pfﬁ?ceoni ﬁ@?ﬁs?lr%g&\?\?t Oiﬂﬁid‘%:lgﬁpg%eﬁgﬁﬁ‘f%eﬂf R¥UGhe 5
del i very afidhe piedetenningd regionse2sfibeaibiisatp 08 itd mn eslbs esdted fidta tbd 32

terline . i al, J. t del j v, I bet bout O
cent et 1y Sk e ISl o B St B s e S
o o SFur emeytecatioy cincRnesishe iling] eGSR P ALY ol B o° 28

Is | ocated a]ta a horjzontal spacing distanCe 53 cen
The hor i zoWFAI2S IpuRd. ffinficst ard scckmghlsr;asediispnivalewith taneuplcane-sedtichle 10

38 : f the deli d d
rom the orenipns hebd 1By i 4D b RooRl i o Bl e shepenior ance

53, verti dh¢ dsieary mgea 24,sthashepet6f thanghrfied i1 6 I Kh@ REbSratt ‘i‘g,ethﬁl de%ive
varied to position the Fidkness

mat hemat i ¢ Jnterrel ated, and nmpy be

profile 4@%%’%?% @h@ledﬁﬁlrwp&,s@@n@ﬂeaqhmfﬂhﬁ pluradify ofipredefinedtchatingsi ckness
prof it e 480has shayd unfiid ' ' #l i i th 15 incliped tail
56 cl oser o the %yoazltrdgfa SSIEE?%@&&%%%%%%’%O&’%W%%% SPYINES 2Baay from
the sour cdbe yumberrofimatedbls rigaeing teliverdaBiol the kitittan) 18, Ad'egimnahey e the

t hi ckness r.of | 8 varies substantially linearly with the |length al ong
the di mensiy gnSﬂééfl. gﬁ'ﬁ{?s?nve PRt Weg eqon{:rﬁﬁeq BY dke\shapepefos inbezle ®ni the

di st or t ed delivdny mekhsnisth TBNEY R a2 Qhy . ' ea 24 the thickness
bei ng | ar gest t owar d t he e?l% of " the Sfaﬁﬁéa?e?n‘k’ﬁ%?"n‘gé‘fﬁr%WSCIPH%?P}’r?éd t ail
56 and r ed%OMsEshapedelipiogstuctives or derdcmpesochited withiig delivergdaRhakishhe

di mension corresponding to the elongated tail 58. Referring to Fig. 6, in

ol { reri ng t he et 8 Fifh £ 418 4 3RE R Seiko 81 Shebeccds brs athe
? |4 anlenof poiat defucueny far ddivadngtivnaaeifl T SRASHAR with § LOMLL RGnFERLET POI Nt
' the delivery area 24. The source 38 is positioned to direct the material 14 along a
delivery angle having a centerline 46 substantiaily perpendicular to the surface of the
delivery area 24 at the center point 44. Referring to Fig. 4, the cross-sectional
20. thickness profile 48 along one of the dimensions 50 (sucli as the lateral dimension of

Fig. 3) of the delivery area 24 of 2 coating delivered from the set-up of Fig. 3, with

the delivery angle a substantially perpendicular to the plane 49 of the delivery area,
typically has a 2-dimensional substantially Gaussian or normal distribution. The
thickness profile 48 therefore has an apex 52 coinciding with the centerline 46 above
25 ‘the center point 44, with two equal, mirror-image tails 54 on eachq side of the
centerline. Further, the source 38 is positioned at a vertical spacing 60 relative to the
plane 49 of the delivery_area 24 (Fig. 3). The vertical spacing 60 affects the total
width 51 of the thickness profile 48 and thereby the thickness of the coating at any
given point along the thickness profile distribution. Thus, in this case, the thickness
30 profile 48 is centered within the dimension 50 of the delivery area 24, the thickness
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25 this case, where the centerline 46 is at a delivery

substanti al | erpendi cular to the plane 49 of the delz?\r/hglfu%hgpgsa 24, the
of fset dW&@REE1I59 s substantially equivalent to the hBPFé@fWﬁ’Iﬁ%paci ng
of the source 38 fromthe normal focused set up position (Fig. 4). Also,
note that the point of focus for a delivery nechanism my be positioned
within the delivery area or outside of the delivery area. Thus, in this
case, 30 tPfang fargesteatsthsr arfex| 82 4md) gradiallyeredubingiin 4l adigicti®ms fom Bk of t he
del ivery affardbad he -12 WO 02/24321 22 March 2005 PCT/US41/19159

t hi ckness being |largest at the offset position of the apex 52 and gradually
reducing in all directions fromthe centerline 46. Referring to Fig. 7, in

an angl ed of f - fRefersingeo Fig 56in adt ledicfatieed 8& upass, it : 42 for
deliverin éhe tfr @ah 14 gsi t?%ned at  the oftsg{b%giugeggchgggﬁé%ong t he
di nensi ongqaf OF1oin 1R SCLBHing thp gratgrial 44 opjnsiding wéthdbe centbr penués pEttet a

del i very ahov@vardes . out .90 degrees,relative to
the bl ane 40 It qorevar e soultedl BRI 0F s the SRREEE"A St e

del i very amajenialdsatch délivetpangle @deticenf afodt 0Sdebeoest iR Mk zg@n&%ree%paci ng
53 of the o#rc 8 f‘rggm he, normal focused dellvery point is eater than
the of f sef*ai%Y B A9 ofethg Aehiveryr ares c Fairther, theeause nafethe Thgledi tit 44.

Thus, in tfhdugSed ' fi .S . even e distorted within
the  dimension g%ﬁrgﬁ,ﬁee%ﬁ‘j&gﬁo o%ﬁegglt E%Oﬁ%%ﬁ@tsﬁgc@%ﬂ}%{?ﬁc%ghp& . In
cech of | RS o ol s b stigslienussopngi [ © 43
bet Wied;n tg% gsggrp@gal%g?o \RWFePgn? i c?f{ép r?@ﬁgelw grea ppd spassd afvayhiromctheased
spaci ng. hoihiid) €ocustd get b fdsiione i el rofile 48 will vary
Wi thin the delivery Sl s igngﬁﬁiq{r?gtz%ﬁafgrﬁ?@%?ﬁ%@?%aﬂ%‘?‘@@?aﬂﬂgi zont al
spaci ng 59istaaee 68 padelivey angle 6%re wliemaththeticls! ntlreldthe aﬁd‘%ﬁf Bﬂd

i [ t he

greater tpe. i zoni.al i and offset distance will increas

f1at ness. Oé%%&ofeoxé%ﬁ%? tﬁ%?@f’ﬁ?&ﬁﬁ PF‘H%Pi - withiny ghe delivsityiesen pdof In éig8 nay be
subst ant i ehbydifdest, thd tHikl@1ecl | . ivery. area 24 .with the
proper 20. conbj r?g%i on of del ?@g?éyggr%%)g%ﬁ%%&z%{“%‘#ﬁs%ﬁ%bﬁﬁc’%m%ﬁ”} set

di stince. plined tall 56 stoseripdbe syrceiRmeniem, elorpeteditait keSS trailiaf alvay 43ni N t he

e R LD B B e ™
profile 48 varies substantially linearly with the length along the dimension 50. Thus,
in this case, the thickness profile 48 is distorted within the dimension 50 of the
delivery area 24, the thickness being largest toward the end of the dimension having
20 the inclined tail 56 and reducing in thickness from the apex 52 toward the edge of the
dimension corresponding to the elongated tail 58.

Referring to Fig. 6, in an normal off-focus set up 57, the source 38 has the

point of focus 42 for delivering the material 14 positioned at an offset distance 59 in

- the plane of the delivery area 24 along the dimension 50 from the center point 44. In

25 this case, where the centerline 46 is at a delivery angle o substanﬁaﬂy perpendicular
to the plane 49 of the delivery area 24, the offset distance 59 is substantially
equivalent to the horizontal spacing of the source 38 from the normal focused set up
position (Fig. 4). Also, note that the point of focus for a delivery mechanism may be
positioned within the delivery area or outside of the delivery area. Thus, in this case,

30 the thickness profile 48 is offset within the dimension 50 of the delivery area 24, the
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at the edges of the dinension of the delivery area. Pr 25%313 Yoo@ coating
library having a substantially constant thickness is desired so that the
t hi cknes¥0W&2433bl e can 25 be rul ed out of the analysis ofCTHEIW W ality of
predefi ned coatings 30 associated with each predefined region 22 in order
to focus the study on the. effect of the coating conposition. - In-

oper ati on, ntially constant thickness coating library is achieved
by cal i br;}t‘i?%‘%é’égﬁé gg"éﬁ?%?éF ﬁler?z%ﬁ*aﬁ’ﬂsmﬂé&éhe et S2%end gradually nedicingsia profi | e
is distri hiltdd@caeisTsen icccdlingey area. Wen nultiple delivery nmechanisns
are 30 utilized, preferably the sane portion of the thickness profile is

positioned within the -13 22 March 2005 WO 02/ 24321 PCT/ US01/ 19159 delivery
area for each Hag Jo fig hark om angledraff-focas seimep 61 ethersouidaV3ihisomeal | ows

t he manuf I (o ' i braries hayi virtually infinite variations
in corrpo?ie%fltlc?ﬁsﬂ?é Sa‘%gfrblg Q%H#r&glatbﬁﬁ%aé?éa\sf lg?poéﬁ’é’f‘? gt therdfsehdistance B9 n t he
plurd ityalhg the elilaénsiad 50 epimnbe 36hief pdine 48 URBELah c%?teﬁ%ﬁe\éfé ?A NG, t he

of fset dis

€
verti cal aci ng 610, the 5 delivery angle a and the ance 59, for
each sour C&1VSEY grele &cbetyeen shoupDideatees gnd aliourfd elepmes rlativeRefths piang t o

Figs. 8 a I 1i: [ t of conbi patorj.al coating system62, a
conti nuougﬁ)(/) ?\t}lgrd&lllgéﬁcaggﬁtﬂgﬁletﬁﬁ Pﬁ?ay%%‘i?uﬁ%oﬂglg 5Y) angle as@ldsﬁf%'ﬁ?tces 18 by
the si mul paincofifocaesshd hérivontal HactRosstoft rality of
materials 14 10 from sources 38§is~a'lqhe r e? ap?séﬁﬁﬁg%s@éghgﬁ%%ﬁt i on of
each of tARIVEIUPRInt isyerester thanthefaffsetddistantei $9ysf thE poimy of fsbiny kelialdeytepr bOt h
contfgnuousdif ¥Ar S: the thickness profjle 48 (see Figs.
37051 ° el A0 Y il 8 S the bl el B S Berbidiveaihtondhe
subst r at edit®nsithise ofdmdediuayﬁreaazdtﬁhﬂ%seﬁ}pmi?iﬂ?ear or non-linear,
dependi ng on variabl es such as the delivery angle a, the projective power

(not shown) associated with each source

of the .15 deljver hanism 1
38 the coati niél gagéecﬂ;e tﬁg.,setam?f Figs. #dls élpq ﬂam;wp@fsﬁh_f:dhicbmss (profilet48re, the
oo SRS O 90 B b B s bR Lo o
38 rel at i Sp8raeo3§; hehererthe rflapmisntwilldinctehse hithi imerRhald §RBRLNIFE& gpAach
[RLT85 bt it R skt e b e+
vapor depheé déliv¥fy angle a, horizontal spacing 53, and offset distance 59, where the smaller
the angle and greater the horizontal spacing and offset distance will increase the
flatness. For example, referring to Fig. 4, the thickness profile 48 may be
substantially flat in the dimension 50 of the delivery area 24 with the proper
20 | combination of delivery angle, horizontal spacing and offset distance. With closer
spacing, however, the thickness profile 48 in the dimension 50 of the delivery area 24
may gradually change from a largest thickness at the apex 52 to a smallest thickness
at the edges of the dimension of the delivery area. Preferably, a coating library
having a substantially constant thickness is desired so that the thickness variable can
35 be ruled out of the analysis of the plurality of predefined coatings 30 associated with
each predefined region 22 in order to focus the study on the effect of the coating
-composition. - In- operation, a substantially constant thickness coating library is
achieved by calibrating each delivery mechanism such that a linear thickness profile
is distributed across the delivery area. When multiple delivery mechanisms are

30 utilized, preferably the same portion of the thickness profile is positioned within the
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and other simlar factors. Each of these variabl es nmay b6 yaf bgss
i ndividually or in conbination to produce a predefi ne(%acoatflng I n each

predef i N&@ 284326n 30. Further, although not shown, a nmaB8kTAROMNSPe

positi oned between each of the sources 38 and the substrate 18, preferably
adj acent to or touching the substrate to assist in formng 25 the coating
library. Aq%gitionally, referring to Fig. 8, the delivery angle a may have a
val ue in t4dvery Aigfefdsreagip delivony mschamium. Tberefwe,cthppeésentinivyntionaifloagout 15

to- about 7R, AR ferably from,about 30 to gbgut 60., The vertical
spaci ng 60 t?naty _g_%ry i o@n{ g:ggttaf?gb TS &agﬁlgut“%ﬁ?t“é’mmﬁwee Yiretensagny from
about 3 creotipositions, 18fers mndathitka®sés 30 cpstaige fakiidld Wﬂﬁhﬁ%@uﬁﬁi& et 0 about

20 cm The_h riZé)nt al sg&ci ng 53 maéovary -14 WD 02/ 2432 rch 2005
PCT/ Us01/ PEI%ETPG S781900LY o8 tRensubstiaisoll bBOVasying ithe eveptical spawingy60,rihen about 3

cm t o5 aboyfey; e 2ele)] refer Yefrom about, 10 cmto about 20 cm
The coating lf‘%?,c 1gss natggggfg&f? T 5:%1 gbf(?ﬂfacf SHH’??B@@P%F“‘EH)"@B%HWT@W
m | |i met ef maeralgpldef er ably from about | microneter (or nicrons) to about

500 micron, and nost preferably fromabout 5 5 mcrons to about 100
[ enbodi nent. of the coating library 64

! . Ref i A Fi.g. ,
;)nr g(rjlcj)(r:\Zd b§ '? Lge?egﬂﬁgit?]ﬁ%ﬂ' i%a?‘?‘ggaﬂ fAre syabodiment of mi epmisinatoriall ecdting opposi ng
Shoct 0o SpHenRLE betihudusty Pérybhe Bl iaBPB LS dn HedTbdnte s oy Of ' ©
0 0

about 0% of material A and from 0 abou
movi ng | athérsmpljansensodeposition ofat leag tivol{Azmyl BYoff the Bhirklety Gf et @ii@Eent t o

t he sourc erd.al _A.. endi n n the, yariables discussed above

Wi t hl%r ega?rgﬁﬁ%oﬁ(f?g%&l R?eﬁcgngﬁﬁﬁ%‘eﬁ%g%ff‘%@ﬂt@r%?@@b@fﬁh%ﬁh?ﬁlﬁ)hef coating
library 6gredefimddaetifgsIhabpmdiadda i MR hiCkness across
the substrate. Pr eflggrsabl y,ya‘t he sou?g)ggé%?&%rg{t?%oru?% ‘ga%ggtnh%r%"#a%gﬁe

respect i vEUGERH: Brodle 48 dedesFige. ©ayiofigach pf dwemateeidisoAf get Bdissthaypage 53 from

t he cente | Jat 5 delivery area. so that the thickness of the
coating | ?%Hr%gtég t?iﬁ%u bsstrgkgtlijgfﬂIﬂg’é S%ﬁ@"a?ﬁv %PB&aYt 13695 OF pen-Hnedryr t her
by al | owi dependiagfdn cartiblest sudR ok Qhe Gefifdts 38160 btk by -
controlli ngf, the rate, of evzlalporaat i gn, lgéf'?]ea\%glﬁa‘tﬁ’eglﬁaﬁb‘kcgw%gé\‘v@ﬁg?wby t he

i n-dPtu ofSVE] Beghanitmnk? @et shewnd essociatetliwith efch Aownd 38, thékbaingapbsdel v, t he

substrat eql8nount of material deposited per unit time, the feed rate and concentration of the

e

material input into the delivery mechanism, the vertical spacing 60, the offset distance
59 of the source 38 relative to the center point 44, the horizontal spacing 53 of each
source 38 to the center point 44, the shape of the envelope 40 (not shown), the
20 atmosphere and power per area and pressure and species of gas in vapor deposition,
and other similar factors, Fach of these variables may be varied individually or in
combination to produce a predefined coating in each predefined region 30, Further,
although not shown, a mask 32 may be positioned between each of the sources 38 and

the substrate 18, preferably adjacent to or touching the substrate to assist in forming
25 the coating library.

- Additionally, referring to Fig. 8, the delivery angle a may have a value in the
range of about 0° to about 90°, more preferably from about 15° to about 75°, and most
preferably from about 30° to about 60°, The vertical spacing 60 may vary from about
0 cm to about 90 cm, more preferably from about 3 cm to about 30 cm, and most

30 preferably from about 10 cm to about 20 cm. The horizontal spacing 53 may vary
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of Fig. 8 may be novabl e, such as rotationally, Iongit%ihq?]ch%@%‘nd
| at er al L&P to obtain 20 multiple variations in the conposition of each of
i

t he pred®Pi%@#2oati ngs 30. Further, the sources 38 mayPbEUSU i al |y
fed with new and different materials, which in conbination with a
| aterally noving el ongated substrate, results in a continuously varying

ti | | i tudi.nal th of th trate. Additi | 1y, h
Cour co ss BPBrEPAEDI & 68 60 Sowmonr PITHALY dBR BPY: hPAIE b I o
subst ant i aiddyma& Jﬁéﬂ_’e?dbh}ek'rohpaboﬁt”lo ShERCEht ¥6chl. Ch ggalﬁ %ﬁk@%sfnﬁ the

plane 49 of the delivery area. .In an alternate enbo however, the
vertical sydrififs ebowfl saehnsterutocaboss 1 maiflimeter apersd@nferably foy teowpriovi de a

di fferent ' 1le .48 within t.he delivery area, K 24: Thus, .the
syst om 62 BIGERE GulhRsbbd 8 Wl ot mtiste. ded i propakb famsths of a
pl urakity micromtieeb@ltd00mtierohfle substrate to obtain a ' continuously
.varying coating 30 having gradients of the at |least two materials. -15 22
March 2005 WO 0%%_24321 CTI US01/ 19159 Referring to_Figs. 10-11, in another
enbodi nent  si niFHPITINg 10 Kig. o prgprglodimeny ofghe geatingfibsasyon paedwcediby 8sat i ng

syst em 68 QuMhdAss: i n i i v 70, .l east three
mgteri als (A ]hB anﬁ&% é@%ﬁ%&ﬁ?t@%ﬁﬁﬁ gé}%g}ﬂg)ég&%gﬁa?nﬁ%&%@gbe
si nmul t anecurd| B, ranging gortinucakly yirabe labaer 00% toosbond OPF o8 mafrial Aearbffomes 38
are each 5,posid.ioned | substantially ,identical angled off focus setup
61 (Fig. ﬂb!guég‘%dtgs Pt)gg@%a d?}%t.em}lhlg aeNng igtergﬁyaﬁcg)%rﬂéq eoatipelibseryal | y

b L6 lagi ' | center
spacegl abdim ahekins aﬂﬁ@&t"t@}ih@.%ﬁc&?@hb?hat&ﬁl?ﬂ mﬁe@%ﬁ%gr %*ig%\%}bﬁeg

point 44. Preferably,” the circle 74 has a dianmeter
di amet er ¢Hscpsisd ddpVy arith mgerd torthe dolivant of thehmatdriald » e substtseathey has a

di anet er qf. J O.cmwhile the deljvery area has jameter in_the range
of 10 abog"t0 2 cn%?@'o‘slg%%%mﬁa. taﬁﬂiyp ﬁ%@‘]qw& tg{‘] &8 AEPSHiesy st em
68 may be sabsteednt Preferdblyy theasotrd TomicAalsi 2nafB aack r@s&}e&ﬂlﬁe eﬁd}ﬁ@f‘of
materials A, B and C mmcking a ter naryghase di agram The sane

vari abl es fasusetd haying e pregefinad offsesrdistance FoMmonndhe cénter poifinl 4¢ Fifgthe 8- 9) |

d i bed varsd 01 LAl t (] | i. br ar .0, 0f the system
5. 1 ” e BRRHE arfy 80 iy e StBlolesl el iRt Rary, i silitndalty epheliy 70 ot
any poi nt acmsathesnbstiain Biirtidiehyhalowing b ahifipae iing: o3 diffdaesr distiggce 59,

the deliver |l e a, 1he shape of the envel ope 40 of the spray of each
materi al . A Mﬁ%y confrolthng e rar’?e of evaporation, a newpmaterial may be for?nedyby the

in-situ diffusion/mixing or by the reaction of A and B. Alternatively, the substrate 18

of Fig. 8 may be movable, such as rotationally, longitudinally and laterally, to obtain
20 muitiple variations in the composition of each of the predefined coatings 30. Further,
the sources 38 may be sequentially fed with new and different niatérials, which in
combination with a laterally moving elongated substrate, results in a continuously
varying coating along a longitudinal length of the sﬁbstrate. Additionally, each
source 38 preferably is positioned within a delivery plane 65 that is substantially
25 parallel to, but spaced a vertical distance 60 from, the plane 49 of the delivery area.
In an alternate embodiment, however, the vertical spacing 60 of each source 38 may
independently vary to provide a different thickness profile 48 within the delivery area
24. Thus, the system 62 of provides for the simultaneous delivery of at least two of 2
plurality of materials onto ;he substrate to obtain a continuously varying coating

30 having gradients of the at least two materials,
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poi nt of focus 42 of each source, etc. Further, the prehaysefl,g@aci ng and
angles are the sane as those described above with reference to Figs. 8-9.
In one WPKRAEP2 exanpl e, three airbrush guns were simul t BREEFEWY1¥0cused to
deliver a fine spray of 20 three different materials to the substrate
utilizing an angled, off focus set up 61 (Fig. 7). Al of the guns were

positioned in a.f{gél Lvery plane parallel to and vertically spaced about 15
cm fromthe del MASFYASOHEES- Alrklh &) anathes mbodinas sipgbi to tabdf Figs. 92 a

delivery apgl® @ AT | I acing 53 of abo 18 cm
The subst ratag 1?”\3/\11@5 a scgél?}a t'feg} ?@Hcoﬁ?c%lﬁacro H ‘é%sg‘?m?m‘i"&@% Bt

mat eri al h&%i Ableast2ree diatarials,, B avdlOWS alaratityReGhaterfald M(mg,unqﬁgg; e Of
predefi ned_. | i brary having 66

“predef | nedS“%lglg%I?%rﬁ"é%l%%s?lﬁ%ﬁ?H%Beléﬁ%?éfﬁgm_ch@egégd Tigygapenes I8rare wacthal
acryl ate (ffsifned i h%@bd@ix@iﬁﬁi‘ﬂienﬁ@il‘éggﬂe%i ﬁ%ﬁgvﬁé‘eﬁ&s@@é%&%@ﬁ% nt..

After deposition through a ternary.
thermal  cihovagThesquseasddyare pefdratily kimibyrspateaabogt Héiralé $4 havdhe &eamAsi ti ons

' 0, f. ] . LT ' b 2 m [
thi clness. ol Bnlan % M oial P4, BFSsere Bl chpleur fas helvested ng
time. - 16 MQeOH:ARE Hididrdrastatic 00y BICH WALt alRoGRAL V0 9rdiGaFl, 05,
co syste I'Mcl udes a

12-14, in another enbodiment, a conbinatorial tfng
pl ural i ty 18 acameleniekabo 36 cruvhiln e icliyery oremh adibmeter jn thewaigrefs s 12

each$i xe Ao t | nequsl.y or uentially deliver one of
t he pl)(ls ur af%bfxliﬂogfbﬁr}é?grsggl 1(ss %%E t% H@P@b%wa@%?%‘e@ hyéﬁﬁ%mé%n‘ﬁék bg2  Each
of the 5 outtmidusly whryite) corabinaniers bréasi ot thed BREN GoFerdaldT AL EOB flem zed
material w.thin an, K envel ope 40 (Fi &hSB) that intersects wt t%e Surf ace

t h
16 of t he RHEkIPE Aderary phse diagim.c dhgsame verigbles affestingdbe formeidniaf an
angl ed, of Bisthryd s ok F4 - P apl each,. del i.very mechani sm
129i s equglﬁﬁ sé)ésm%ced abgﬁt?ﬁlgg'c?‘rg%’l %c?scﬂb%aﬁo%’ gmﬁ@gXtaé)PI}?% &% ¢9in8ame axi s
78 as centf@ralje)ﬂr()}mf the. system 6R:r Foeaxdmple) theaelative ebaposifion. Of i 8the" abl y

has hor i acing 53 (Fig. 7). radially fromthe center 76 a

di st gsnce lhégagﬁfl hzf%%{mgo%itést%ﬁ{”@g?’i‘ S%rfl{eﬁ@rl?éﬁ prastegnts, afifsetolistamcesifye .of t he
delivery aiedelivafy ad¥lebefRthipe S RVdbp Ao bPRUS AL (0L, Shown) of each
del ivery nechani sm S focpuse a su San’IQI a yspgaa Plém Bif-s'af

di stance B9int PF focuy Hfofceach beures reter Fpdtien] thd4referred spacing and angles are

the same as those deseribed above with reference to Figs. 8-9. In one working

example, three airbrush guns were simultaneously focused to deliver a fine spray of

20 three different materials to the substrate utilizing an angled, off-focus set up 61 (Fig.
' 7). All of the guns were positioned in a delivery plane parallel to and vertically
spaced about 15 cm from the delivery area. Further, each gun was positioned to have

a delivery angle a of about 45° and a horizontal spacing 53 of about 18 cm1. The
substrate 18 was a substantially circular disk of silicon wafer material having a

25 diameter of about 8 cm. Bach of the plurality of predefined regions were sized to
form a coating library having 66 predefined coatings. The coating material included

2% polyethylmethal acrylate (PEMA) in iso-propanol solvent mixed with an organic
pigment. After deposition through a ternary.or triangle mask (not-shown) and thermal

curing, a ternary coating library having 66 distinct compositions was generated in a

30 few minutes. The coating was about 2 microns in thickness, and the coating thickness

scales linearly with the coating time.
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thereby positioning the same portion of the thickness phqfii 248 (Fig. 7)
for each 15 material in the delivery area 24. However, the-point of focus
42 for cWOP2@8%very mechanism 12 is not required to bePGT%%”F?S’omthe
center point 44 or to have equivalent offset distances 53. In fact, each
delivery mechanism 12 may have a unique point of focus 42, including one

t hat lts i ngthe. terli 46 .(Fig., 3 eing normal —or angled relative
o the surf ace RENHA B EHE- daridy dh yinitich SHSHIRE  comhisatepial onileg
radial |y spaeed RUBKIEOM pRREP U RRLR disintliah Rl fockl 8ONRHPPE 40

(Fig. 3) of the delivered material 14 coincides wt a portion of
t he del i vemgchagissy Bieach fixedlynositioned tousifrabiencbeslyfor strpentidit deliver dite

bty et Beghytof REEHAR 138, F sDRERCY uiSeBrtment 381 slchior e © ' ©

si mul saneopiarality bff elivenf nchlnisnd 11 Yrodhicetnd Bid dF ftohfizePateRaPlvithfa 2
portion of thg)gdel |a$ery area_  24. The mask 32 preferably conprises a

plurality BHeRRe ) dis.8D they ftersesys withithe surfeop Weofitheeshbsmatarid. oBachof t he

i ne of delq ' [ ntral _the goatjng ' of
di fferent %)drug(ge;fgzlg (r?go15 ‘?Eéﬁﬁgdﬁg%?ﬁ%gﬂ % %\;ﬁglg {lf é&ftggurseﬁ% Wt rl{gllgs it)o form
a coating Piefarahly, €@gh @eliery tphandirh N0 ugbqwitlpispied abbutki Gircld 242a8vRgiNg
‘spaced apart 3& from substra % 18, preferably the mask is a physical
contact nmegRie gt‘mitg]e F%&B%ﬁiﬂﬁ? & cepisr ppigk d4. Fusther; eaehidslivery medbenisa e th 0
el i mpat e FLBNhIIG- 259 ' = 4 22 Narc
2005 mPCT/szggl/ ol 9ha|§%.h SR Spabing 37 (08, 2&3‘%%“ dugg‘zlé}?ecgég}%?rnzﬁ i br ar y
82 havi ng dstracsdessthandtbé distaice fromt the gent@Cpaintiddgo timuadgé AF the, deivapdrdd) of the

plurality £f enial.s 14. in.conbipati.on ith the first four, patterns 80

of the nas .%béy, tﬁ%})ng RE Q%ﬁgiﬂﬁt s@?ﬂ\ﬁ%PE"a&B @L@ef_é’y@%@ﬁw@, 1Zkch

del i very neciiadbsabstitialy @quidaleft! GTRef diSQAL @d\tﬁﬂgtp Hopd"t w3
rec |

precur sor Eﬁteri al, 14 into a fine spray and S It nfér %%th

ndi Vi 'y or in
conbi nat i JRCIGPY RoHHerRE Wy saree particar ofaibe thicknese rwofilst 48 (g, TP fooeavhke a

coat hag | :1C L L.aSuperheat ed st.eam . or ul trasoni c wave
may tl)g apg%{iﬁé%altqg r{?‘% g‘?‘?‘%g’ﬁ ?iaea.r%;;t e Png?bﬁﬁ&?é?ta‘{P Oflffe‘?:fn f‘?{eeaﬁﬁéféﬂﬁ?ryt he
l'iquid matmeechatism K doabi pgpiredrtarde 8BsdtafrbmthEUWehicP!Riri0M hGo! BYErS May
be devel oped. b se&uen@i ng 10 the delivery of the materials 14 fromthe
pl ural ity SgHValsELQEsed distances Sdnblh fact.oeachi delivery mechanism 12 may have a
unique point of focus 42, including one that results in the centerline 46 (Fig. 3) being
normal or angled relative to the surface 16 while the delivery mechanism is in line
20 with or radially spaced away from the center point 44, as long as the envelope 40
(Fig. 3) of the delivered material 14 coincides with at least a portion of the delivery
area 24, and hence the surface 16 of the substrate 18. Further, the delivery
mechanisms 12 need not be pqsitioned about a circle, but may be in any relative
position that allows the parallel or simultaneous delivery of a plurality of materials 14
25 to at least a portion of the delivery area 24,

The mask 32 preferably comprises a plurality of patterns 80 (Fig. 13), which
may be moved in and out of the line of delivery of the materials 14 in order to controll
the coating of different predefined regions 22 (Fig. 2) with different materials to form
a coating library 82 (Fig. 13). Although depicted in Fig. 12 as being spaced apart

- 30 from substrate 18, preferably the mask is a physical contact mask that is touching or

in close proximity to the substrate to eliminate shadowing, For example, referring to
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a sequence of masking patterns and curing steps (if ne%sﬁg CM?O@fp provi de a
predeterm ned coating 30 in a predefined region 22 (Fig. of the
subst r atWO0R#21 nay be desirable, for instance, when seRFEWSHGHRR a
coating having nmulti-functional properties where each one or a conbi nation
of the coating |layers provides at |east one 15 of the functional

properties.. In this partjcul ar exanple, which should not be construed as
li m ting, S%Bgﬂ‘%’ tg‘? F@?IE 2 IRy BTofuED AtqoRtRg LPanHp2 dmeingerixteen piedefined

i ndi vi dual dodtigearsor il Sy ¢ suitable.liqui.d coating
materials inc udelfpo ygc%’l i’de@%&@%‘g%@@@%@ﬁ i‘gfﬂ %Pﬁ’ﬂ??a“&m i cones,
and si | i caviffethe firgt foutpatteris 80 of tirnmhsk 325Big. 4B).e spray guns i ncl ude those
manuf act ured by SonoTech. 20 If the materials require curing, then suitable

exanpl es of a gurji ource L g. Lncl ude a hot plate and a LTV | anp
capabl e of curici#g":l ?’%@ﬁﬂ%tegwgés&gﬁjgtsé(%%@r%ﬁa dﬁﬁverﬁﬁﬁﬁﬁha%mtbza&)éut 200,

and nere ppefer abize ahoutordss ha; FeckrOr ial IAERE G § ;ahout 10
mnto ab%tF 1Q hours, d nore ;)chg?gregbl y g[?(%;tal fqﬁlgﬁfaaﬁ%afpryﬁggrs.

. L} an . . +
Thus, a cSHEFtdt individuelly wsin aembingtion withtophenoprlestmbicrialy touhd subsaer
coati ngs i1 iypAe | r | _fashion i r by conbining different
maski ng palt% b \%\??%}tﬁl&q ft f‘%‘r gjﬁkn%r?sis TS| SB?%E?#%&‘%%P@PP TEasORE WHye o
nmaskl ess ‘mayritc applied tptiedRuibmaeding’ gedbratd@e MBLREE & fe l&ﬂﬁ RgeRgyant age
curs

of -the varjation_in s ing and .volune of the liquid pre or materi al
bei ng del Fv/8924g8 111"’% gzgﬂv@ﬁr@}l@leﬁ@@ﬂ@%’@s sy rherdeveloped bygequendingry. 30
Ref erg i ng theddilvEry oFRhe | t ' 0f, deposi.tion .

conbi nat ori al ' %?)’ati n%hfégﬁagnﬁbg%oﬁﬁfglgg%ﬂnﬁ%rﬁs ﬁ?é}q RHODIR s 12

each co- f 8ctrguenceoo! masBing?2 phternh aAQ0&uriQ @@{3_«24&‘2&&@&#@5@3/ ka0 »

si mul taneﬁ%ﬁg¥ foc sec{’ f%.si mul ngﬁ)usl_y or sequentially delivering one
of a pluPalteyfigrd S8HHHE Hatlhpipiedsciingd regiom a2 £Figs ) af thelgibsrate: iThied on a
novabl e stragbeWsirabld, Toindtaded Wchiseitcl | ithstand the, high

t enper at ur es?lofe . vzllror depoéa It gﬁ%ehtsﬁgc@it}gg?%%%ﬁgg-%ngelgﬁ@a@Pgbqn@I hi gh

t enper at uP¥PRBICR Mhgre eaok Anaer Scomignatiinuofithxcating layessrbaidegatadbasgbaat e

06wt ) £ PERESHY, BRusRE. Cth Ui, Parusiis ot vbaa i e 12
are vapor caspoal tas Olimitng, Ceight WRietS Lighid! b&tingl "GA-BHERL%ed to eight .
individually controiled spray guns. For example, suitable liquid coating materials
include polyacrylides, polycarbonates, vinyl polymer, silicones, and silica gel.
Further, for example, suitable spray guns include those manufactured by SonoTech.

20 If the materials require curing, then suitable examples of a curing source 34 (Fig. 1)

include a hot plate and a UV lamp capable of curing the materials at temperatures of
about 80 to about 200, and more preferably about 100 to about 150, for time periods
of about 10 min to about 10 hours, and more preferably about 1 hour about 4 hours.
Thus, a coating library having a plurality of predefined multi-layer coatings is made
25 in a parallel fashion, either by combining different masking patterns with different
' liquid precursor materials, or by a maskless “continuous phase spl;eading” of the
materials, taking advantage of the variation in spacing and volume of the liquid

precursor material being delivered from each sprayer nozzle to form the éoating
library.

30 _ Referring to Fig. 15, in another embodiment, a vapor deposition combinatorial
coating system 90 includes multiple delivery mechanisms 12 each co-focused, or
-18-



by RF power, preferably matched for optinum output. The,s4agg28ds supports
the substrate 18 in a known position, where the stage maé a $1usgt o
vertical WP 0226R4¢ti onal Iy or 10 linearly to position the BUBEBYIAESw t hin
the delivery area. Positioned between the ]Eielj! ¥$ry mtachanlt;sms 1288nthhge
18 is a mask 32 having an array o I fferen patterns :
A Sl - in contact wwth the substrate 18

= I bstanti al | t _sul _
dur i g vaptieEEELTY ) GRS 1 (ARIEECRME Shiaentinlye delboting i ok 3215
TovRRl Y poslutatignetond fibibi Bl RCHATL SHARE! 10 BofoRa BPK IR Gt Y T
mask 15 housing 100 is 1 n comuni cation w e | | 11T a
manner to VH#piAt & depositien chawsingh®st.e b wititstarda el i ghh iR Sw26 0 AREpSHS-

' 00 _includes ear box 102 and m croneter 104
1|‘: g:t' rr]rg\rn n;&gﬂg{%‘ﬁéagﬁ%‘i‘%&a eg?)‘B’I&rtr‘]qe%q ﬂabﬁa{ %&%@@n@qr@ﬁb}r%ﬂn&twl ek gsat t elr Ins
80 wi sh r aapaeiiuiotibe os qaﬁﬁmhﬁaﬁ&ina@mdgg%ﬁgﬁ% ggﬁcgsﬁfengﬁ’ofg@ﬁt PPl onal 1y

include a shutter 106 having one or | : ures el ect
gﬁ g l)PC morsealable de iferns arvgeuwn whamberetfuwithin itscintesiot isadfacde) il ey céxRglther event

[ I Xi : ' T hutter .106,i s novably connect ed to a rotor
Il%e[ hmai(I [l%%xg% srmétcﬁé g’rl?gtlg egrﬂggglffl%éfﬁg?sﬂtb%d‘?ﬁ’&st ﬂ“’gé}ée‘&‘ﬁ?@n%@m”areﬁ‘a_t eri al
14 to vaphyr RE oweh)i preferdtdy mesthendof 8pfimi bt&p&tha‘ﬁ'ﬂ@gta%@g?as;ﬁggéﬁ‘tst fhe! I near

ti feed-through.  The quantity of depositio . naterials 14
ims) Irrggi ;/gr%ﬁgs % % 3 aﬂﬂlowgll%ﬁ@@swh@fﬁ Fl_le(ﬁﬁg@?ll@be&lj_ ff;téff ;rmjitmalcl)ly,itroﬂatura?égfrcgg?; tz
rysig@l osgi ; Ay | .
Chyongh i FRapou? bositil W8P AalE Rt B oBly) i’ WesifthsoRicm oo

di f f er ent debeary mpchanyosi2 hmﬂﬂhbamha&tlr&lﬁfaphgaQES?%ym anfaﬁ{s} i((),?afffr?ggé-ti n a day
i t hout need to, hbreak va mto _change soljd material's a
\;,)Mat t glrjns. pégenf‘%@&vigﬁ ﬁﬁ‘ﬁsgt §§FF§?‘§€WSPPﬁtWtKaH§ iy sentaeh with theowbstede A8d 98 are

I ntai ne stigtd : ¢] t + uho- nol ecul.ar punp
Tl6, - o 5o neone SlAes (8 iy e SRRTI: By, 238 5L 8
back- punp msvably pesitionedrwithpr o vaciemachamberi98 of a];a:mgmgﬂzﬁng lnglgﬂirhe \Mysjée tl 22
t ur bg- nol . ar 116may .provid vacuum qf 10-b ton. e punp
aﬁ(r:l %16 afﬁgﬁgﬂ@ é@nﬁﬁﬂﬁ?ﬂﬁ%ﬂ%ﬂofl H’"ﬁh@e\}%’& ARG df ageanner toughingaigat e
val ve 11léhe atmosphere of both vacuum chambers 96 and 98, Further, the mask housing 100

includes a gear box 102 and micrometer 104 for moving and measuring, respectively,

the position of the mask patterns 80 with respect to the substrate 18.

Further, the system 90.may optionally may include a shutter 106 having one or

20 more apertures 108 to select one or more materials for simultaneous or sequential
delivery and prevent intermixing of materials. The shutter 106 is movably connected

to a rofor 110 that rotates the shutter and aperture 103 to select the solid material 14 to
vaporize, while the mask pattern 80 is changed in-vacu with linear motion vacuum
feed-through. The quantity of deposition of the materials 14 is monitored with a

25 thickness monitoring device 112, such as a quartz crystal oscillator. By vapor
deposition of different solid precursors through different patterns of masks, a
substrate with more than 100 different coating composition/layer structures can be

fabricated in a day without need to break vacuum to change solid materials and/or

mask patterns.

30 The vacuum atmosphere within the vacuum chambers 96 and 98 are
maintained by a back-pump station 114 connected to a turbo-molecular pump 116.
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5 For exanple, this system 90 may generate coating |ibrangs,apoany
ceramc, netallic and/or sem conductor materials, wth surface roughness
and accuWV@d/2621 t hi ckness neasured in nanometers. Besi dBSTAUSRV/EH t er
devi ces descri bed above, other suitable delivery nmechanisns 12 incl ude

| aser abl ation, el ectron beam evaporation, CVD, etc., that may be used
with the nmasking systemto generate inorganic coating 10 libraries. To
fabricate Hor exagemectheduck-pympistatimnyl 14ameyp pfoddes i rvgcutish toff pheutSH ©f;,

th | i lL.ed with Ki t b t .
The ' sane. coat &d BEbEBRNC byER 1Ty frovias'a Vedim O3 Sa-c Lh¢ BRaps o5 such
as for uselldandl Bhavedn costunRefidd Wil tH SE8uh dbdbir ﬂ?%hh&@la séal e Vivd S

appar ent th&} t here has been provided in accordance w nvention, a
- conbi nat ort¥ coati ng system and nethod. Wile the invention has been
particularly shown and described in conjunction with preferred enbodi nents

theregf, it wl r=Toll variations. and nodi fications, can be
effected by a pg?llsj%ﬁ g# é)’or i%gt?gl §(2§%a|yl |nﬁl%%%8°a§?ltg r?rﬁ%u?tj WP ™™g from
the scope wetaliveandioe sérivonddetort iaterialsf with §uefaoe rdbotmasiehsd aashridiabs t he

princi pl estgqul%t he positi.oning of the deljvery nmechanisns and the” delivery

of the mat P pesprs in panometers. Residesitha srauter deoviges dessribed abavseothtrer ei n
apply i n @&i@blei dedifeBra : ; i I . i .. 22 March
2005 CLA N TS Ao e A R R 1 oBlatibt) Atcudiha Eiibofgion

conpri si ngeVDaetsuisbairmay bhasidyith thaimbsldeg ejdtém ao peasrateiihyrgafic Rbakief i ned
regiqps; l?brglliééfalfti‘ of tmateri al s fgg. cg ting the_ substrate; a delivery
mechani sm asso0cr at'ed Wﬁet%‘“&ﬁﬁ’f’a?q 108 JHOr3ry @r Gosfagusing apgfiple; saaurce

del | ver y teeiaiohagtritord et aStpldd Wl HaRERY | h gf, the
plurality aof mat epri?ral S %ﬁ?téo t he gqrface of t 5{? egg?daayéfﬁrséeﬁglﬁa 1(c::Hoent rol | er
t hat cont riéms sysemg@ry peyilinedioafabrieate smakk nededulelijrades suchrasedfachseofn t he

plurality ?{ﬁ@ i 'ﬁin?‘lﬁ t gach.of the plurality of predefined

regi ons of(R% e h@tsjtlbég]%lra e ﬁhées@ﬁgrg%é’ﬁeﬁed coating, wherein the controller
control s novenent of a holding device for noving the substrate during
operation of the system and wherein the controller records the plurality

of materials tHais appkentihat theredaabedthratidedalaccBf BHGS WitE %hik BFeffon 2. The
systemof claim1, the delivery nmechanismfurther conprising a ’
combinatorial coating system and method. While the invention has been particularly
shown and described in conjunction with preferred embodiments thereof, it will be
appreciated that variations and modifications can be effected by a person of ordinary
skill in the art without departing from the scope of the invention. Further, it is to be
20 understood that the principles of the positioning of the delivery mechanisms and the
delivery of the materials to form the coating thickness profiles described herein apply

in a similar manner, where applicable, to all embodiments.
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plurality of sources, each of the sources for deliveri he
plurality of materi aI s, wherein each of the pl uralltyagﬁ%%rgéegs has a
different fixed positi oned within the system 3. The systemof claim1,
wherein the predefined coating associated with at |east one of the
plurality of regions conprises a thin filmcoating having nultiple |ayers.
4. The systemof claiml, further conprising a nmask having a plurality of
patterns %ﬂ& mask positioned adjacent to the surface of the substrate,
wherein ga 8t the plurality of patterns is positionable over the
substrate, and wherein each of the plurality of patterns is unique to
permt delivery of the materials to different, conbinations of the
plurality of bricsistanty makinsmsarsy of geated eteriglisecomprisme system of clai m 1,

wher ein each Qéubg@acﬁwﬁghagafa& FHBA,% @tfoﬁﬂ@@éﬂﬁﬁe giGhsRt erial sel ected

fromthe group consistin OysS,” ceram cs, oxides, nitrides
and sul fi des.a plurdlifeofyatedals &ir contignthe sulbiivetesi n each of the pI urality of

Tt er 8l S COMLRR, nReBASE LaBRISEHRthe SLOR PPAB R, SRRRIRYY Of

pol yneric material onertrc  nmateri ecur es ernopl astic
pol ymer sddiveryt iechaniset isi mltmbd/mremnultaﬁém@@ ddiveh e2DO0E the phireliyysft em of

claim1l, V\/nerel n v chani sm further conprises a vapor

deposi t i BACHES © @tﬂ%sur%‘fgogg}érggﬁﬁt’@fe &Mim 7, wherein the delivery nmechani sm

further conprd &ssroller tﬁﬁﬁﬁoh&blshﬁé’dé]gfeﬁ/ Plbiaalshd 8 efecPesy HbIORS c&a sfespondi ng

to each of the p Iurallt)l/ materials, wherein the controller controls the
a

posi t i orfheplurplély i materals w@éhwaph/@f yhe plurpbiseofprefefined regiens pf thee
pluralityy, at%ﬁ:?r'ﬁﬁ'le%, Qd L& vi ?§HQT1 B‘ﬁ"ﬁ SiPhh@bie m@vem@ﬂ?o?%s'[ em of

claim1l, ereint |very anlsm er conpri ses: lurality of
sprayer ldﬂddhgésvicc)forasqmngithwgpubstratﬁduthgmmratncyl taffthﬁaymm,aaml whethiar ei n each

O S5 4 B YSRREHANLG it B GO HERSHS, ore ©
conpri sifigdefinetibsgiorhavi ng a plurali ty of maski ng patter ns; and a novabl e
mounting devige ) D vsom ot o T ' dulis Sehatim § er}dcoqlql\)/rllsngg a
plurality of sources, each of the sources for delivering one of the plurality of
materials, wherein each of the plurality of sources has a different fixed positioned
within the system.
3. The system of claim 1, wherein the predefined coating associated with at
least one of the plurality of regions comprises a thin film coating having multiple
layers.
4, The system of claim 1, further comprising a mask having a plurality of
patterns, the mask positioned adjacent to the surface of the substrate, wherein each of
- the plurality of patterns is positionable over the substrate, and wherein each of the
plurality of patterns is unique to permit delivery of the materials to different
. combinations of the plurality of predefined regions of the substrate.
5. The system of claim 1, wherein each of the plurality of materials comprises
a material selected from the group consisting of metals, alloys, ceramics, oxides,
nitrides and suifides.
6. The system of claim 1, wherein each of the plurality of materials comprises
a material selected from the group consisting of polymeric materials, oligomeric

materials, small molecules, thermoplastic polymers and thermosetting polymers.
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a nmount for holding the mask, wherein the controller cg?tmgcﬁzmsverrent of
the nounting device to position one of the plurality of masking patterns
over the substrate in conjunction with the delivery of at |east one of the
plurality of materials to the substrate. 11. The system of claiml,
further conprising a novable holding device in conmunication with the
controller and having a fixture for supporting the substrate, wherein the
controller co ol s the _speed of nov . of the supporting device to

oot 1 on-at -1 Bad B iR SeETL B bty et R e JomPRsS

recei vi ngapbPeedeition deyice.of at | east one of the plurality of materials. 12.

The system of claim 11, wherein the holding device is novable_ at a
subst anti al | y3-dossyHem of gleam 7 gherginghe delivervmeghanismyfusthensqmaprisss: coat ed

materials, COMMigl Rling 2 pARALIY S podlieR ddresstnti _'Jabl?ﬂ?%e‘é[ﬂlﬁxjalifgr the
system a substrate having a surface wth a plurality of predefined

r egi ons, ofi hatedale,f wheseinghe coriradleh senteale thegpasitioorndlshe switten it selesivelyl i very
area: 2 Bttt ole FHEALAS AR EARL IR ARAUIRI Al 4o 1 very -
mechani sm associ at ed W e ural ity of materials, eréin the delivery
mechani sm i s 9Adetyvandf thisil pwhérinabe deljveteinestanisaafiinthef cdnnmises:ural ity of
materials onto the.surface of the substrate; ang -22 rch 2005 a
control ler t haatpi"’&e)lﬁﬁ%flf PIEFRE Qfé’fciE’?‘/é:PVeﬁ’é’@h’é‘ﬁi @nﬁ’?oglg’a%éé%?\fﬁ%“aﬁl i ver each
of  the wheteial datly oPthePiralifyad fSmabiGdls i edpofiadie BY the@ritbpundirgt oheodf
predefined regions of the substrate has a predefined coating, wherein the
cont r ol |18¢ PREHILY 6f Praxsy adees- of a  hol di ng device for noving the substrate
during Oper-atfd?'ThQEysftJh?oﬁMﬁﬁ?mfuﬁH&é@fﬂ‘gﬁ-ﬁin . the controller records the
plurality of materials that nmake up t codting at each predefined region.
14. The syst emmadk laviigna plgralityhefimaskingpettomeceidi ned coating associated with
at least one of the plurali,ty of reqions.co | Ses thin fil mcoating
navi g mul 1 g Bovfelf aPutiifddetin ERRGRGERTBN B8 ToRr bty halibE i NG 4

mask havd aguat Pdrulicllinkythefmadhatilereis thé kentisltd asbls Mmoeeamanl aftdert to the

delivery area between t lurality of. )
_ ymountl%g device to posﬂ?onpone o% the Ig/luraﬁlty of masking patterns over the substrate

in conjunction with the delivery of at least one of the plurality of materials to the
substrate.

11. The system of claim 1, further comprising a movable holding device in
communication with the controller and having a fixture for supporting the substrate,
wherein the controller controls the speed of movement of the supporting device to
position at least a portion of the substrate in a delivery area for receiving the delivery
of at least one of the plurality of materials.

12. The system of claim 11, wherein the holding device is movable at a
substantially constant rate.

13. A system for making an array of coated materials, comprising:

a delivery area fixedly positioned within the system;

a substrate having a surface with a plurality of predefined regions, the surface
of the substrate positionable within the delivery area;

a plurality of materials for coating the substrate;

a delivery mechanism associated with the plurality of materials, wherein the
delivery mechanism is positioned to simultancously deliver each of the plurality of

materials onto the surface of the substrate; and
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materials and the surface of the substrate, wherein ea lurality
of patterns is positionable within the delivery area, %gﬁggﬁ%gggfn each of
the plurality of patterns is wunique to permt delivery of the naterials to
di fferent conbinations of the plurality of predefined regions of the
substrate. 16. The system of claim 13, wherein each of the plurality of
materials conprises a material selected fromthe group consisting of

netal s, aIons e CS nitrides. and s e h systemof
Cranm 16 whararop bRy dahl BrTEfNg Sebidy fand e,

deposi t itha piieMitg @f rriafﬁenaTsJ’lﬁwhth&twﬁblﬁ)bf Heaplualify oﬁ\mdeﬁrredtrhgodaabf ther y

mechani sm furt her ?F{%PI utter havi nq pl ural ity of peositions

cor r espoWBFERC N85 8 AEFresNe weata}a;r erqity the, CoRFER leF icaRiolS pR¥cEent Phé

cont rol ligfidig®BEvied ﬁ)rtrﬁ@ﬂﬁ’é’ﬁ‘let JuBfirded dﬁrl'ﬁﬁg %Héﬁcﬁlroft e SY@AR! dndoklereigXx pose at

| east one of the plurality of materials to delivery area. 19. The

system dhe @piaﬁrcrﬂexgecqweﬂm plusalin Ocﬁfm@tﬁléalﬁ)Ithﬁ’famﬂlf%/uﬁfth?rﬁﬂgmgaﬁtseacborrpr| ses a

mat eri al ({romthe group consi sting of polyneric materials,

ol i gorrerp e rrat erl smal | nol ecul es, thernoplastic polyners and

t hernosetti ngl4. ]Eﬁbéyyseemof EﬁimTB,ewhg»rsinethe pfedeﬁmdmohﬁng wisecieied witheatdel i very

mechani mfurt h -23 22.Narch.?2 a gprayer

devi ces 8%# PEE 5 rli]?ﬁ Rg“nﬁgytiée%lf’ﬁsr g?rppg,seafa{f& i gﬁn %ﬁ‘él ?{Wﬁe Béh of the

pl ural i tiyyeps. rrat erials is vaporizable by the corresponding one of the

plurality of sprayer devic 21. The system of clajm. 13, further
conprising a %@Els’@t%&ﬁq‘f%ﬁl H firgleericRmpgising fmasit L%‘ﬂn%\ﬁtpllf’r‘f‘lﬁéé Hontrol I er

and hav'ﬂlgc?ﬁs MU Hhask PosiiRhed BGjabdf 1TRRK delWRRS Gieh bem&nctﬁ@tphﬁblllt?rofcont rols
novenent o mounti ng device to positionone of the plurality of

pat t er ngnaerials amatlu@hlrfa@er 9f the substiate; sihereirc edchrofiihe nlumiréy Qﬁpﬁtteélii%llsof at

| east qne..of I f I The
syer em GPSSRUTHE S if deliVerd ard bl Wkl Gcb T AELIARY ofpRmeR

conmuni amiquerto pednfit ﬂdslﬂ/eqoaf the nhaperiadnid differenigcanbinations ef flerplealifyarft i ng t he

substrat e,
predefined regions of the substrate.

16. The system of claim 13, wherein each of the plurality of materials
comprises a material selected from the group consisting of metals, alloys, ceramics,
oxides, nitrides and sulfides.

17. The system of claim 16, wherein the delivery mechanism further
comprises a vapor deposition device. |

18. The system of claim 17, wherein the delivery mechanism further
comprises:

a shutter having a plurality of positions corresponding to each of the plurality
of materials, wherein the controller controls the position of the shutter to selectively
‘expose at least one of the plurality of materials to the delivery area.

19. The system of claim 13, wherein each of the plurality of materials
comprises a material selected from the group consisting of polymeric materials,
oligomeric materials, small molecules, thermoplastic polymers and thermosetting
‘polymers. '

20. The system of claim 19, wherein the delivery mechanism further

comprises:
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wherein the controller controls the speed of novenent oh \ihe,spgporting
device to position at |least a portion of the substrate wthin the delivery
area in conjunction with the delivery of at |east one of the plurality of
materials to the delivery area. 23. The system of claim 22, wherein the

hol di ng device is novable at a substantially constant rate. 24. A nethod
for making an array of coated materials, conprising: providing a substrate

having a surfac ith lurality of predefined,regions; and selectively
del i vering at? PE’&%@WO‘?QSFEW% Jgﬂ"l?%%lcf”fr S SW‘&t tor th “’Ealti}%f f‘?g @ﬂf’?ﬁ%e of the
subst r at\ehdréinfe@Eb AtHRIAEER iy T A ORd1S fsgvvﬁaﬁ@aaﬁ@bﬁihé &reBpondalgl dne off
predefined regions of the substrate, ere each of the plurality of

mat er i altBe pRradiy pf sspeed dEdees: si nul t aneous delivery to the substrate. 25.
The met hod of,ckal i | ' | : Qne of the
216k ggﬁ%e;}n fo\ﬂ’eﬁ ifi18, @%@?&dﬂéﬁlgggdmome %uﬁﬁrclﬁ gaste M

plurality of materia urther rise i vering eac the plurality
of mat erdoairsuni¢atiomveitidib centealter ik bavipg s mduohfor 2eldimghthe maskoshaeinc| ai m 24,

wherein t he ef | ned, coating.c ri ses t i | L m.coating 7. The
met hod o ecclog{r&rl?eﬂ‘fo gr gﬂoﬁerfl%g %e’fﬂlgﬁlg%%gé{lfenféé @gl*rr‘%rgﬁsdé@ %f §in film
coat i ng famlifgofpatteinglogerd Ay delver? 8rea Th eomjahdiioe with tHealelivél4 of latiteafter

conprisin ositioning. a mask between the surface of the substrate and the
at Ieaston%r?gtl?fel?l’r”i?g?ye TH}{E ﬁ?gﬂt.e BigeY %2005 29. The met hod of cl ai m 28,

where positi oni Meth@emBsticldit 31N SortEe B fiptRhg SRbOMIE NEldhgP@Siidd iani ng one
of a plurality of mask patterns between the surface of the substrate and
the at |comupumiensionavitly theeqontrelierand havizg. a finerarfy weppasting fhei sybstite.nwher e each

of the plurg itfr% tca.lﬁ%maegfcph@é@ th&%ai&qﬁo@erﬁ%% oF iﬂgél §1§J§hﬁﬁ1‘ige aficfeotﬁ‘ the group

consisting o oys, ceramcs, oxlI des, es and sul fides. 31.
The net haditioh atleastm @itiomhEthe selastiateowithinéhedelivaty arga of camatretiomivgth conpri ses

YA e ERT NN TN R N AR
t her noset ti n@3. pHey§¥Bfetn of claim 22, wherein the holding device is movable at a
substantially constant rate.
24. A method for making an array of coated materials, comprising:
providing a substrate having a surface with a plurality of predefined regions;
and
selectively delivering at least one of a plurality of materials to the surface of
the substrate to form a predefined coating on each of the plurality of predefined
regions of the substrate, where each of the plurality of materials is positioned for
simultaneous delivery to the substrate.
25. The method of claim 24, wherein selectively delivering at least one of the
 plurality of materials further comprises delivering cach of the plurality of materials
from a different fixed position.
26. The method of claim 24, wherein the predefined coating comprises a thin
film coating.
27. The method of claim 24, wherein the predefined coating comprises a thin
film coating having multiple layers.
28. The method of claim 24, further comprising positioning a mask between

the surface of the substrate and the at least one delivered material.

-24-




32. The nethod of claim 24, where selectively deliveri Q@l\ﬁ%}rcﬁ% 4 one of
~the plurality of materials further conprises vaporizing the material. 33.
The net hod of claim 24, where selectively delivering at | east one of the
plurality of materials further conprises positioning an aperture in a
shutter between the selected material and the substrate. 34. The nethod of
claim 24, further conprising noving the substrate during the delivery of

the at | east of the uralify qf materials to the.sybstrate. 35. The
rethod of ol Aom 5% ittt RE o A8 wiient PhSEERG O ERHRF SoBbfies 1y o
pat t er nseRktivel PpoitiBEhyeas of Hpluslieifesthskphremabetrdn theesusfabs bf tiice.  36. A
nmet hod for making an array a;lico t ed terials, conprising: positioning a

subst r atubsEale pryl the atlersi one deliviered BrGHAlL i ty of predefined regions such

that the surfgcenQf yidugds8Pshdint 241 Sykd Nabh Bl MRkt Famaiiglse t he
delivery area is fixedly positioned; and selectively delivering at |east

one. of aopipmsed # mpatestal geleeied &lom theagrhul compisting dif meeplanatloys.xeepmiesi ti on, to

t he del io‘f&i ﬁ[r? sho g]ﬁfiﬁ@sa predefined coating of at |east one of the
plurality of’ ma erla(fs oh"each of the plurality of predefined regions of

the substratH. T mBtedref damoR4c|vdicne 3B¢h wifethei plutdhiey prfenheferialsd coati ng
conprises a thin filmcqgating. 38 The nethod of claim 36, erein the

or edet | FOEHES: FrigEEpiIete Joph e BFFBREP R RGP PHe | ayers.

39. The dbhRHcOhatetidls, 38l heleéhey, th (816 pob@sdrt | MAI thermBosdRBIg bet ween
the surface of the substrate and the at [east one delivered material. -25

22 Narcrpomewm. The method of claim39, where positioning the mask
further conpriSege ﬁ&h@&@f Yty g@fﬁgsﬂe%@keﬁvgfaemeﬁfg% YRt bhe oPfhemBSK

patterns between the surface o substrate and the at |east one
del i ver gdumatityerfinsdterialy furthbecomsirisesivaporigingithe @@terinher e each of the plurality

o, TeLer! 1 AR aRn o RGFaAch g SRUALLISRANS Jugspgseteia 19 0
cl ai m 3Gluralisr f maetialeffuitieg dohipeiaéd positifningppére apahse in a shutter between

the selected material and the substrate.

34. The method of claim 24, further comprising moving the substrate during
"the delivery of the at lcast one of the plurality of materials to the substrate.

35. The method of claim 24, further comprising positioning one of a plurality
of patterns of a mask between the selected material and the substrate.

36. A method for making an array of coated materials, comprising:

positioning a substrate having a surface with a plurality of predefined regions
such that the surface of the substrate is within a delivery area, where the delivery area
is fixedly positioned; and

selectively delivering at least one of a plurality of materials, each from a
different fixed position, to the delivery area to form a predefined coating of at least
one of the plurality of materials on each of the plurality of predefined regions of the
substrate.

37. The method of claim 36, wherein the predefined coating comprises a thin
film coating.

38. The method of claim 36, wherein the predefined coating comprises a thin
film coating having multiple layers.

39. The method of claim 36, further comprising positioning a mask between

the surface of the substrate and the at least one delivered material.

-75-




conprises a material selected fromthe group con5|st|n@2qdﬁgﬁbﬁ&§rlc
materials, oligoneric materials, small nol ecul es, thernoplastic polyners
and- thernDsettlng pol ymers. 43. The nethod of claim 36, where selectively
delivering at |east one of the plurality of materials further conprises
vaporizing the material. 44. The nethod of claim 36, where selectively
delivering at |least one of the plurality of materials further conprises

p03|t|on|nga ertu shytter between the s dnaterlal and the
D obstrate. i THE HEbRG o sPoidy . Phsae TriFonime BORr G $he

substr at ﬁ:ltﬁbtilvelstg)osihbﬁng@nb\oéhyplﬁl’bhtyhff Aiskl @tsins Q)@m@ﬁ thé\gurpdcu roalthet y of
materials to the %ubs e nethod of claim45, further conprising

pomhon?"r‘?ﬁ Yrand the at ﬂr"é‘FldFk‘/"er?irmﬁféflf‘]erns of a mask between the sel ected
material and 4heTRdIDSAA& Sf claim 36, where each of the plurality of materials

comprises a material selected from the group consisting of metals, alloys, ceramics,
oxides, nitrides and sulfides.

42. The method of claim 36, where each of the plurality of materials

. comprises a material selected from the group consisting of polymeric materials,
oligomeric materials, small molecules, thermoplastic polymers and thermosetting
polymers.

43, The method of claim 36, where selectively delivering at least one of the
_plurality of materials further comprises vaporizing the material.

44. The method of claim 36, where selectively delivering at least one of the
plurality of materials further comprises positioning an aperture in a shutter between
the selected material and the substrate.

45. The method of claim 36, further comprising mo{ring the substrate during
the delivery of the at least one of the plurality of materials to the substrate.

46. The method of claim 45, further comprising positioning one of a plurality

of patterns of a mask between the selected material and the substrate.
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